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Annual waterfowl counts in south-west

Western Australia - 1991/92

S.A. HALSE'!, G.B. PEARSON!, R.M. VERVEST? anp F.H. YUNG!

Science and Information Division, Department of Canservation and
Lund Management, Wildlife Rescarch Centre, PO Box 51
Waaneroo 6065, Western Australia.

*Royal Australasian Omithologists Union, PO Box 199,
Jolimont 6014, Western Australia.

ABSTRACT

Totals of 255 976 waterfowl, 99 nests and 766 broods were
counted at 1102 wetlands in sonth-west Westem Australia
in November 1991 in a program conducted jointly by the
Department of Conservation and Land Management and
the Royal Australasian Omithologists Union. In March
1992, 212 353 waterfowl, 3 nests and 21 broods were
counted in 1084 wetlands. Black Swans, Eurasian Coots,
11 species of native ducks, and four species of exotic
ducks, geese and swans were counted. Extrapolation of
November and March counts suggests that there were

¢. 1400 000 waterfowl in south-west Western Australia
during the 1991/92 summer. Grey Teal were the most
abundant species in both November (356 178 + 105 648)
and March (277 424 = 136 150). Lakes supported 76

per cent of waterfowl in November and 65 per cent in
Maech. Esperance and Wagin regions each contained
approximately 20 per cent of the total estimated waterfowl
population.

INTRODUCTION

In 1988 the Department of Conservation and Land
Management (CALM) and the Royal Australasian
Omithologists Union (RAOU) began a four-year program
of biannual waterfowl counts in south-west Western
Australia (WA) to provide additional information about
numbers and distribution of waterfowl in WA. Although
counts of waterfowl numbers had previously been made for
individval wetlands (e.g. Ford 1958; Sedgewick 1973), the
only large-scale surveys in south-west WA were those of
Jaensch et al. (1988) and Jaensch and Vervest (1988a,b).
In addition to the biannual waterfowl counts, CALM and
the RAOU conducted a more intensive three-year study of
all waterbirds on ¢. 250 wetlands on the Swan Coastal
Plain, near Perth, from 1989 to 1992 (Storey et al. 1993).

The program of biannual waterfowi counts was an
extension of the March surveys conducted between 1986
and 1988 by Jaensch and Vervest (1988a,b) and used a
fixed set of ¢. 1250 wetlands for survey by volunteers and
CALM staff in November and March of each ‘summer’
period, starting in November 1988 (Halse et al. 1990,
1992). Larger or more inaccessible wetlands were surveyed
from the air. The objectives of the biannual counts were:
(1) to estimate numbers of ducks, swans and coots in
south-west WA; (2) to examine regional distribution of the
species each year in relation to wetland conditions; and
(3) to compare regional distribution and types of wetlands
used during the breeding season and in late summer.

This paper reports results for 1991/92, which was the
final year of counting. Earlier counts were reported in
Halse et al. (1990,1992,1994). Results for large-scale
waterfow! counting programs elsewhere in Australia have
been reported by Bayliss and Yeomans (1990a,b),
Kingsford et af. (1992) and Peter (1992).

SURVEY DESIGN

The survey design was described by Halse et al,
(1990,1992,1994) and only brief details are given here.

Survey methods

Thirteen native and four exotic species of waterfow] were
counted: Black Swan (Cygnus atratus), Freckled Duck
(Stictonetta naevosa), Australian Shelduck (7adorna
tadornoides), Pacific Black Duck (Anas superciliosa),
Grey Teal (A. gibberifrons), Chestnut Teal (A. castanea),
Australasian Shoveler (A. rhynchotis), Pink-eared Duck
(Malacorhynchus membranaceus), Hardhead (Aythya
australis), Maned Duck (Chenonetta jubata), Blue-billed
Duck (Oxyura australis), Musk Duck (Biziura lobata),
exotic swans, geese and ducks (Mute Swan, Cygnus olor;
Greylag Goose, Anser anser; and domestic varieties of
Maliard, Anas platyrhynchos, and Muscovy, Cairina
moschata) and Eurastan Coot (Fulica atra).

Counts were made during nine-day periods (two
weekends and the intervening week) towards the end of the
breeding season in 1991 (16-24 November), and in early
autumn 1992 when the birds were concentrated at
‘sumnmer’ refuges (7-15 March).
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The surveyed area in the South-West and the south-
western part of the Eucla Land Divisions in south-west WA
was divided into 20’ blocks (Fig. 1). As far as possible,
two permanent lakes with potential as summer refuges, two
lakes (often seasonal) with potential as breeding sites, five
farm dams and two sections of river were surveyed in each
20" block. Al major estuaries' between Perth and
Esperance were surveyed. Table 1 summarizes the number
of wetlands surveyed in November 1991 and March 1992.
For analysis of the distribution of waterfowl and its
relation to rainfall, 20’ blocks were grouped into 11
‘regions’ (Fig. 1) (Halse et al. 1990,1992).

Most wetlands were surveyed from the ground by 120
volunteer RAOU observers or by CALM staff. Some larger
inland lakes, some lakes and river sections with difficult
access, and all larger estuaries were surveyed from the air

over a four-day period using a Cessna Cutlass 172 flying at
about 70 knots at a height of 25-30 m. Wetlands counted
from the air are marked in Appendix 2%. Observers
recorded the number of birds, the number of nests
containing eggs and the number of broods they saw at each
wetland. They also recorded water depth (dry, <0.5 m,
0.5-<1.0 m, >1.0 m). Emergent vegetation in the inundated
part of the each wetland was recorded during earlier
surveys and the wetland assigned to a category reflecting
the dominant type of vegetation (Halse er al. 1992). The
categories were live trees, live trees and sedges, sedges,
dead trees, samphire and open wetland (no vegetation).

Wa use the lerm ‘estuary’ colloquially 10 include several wetlands, most
nolobly Vosse-Wonnerup Estuary. thot are nod truly estuarine,

Appendlx 2 is lodged In the Wildlife Sciences Library, Departmsnt of
Conservation and Land Management, PO Box 51, wanneroo 6065.
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Figure 1. The area surveyed in the biannual waterfow! counts and regions recognized within the surveyed area. The 20’ blocks,

which form the basis of the survey design, are marked.
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Halse et ai.. Annual waterfow! counts in south-west Western Australia 1991/1992

TABLE 1

Numbers of wetlands surveyed in each region in
November 1991 and March 1992 compared with
the number of wetland ‘units’ (see text) of each
type identified from topographic maps. Figures in
parentheses represent numbers of atypical
waterbodies counted. Counts from Gtypical
wetlands were added directly to the extrapolations.

REGION LAKE RIVER DAM ESTUARY
Nov 91 Mar 92 Units Nov @1 Mar 92 Units Nov @1 Mar 92 Units Nov @1 Mar 92 Units

Geraldton 25 34 464 Q 11 69 18 22 100 2 2 o)
Moora 54(2) 42) 651 2 2 42 46 41 1000 - - -
Glngin 77(4) 76(4) 400 11 11 110 28 27 100 1 - 3
Beverley 3 3@ 102 15 15 105 59 57 1500 . .
Bunbury 374 41(4) 384 152) 172 198 35 36 200 3 3 6
Wagin 46(8) 438) 209 1901y 170) 12 61 67 1500 - . 1
Magenta 45 46 350 1 1 ) 57 57 1500 - - -
Esperance 4%5)  51(5) 650 7(3) 7(3) 57 40 42 1500 4 4 4
Frankland 340))  28(1) 343 23 22 288 55 48 3000 . e -
Bremer 36 32 232 19(3) 18(3) 219 35 35 1500 10 10 10
Walpole 39 37 206 14(1) IRIQ)] 138 37 35 2000 8 8 13
TOTAL 473(26) 459(26) 3991 13&10) 132(10) 1340 466 466 13900 27 27 42

Estimating numbers

Number of waterfowl in each region was estimated
separately for lakes, rivers and dams by multiplying the
mean number of birds counted per wetland by the total
number of wetland ‘units’ of that type in the region.
Topographic maps (1:100 000) were used to estimate the
number of lakes and river sections in each region.
Sometimes groups of small salt lakes were counted as one
unit because this reflected the nature of the surveyed
wetlands more closely than counting individual lakes.
Similarly, long sections of flowing river were broken into

several units or, in some cases, small pools were combined.

Anon (1971) was used to provide information on the
number of farm dams in each region and these data were
converted to estimates of the numbers of dam units after
correcting for bias in selection of surveyed dams (Halse
et al. 1992). The estimated numbers of wetland units in
each region are shown in Table 1.

The formula used to extrapolate from counts to
estimated numbers of waterfowl is given below, estimating
the number of Grey Teal on lakes in Beverley region as an
example

Estimated number = Countx N, +C,

Ny

where Count = number of Grey Teal counted in typical
lakes in Beverley, N_= total number of lake units in
Beverley, N, = number of typical lakes surveyed in
Beverley, and C, = number of Grey Teal counted in
atypical lakes in Beverley.

Approximatety 30 lakes and river sections supported
much larger waterfowl populations than other wetlands in
the same region. These ‘atypical’ wetlands were excluded
from extrapolations, and counts at them were added
directly to population estimates. Similarly, counts at
estuaries were not extrapolated: all major estuaries were
surveyed and our observations showed that most, if not all,
of the remainder did not support significant numbers of
waterfow),

Ninety-five per cent confidence limits (C.L.) of
estimates of waterfowl numbers were calculated using
formulae derived from Snedecor and Cochran (1967,
pp- 520-523) for standard errors associated with stratified
sampling

S(mean no. of birds/wetland) =¢MS___ x / 1- N
VN, N,

C.L. = 1.96N_ x S(mean no. of birds/wetland)
where MS___ = mean square of the within-regions term in a

one-way ANOVA of number of birds per wetland
according to region.
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RESULTS

Rainfall and wetland conditions

Annual rainfall in 1991 in the area covered by the biannual
waterfow] counts was ‘average’, except in the Gingtn
region where it was ‘above average’ and the Esperance
region where it was ‘very much below average’ (Table 2,
Fig. 2). In absolute terms, Walpole, Bunbury, Frank{and
and Gingin were the wettest regions; Magenta and
Esperance were the driest (Fig. 3). Rainfall decreased
along a north-easterly gradient.

TABLE 2

Annual rainfall for 1991 in the five meteorological districts
of south-west WA within the surveyed areaq of the
biannual waterfowl counts (Bureau of Meteorology 1991).

District 1991 Average Decile
rainfail rainfall range?
{mm) (mm)

North Coastal 412 396 é

Central Coastal 946 849 8

South Coastal 896 909 ()

North Central 341 3527 6

South Central 402 435 4

2dacile range 8-9 = above average rainfall
4-7 = average rainfall

—28°

Geraldton

DECILE RANGES

7 10 Very much above
M average
NERNAR

\\| 8-9 Above average
N

4-7 Average

2-3 Below Average

1 Very much below
average

Boundary of South West
and Eucla Land Divisions

300 i
|
Kalgoorlie }
i !
!
I
.'
—32e  PERIAR PR Y| N T T |
Busselton B0 o
. 340 Esperancé
Augusta
1149 116° 118° 120° 122°
| 1 L 1 :

Figure 2. Decile ranges of the rainfall in south-west WA between January and December 199! (Bureau of Meteorolagy 1991).
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Halse et al., Annual waterfow! counts in south-west Western Australia 1991/1992

Ninety per cent of waterbodies (lakes, dams, etc.)
contained water in November 1991. The cegions where the
largest numbers of waterbodies held water were Walpole
{100 per cent), Frankland (100 per cent), Bunbury (99
per cent) and Gingin (98 per cent), while the driest regions
were Geraldton (69 per cent) and Esperance (73 per cent)
(Fig. 4).

Many wetlands in the survey area dried between
November 1991 and March 1992 so that enly 76 per cent
of waterbodies contained water in March. Lakes were the
wetland type showing greatest reduction in water levels
(Fig. 5). Heavy rainfali (Fig. 6) and localized flooding in

the Gingin region in February were not reflected by depths
of the wetlands surveyed in that region in March (Fig. 4)
although many small waterbodies filled. There was also
heavy rainfall in the northern Goldfields (north-east of the
surveyed area) in February and extensive rainfall on the
eastern margin of the surveyed area from 13 to 19 March
(Bureau of Meteorology 1992).

The most common types of vegetation in lakes were
live and dead trees, fringing trees or trees and sedges
predominated in rivers, most estuaries were fringed by
sedges and most dams lacked vegetation (Table 3).
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Number of birds

Totals of 255 976 waterfow] were counted at 1102
wetlands in November 1991, and 212 353 at 1084
wetlands in March 1992 (Table 4). Extrapolations
suggested that there were 1 154 645 + 40 404 waterfowl
in the surveyed area in November and 1 075 154 + 65 496
in March (Table $). The six more abundant species during
both surveys were Grey Teal, Australian Shelduck,
Eurasian Ceot, Pacific Black Duck, Maned Duck and
Black Swan. They acceunted for 93 per cent of the
estimated waterfow! population in November and 92

per cent of the estimated March population (Tabie 5).

—32°

GINGIN

Pepulation estimates of half the species differed
significantly between November and March (Table 5).
Estimates for Australasian Shoveler (5.6 times more,
t=2.82, P<0.01), Musk Duck (2.2, 1=2.29, P<0.0§) and
Pacific Black Duck (2.0, t=2.02, P<0.05) were higher in
March; estimates for Pink-eared Duck (2.7 times more,
1=2.28, <0.05), Australian Shelduck (1.8, +=2.83, P<0.01)
and Maned Duck (1.6, 1=2.72, P<0.01) were higher in
November.

Summing the higher of the November and March
estimates for each species suggested the total waterfowl
population in south-west WA during summer of 1991/92
was approximately t 400 000.

10 20 km
I

BOUNDARY

Figure 6. Rainfall (mmn) around Perth in the Gingin region in February 1992 (Bureau of Meteorotlogy 1992).
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Halse et al., Annuda! waterfow! counts in south-west Western Australia 1991/1992

TABLE 3

Percentage of the different types of waterbody
surveyed in bionnual waterfowl counts in 1991792
supporting various categories of vegetation.

NOVEMBER 1991 MARCH 1992
Vegetation Lake River Dam Estuary Laoke River Dam Estuary
Live trees a3 37 4 4 33 36 4 4
Treesf{sedges 14 26 3 26 14 26 3 26
Sedges 17 7 8 44 18 7 8 44
Dead trees 20 7 3 - 21 8 2 -
Samphire 5 - - 1 5 - - 11
Open M 23 82 15 12 23 83 &)
N 473 136 466 27 459 132 466 27
TABLE 4
Number of birds, nests and broods counted for each
waterfowl species in November 1991 and March 1992
in south-west WA,
NOVEMBER 1991 MARCH 1992
Species Birds Nests Broods Birds Nests Broods
counted counted counted counted counted counted
Black Swan 15279 6 236 14953 - 4
Freckied Duck 12 - - 88 - -
Australian Shetduck 99147 - 24 42924 - -
Paclfic 8lack Duck 19322 13 107 26811 - -
Grey Teal 69986 31 100 78512 - 3
Chestnut Teal 2714 3 - 6960 - -
Australasian Shoveler 732 - 5 3576 - -
Pink-eared Duck 13613 7 27 3356 1 ]
Hargdhead 1228 - 9 433 - 1
Maned Duck 4901 4 64 2556 - -
Blue-billed Duck 228 8 691 - 1
Musk Duck 1111 3 2810 - .,
Exotic ducks 390 <} 4 323 - 3
Unidentified ducks ) - - - - -
Eurasian Coot 27327 il 169 28360 2 B
TOTAL 255976 99 766 212353 3 2]
9
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TABLE 5

Estimated number of birds (+ 95 per cent confidence
limits) of each waterfowl species in November 1991 and
March 1992 in south-west WA,

SPECIES NOVEMBER 1991 MARCH 1992
Black Swan 44461 + 14954 54877 + 20438
Freckled Duck® 118 670

Australlon Shelduck 333501 + 74826 181911 £ 73500

Pacific Black Duck

104938 + 32579

215555 + 102233

Grey Teal 356178 + 105640 277424 » 136150
Chestnut Teal 17360 + 10214 26746 + 16198
Australasion Shoveler 3587 + 1738 200190 £ 11410
Pink-eared Duck 36886 + 18089 13887 + B0S1
Hardhead 7249 1 8607 2721 2 3667
Maned Duck 103288 + 22363 62869 + 18668
Blue-billed Duck 1338 + 1199 2368 + 2693
Musk Duck 6715 £ 1726 14452 £ 6399
Exotic ducks 2896 + 5113 1990 + 2058

Unidentified ducks® 33

Eurasion Coot 139491 £ 54730 199495 + 74318

TOTAL 1154645+ 46404 1075154 + 65496

*Confidence limits could not be calculated bacause of too
few occurrences.

Distribution

In November 1991 and March 1992, 76 and 65 per cent,
respectively, of the estimated waterfowl population in
south-west WA occurred on lakes, 15 and 21 percent on
dams, 4 and 10 percent on river poois and approximately
S per cent on estuaries (Table 6).

Maned Ducks were the only species that occurred
mostly away from lakes - approximately 80 per cent were
on dams during both counts. Pacific Black Ducks were
most flexible in their use of wetland types: in March 49 per
cent of them occurred on lakes, 30 per cent on rivers,

18 per cent on dams and 2 per cent on estuaries. Other
species, especially Australasian Shovelers, Pink-cared
Ducks, Blue-billed Ducks and Musk Ducks, were found
mainly at lakes (Table 6).

The important regions for waterfowl during surveys in
1991/92 were Esperance, Wagin, Bunbury and Gingin
(Tables 7 and 8). In November, the Wagin region contained
22 per cent of the estimated population in south-west WA,
Esperance 2! per cent and Bunbury 11 per cent. In March,
Wagin held 19 per cent, Esperance 16 per cent and
Bunbury 15 per cent, while six of the 14 taxa were most
abundant in Gingin.

10

CALMscience

Chestnut Teal exhibited the most pronounced
geographical bias in distribution, with 63 and 86 per cent
of the species occurring in the Esperance region in
November and March, respectively, and 28 and 13 per cent
in the Bremer region (Tables 7 and 8). More than half the
Maned Duck population occurred in the Wagin and
Frankland regions during both surveys. Gingin supported
87 per cent of Blue-billed Ducks in March but only 47
per cent during the wetter November survey period.
Hardheads (60 per cent) were also concentrated in Gingin
in March. Exotic waterfowl were virtually restricted to the
Gingin, Beverley and Bunbury regions.

The number of birds counted at wetlands with different
categories of vegetation is shown in Table 9. As a group,
waterfow] appeared to prefer wetlands of the ‘dead trees’
and ‘sedges’ categories in both November and March (each
category represented approximately 12 per cent of
wetlands and supported 27 and 30 per cent, respectively, of
birds in November and 26 and 35 per cent of birds in
March?). There was also a disproportionately high number
of birds on wetlands of the ‘trees/sedges’ category in
March (i1 per cent of wetlands and 18 per cent of birds).
‘Open’ wetlands, which represented 44 percent of all
waterbodies, were strongly avoided by mosi species and
supported only 7 per cent of birds in November and
3 per cent in March,

The distributien of species at lakes, which supported
the greatest range of vegetation categories of all the
wetland types surveyed, showed that most species had
strong associations with some vegetation categories
(Fig. 7). Australian Shelducks and Grey Teal appeared to
prefer lakes of the ‘dead trees’ category during both
surveys, Pacitic Black Ducks and Blue-billed Bucks were
associated with ‘sedges’ or ‘trees/sedges’, Chestnut Teal
preferred ‘live trees’ and Musk Ducks showed pesitive
association with lakes of the *sedges’ category. There was
a tendency for all species except Black Swans to avoid
open lakes; similarly all species, except Pacific Black
Ducks in November, were negatively associated with
wetlands of the ‘samphire’ category.

* Results of stalistical tests of hobitat preferences ore not presented
because valid hypotheses could not be constructad. if occurrence of
each bird was freoted os anindependent event, then deviotions from
axpected frequencies wera significant even when they constituted a very
small percentage deviallon. Analysis based on presence/absence also
seemed ftawed becouse if only one bird of a specles was sesnin a
wetland thal supported vast numbers of other waterfowl, the hobilot was
probably less suitable for the rare species than the abundont cnes.




TABLE 6

Halse et ai., Annuat waterfow! counts in south-west Western Australia 1991/1992

Estimated number of waterfow! of each species at
each wetland type in November 1991 and March 1992,

NOVEMBER 1991 MARCH 1992

Species Lake River Dam  Estuary Lake River Dam Estuary

Black Swan 37028 + 14102 468 + 401 586 + 451 6380 45447 £ 18795 1186 + 891 1213 £ 752 7032

Freckied Duck 68 - 50 - 670 - - -

Australian 305100 + 71374 1378 + 741 7356 £ 2711 19765 128045 + 53193 2337 + 1528 46807 + 18779 4682
Shelduck

Pacific Black 61118 + 15947 17873 £ 10242 18259 + 6390 7688 105742 + 29435 65591 + 55200 39705 + 17598 4517
Duck

Grey Teal 274103 + BOO11 14526 + 6789 52585 + 18848 14963 191596 + 106636 13956 £ 9236 53521 + 20278 18351

Chestnut Teal 11110 £ 874) 664 + 585 1112 +£1388 1080 23070 £ 15119 1418 1 845 96234 2162

Australasian 3034 + 1386 9519 284 £ 261 175 19989 + 11374 73+37 - 128
Shoveler

Pink-eared 33487 + 17557 43 + 51 737 + 481 2620 13430 + 7427 - 457 £ 624 -
Duck

Hardhead 5830 + 7124 279 + 437 1049 + 1048 1 2217 £ 3109 62 + 146 441 £ 412 E

Maned Duck 16357 + 6180 9275+ 3314 77618 + 12869 39 5299 £ 2715 5166 + 2829 52392 x 13124 12

Blue-biled Duck 1126 £ 702 170 £ 183 43 £344 E 2362 £ 2673 6+20 - -

Musk Duck 6356 = 1483 99 + 81 249 £162 N 13308 + 5309 192 £ 174 894 £ 916 59

Exotic ducks 1545 £ 1102 754 + 1037 596 + 2974 - 1553 + 1154 437 £ 904 - -

Unidentified 3 - - . - = - -
ducks

Eurasian Coot 115532 + 42243 4069 = 4225. 17723 £ 8262 2167 147434 £ 47746 17866 + 10151 33240 + 16421 954

TOTAL 871827 + 35280 496971 + 3844 178147 + 7280 54979 700160+ 38344 108332 +16258 22B765 + 10894 37897

TABLE 7

Estimated number of waterfowl of each species

in each region in November 1991,

REGION

Specles Geraldton Moora Gingin Beverley Bunbury Wagin Magenta Esperance Frankiand Bremer Walpole

Black Swan 460 1254 7723 772 5054 2810 1159 16719 4057 2003 2851

Freckled 50 - S - - 62 - -
Duck

Australion 3486 24455 23330 10924 26338 35049 10522 137534 14908 28495 18460
Sheiduck

Pacific Black 4332 4015 20551 5091 22332 2569 357 14013 15785 3047 12846
Duck

Grey Teal 15407 62669 11951 35305 51294 109912 17217 17859 21047 4050 2469

Chestnut Teal - - 1RE - 5 12 23 8862 1091 3847 11

Australasian 1415 238 506 7 369 233 - 258 46 305 210
Shoveler

Pink-eared 217 7095 1789 1816 2817 15011 93 7064 718 239 26
Duck

Hardhead 217 426 2078 1147 320 2570 - 118 - 103 269

Maned Duck 2616 1672 8796 12010 6922 38035 3928 2977 20832 2034 3467

Blue-biled 56 - 644 53 281 - - 57 64 26 158
Duck

Musk Duck 445 175 oM 49 m 187 86 2379 976 185 510

Exotic ducks - 250 2196 294 145 - - - - - 10

Eurasian Coot 1890 17726 19546 3723 5528 43717 3516 30787 7610 4606 842

TOTAL® 30191 119975 100274 71191 122116 250105 36963 238627 87134 48940 49129

9includes unidentified waterfowl
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TABLE 8

Estimated number of waterfowl of each
species in each region in March 1992.

REGION
Species Geraldton Moora Gingin  Beverley Bunbury Wagin  Magenta Esperance Frankdand Bremer Walpole
Black Swan 246 2139 7728 587 5260 1617 23 20524 5431 9N 10400
Freckled - - - E - - 670 - - - -
Duck -
Australian 4089 14054 B267 21351 10103 54926 972 10996 44811 7479 4863
Shelduck
Paclfic Black 7153 1595 29987 12904 73909 12392 221 31014 24770 8010 13601
Duck
Grey Teal 10537 6472 15808 49526 A4469 87087 906 36395 10742 9405 6077
Chestnut Teal E 34 é - 38 52 - 22868 185 3567 .
Australasian 3182 522 4466 18 1934 540 - 3158 1187 3262 1921
Shoveler
Pink-eared 1633 1637 4828 334 1373 744 1636 539 - 740 423
Duck
Hardheod 48 17 1640 &0 88 Al - 152 26 312 308
Maned Duck 268 2604 2859 4721 4833 20676 1825 3581 11992 6742 2770
Blue-billed
Duck <] - 2062 120 a2 - - 28 - - 1M
Musk Duck 671 171 2464 ) 1686 250 99 1942 5908 392 771
Exotle ducks - - 1529 301 159 - = 5 - .
Eurasian Coot 1322 20558 39216 5628 19953 23249 784 35968 18578 8938 25301
TOTAL 29155 49803 120859 95648 163843 201603 7136 167164 123629 49768 66546
TABLE 9

Number of waterfowl counted on wetlands
of each vegetation category in 1991/92.

CATEGORY NOVEMBER MARCH
live trees 56718 36239
Treesfsedges 26363 37679
Sedges 68154 54941
Dead trees 76435 73693
Samphire 2108 2379
Open 19198 7422
TOTAL 255976 212353
12
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Numbers of birds

The number of surveyed wetlands without birds increased
between November 1991 and March 1992, usually because
the wetlands were dry (Fig. 8a). Just over 30 per cent of
the waterfowl occurred on wetlands containing 10 @00 or
more birds in both November and March (Fig. 8b).

The 15 wetlands supporting highest numbers of
waterfowl in November 1991 and March 1992 are listed in
Table 18. Peel-Harvey Estuary supported most birds in
both November (23 060) and March (21 826). Jerdacuttup
West Lake, Coyrecup Lake, Lake Dumbleyung, Culham
Inlet and Lake Gundaring were also in the top 15 wetlands
in both surveys. Eleven of the major wetlands during
November counts were lakes, three were estuaries and one
was a river; there were two estuaries, one river and twelve
lakes in March. Wetlands with high numbers of birds were
concentrated in the Wagin region in both November and
March (six and five, respectively).

Wetlands with the three highest counts for each species
in November and March, respectively, are listed in
Appendix 1. Thirty-one wetlands were lakes, seven were
estuaries, six were river sections and two were dams, All
regions except Moora were represented although listed
wetlands were concentrated in Gingin and Bunbury.
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NOVEMBER 1991 MARCH 1992
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Figure 7. Preferences of waterfowl species for wetlands of different vegetation categories during biannual waterfowl counts in
1991/92. Preference for each wetland vegetation category calculated as (O-E)/E where O was number of birds counted at
wetlands of each category and E was number expected if occurrences were proportional to the number of waterbodies of each
category. Values of (O-E)E are not symmetrical about zero.
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NOVEMBER 1991 MARCH 1992
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Figure 8 Number of birds at surveyed wetlunds during the 1991/92 biannual waterfow! counts. (a) The percentage of
waterbodies supporting various numbers of birds. (b) The percentage of birds at waterbodies supparting various bird numbers.

16

CALMScience



Halse et al, Annual waterfow! counts in south-west Western Australia 1991/1992

TABLE 10

The 16 wetlands supporting highest numbers
of waterfowl in November 1991 and March 1992.

NOVEMBER 1991 MARCH 1992
Welland Number Region Type Wetland Number Region  Type
1 Peel Harvey Estuary 23060 Bunbury Ee Peel-Harvey Estuary 21826 Bunbury E
2 Vasse-Wonnerup Estuary 14150 Bunbury E Lake Dumbleyung 15636 Wagin L
3 Jerdacuttup West Lake 13017 Esperance L Coyrecup Lake 15594 Wagin L
4 Coyrecup Lake 11855 Wagin 1L Lake Yealering 13493 Beverley L
5 Lake Guraga 10764 Gingin L Lake Forrestdale 7335 Gingin L
6 Lake Dumbleyung 10421 Waogln L Lake Brown 6030 Beverley L
7 Loke Preston 7436 Bunbury L Jerdacuttup West Lake 4530 Esperance L
8 Casuaring Lake 6327 Wagin & Mullet Lake 4074 Esperance L
9 lake Gore 6147 Esperance L Wilson Inlet 3809 Walpole E
10 Culham Inlet 5060 Esperance Lake Gundaring 3794 Wagin L
11 Lgke Muir 4955 Franklond L Lake Clifton 3731 Bunbury L
12 Beverley Lakes 4298 Beverley L Lake Towerinning 3635 Wagin L
13 Loke Parkeyerring 3713 Wagin L Clarkes Lokes A & B 3602 Beveriey L
14 Lcke Gundaring 3594 Wagin L Ewilyamartup Lake 3055 Wagin L
15 Coblinine River Flats 3125 Wagin R Goegrup Pocl 2894 Bunbury R

(Serpentine R)

“Wetland types: E = estuary, L = lake, R = river

Breeding

Ninety-nine nests and 766 broods were found in November
1991. Three nests and 21 broods were recorded in March
1992 (Table 4). No nest of Freckled Duck, Australian
Shelduck, Australasian Shoveler, Iardhead or Musk Duck
was found in either survey. The most commonly found
nests belonged to Eurasian Coets and Grey Teal, and the
most commonly seen broods belonged to Black Swans,
Eurasian Coots, Pacific Black Ducks and Grey Teal. In
relation to number of birds counted, Blue-billed Duck
broods were found most frequently (ratio of 1 brood : 28
adults). Broeds of Black Swans (1:65), Maned Ducks
(1:76) and Musk Ducks (1:85) were common. Broods of
exotic ducks (1:98), Hardheads (1:136), Australasian
Shovelers (1:146) and Pacific Black Ducks (1:181) were
less common, as were broods of Pink-eared Ducks (1:504)
and Grey Teal (1:700). Australtan Shelduck broods
(1:4131) were scarce. No brood of Freckled Duck or
Chestnut Teal was seen.

Distribution of breeding

Lakes were the most important breeding areas surveyed in
1991/92: 59 per cent of nests and 66 per cent of broods
found in November occurred there. River sections
contained 19 per cent of nests and 8 per cent of broods,
dams contained 20 per cent of nests and 11 per centof
broods. Estuaries contained 2 per cent of nests and 15

per cent of broods (mostly Black Swans) (Table 11). Most
nests and broods seen in November 1991 occurred in the
Gingin (38 per cent of records), Bunbury (24 per cent) and
Wagin (12 per cent) regions. The importance of Bunbury
was exaggerated by the large number of breeding records
of Black Swans (Table 12).

The distribution of breeding among vegetation
categories was examined only for lakes, which had the

-most diverse vegetation of the wetland types surveyed.

Wetlands of the ‘trees/sedges’ category appeared to be
preferred breeding sites (14 percent of wetlands vs 33
per cent of breeding activity), while those that were open
er supported only samphire tended to be avoided (16 per
cent vs 4 percent) (Table 13). The breeding that did occur
on open wetlands was at fresh, rather than saline, water.

DISCUSSION

Approximately 1 150 000 and 1 080 000 waterfow],
respectively, were estimated to occur in the surveyed area
of south-west WA in November 1991 and March 1992,
although summing the higher of the November and March
estimates for cach species suggests there were 1 400 000
birds during the 1991/92 summer. These figures are similar
to results from previous surveys that suggest
approximately 1 500 000 waterfowl occur in south-west
WA (Fig. 9; Halse et al. 1992,1994). The lower estimate
obtained in March rather than in November is puzzling.
Previous work suggests that when conditions become drier
between November and March, as they did overall in
1991492, the number of birds counted and the estimated
number of birds should be higher (Fig. 9). A possible
explanation for the low March estimate is that heavy
rainfall in February around Perth (Fig. 6) and north-east of
the surveyed area {Bureau of Meteorology 1992) caused
some birds Lo move onto types of wetland in the Gingin
region, such as roadside pools, that were not surveyed.
Other birds may have moved north-eastwards out of the
surveyed area. Heavy rainfall along the eastern edge of the
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TABLE 11

Distribution of breeding by waterfow! species among
wetland types in south-west WA in November 1997,

LAKE RIVER DAM ESTUARY
Species Nests  Broods Nests Broods Nests  Broods Nests Broods
Black Swan 2 123 1 2 1 2 2 109
Freckled Duck - - - - - - - -
Australion Shelduck - {7 - 4 = ]
Paclfic Black Duck 7 71 2 18 4 14 - 7/
Grey Teal 21 1) 5 21 5 23 - 1
Chestnut Teal - - - 3 - -
Australasian Shoveler - 1 - 3 - | - -
Pink-eared Duck 7 27 - - - - - -
Hardhead - 7 - 1 - 1 - +
Maned Duck - 26 - 10 4 28 -
Biue-biled Duck 1 8 - - - - - -
Musk Duck - 13 - - - -
Exotic ducks - &) 8 - - 1 -
Eurasian Coot 20 148 8 9 ) 12 - -
TOTAL 58 501 19 61 20 86 2 118
TABLE 12

Distribution of breeding (nests and broods combined)
by waterfowl species among regions in south-west WA
in November 1991.

REGION
Specles Geraldton Moora Gingin Beverley Bunbury Wagin Magenta Esperance Frankland Bremer Walpole
Black Swan 0 6 55 2 120 26 - 1 11 1 21
Australian - 3 8 5 4 3 - - - 1 -
Shelduck
Pacific Black 2 - 57 8 33 2 - - 6 - N2
Duck
Grey Teal - 7 3l 12 15 33 | 2 10 - 9
Chestnut Teal - - . - - - - - 3 - -
Austrolosian - - 2 - 1 2 - - - - -
Shoveler
Pink-eared - 5 11 1 - 7 - - . - -
Duck
Hardhead - - 7 1 1 - - -
Maned Duck - 1 19 2 13 id 2 - 17 - (<
Biue-billed - - 6 - 2 - - - -
Duck
Musk Duck 2 - 9 - - - - - 1 - 1
Exotlc ducks - - 4 2 | - - - - - -
Eurasion Coot 2 74 123 18 17 24 4 8 1 1 1
TOTAL 6 29 332 72 207 107 7 6 49 3 48
18
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TABLE 13
Distribution of breeding records within lakes according

to vegetation category in south-west WA in November 1991,

N = nests, B = broods

LIVE TREES TREES/SEDGES SEDGES DEAD TREES SAMPHIRE OPEN
Species N B N B N B N B N B N B
Black Swan 28 1 46 1 20 - 8 - 4 - 7,
Austfralian Shelduck - 7/ - ) - - - 4 E 3 =
Pacific Black Duck 4 15 - 27 3 20 - 6 - - - 3
Grey Teal 11 28 - 6 2 8 8 118
Chestnut Teal - - - - - - - -
Australasian Shoveler - E - - 1 -
Pink-eored Duck 6 1 - 4 6 17 - - .
Hardhead - 1 3 2 - - 1
Maned Duck 9 - 7 8 - 1 - 1
Blue-bllled Duck - 4 ] 2 1 1 = -
Musk Duck - 3 9 1 - - - 1
Exotic ducks - - - 2 - - - - " -
Eurasian Coat 5 36 10 67 24 53 16 - - - 5
TOTAL 20 137 12 173 6 89 20 77 - 7 - 18

surveyed area late in March (Bureau of Meteorology 1992)
may also have caused birds to move. Halse et al. (1992)
discussed the difficulty of estimating waterfow]l numbers
after summer rainfall.

Species with lower than expected population sizes in
March 1992, compared with patterns observed in 1988/89
and 1990/91 (Halse et al. 1992,1994), were the Australian
Shelduck, Grey Teal, Pink-eared Duck, Hardhead and
Maned Duck. These species were also less abundant during
March 1989/90, the other count after summer rainfall
(Halse et al. 1992). The original observation that these
species respond to rainfall in south-west WA was made by
Bekle (1983), who found that Australian Shelduck, Grey
Teal and Hardhead dispersed from wetlands in Perth after
rain in January 1982. Maned Duck and Pink-eared Duck
were rare in the wetlands Bekle (1983) studied.

Although winter of 1991 was the second wettest of the
four winters during the waterfowl counting program
(Fig. 9), it appeared to result in least breeding. There were
1801 breeding records in November 1988, 955 in 1989,
920 in 1990 and 865 in 1991 (Haise et @/.1990,1992,1994).
This pattern may be caused by declining effort spent
searching for nests. Alternatively, waterfowl may have
perceived 1991 as a drier year than rainfall records
(Table 2) or the percentage of waterbodies containing
water (Fig. 9) indicated. A higher proportion (86 per cent)

of waterfow! were counted on wetlands supporting at least
500 birds in 1991 than in other Novembers (70 per cent in
1988, 80 per cent in 1989 and 1990), suggesting that birds
were already congregating at summer refuges.

Most waterfow] were found in Wagin and Esperance
regions during November 1991 and March 1992 surveys.
Wagin was comparatively wet in 1991/92 (see Halse et al,
1990,1992,1994) but conditions in Esperance were
comparatively dry. Large numbers of birds occurred in
Wagin during all surveys between 1988 and 1992. The
region is a stronghold for waterfowl in south-west WA, in
spite of severe salination (Mulcahy 1978; Halse et al.
1993a) that makes it less favoured by salt-sensitive species
such as Blue-billed Duck, Pacific Black Duck and
Hardhead most years (Halse er al. 1993b). Numbers of
waterfowl in Esperance were not high until March 1990,
The region flooded extensively in the winter of 1989
(Halse er al. 1992) and, as water levels receded, it
supported large numbers of birds (Halse et al. 1992,1994).

As in previous surveys (Halse er al. 1990,1992,1994),
Bunbury and Gingin were the most important regions for
breeding in November 1991. Unlike previous years, in
1991 Bunbury was less important than Gingin, perhaps
because conditions were slightly drier in Bunbury,
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Figure 9. Numbers of birds counted, estimaied nuwmbers of birds in the surveyed area and percentage of wetlands surveyed that
contained water during November and March waterfowl surveys between [988/89 and 1981/92 in southi-west WA,
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APPENDIX 1

The number of wetlands in which each native waterfow! species occurred (N) and the three wetlands supporting
highest numbers (in parentheses) of each species in November 1991 and March 1992, Regions and wetland types are
given below the main body of the table.

SPECIES N

NOVEMBER 1991

Black Swan 21
Freckled Duck 4
Australian Shelduck 286
Pacific Black Duck 407
Grey Teal 387
Chestnut Teal 41

Australosion Shoveler 64

Vasse-Wonnerup Estuary (1873)
East Bryde Nature Res. Lake (8)
Lake Dumbleyung (9138) .
Vasse-Wonnerup Estuary (3784)
Peel-Harvey Estuary (10745)
Gordon Inlet (646)
Peel-Harvey Estuary (150)

Lake Muir (1493)

Dam 2 054-215 (2)
Pesal-Harvey Estuary (7691)
Peal-Harvey Estuary (1793)
Vasse-Wonnerup Estuary (3093)
Two Mile Lake (379)
Jerdacuhtup West Lake (130)

Wilson Inlet (909)

Gibbs Road Swamp (1)
Lake Preston (7201)
Jerdacuttup West Lake (911)
Coblinine River Flats (2817)
Mullet Lake (275)

White Lake (Eneabbaq) (75)

Pink-eored Duck Q6 Coyrecup Lake (6393) Peel-Horvey Estuary (2000} Casuarina Lake (1012)

Hardheod 68 Casuaring Lake (415) take Chittering (100) Culham Inlet (90)

Maned Duck 299 Taylors Lakes (220) Lake Chittering (142) Waneragup Lake (120)

Blus-billed Duck 39 Lake Monger (23) Yangebup Loke (20) Bibra Lake (20)

Musk Duck 125 Lake Clifton (357) Thomsons Lake (37) Lake Mariginiup (34)

Eurasian Coot 248 Jerdacuftup West Lake (6932)  Casuaorina Lake (2010) Lake Guraga (1472)

MARCH 1992

Black Swan 144 Wilson Iniet (2590) Irwin Inlet (1340) Mullet Lake (933)

Freckled Duck 1 East Bryde Nature Res. Lake (88)

Australian Shelduck 235 Lake Dumbleyung (14022) Peel-Harvey Estuary (3509) Lake Brown (2000)

Pacific Black Duck 322 Murray River (Deita to Pinjorra)  Harvey River (Lower reach) Lake Cliffon (1199)
(2284) (1554)

Grey Teal 284 Peel-Harvey Estuary (16462) Lake Yealering (11720) Coyrecup Lake (11040)

Chestnut Teal 47 Jerdacuttup West lake (2730) Stokes Inlet (983) Wheatfleld Lake (848)

Australasian Shoveler 59

Pink-eared Duck 56
Hardhead a1
Maned Duck 154
Blue-billed Duck 30
Musk Duck 101

Eurasian Coot 205

Coyrecup Lake (385)

Amarillo Pool (Serpentine River)
(850)

North Lake (173)

Dam 1 063-217 (130)
Thomsons Lake (318)
Lake Clifton (1240)
Lake Forrestdale (5750)

Lake Forrestdaole (370)
Coyrecup Loke (711)

Lake Forrestdale (60)
Penwortham Pool (100)
Lake Monger (130)
Katherine Lake (202)

Goegrup Pool (Serpentine River)
(1205)

Lake Torrup (345)
Thomsons Lake (303)

Yellilup Swomp (40)
Big SEC Swamp (82)
Lake Bambun (82)
Lake Preston (195)
Coyrecup Lake (1152)
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Appendix 1 (continued)

NOTE

WETLAND REGION TYPE WETLAND REGION TYPE
Amarillo Pool (Serpentine River)  Bunbury R Kathering Loke Frankiand L
Lake Bambun Gingin L Lake Mariginiup Gingin L
Bibra Loke Gingin [k Lake Monger Gingin L
Big SEC Swamp Buntury L Lake Muir Frankiand L
Lake Brown Beverley A Murray River (Delta to Pinjorra) Bunbury R
Casuorina Lake wagin 5 Mullet Lake Esperance i
Loke Chittering Gingin L North Lake Gingin le
Loke Clifton Bunbury L Peel-Horvey Estuary Bunbury E
Cobilining River Flats Wagin R Penwortham Pool Frankland R
Coyrecup Lake Wagin I Lake Preston Bunbury L
Culham Inlet Bremer £ Stokes Inlet Esperance E
Dam 1 063-217 Bunioury D Taylors Lakes Gingin L
Damn 2 054-218 Geraldton D Thomsons Loke Gingin L
East Bryde Nature Reserve Lake Magenta L Lake Torup Bremer L
Lake Dumbleyung Wagin L Two Mile Loke Bremer L
Lake Forrestdatle Gingin ks Vasse -Wonnerup Estuary Bunbury E
Gibbs Road Swamp Glngin L Waneragup Lake Bunbury £
Goegrup Pool (Serpentine River)  Bunbury R Wheatfield Loke Esperance L
Gordon Inlet Bremer £ White Lake (Eneabba) Geraldton L
Lake Guraga Gingin L Wilson Inlet Walpcle E
Harvey River (Lower reach) Bunbury R Yangebup Lake Ginglin |
Irwin inlet Walpole £ Lake Yearlering Baverley L
Jerdacuttup West Lake Esperance L Yellilup Swamp Bremer L
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Equilibrium moisture content variations of
timbers commonly used in Western Australia

Science and Information Division, Depariment of Conservation and Land
Management, Wood Utilisation Research Centre, Harvey 6220, Western
Australia,

SUMMARY

An equilibrium moisture content (EMC) survey was
undertaken throughout Western Australia over two years.
A range of species commaonly used in WA was assessed
indoors and outdoors (under cover) in focations ranging
from the Kimberleys to the south coast. Species assessed
at all sites were: jarrah (Eucalyptus marginata Donn ex
Sm.), karri (E. diversicolor F. Muell.), Tasmanian blue gum
(E. globulus Labill. ssp. globulus), radiata pine (Pinus
radiata D. Don) and Douglas fir (Pseudotsuga menziesii
Mirb.). Additional species were assessed at Como and
Harvey. EMC curves for the different species closely
follow the EMC curves based on ambient conditions,
indicating the sensitivity of timber to changes in ambient
conditions. Mean EMCs of the five specics exposed (0
indoor conditions were lower than the EMCs for outside
conditions at a given location, except at Karratha where the
indoor EMC was 0.3 per cent higher. An EMC map
dividing WA into three zones is provided for the timber
exposed to outdoor conditions. Models developed to
predict EMC from meteorological data indicated that
evaporation, rainfall, relative humidity (RH) and
temperature are strongly related to EMC, with RH highly
significant at predicting EMC. Data en the rates of
moisture absorption of specimens exposed to outdoor and
indoor conditions for eight weeks are given. Seasonal
variations occur in the moisture content of timber in
normal use as furniture and panelling and this is
accompanied by an approximately proportional change in
dimension. Furniture should be designed to allow some
movement owing to shrinkage and expansion of timber
compenents.

INTRODUCTION

The performance of wood as a raw material is largely
influenced by its moisture content. Wood is hygroscopic,
therefore its moisture content is subject to continuous
changes with varying atmospheric conditions. Such

G. K. BRENNAN ano J. A. PITCHER

moisture content changes are associated with dimensional
changes when moisture content is below the fibre
saturation point (f.s.p.), i.e. when moisture is added to or
lost from the cell walls (Tsoumis 1964). The bound water
in wood is in equilibrium with the refative humidity (RH)
of the surrounding air, at equilibrium moisture content
(EMC). Moisture in wood can exist in two forms; bound
or hygroscopic water, and free or capillary water
(Haygreen and Bowyer 1982).

The properties of wood are influenced by the presence
of water. The moisture content is very high in living trees
or freshly felled wood, varying typically from 60 to 208
per cent (Richardson 1993). The green moisture content
tends te vary inversely with the normal air-dry density of a
timber species, i.e. high density species have low green
moisture contents and low density species have high green
moisture contents. During drying, free moisture is first [ost
from the cell spaces and this involves little change in
properties except loss of weight. The loss of bound water
from the cell walls reduces the separation between adjacent
cellulose chains and causes shrinkage as well as
progressive changes in physical propertics. The amount of
bound water is approximately proportional to the relative
humidity of the atmosphere, although changes in moisture
content lag behind changes in relative humidity, a
phenomenon known as ‘hysteresis’ (Richardson 1993).
Changes in relative humidity result in moisture
fluctuations, which cause swelling or shrinkage.

The amount of water held by wood cells is dependent
not only on the equilibrium relative vapour pressure, but
also on the direction from which equilibrium is
approached. This phenemenon is known as ‘sorptive
hysteresis’ (Stamm 1967) and the amount of water
absorbed from the dry condition is always less than the
amount retained on desorption at a fixed reative vapour
pressure. When timber takes up moisture it generally
assumes lower EMC than when it loses moisture to the air.
Koponen (1985) claimed that EMC in absorption may be
approximately 80 per cent of the value in desorption.

As the atmospheric conditions in any one place vary
from day to day and season to season, the moisture content
of timber will be constantly changing, even in a sheltered
position, but at a much slower rate than the atmospheric
conditiens. Wood used where humidity fluctuates will
continually change in moisture content, and therefore
dimensions (Haygreen and Bewyer 1982).
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Ambient temperature change has very little effect on
the moisture content of wood, the main factor causing such
changes is vartation in relative humidity {Van Wyk 1963).
For example, at a constant RH of 80 per cent and
temperature changes of 10°C, 20°C and 25°C, the EMCs
are 16.4, 16.2 and 16.0 per cent respectively. Oan the other
hand, at 20°C und RH ef 50, 70 and 90 per ccat, the EMCs
are 9.2, 13.3 and 20.3 per cent respectively. Chafe (1991)
stated that EMC is determined primarily by the RH of the
ambient environment, but it also depends on species of
wood, specific density and other wood properties,
extractive content of the wood, previous drying history of
wood and hysteresis.

Problems can arise when timber is used in widely
varying humidity and temperature conditions, if the design
and application of that product have not anticipated
changes in dimension. For satisfactory performance of
timber in-service, it is essential to use timber with moisture
contents close to the EMC n use. Shrinkage can result in
checking and warping of timber, and swelling in humid
conditions can result in jammed doors and windews, and
buckled table tops.

Many EMC trtals have been conducted in different
countries around the world, e.g. Europe (Tsoumis 1964),
South Africa (Hartwig [959; Van Wyk 1957, 1963),
Malawi (Howland and Matabwa 1971), Fijt (Gough 1977),
United Kingdom (Anon. 1929), New Zealand (Orman
1955), Canada {(Canada Department of Resources and
Development 1952), United States (Higgins 1957, Bois
1959; United States Department of Agriculture 1973), and
Australia and New Guinea (Finighan 1966). Other
Australian studies were in NSW (Welsh 1936; Ellwood and
Leslic 1949) and Queensland (Bragg 1986).

This paper presents results of an EMC survey
undertaken throughout Western Australia (WA) over two
years. A range of species commenly used in WA was
assessed indoors and outdeors (under cover) in locations
ranging from the Kimberleys, in the north, to the seuth
coast. The aim of this trial was to collect inlormation on
moisture contents of timbers used in different areas of WA,
which could assist timber suppliers to provide products
suitable for specific areas.

MATERIALS AND METHODS

Exposure sites and timber species
The following geographic areas of WA were selected.

North to South: Kununurra, Broome, Karratha, Geraldton,
Perth (Como), Harvey, Busselton, Manjimup and Walpole.

West to East: Narrogin, Kalgoorlie and Esperance.

These locations were selected because district or
regional offices of the Department of Conservatien and
Land Management (CALM) were situated there and had
staff and facilities to cenduct this trial.
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Species asscssed at all sites were:

Jarrah (Eucalyptus marginata Donn ex Sm.)

Karvi (E. diversicolor F. Muell.)

Tasmanian blue gum (E. globulus Labill. ssp. globuius) -
WA grown

Radiata pine (Pinus radiata D. Don)

Douglas fir (Pseudotsuga menziesii Mirb.)

At Como and Harvey additional specics were assessed.
Como:

Redwood (E. transcontinentalis Maiden)
Dark red meranti (Shorea paucifiora King)
Marititne pine (Pinus pinaster Ait.)

Harvey:

Marri {E. calophylia R.Br. ex Lindl.)
Tuart (E. gomphocephala DC.)

Tasmanian oak (E. delegatensis R.T. Bak.)
Gimlet (E. salubris F. Muell.)

Redwood

Wandoo (E. wandoo Blakely)

Muiga (Acacia aneura F. Mueil. ex Benth.)
WA sheoak (Altocasuarinu fraseriana (Miq.) L. Johnson)
Dark red meranti

Maritime pine

Westemn red cedar (Thuja plicata D. Don)
Nyateh (Payena spp.)

At each site, meisture content was monitored i three
replicates of each timber species by weighing specimens at
the beginning of each monath. A particular set of replicates
at cach site was cut frem the one sample beard. Specimens
were randomly allocated to exposure sites.

Sample Board Preparation

Specimens from backsawn boards 750 x 100 x 30 mm cut
from the outer heartwood of the log and free of sapwood
were assessed for basic density, dried to 12 per cent
moisture content then assesscd for air-dry density.
Tasmanian bluc gum, Douglas fir, tuart, Tasmanian oak,
wandoo, dark red meranti, western red cedar and nyatoh
were assessed only for air-dry density because only dry
sample bourds were available. Boards were dressed to
20 mm, then three replicates 200 x 80 x 20 mm were cut
from cach board. A hole was drifled in one end of each
specimen and a cup hook inserted. Both ends were end-
sealed with two coats of ename} paint to prevent excessive
rates of moisture exchange through the end grain.

The trial excluded comparisons between different
timber thicknesses, quartersawn and backsawn material,
planed and unplaned, and different surface coatings.
Previous studies have shown that for matcriat up to 30 mm
thick, the moisture changes are independent of thickness,
but above 30 mm the rate of moisture content change
decreases very rapidly with increase in thickness, although
they reach practically the same maximum and minimum
values as that of the thinner material (Anon. 1929; Orman
1955). The moisture changes of quartersawn material
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occur more slowly than those of backsawn material (Anon.
1929), but the difference in final EMC, for practical
purposes, is insignificant. The moisture differences that
occurred in samples with rough-sawn and pilaned surfaces
appear to be of little practical significance (Anon. 1929;
Hartwig 1959). In any case, comparison is difficult
because the dressed size is thinner than the rough-sawn
size. Paints, varnishes and other types of coatings assist in
retarding moisture changes, and in lessening the range of
variation. These substances are not impervious to water,
and if the relative humidity changes, the wood in time will
adsorb sufficient water vapour to establish a new EMC.
Although several coatings are known to be highly
effective, no entirely moisture-proof coating will prevent
moisture fluctuations but the changes will not be excessive
in either direction (Cassens and Feist 1991), therefore the
effect of coatings was not examined in this trial.

Field Placement

Specimens used outdoors were suspended by cup hooks in
situations that were protected from the weather but offered
unrestricted air-flow, e.g. under verandas er in open sheds.
Indoor specimens were also suspended by cup hooks in air
conditioned or heated offices. Specimens were weighed to
an accuracy of 0.1 g on the first working day of each
month for a period of two years, although some locations
did not provide full data,

Meteorological Data

Meteoroclogical data for the duration of the study, including
monthly rainfall, 12.00 noon (Western Standard Time)
temperature and RH and evaporation figures (if possible)
were obtained for each site from CALM district offices or
Bureau of Meteorology records. Indoor conditions of
temperature and RH, and the duration of air-conditioning
or heating were obtained from district offices. No indoor
temperature and RH data are available for Busselton and
Walpole. EMCs based on meteorofogical data were
calculated using an equation given in Simpson (1971).

Regression analysis was vsed to relate 12.00 noon
temperatures and relative humidities to metecrological
readings, for the two-year study period taken at .00 a.m.
and 3.00 p.m., for Manjimup, Narrogin, Esperance, Perth
and Kalgoorlie. The other centres were excluded because
of limited 12.00 noon data, e.g. Broome and Kununurra, or
no meteorological data, e.g. Harvey (Wokalup) had conly
9.00 a.m. readings and the nearest meteorological station to
Karratha is 20 km away at Dampier and considered
unrepresentative.

Determination of Moisture Content

A 30 x 30 x 100 mm piece was cut from the end of each
sample and oven-dried to determine moisture content. The
mass of the residual piece was then recorded and the
subsequent changes in mass over the trial period were
compared with the initial weight (measured at the time of
assessing initial moisture content) at a known moisture
content, and used to predict moisture content variation. At
the completion of two years assessment, specimens were

returned to the Wood Utilisation Research Centre (WURC)
in Harvey, where the whole specimen was oven-dried. For
the denser species up to two weeks drying was required to
achieve a stable mass. The oven-dry mass and monthly
weighing for each specimen allowed the exact
determination of moisture content at each assessment.
These moisture contents were compared with those
determined during the trial, based on the moisture content
of the 30 x 30 x 100 mm section. Moisture contents
determined by oven-drying the whole sample (actual
EMC) were compared with those determined by weight
change (estimated EMC) and meteorological readings
(EMC formula calculated from Simpson’s (1971) equation)
over the two-year study period. EMC based on oven-
drying the whole specimen is the most accurate and is used
throughout this report, except for the EMC map referred to
below.

EMC Map

An EMC map was developed by CALM’s Land
Information Branch. The equation developed by Simpson
(1971) and the 9.00 a.m. long term mean annual
temperature and RH for approximately 160 stations in WA
were used o calculate mean annual EMCs for each
locatton. Long term meteorological data were taken from
‘Climatic averages - Australia’ (Bureau of Meteorology
1988). Relative humidity records at 9.00 a.m. were used as
they are often taken as an estimate of the mean for the
24-hour period, and 9.00 a.m. temperatures were used
because they had a strong correlation with the 12.00 noon
temperatures recorded throughout the survey. Owing to
the difference between the EMCs of the wood samples and
the EMCs based on meteorological records, e.g. Kalgoorlie
had a mean wood EMC for the combined species of 5.9 per
cent compared with an EMC of 10.3 per cent based on
long term 9.00 2.m. readings of RH and temperature. The
respective values for Geraldton were 11.7 per cent and

9.2 per cent. The equation :

EMC = 1.137EMC  -341 ¢ =07
Sum

was used to predict the mean EMCs of the combined
species for each meteorclogical station, using EMC data
calculated from mean long term 9.00 a.m. RHs and
temperatures. EMCs determined by this equation were
then plotted onto a map of WA and lines of best fit were
drawn to separate the State into three EMC zones:

Zone 1 - greater than 12 per cent
Zone 2 - 10 per cent to 12 per cent
Zone 3 - less than 10 per cent

The long term climatic averages were used because the
survey was over only a two-year period, and long term
averages give a better indication of the atmospheric
conditions experienced at the different sites. For example,
over the study period some locations had weather
conditions that were different from the long term averages:
Kalgoorlie had an exceptionally wet period in autumn
1992, with a rainfall of 64 mm above the long term
average.
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Absorption Rates

The current moisture contents of exposed timber depends
on actual and past moisture and temperature and humidity
conditions. Moisture-sensitive species would depend on
conditions of the very recent past, probably restricted to
the few preceding weeks, while less reactive species would
be better reiated to conditions for some preceding months.
To determine the absorption rates of different species,
samples assessed at Harvey were oven-dried after the EMC
survey and exposed irdoors and outdoors at Harvey in
October and November 1993. Samplecs were weighed
weekly to determine moisture uptakes and ambient
temperatures, and RHs were recorded daily at 12.00 noon.

TABLE 1
Basic and air-dry densities of samples assessed at ali sites.

RESULTS AND DISCUSSION

Effect of Density

Mean basic and air-dry densities of specimens assessed at
all sites are listed in Table 1 and densities of the additional
specimens assessed at Como and Harvey are listed in
Table 2. Standard deviations and ranges indicated a [arge
variation in basic and air-dry densities, which is consistent
with the results given by Kingston and Risdon (1961) and
Bootle (1983), and considered representative of these
timber species.

SPECIES BASIC DENSITY AIR-DRY DENSITY? SAMPLE SIZE
Mean S0 Range Mean S.D. Range

Jarrah 647.2 (658)° 222 602.1-682.3 840.5 (823 347 774.7-901.6 24

Karri 732.5 (695¢ 189 676.3-756.0 967 (905)° 26.1 208.6-1003.8 25

Douglas fir - (372) - - 531.7 (449 418 465.4-642.5 24

Radiata pine® 435.7 (485 349 377.8-523.8 520 (593)° 33.1 467.5-569.7 25

Tosmanian blue gume - (561)° 29.7 484-634 813.0 (790 244 768.6-867.1 24

° Figures are the species average given by Kingston and Risdon (1961),

b Air-dry densities are befere reconditioning.

¢ Specimens for Dougles fir and Tasmanicn blue gum were obtained from dry fimber,

therefore basic densities were not measured.

TABLE 2

Basic and air-dry densities of additional samples assessed

af Harvey and Como.

SPECIES BASIC DENSITY AIR-DRY DENSITY® SAMPLE SIZE
Mean S.D. Range Mean §.Bx Range

Marri 5820 (663)° 27 5798 - 5851 748.0 (855)° 33 7457 -7518 3

Tuart 895.2 (836 - 1081.6 (1030)¢ 106 1092.3-1071 .0 2

Tasmanian oak® (511)° 770.1 (663)° 9.5 789.1 -775.1 3

Gimlet Q48.9 (897) 179 9363 -961.6 1190.1 (1099 83  1184.2-1196.0 2

Redwood® $58.2 27.1 9345 - 997.0 11469 206 1127.9-1166.6 4

Waondoo 8561 (921) - - 1094.4 (1099 0.4 1094.8-1093.9 2

Mulga 990.6 13.6  981.0-1000.2 1166.3 (1100 5.0 1162.8-1170 2

WA Sheoak 6109 (622 17,6 598.5- 623.3 7180 (7340 206 703.5-7326 2

Dork red meranti=* 798.0 (680)* 07 797.3-798.7 2

Maritime pinec 4542 (490)* 254 4263 - 4874 5730 (596 240  550.6 - 606.4 4

Western red cedaor?® 351.1 (350 22  3492-3535 3

Nyatohe 777.3 (650)7 181 5§74.9 - 923.7 3

9 Figures are the species averages given by Kingston and Risdon (1961).

> Air-dry densities are before reconditioning.
© Assessed at both Harvey and Como.
¢ Figures given by Bootle (1983),

e Specimens for Tasmanion oak, dark red meranti, western red cedor and nyotoh were obtained from dry timber, therefore

basic densities were not measured.
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Bootle (1983) referred to an inverse relationship
between the EMC and the density of a timber. That is, the
lower the density, the higher the EMC and the faster the
rate of moisture exchange. However, low density timbers
have an appreciably lower movement (shrinkage or
swelling) per 1 per cent change in moisture content. This
advantage over the dense timbers tends to be
counterbalanced by their greater short-term susceptibility
to large moisture content movement through greater
sensitivity to humidity variations.

Features of Certain Locations

Certain features of some locations have affected the results
and need clarification. Kalgoorlie had an exceptionally
wet period in Autumn 1992, with rainfall 64 mm above the
long term average, giving above average EMCs for that
period. The Walpole indoor specimens were located above
a slow-combustion fire within the district office,
approximately 4 m from a major doorway, which was
regularly opened and closed on working days. This
presumably would have caused moist air from the outside
to enter into the office and affect the EMCs of the indoor
specimens. No air-conditioning was used in the Walpole
district office during the summer. The indoor specimens at
Narrogin were located in a small office attached to a large
nursery shed, with no air-conditioning or heating. The
door was constantly opened and closed on working days,
resulting in conditions similar to outdoor ambient
conditions. Indoor specimens assessed at Harvey were
stored in a large enclosed wood-processing shed, and
although the shed is partly insulated, no air-conditioning or
heating was used, thus causing conditions to fluctuate with
outside ambient conditions.

EMC Survey

Tables 3 and 4 list the mean monthly EMCs of specimens
assessed outdoors and indoors at all sites throughout WA
over a two-year period, and indicate the likely maximum
and minimum EMCs that can occur. Monthly fluctuations
in the EMCs of specimens and EMCs based on ambient
conditions can be seen in Figures | and 2. Results for
Broome and Kununurra are based on only eight months of
data, making graphical representation difficult, but mean
EMC s are presented in Table 3. EMC curves based on
ambient conditions for Busselton are from Bureau of
Meteorology records of yearly conditions (RH at 9.00 a.m.
and the average of daily maximum and minimum
temperature). No EMC curves based on ambient
conditions are available for the indoor sites of Busselton
and Walpole. The Esperance indoor EMC based on
ambient conditions indicated a much higher than expected
EMC, with conditions similar to outdoor EMCs in sub-
tropical areas. For example, Brisbane has an outdoor EMC
of 14 per cent (Bragg 1986).

Results for Broome and Kununurra are based on an
eight-month assessment, with Broome having
measurements in March, April, July, August, September,
October (1991), December (1992) and January (1993).

Kununurra had measurements in February, September,
October, November, December (1991) and January,
October and November (1992), which are spring/summer
months, giving a biased overall mean EMC.
Measurements for Broome are taken over all seasons and
give a better indication of the mean EMC. Staff
restrictions at these two locations affected the data
collection over the two-year period. Broome had a
combined species EMC of 10.4 per cent and an EMC of
10 per cent based on the 9.00 a.m. long term RH and
temperature. Broome and Kununurra have similar
climates, but the combined species EMC for Kununurra
was 5.2 per cent and is lower than the EMC of 8.3 per cent
based on the 9.00 a.m. long term RH and temperatures. It
is difficult to recommend an EMC for Kununurra, based on
results from this trial, because of no field data in autumn/
winter, but an EMC based on long term meteorological
records of 8.5 percent can be predicted. An EMC based
on the wood samples of 10.4 per cent can be predicted for
Broome because data were available for all seasons.
Adjustments were made using a regression equation to
these two EMCs for developing the EMC map. Owingto
the limited field data, these two locations were excluded
from the statistical analysis.

Moisture Content Fluctuations

Figure | shows the mean outdoor and indoor EMCs of five
species assessed at ten sites and EMCs based on ambient
conditions averaged over a two-year period. Figure 2
shows the outdoor and indoor EMCs of the additional
species assessed at Harvey and Como. No graphs are
given for Broome and Kununurra owing to limited
monthly data, and no EMC curves based on 12.00 noon
RH and temperature data are given for Busselton and
Walpole indoor sites as data are unavailable. Table 3 lists
the mean EMCs, range and standard deviation of
specimens assessed at all sites and Table 4 lists the EMCs
of the additional specimens assessed at Harvey and Como.
Fluctuations in EMC with changes in ambient conditions
can be clearly seen, and these are discussed below.

Outdoor EMC

The EMC curves of the different species in most cases
closely follow the EMC curves based on ambient
conditions, indicating clearly how sensitive timber is to
changes in the ambient conditions of the surroundings. In
general, the EMCs of the wood specimens were similar to
the EMCs calculated from 12.00 noon RH and temperature
readings, but Busselton data indicated wood EMCs 2 to 3
per cent below the EMCs based on ambient conditions.
EMC s in the south-west locations showed the greatest
seasonal fluctuation, for example, Manjimup had summer
EMCs from 10 to 13 percent and winter EMCs from 16 to
19 per cent, and Perth (Como) 8 to 10 per cent (summer)
and 11 to 14 per cent {winter).

Karratha and Kalgoorlie had mean EMCs for ail
species of 5.8 and 5.9 per cent respectively, which is
approximately 4.3 percent lowerthan the next highest
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TABLE 3

EMCs of samples assessed at all sites throughout WA

(outdoors and indoors) over a two-year period.

SITE JARRAH KARRI RADIATA PINE DOUGLAS FIR TASMANIAN BLUE GUM COMBINED SPECIES
QUTDOOORS Mean Range SO Mean Range SD Mean Range SD  Mean Rangs SD Mean Range sD Mean Range sSD
Kununurra (8) 48 22-86 1.6 4.8 24-11.4 24 6.0 2.2-15.1 352 5.6 1.8-14.8 35 4.5 22-11.8 2l 5.2 1.8-18.) 287
Broome (8) 11.4 9.2-12.8 10 10.9 9.4-12.0 0.8 92 56-11.5 13 10.6 8.1-123 12 9.8 8.0-11.3 1.0 10.4 56-12.8 1.4
Karratha (22) 6.4 4.1-9.3 1.2 5.6 3.9-8.1 L 6.3 29-11.8 20 56 2.8-9.4 15 5:3 3.2-7.7 1.1 58 2.8-115 1.6
Geraldton (17) 1.8 9.6-13.2 0.8 124 11.3-134 0.6 123 8.4-142 1.3 114 8.9-12.9 1.0 10.6 8.8-12.5 0.7 13 8.6-14.2 1.1
Perth (24) 11.8 8.6-15.0 1.9 10.5 7.6-13.1 1.5 107  66-146 2.4 9.5 59-13.2 1.9 9.4 7.1-12.5 1.6 10.6 5.7-15 2%l
Harvey (27) 13.4 10.1-17.7 925 13.2 10.6-168 2.1 123  5.1-206 3.6 10.7 5.0-16.1 33 10.3 52-16.7 3.9 12.0 5.0-20.6 3.4
Busselton (26) 10.9 6.4-14.7 A2 10.3 7.0-13.4 1.7 109 56-178 29 2.0 3.8-13.6 23 2.5 56-13.8 23 101 38178 2.4
Manjimup (20) 149 10.2-18.3 21 15.2 12.5-17.9 1.7 147  7.7-19.8 28 12.9 8.8-169 22 140 9.2-17.8 2.4 14.4 7.7-19.8 24
Walpole (24) 15.4 13.1-17.8 1.2 152 11.9-17.6 1.2 i50 120182 1.7 12.4 103-146 1.2 18.1 10.8-15.2 1.1 142 10.3-18.2 1.8
Narrogin (23) 13.0 96-17.6 24 1.8 8.9-154 20 122 7.3-183 3.2 10.8 7.1-18.3 24 10.6 7.2-15.0 2.4 11.7 7.1-18.3 2.7
Bsperance (24) 110  B8.4-126 0.9 10.3 88115 06 110 82134 13 8.9 6.3-10.7 1.0 9. 6.6-10.6 0.9 101 6.3-13.4 1.8
Kalgooriie (26) 6.2 3.4-9.6 20 59 4.2-84 1.4 6.6 14-11.8 2.9 5.4 1.9-9.7 2.3 5.4 2.9-8.6 1.8 5.9 1.4-11.8 2.2
INDOORS

Kununurmra (7) 6.3 4.1-9.6 1.4 4.9 26958 1.7 7.4 3.7-10.8 1.9 6.7 29-11.3 2.1 4.7 25-6.2 1.0 6.0 25115 1.9
Broome (8) 11.4 @.3-12.7 1.1 1.3 10.2-121 0.6 9.3 6.0-11.2 1.7 10.6 8.2-1210 1.2 9.5 7.8-10.6 09 10.4 6.0-12.7 14
Karratha (22) 6.9 55-7.9 Q.7 59 4.7-8.1 0.8 7L 4.5-8.8 0.9 5.6 3.9-7.2 0.8 50 3.9-6.0 0.6 6.1 4.0-8.6 1
Geraldton (17) 10.5 9.4-11.2 0.4 10.2 93-11.8 0.5 101 81-11.2 0.7 8.4 6.7-9.4 0.6 8.2 7.3-87 0.3 9.5 67-11.5 1.1
Perth (25) 10.3 8.7-11.7 0.7 10.6 8.7-120 0.8 9.7 7.5-11.6 10 103 7.7-12.1 1.1 88 7.4-100 0.7 103 74133 1.2
Harvey (27) 11.8 10.0-13.7 0.9 1.5 10.1-130 0.7 108 §5-130 155 8.7 5.1-11.2 33 8.4 51-109 21 10.2 51-13.7 21
Busselton (26) Q.6 7.3-120 1.0 9.2 7.5-104 0.7 95 5.6-12.6 13 7.8 4.8-10.2 1 8.2 6108 171 8.8 48-126 1.3
Manjimup (20) 1.2 10.1-1.9 0.4 1.9 112-124 03 109 99120 0.5 9.7 8.6-10.5 0.5 8.4 6.69.0 0.4 10.4 6.6-12.4 =3
Walpole (24) 139 114180 15 12.3 100-149 1.1 114 83-16.] 1.8 102 7.7-14) 1§ 0. 9.1-14.1 1.2 N8 77176 19
Narrogin (23) 12.6 9.3-16.5 2.3 1.4 9.0-14.1 1.6 109 6.4-18.4 2.7 9.9 6.5-13.7 22 9.7 6.5-13.6 M2 10.9 6.4-16.5 215
Esperance (24) 9.4 7.8-11. 0.7 8.8 73100 06 90 7.1-109 09 83 6.9-10. 0.7 72 5.7-8.5 0.6 8.6 5.7-11.1 1.0
Kalgoorlie (26) 6.0 5.1-7.4 0.5 (] 4.8-6.7 0.5 6.2 50-7.9 Q.7 S/ 48-70 0.6 4.6 3.8-58 0.5 5.6 3.8-79 0.8

Notes: Number of months assessed are given in parentheses .
The mean EMCs (outdoor and indoor) for Kununurra are lower than expected as only spring/summer months were assessed.
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TABLE 4

EMCs of additional wood samples assessed at Harvey and Como

(outdoors and indoors) over a two-year period,

HARVEY (27)°
SPECIES QUTDOORS INDOORS
Mean SiD. Range Mean SD. Range
Marri 14.1 2.4 10.5-19.6 11.4 0.9 9.7-13.1
Tuart 1373 15 11.1-158.7 12.8 0.7 11.4-14.)
Tasmanlan oak 12.8 1#é 10.3-158.6 120 0.7 10.4-13.4
Gimtet 14.5 2.0 11.0-18.0 14.6 0.8 12.9-16.9
Redwood 14.3 1.9 11.8-18.0 12.9 1.0 11.1-15.6
wandoo 124 15 10.5-15.1 1.9 0.6 10.6-13.7
Mulgo 124 1.6 10.2-15.4 LA (074 9.6-12.4
WA sheoak 125 20 9.5-15.8 1.4 0.8 9.8-12.6
Dark red meranti 12.7 241 9.6-16.2 11.4 0.8 9.8-13.2
Maritime pine 122 8.7 51-19.6 10.3 1.8 53-13.3
Western red cedar 9.1 30 50-14.1 68 1.0 5.0-8.0
Nyatoh 11.6 2.8 53-16.0 10.1 1.3 56-11.5
Combined 13.0 2.6 5.0-19.6 1.6 2.1 5.0-16.9
COMO (24)°

Redwood 11.8 1.6 9.0-14.4 120 0.8 10.3-13.3
Dark red merant 1182 1.6 83-13.8 10.8 0.7 9.3-12.0
Maritime pine 9.5 23 57-13.8 9.8 0.9 7.7-11.6
Combined 10.8 2.1 5.7-14.4 10.9 1.2 7.7-13.3

2 Number of months assessed are given in parentheses

EMC (Busselton and Esperance) and 8.6 per cent lower
than the EMC for Manjimup. Kalgoorlie had exceptionally
high rainfall in March, April, May and June 1992, with 3.5
times the average for those months, giving a higher EMC
than the expected long term figure. In comparison,
Lamond and Hartley (1991) reported that in the very dry
western areas of New South Wales, such as Broken Hill,
timber will dry down to approximately 7 per cent moisture
content during summer. Bragg (1986) found a mean EMC
of 14 per cent for coastal areas of Queensland and Lamond
and Hartley (1991) reported EMC:s for coastal areas of
New South Wales between 12 and 15 per cent. The coastal
town of Karratha has ambient conditions of mean yearly
9.00 a.m. RH and temperature of 45 per cent and 26.3°C
(EMC 8.2 per cent) indicating dry conditions and low
EMCs. CALM staff describe climatic conditions for
Karratha as similar to those in drier inland areas of WA.
For example, the inland town of Kalgoorlie has a mean
yearly 9.00 a.m. RH and temperature of 56 per cent and
18.3 °C respectively, giving an EMC of 10.3 per cent.
Busselton, Esperance and Geraldton, and Perth (Como)
and Harvey had similar EMCs for the combined species,
ranging from 10.1 per cent to 11.7 per cent (Table 3).
Busselton, Esperance and Geraldton are located on the
coast, whereas Como is 15 km and Harvey 20 km infand.

The combined species mean EMC for Como is 10.6 per
cent and Harvey 12.0 per cent. Como has a mean annual
rainfall of 756 mm, whereas Harvey is on the edge of the
Darling Scarp, surrounded by forest, with a higher rainfall
(mean annual rainfall of 996 mm) and twelve more
raindays per year, giving a slightly higher EMC for
Harvey. Busselton and Esperance have slightly lower
EMCs than Como, Harvey and Geraldton. The annual
EMC for Busselton, based on ambient conditions from
Bureau of Meteorology records, is approximately 2 per
cent higher than the specimen EMCs, indicating that the
conditions in which the specimens were stored had a lower
humidity.

The EMC based on long term meteorological data for
Esperance is 13.4 per cent, 3.3 per cent greater than the
combined specimen EMC and the EMC based on the 12.00
noon RH and temperature figures supplied by CALM staff,
indicating that the location of the specimens under a
sheltered verandah is at a fower EMC. Manjimup and
Walpole’s EMCs are similar and the highest recorded in
this trial. High mean annual rainfalls (between 1000 and
1040 mm), a large number of raindays (156 and 186
respectively) and high humidities (mean 9.00 a.m. RH of
75 per cent) would result in high EMCs.
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Figure 1. Mcan vutdoor und indoor EMCs of five species assessed at ten sites and EMCs based on ambient conditions averaged

over a two-year pertod.
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Finighan (1966) found the mean annual EMC and
ranges for 20 mm jarrah and radiata pine based on menthly
readings at the following WA towns were :

Tewn Jarrah Radiata pine
Mean  Range Mean Range
(%) (%) (%) (%)
Albany I8 (8-19 16 15-17
Bridgetown 16 15-19 15 12-17
Perth 16 13-18 13 10- 16

In this survey EMCs at Albany and Bridgetown were
not assessed. Walpole has a similar climate to that of
Albany, and Manjimup is similar to Bridgetown, and the
following mean annual EMCs were recorded in this
survey:

Town Jarrah Radiata pine
Mean Range Mean  Range
(%) (%) (%) (%)
Walpele 15.4 13.1-17.8 150 12.0-18.2
Manjimup 149 10.2-18.3 147 7.7-19.8
Perth (Como) 11.6 8.6-15.0 107 6.6-14.6
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These figures indicate lower means, particutarly those
for Perth, than the EMCs given by Finighan 38 years
previously, but the ranges indicate high EMCs do occur.
The lewer density pine specimens indicate large
fluctuations in EMC, with Manjimup having an EMC
fluctuatien of 12.1 per cent between summer and wiater.

The greatest amount of change in EMC likely to be
experienced in the more populated arcas of Australia may
be estimated from the fact that most of the regions
experience monthly average relative humidities within the
range 50 to 70 per cent, and they only occasionally fall to
as fow as 40 per cent, or rise to as high as 80 per cent
(Anon. 1967). For the temperatures normally associated
with these relative humidities, the equivalent scasonal
EMCs for timber under sheltered outdeor sites usually
range from about 9 per cent to 14 or 15 per cent, with only
periodic depastures to as low as 7 per cent or as high as
16 per cent. At the same time, it should be recognized that
in some of the less populated inland parts of Australia the
mean seasonal EMC may drop to as low as 5 per cent
(e.g. central Australia), and may rise to as high as 20 per
cent in others (e.g. North Queensland).
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Figure 2. EMCs of additienal species assessed at Harvey and Cono (eutdoers and indoors) over a two-year period.
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Indoor EMC

Indoor conditions are not as predictable as outside
conditions because of varying forms of heating and
circulation that are encounted in houses and offices
(Orman 1955). However, in many situations ambient
conditions can be constant owing to modern air-
conditioning and central heating as found in large office
buildings. Generally the EMCs of indoor specimens show
less seasonal fluctuations than the outdoor specimens,
although Walpole, Narrogin and Harvey show marked
scasonal changes. These fluctuations would be owing to
samples being in sites without constant heating or air-
conditioning and therefore under the influence of changing
ambient conditions as occur in the outdoors. For example,
the Harvey specimens were stored in a large enclosed
wood-processing shed, which although partly insulated,
had no air-conditioning or heating.

Mecan indoor EMCs varied from Kalgoorlie (5.6 per
cent) and Karratha (6.1 per cent) to Narrogin (10.9 per
cent) and Walpole (11.8 per cent). Specimens at
Kalgoorlie and Karratha were stored in air-conditioned
environments, whereas Narrogin and Walpole indoor sites
had no air-conditioning and were influenced by outside
ambient conditiens. The Perth indoor samples were
subjected to reasonably constant indoor conditions, with a
mean EMC of 10 .3 per cent, but a range of 7.4 to 13.3 per
cent still occurred. The Kalgoorlie indoor samples had the
lowest range in EMCs between species (1.6 per cent) and
Walpole the highest (3.7 per cent).

Comparing the mean EMCs of the five species exposed
to indoor and outdooer under cover situations shewed
indoor specimens with fower EMCs, except for Karratha
where the indoor EMC was 0.3 per cent higher. The
indoor specimens at Karratha were stored in an air-
conditioned environment and maintained a constant EMC,
but the extremely dry eutdoor conditions resulted in EMCs
being lower than the indoor specimens. Kalgoorlie also
had very low indoor and outdoor EMCs. Finighan (1966)
showed that there is a distinct tendency for indoor values
(non-centrally heated houses) to be | 1o 4 per cent lower
than the outdoor values, depending on the microclimatic
conditions. In all locatiens the wood EMCs were below
the EMCs based on ambient conditions, with Karratha 3 to
4 per cent, Esperance 5 to 6 per cent and Kalgoorlie 2 10 4
per cent below the ambient EMCs.

Lamond and Hartley (1991) reported that in air-
conditioned buildings timber should be scasoned 1o about
10 per cent. Timber dried for the higher outdoor EMCs is
not appropriate for use in indoor air-conditioned
cnvironments, and should be strip stacked within the air-
conditioned environment prior to fixing. In general,
moisture contents for indoer unheated conditions range
from 1 to 4 percent lower than outdoor values depending
on locality and site factors and a correction faclor of 2 per
cent lower, would seem acceptable, for practical purposes
in most temperate areas of Australia (Finighan 1965). In
areas close to the sea, the correction could be smaller while
in houses that tend to have high indoor temperatures
(e.g. large glassed-in arcas) the correction may tend to be

36

CALMScience

larger. Smith et al. (1991) recommended the applicable
target moisture content for timber products used in air-
conditioned buildings in Queensland as 9 per cent, unless
otherwise required and specified. If the timber is not at the
recommended EMC it shouid be allowed to dry to the
required EMC by strip stacking or loose laying the timber
under shelter for two to four weeks prior to fixing. This is
particularly important with flooring and joinery timbers.
AFRDI (1993) also recommended a mean indoor EMC of
9 per cent, with a range between 6 and 12 per cent, and
timber used in dry centrally heated offices or in
permanently air conditioned buildings can have EMCs as
low as 6 or 7 per cent.

Variation between Species

Although the EMC of certain species for any specific set of
psychrometric conditions is often found to be
approximately the same, the rates of moisture movement
for these species often differ very markedly. This
phenomenon of varying rates of absorption cannot be
owing solely to climatic differences, but other tactors
include the degree of heating, ventilation and sheltering,
and the density of the timber. Because of the greater
response of some timbers than others, the maximum and
minimum figures vary considerably tor fluctuating
conditions. The mean EMCs for jarrah, karri and radiata
pine were higher than those for Douglas fir and Tasmanian
blue gum, and radiata pine EMC was slightly less than
those for jarrah and karri, in both outdoor and indoor
situations. This survey indicates that specics EMCs may
vary by more than 2 per cent, both indoors and outdoors,
for a given location and time.

The high standard deviations of the lower density
softwood timbers (radiata pine and Douglas fir) and
Tasmanian blue gum, indicate large variations in moisture
content at all sites compared with jarrah and kacri,
particutarly in outdoor locations that experience large
seasonal fluctuations (Table 3). For example, the outdoor
EMC:s for Harvey gave a standard deviation of 3.6 per cent
for radiata pine, 3.3 per cent for Douglas fir and 3.9 per
cent for Tasmanian blue gum, with jarrah 2.5 per cent and
karri 2.1 per cent. Similar examples for other locations can
be seen in Table 3. The additional species assessed at
Harvey and Como indicated similar trends with the lower
density species indicating greater fluctuations than the
higher density species. For example, the standard
deviations of maritime pine, western red cedar and nyatoh
were 3.7, 3.0 and 2.8 per cent respectively, whereas the
higher density species had smaller variations, c.g. the
standard deviations for mulga, tuart and wandoo were 1.6,
1.5 and 1.5 per cent respectively. Tasmanian @ak and
western red cedar assessed indoors indicated a small
fluctuation in EMC despite having a lower density than
mulga, tuart and wandoo. Other factors, ¢.g extractive
contents, previous drying history and hysteresis, may be
influencing the EMC of the Tasmanian oak specimens.
Similarly, at Como maritime pine had a higher standard
deviation (2.3 per cent) than dark red meranti (1.6 per cent)
and redwood (1.6 per cent).
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The specimens assessed indoors at all sites showed less
fluctuations than the outdoor specimens, owing to the
constant indoor ambient conditions (Figs 1 and 2). The
standard deviations of the indoor EMCs assessed at
Narrogin are similar to the outdoor EMCs and generally
higher than the standard deviations assessed at other
locations. Like the outdoor specimens the indoor
specimens of radiata pine and Douglas fir showed greater
fluctuations than the higher density hardwoeds, e.g. radiata
pine and Douglas fir assessed at Harvey were 1.5 and
3.3 per cent respectively and jarrah and karri were 0.9 and
8.7 per cent respectively. Maritime pine assessed at
Harvey also showed a large variation with a standard
deviation of 1.8 per cent.

Figure 2 gives the EMC curves for the additional
specics assessed at Harvey and Como. For both indoor
and outdoor specimens assessed at Harvey, EMCs for
western red cedar were 2 to 3 per cent lower, and gimlet
was approximately 2 per cent higher than the other species.
All the other species were within 1 per cent of each other
and followed the trend of changes in EMC with changes in
the environmental conditions. For the three additional
species assessed at Como (indoors and outdoors), redwood
tad the highest EMC, then dark red meranti and maritime
pine. Where there is a considerable variation between
species and winter and summer conditions, timber should
be protected as far as possible by using moisture resistant
coatings.

Because of the greater response of some timbers than
others, the maximum and minimum figures vary
considerably for fluctuating conditions. Hardwoods
usually possess a lower mean EMC than softwoods,
though various exceptions do occur (Orman 1955).
Hartwig (1959) found the EMCs of eucalypts were
significantly higher than those of the pines when the
minimum values only were compared. However, when the
mean values were examined, no significant differences in
EMCs were found between the eucalypt and pine
specimens, Ellwood and Leslie (1949) found that the
EMC of various species for any specific set of
psychrometric conditions can have a difference of up to
4.5 per cent moisture content, although for practical
purposes they are assumed to be the same. Howland and
Matabwa (1971) found that species EMCs can vary as
much as 5 per cent within sites. Measuring weather
conditiens in close preximity to wood specimens, Tsoutnis
(1964) found the difference between average actual and
EMC:s from meteorological data ranged from O to 2.8 per
cent, This is a good agreement for practical purposes, and
EMC values may serve as cstimates of expected wood
moisture content variations.

Temperatures and RH Comparisons

Regression analysis was used to compare the 12.00 noon
temperature and RH readings taken over the two-year
study period with the 9.00 a.m. and 3.00 p.m.
meteorological readings for Manjimup, Narrogin,
Esperance, Perth (Como) and Kalgoorlie. These equations
were developed to allew any missing 12.00 noon data to be

determined. Very good relationships were found between
the temperature readings at 12.00 noon and the 9.00 a.m.
and 3.00 p.m. temperatures recorded by the meteorological
bureau over the two-year study period, with correlation
coefficients greater than 0.90. Comparing the RH at 12.00
noon with the RH at 9.00 a.m. and 3.80 p.m. indicated
good correlations for Manjimup, Narrogin and Kalgoorie
with coefficients between 0.70 and 0.80. Poor correlations
for Esperance and Perth could be owing to the coastal
influence, where humidity can change very quickly with
the onset of coastal sea breezes. Regressions based on
9.00 a.m. temperature and RH data were used to determine
any missing 12.00 noon data.

Regression Analysis of Density and EMC

No correlation was found between basic and air-dry
density when compared with actual EMCs (based on oven-
drying the whole specimen) for the five species assessed at
all locations, owing to the small sample size of three basic
and five air-dry densities for each location. When the
EMC and density data of all the species assessed at Harvey
(indoors and outdoors) were included in the analysis the
sample size was increased and the following were found:

- outdoor EMC was not related to air-dry density
@ =043

- indoor EMC was directly related to air-dry density, i.e.

EMC = 0.005ABD +6.5 « =057

indoore

- the best relationship between EMC and basic density was
found for the indoor samples (r? 0.47).

When EMCs of all the species assessed at Harvey by
season, i.e. summer (December, January and February) and
winter (June, July and August) or by eucalypt and
softwood were compared with density the following were
found:

- the EMCs of the summer cutdoor and indoor specimens
were directly related to air-dry and basic density, i.e.

Air -dry density
EMC = 0.00SADD + 633 (£ =0.60)

inbunse

EMC

oo

= 0.0047ADD + 67 (r =051)

Basic density

EMC = 0.085BD +7.4 (r =059)

EMC =0.004 BD + 8.542 (r== 0.50)

ouhkin

Although the correfation coefficients are between 0.50
and 0.60 the large sample size would indicate significant
relationships.

Owing to the small number of basic densities, these
data were excluded and only air-dried density was used to
relate the EMCs assessed in summer or winter and EMCs
of the eucalypt or softwood. For example, the
relationships for the summer outdoor and indoor specimens
are:
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EMC = 0.005ADD + 6.938 (' = 0.58)
‘owtdoors

EMC = 0.008ADD + 3595 (¢ =0.72)

indoars

Softwood Regressions

EMC was directly related to air-dry density for the
softwoods, but no relationships were found for the
eucalypts assessed in summer or winter.

The regressions for the softwood specimens over the two-
year period were:

EMC = 0017ADD +1.024 (& =0.74)
ot

EMC = 0.16 ADD + 3.504 (r2 = 0.92)

ouldanes

The softwood EMC was also directly related to air-dry
density for summer outdoors and winter indoors and
outdoors. The relationships are:

Softwoods - summer

EMC  =0014ADD+ 1977 (¢ = 085)
ooty
Softwoods - winter
EMC  =0.I18ADD +6.534 (' = 0.94)
onsteder
EMC  =0.03ADD-4218 " = 0.90)

indoon

Hardwood Regressions

Owing to the large variation in densities for the eucalypts,
the lewer density species of Tasmanian blue gum,
Tasmanian oak and macri were excluded from the
regression analysis. The following relationship was found
between EMC and air-dry density for the higher density
eucalypts assessed indoors over the two-year study period
and outdoors during summer:

Indoors - over the two-year study period

EMC,_,_ = 0.007ADD + 4.88 (* =0.62)
Qutdoors - during summer
EMC  =0005ADD + 694 (' = 0.58)

omtdonrs

Chafe (1991) found that wood blocks (25 mm square
and 20 mm long) and thin sections (1 mm thick) of
mountain ash (Eucalypius regnans F. Muell.) equilibrated
to 17 per cent, 12 per cent or S per cent were positively
related to density. Christensen and Kefsey (1959) had
estimated for mountain ash that the relative contributions
to the total sorption of the wood by cellulose,
hemicellulose and lignin were 47 per cent, 37 per cent and
16 per cent respectively. This suggested that wood of
higher density may have proportionally more cellulose
and/or hemicellulose and less lignin than wood of lower
density, hence higher moisture absorption properties.
However, in this trial the lower density softwoeds,
particularly radiata pine, had higher maximum EMCs
compared with the hardwoods. Bragg (1986) found that
EMC was directly related to air-dry density, when he
assessed a number of timber species throughout

a8
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Queensland. Hartwig (1959) found that the lower density
pine samples absorb moisture at a faster rate than eucalypts
and the ultimate EMCs of the pine samples are higher than
those of the eucalypt samples. This is discussed in more
detail under ‘Absorption rates’ below.

Outdoor EMC Compared with Indoor EMC

Regression analysis was used to relate outdoor and indoor
EMC:s, based on oven-drying the whole specimen at the
end of the trial. The overall equation for all species at 10
sites (excluding Breome and Kununurra) based on mean
monthly readings is:

EMC =083EMC 4049 ( =0.70)

inderors vt

Relationships for individual locations are given in
Table 5. Significant relationships were found for Harvey,
Esperance, Karratha, Narrogin and Perth as indicated by
the high coefficient of determination. Outdoor and indoor
EMCs for jarrah, karri, radiata pine, Douglas fir and
Tasmanian blue gum assessed at Harvey werc compared by
regression analysis and incdicated significant relationships
fer all species (Table 6).

TABLE 5

Regression analysis of outdoor EMCs and indoor EMCs for
ten locations (allregressions are significant at P < 0.001),

LOCATION REGRESSION EQUATION R?Z N
Karratha EMC,oer = 097 EMC_ . + 0.45 0.57 107
Geraidton  EMC,,., = 195EMC,,,. - 128 €24 85
Perth EMC, yoo = 065 EMC_ 0o, + 3.15 0.55 120
Harvey EMC, ., = 0.56 EMC o + 348 070 135
Busseiton  EMC, .. = 200 EMC,,.- 997 021 129
Manjimup  EMC,, . = 1.30EMC_,, -8.44 018 100
Walpole  EMC, ., = 235 EMC_,,,-21.61 020 119
Narrogin EMC, o =096 EMC_ . -028 096 107
Esperance EMC, =09 EMC_ - 0.47 076 120
Kalgoorie  EMC, =059 EMC ...+ 215 038 130
TABLE 6

Regression analysis of outdoor EMCs and indoor EMCs of
five wood species assessed at Harvey (all regressions are
significant at P < 0.001),

SPECIES REGRESSION EQUATION R? N
Jarrah EMC, .. = 080 EMC .+ 656 086 27
Kari EMC, s = 044 EMC, ..+ 570 074 27
Radiata pine EMC, .= 0.37 EMC .+ 622 083 27

Douglas fr  EMC,, =038 EMC,, .+ 530 085 27

Tasmanian EMC = 0.35 EMC +578 0.80 27

blue gum

hloors ouldecrs
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In the absence of indoor EMC data, EMC values
approgpriate to the inside of non-heated or non air-
conditioned buiidings can be computed from outdoor
EMCs using the above everall equation or for a specific
location where there is a significant relationship (Table 5).
If indoor RH and temperature data are available, the
equation given by Simpson (1971) can be used to
determinc EMC of the room, which is the EMC a timber
specimen should eventuaily attain.

Bragg (1986) found:
EMC =0.83 EMC

idrors nuideors

which gives a 0.5 per cent difference to the indoor EMC
calculated from the above equation, devcloped from data
collected in this trial. In comparison, Finighan (1966)
found that indoor EMCs of non centrally heated houses
were between 1 and 4 per cent less than in outdoor
sheltered positions, but that the effect was variable and
dependent on the microclimate specific to each building.

Comparison of Actual EMC and Theoretical
EMC

Figure 3 shows the refationship between actual EMC
(based on oven-drying the whole sample) and theoretical
EMC (based on 12.00 noon RH and temperature data) for
five species assessed and overall for outdoors sites at
Harvey, Kalgoorlie and Manjimup. These locations were
selected because they occur in different EMC zones and
complete sets of data were available. Regression analysis
showed the outdoor specimens had streng correlations for
the individual species and the overall EMC. The overall
relationships for Harvey, Kaigooriie and Manjimup were :

Harvey: EMC = 0.902EMC + 3.7} (r1' =0.68)
fanm
Kalgoorlie: EMC = 0.88EMC -09s (rz =0.61)
{nm
Manjimup: EMC =038EMC  +926 (1'2 =0.56)
Torm

EMC s the theoretical EMIC.
Toem

The indoor specimens showed poor correlations owing
to the small variation in data, as showsn with the smalt
standard deviations given in Table 3. Using the 12.00
noon RHs and temperatures, the actual EMCs for Harvey,
Kalgoorlie and Manjimup can be determined from the
regression equation or the graphs in Figure 3. Similar
relationships can be developed for other locations.

Howland and Matabwa (1971) found strong
correlations between actual EMC and the theoretical EMC
based on mean weekly RHs and temperatures. Eliwood
and Leslie (1949) found that when EMCs calculated from
directly weighing specimens (estimated EMC) and
theoretical EMC calculated from monthly RH and
temperature were compared, the EMCs were very irregular
and did net correspond at all well with the moisture
contents estimated from weighing specimens.

Finighan (1966) related the EMC of wood specimens
exposed to outdoor conditions by an empirical equation
using mean monthly temperatures and RHs. The predicted

moisture contents determined by the equation for the sites
assessed differ from the observed moisture contents by
more than 2 per cent, but when Alice Springs and Broken
Hill data were excluded, approximately 95 per cent of
predictions differed from abserved values by only 1 per
cent or less.

Models for Predicting EMC from
Meteorological Data

The meteorological data used in regression analysis
presented in Table 7 were cempared with the combined
species EMCs (based on oven-drying the whole sampie)
for each location given in Table 3. Evaporation data were
unavailable for Busselton, Narrogin and Walpole, therefore
when evaporation was included in the regression analysis
these locations were exciuded.

In Table 7 temperature and RH data recorded at 12.00
noon were used, whereas long term data are recorded at
9.00 a.m. and 3.00 p.m., therefore 12.00 noon readings
should be used to predict EMC. A stepwise regression
determined which metcorological readings were best at
predicting EMC. The correlation coefficients and
probabilities derived using all the available data from ten
locations {excluding Broome and Kununurra) are listed in
Table 8.

All four variables were strongly correlated with EMC,
as indicated by the correlation coefficients and the
probabilities. RH is highly significant at predicting EMC
(P < 0.001) and, as expected, evaporaticn and temperature
were strongly inversely related to EMC. The regression
analysis {with evaporatien included) showed that RH was
the strongest predicter of EMC with the following
relationship:

EMC=026RH -4393 ( = 0.88)
1Zpn

When the evaporation figures were excluded from the
analysis, the sample size was increased to ten locations and
the relationship derived was:

EMC=0.19RH  +0.003 RAIN - 2.559 (1‘2 = 0.87)

1ipm

Rainfall has been included in the equation, although it
dees not have the same effect as RH. Temperature and
evaporation have minor effects in determining EMC.
When the other variables are used either singly or in
combination, they are not as strong at predicting EMC as
RH with correlation coefficients between 0.60 and 0.75.
When RH and temperature were used to determine EMC
the following equation was derived:

-0.038 TEMP -2.863 (r' = 0.80)

JLL] 12

EMC =0.248 R.H.
12

This cquation shows the small effect temperature has in
determining EMC.

These three regression equations, combined with leng
term meteorological data (12.00 noon readings) allow the
prediction of EMC for 280 mm thick timber in sheltered
outdoor situations throughout WA. RH is the most
significant variable in predicting EMC, however, where
rainfall and temperature data are available they can be used
to improve the prediction.
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Jarrah
— — — Karri
Radiata pine
Doupglas fir

Tasmanlan bluo gum
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Figure 3. The relationship between theoretical EMC (based on [2.00 pin RH and temperature data)} and actuat EMC (based on
oven-drying the whole sammple) values for five species assessed outdoors at Harvey, Kalgoortie and Manjimup.
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TABLE 7
Meteoroiogical data® used in the regression analysis.

LOCANON RAINFALL EVAP TEMP RH

(mm) (mm) 12,00 noon(®C) (%)
Karratha 209.7 3146.8 32 37.8
Geraldton 469.3 23017 218 63.6
Perth (Comeo)  931.9 2007 .4 240 60.2
Harvey 1025.3 16521 21 6%.7
Busselton 860.3 N.A, 18.6 65.0
Manjimup 1005.0 1043.6 18.2 67.3
Walpole 12523 N.A. 18.9 5.5
Narrogin 545.3 N.A. 210 63.8
Esperance 645.1 16100 19.8 57|
Kaigoorlia 347.3 24429 24.1 424

@ Meteorological data are bassd on annual means for the
study period of two calendar years, which may vary from
the long term values.

Dato from Brecome and Kununurra are excluded.

N.A. - Not available.

TABLE 8

Correlation coefficient (r) and probability matrix for
meteorological variables using the mean of the annual
readings from ten locations.

EMC EVAP RAIN RH 12.00 TEMP 12.00
noon noon
EMC 1.00
{0.000)
Evap 0.85 1.00
(0.016) (0.000)
Rain 083 -0.86 1.00
(0.022)y (0014 (0.000)
RH 20m 098 .80 073 1.00
(0.001) (0.032) (0.061) (00C0)
Temp ., -0.81 0.93 -0.69 0.82 1.00
(0.028) (0.003) (0085 (0024) (0.000)
Notes:
Probabllities are given In parenthesss.
EMC = EMC (%) bosed on oven-drying the whole wood
somple.
Evop = evaporation mm/annum,
Rain = rainfalf In mm/annum for 1991 and 1992,
RH,.m = relative humidity 12.00 noon (%), yeorly mean
for 1991 and 1992.
Temp,,., = Temperature 12.00 noon (°C), yearly mean 1991

and 1992.

Bragg (1986) developed models for predicting EMC in
Quecnsland and found that RH (9.00 a.m. and 3.00 p.m.)
and the natura) logarithm of rainfall were highly
significant, and when 3.00 p.m. RH was used the
prediction was better than using 9.00 a.m RH. Ellwooed
and Leslie (1949) examined the effect of EMC using
monthly mean 9.0 a.m. humidities and temperatures, for
the current month, the previous month and the previous
two moaths, because current EMC of expesed timber

depends on both the actual and past RH and temperature
conditions. They found the current mean monthly
humidity and mean humidity for the past two months
were highly significant, but mean humidity for the
previous month generally had no significant effect. The
effect of temperature for the previous two months was
non-significant, but the current monthly temperature in
general had a significant effect (Ellwood and Leslie
1949),

Comparison of Estimated and Actual EMC

Initially EMCs were estimated from monthly specimen
weighings and the moisture content calculated from these
readings. At the completion of the trial the whole
specimen was oven-dried and moisture content
determined from the initial and oven-dry weights. Table 9
lists the regressions comparing the EMCs based on weight
change (esttmated EMC) and EMCs based on oven-drying
the whole (actual EMC) specimen, for all locations
(outdoors and indoors). The regressions for the outdoor
equations indicated good correlations for the five species
assessed at all locations and the averall equation for the
combined species. For the indoor specimens, all species
except karrt had direct correlations between EMCs based
on weight change and EMC determined by oven drying
the whole specimen ('Table 9). When the EMCs for the
additional species assessed at Harvey and Como were
included in the regression analysis they also produced
good correlations for outdoor and indoor sites.

EMC Map

A map dividing WA into three EMC zones for outdoor
conditions is given in Figure 4. The map was developed
by using the long term climatic averages for 160 different
meteorological stations in WA and the combined timber
species mean EMC for each site assessed. A regression
based on the mean wood EMCs measured at 12.00 noon
and long term mean 9.00 a.m. RH and temperatures were
used te amrive at the EMC for each meteerological station.

The three EMC zones for WA give seasoning targets
for timber used in outdoer sheltcred conditions.

Zone 1 is for EMCs greater than 12 per cent and
covers the high rainfall areas of the south-west and from
the edge of the Darling Scarp, east of a line extending
from Northam to the South Coast, midway between
Bremer Bay and Albany.

Zone 2 is for EMC between 10 and 12 per cent and
includes the Swan ceastal plain, north of Bunbury to
south of Jurien Bay (175 km north of Perth), then
extending from Jurien Bay to between Northam and
Merredin, and between Norseman and Esperance to the
South Coast approximately 200 km east of Esperance.
This zone encompasses the Perth metropolitan area and the
major coasial towns of Mandurah and Bunbury, where the
majority of WA’s population live and a high proportion of
the State’s timber would be used.

Zone 3 is for EMC less than 10 per cent, and covers the
majority of WA that is relatively low in population, but
inciudes the major towns of Geraldton and Kalgoorlie.
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Owing to the lower EMC required for Zone 3, difficulty
may be experienced in supplying seasoned timber at the
correct moisture content, from coastal centres, te the drier
inland areas.

Bragg (1986) developed an EMC map for sheltered
outdoor sites in Queensland based on predicted EMC for
148 sites and divided the State into three EMC zones. The
target moisture contents for these zones are:

Zone 1 - 12 percent (range 10 - 12 per cent)
Zone 2 - 9 per cent (range 7 - 12 per cent) and
Zone 3 - 7 per cent (range 5 - 10 per cent)

Smith et af. (1991) further reduced the Queensland
map to two zones. Zone | covers the area where the 10 to
15 per cent EMC range is appropriate. This includes most
of the major centres of population in Queensland,
pacticularly around the coast. Zone 2 is for the far west
where a lower EMC of 7 to 12 per cent is required.

AFRDI (1993) gave outdoor and indoor EMC fer
Victoria, Tasmania, New South Wales, South Australia,
WA, tropical Australia and southern Queensland. Fer WA
AFRDI recommended a mean outdoor EMC of 14} per cent
(range 7 to 13 per cent). Tropical Australia presumably
includes the Kimberley region of WA and AFRDI
recommended a mean outdoor EMC of 14 per cent (range
12 te 17 per cent). The outdoor mean for WA of 10 per
cent given by AFRDI would be appropriate for timber
supplied into Zones 1 and 2, but Zone 3 would require a
miosture content less than 10 per cent. Specimens
assessed in the tropical arcas of WA (Broome and
Kununurra) had EMC for the combincd species of 10. 4
per cent for Broome and 5.2 per for Kununurra, and the
Kununurra specimens were assessed in hot and humid
spring/summer months, EMC based on long term
meteorological data for these two centres also indicate

TABLE @

mean EMC less than 14 per cent and the EMC given by
AFRDI for tropical areas of WA are not appropriate. The
sources of the AFRDI (1993) data or boundaries of tropical
Australia arc not given.

In practice, the ideal would be to season wood to a
moisture content equal to the average EMC for the
particular arca where it is to be used. Difficulty may be
experienced in supplying seasoned timber from the coastal
regions to areas of lower EMC. In such cases Smith ez al.
(1991) recommended that the seasoned timber shouid be
allowed to come to EMC on site. This procedure is
advisable throughout Zone 3, where EMC can be as low as
6 or 7 per cent, and should be done by strip stacking or
loose laying the timber under shelter for two to four weeks
prior to fixing. This is particularly important with flooring
and joinery timbers. It is important that seasoned timber
and wood-based products are protected from the weather
and other dampness until fixed under the specified
conditions of use. Similarly, for air-conditioned buildings
in Zones | and 2, the 10 to 15 per cent EMC range is not
appropriate, and the timber should be strip stacked within
the air-conditioned environment or seasoned to the
required moisture content prior to fixing. Smith et al.
(1991) recommended the applicable target moisture
content for timber products in air-conditioned buildings as
9 per cent unless otherwise required and specified. Similar
practices need to be applied in WA when timber is taken
from zones of high EMC to lower EMC.

In the United States, the Department of Agriculture
recommended, that if it is unknown in what locality a
product will be used, before drying, the wood should be
dried to a moisture content of about 8 per cent, which is
close to the average of the values preferred for arid and
damp regions (United States Department of Agriculture
1973).

Regression analysis of EMCs based on weight change (EMC )

ond EMCs bosed on oven-drying the whole specimen (EMC

ovenciv)'

SPECIES REGRESSION EQUATIONS

Qutdoors ®) N Indoors () N
Jarrch EMC,, =0.722EMC,,.,, + 523 085 249 EMC,, = 0685 EMC,, ., + 6.29 076 248
Karri EMC,, = 0.591 EMC_ 4, + 631 0.75 246 EMC_, = 0.388 EMCmm + 813 0.40 245
Rodiota EMC_, =0774EMC_ ., + 515 085 248 EMC,, = 0773 EMC,, o, + 4.865 0.78 247
pine
Douglos EMC_, =08 EMCWW+ 4,058 0.98 248 EMC_, = 0.667 EMCMm + 4.82 0.77 247
tir
Tasmanian  EMC_, = 0.762 EMCWW +375 0.89 249 EMC_, = 0.588 EMCMAW+ 4.946 0.72 247
blue gum
Overall EMC_, =0.749 EMC, o gy + 467 0.83 1233 EMC_, = 0.641 EMCWW + 5.344 0.68 1235

Notes: All regressions are significant at P < 0.001.
Data for all locations have been included in the analysis
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Figure 4. Equilibrium Moisture Content Zones of Western Australia .
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McNaught (1988) stated that it is important to
appreciate that EMC zones do not bear the same
significance to framing timber as they do to appearance
quality products. The effect on appearance timber, flooring
and panelling can result in checking and large shrinkage or
swelling when timber is supplied at the incorrect moisture
content. [Hardwood framing must be seasoned to moisture
contents less than 15 per cent and pine framing less than
10 per cent to achieve the required stability and strength
rating.

Problem with Predicting EMC

The choice of RH and temperature data to give meaningful
results can have quite a bearing on the EMC values given
in charts, equations or maps. It is recognized that the
average meteorological conditions do not coincide with the
average EMC values but there appears to be no general
agreement as to which data should be used (Gough 1977).
Finighan (1966) recommended the use of the mean of the
daily maximum and minimum temperatures for each month
and average of the 6.00 a.m. and 3.00 p.m. RH readings to
be closer to the actual conditions. Ellwood and Leslic
{1949) tound that the current mean monthly humidity and
mean RH of the pasttwo months are highly significant in
predicting EMC and generally the current mean monthly
temperature has a significant effect. The mean RII and
temperature for the past month generally has no significant
effect on EMC.

Orman (1955) found that the monthly averages (taken
from weekly readings of moisture content) showed little
effect from the previous month’s humidity and temperature
conditions. In other words, the mean moisture content of a
species could be directly related (o the mean humtdity and
temperature conditions for a particular month, the
sensitivity of the species being sufficient to overcome any
residual effect of the previous month’s climatic conditions.

Owing to the great number of factors influencing EMC,
including such secondary factors as effects of previous
drying history, air velocity, time or ageing effects, whether
quartersawn or backsawn, and thickness of timber, it is not
always possible to obtain perfect agreement between the
cmpirical and theoretical determinations. Another factor of
some importance is the case where metcorological data are
obtained from sites not typical of the environment to which
the samples are exposed. Orman (1955) found that the
effect of this microclimate variation owing to local
phenomena is often marked over comparatively short
distances. For example, two stations less than 5 km apart
show up to 0.5 per cent moisture content differences under
identical exposure conditions.

In actual practice, when wood is in use, constant RH
and temperature conditions are rarely attained,
consequently, the moisture content of woed is seldom in
equilibrium with the psychrometic conditions of the
environment owing to the varying nature of the
environmental conditions (Ellwood and Leslie 1949).
Except in the case of extremely thin sections, wood
exhibits a considerable lag in reaching the moisture content
determined by the psychrometic conditions of the
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environment. The rate of moisture diffusion through the
wood is the limiting factor. Generally, diurnal variations
would only influence the percentage moisture content of
thin veneer, e.g. 3 to 4 mm thick. Joinery or building
timber, which is considerably thicker, is chicfly affected by
seasonal and yearly changes. The effect of short term
environmental fluctuations will be superimposed, to a
certain extent, upon the major or long term variations of
wood moisture content. Therefore, at any one time, the
moisture content of wood depends not only on the EMC
corresponding to the environment at that time, but also
upon the rate and method of moisture exchange when
subjected to the varying atmospheric conditions (Ellwood
and Leslie 1949).

Tsoumis (1964) stated that when EMC values given in
a chart or determined by Simpson’s equation are computed
on the basis of curves constructed from data obtained from
Sitka pine (Picea sitchensis Carr.), the generalization of
such data is limited to this effect. Although most temperate
species show good agreement, large deviations may be
expected at high relative humidities, especially in woods
containing high amounts of extractives.

Absorption Rates

Figure S shows the comparative rates of moisture
absorptien and Tables 10 and 11 list the actual moisture
contents and the rate of absorption for 1, 2, 4, 6 or 8 weeks
after oven-drying, for the specimens assessed outdoors and
indoors at Harvey. The two pine species (maritime and
radiata) clearly have greater moisture absorption rates than
the other species, and the [ower density Tasmanian blue
gum had a faster rate than the other eucalypts. The higher
density specics, e.g. mulga, wandoo, redwood, gimlet and
tuart had the slowest moisture absorption rates. For
example, radiata pine absorbtion decreased from 9.5 per
cent in the first week to 0.9 per cent in the ninth week, and
the higher density mulga specimens had absorbed 1.5 per
cent in the first week and 0.34 per cent in the ninth week
(Table 10). The absorption rates decreased after the first
week and if the exposure time had been extended the
specimens would have reached EMC. Owing to the
‘hysteresis’ effect, when timber takes up moisture it
assumes an appreciably lower EMC than when it loses
moisture to the air, and oven-drying specimens can cause
the extractives to be redistributed within the timber,
blocking cells and restricting moisture uptake. Oven-
drying would restrict the uptake of moisture, but a
substantial uptake would still occur (Chafe' personal
communication). Koponen (1985) claimed that EMC in
absorption may be approximately 80 per cent of the value
in desorption. Further assessments are required to
determine the time it takes to reach EMC and compare this
with EMC of specimens that have been equilibrated to a
constant EMC, e.g. 10 per cent instead of initially oven-
drying. Samplcs were weighed weekly generally between
9.00 and 10.00 a.m., whereas temperature and RH were

' DrSam Chafe. CSIRO Divislon of Forest Products, Clayton, Victoria ,
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Figure 5. Rate of moisture absorption of specimens assessesd at Harvey (outdoors and indoors).
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TABLE 10

Actual moisture contents and rates of absorption after
oven drying and exposing to outdoar conditions at Harvey.

SPECIES WEEK 1 WEEK 2 WEEK 4 WEEK 6 WEEK 8
Moisture Absorption Moisture Absorption Moisture Absorption Moisture Absorption Moisture Absorption
content rate content rate content rate content rate content rate

(%) (%/week) (%) (%/week) (%) (%/week) (%) (%/week) (%) (%/week)

Jarrah 2.85 2.55 294 1.58 4.10 Tl 521 0.7 524 0.60

Kari 2.28 223 248 %38 3.44 0.93 4,29 0.75 4.50 0.52

Radigta pine .49 2.49 9.65 519 10.36 2.80 10.60 1.86 8.12 093

Douglas fir 3.38 3.38 403 %17 5.80 1.57 7,43 1.27 6.37 0.73

Tasmanian blue gum 5,10 5.10 590 N7 7.53 2.04 8.51 1.49 6.92 0.80

Marri 2.31 231 2.86 1.54 3.91 1.06 4.99 .68 4,70 0.54

Tuart 1.91 1.91 2.28 1.22 3.14 0.85 3.79 0.66 3.79 0.44

Tasmanian oak 34 3.14 3.69 1.98 5.16 1.39 6.01 1.05 o278 0.66

Gimiet 2.04 2.04 2419 1.18 2.91 0.79 3.66 0.64 S 0.43

Redwood 2.09 2,09 2.47 1.33 3.54 0.96 4.63 0.81 4.59 0.53

Wandoo 2.00 2.00 2,23 1.20 3.12 0.84 3.89 0.68 4.05 0.47

Mulgo 1.46 1.46 1.62 0.87 2.39 0.65 3.05 0.53 2.99 0.34

WA sheook .58 3.58 4.42 2.38 5.89 1.59 6.79 1.19 4.03 0.69

Meranti 3.38 3.38 3.93 2.1 5.58 1.51 6.75 1.18 6.15 0.7

Marltime pine 675 6.75 7.87 4.23 9.52 257 i0.22 1.79 7.96 0.92

Western red cedar 3.87 3.87 4,95 2.66 6.87 1.86 7.31 1.28 5.87 0.67

Nyatch ST 377 4.65 2.50 6.47 1.75 7.66 1.34 6.64 0.76

Atmospherlc EMC  10.9 86 10.0 Q.0 7.4

(G661) | 'ON ‘T 'IOA ©2USIOSWIYD
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TABLE 11

Actual maisture contents and rates of absorption after oven
drying and exposing to indoor conditions at Harvey.

SPECIES WEEK 1 WEEK 2 WEEK 4 WEEK 6 WEEK 8
Moisture Absomption Moisture Absorption Moisture Absorption Moisture Absorption Moisture  Absorption
content rate content rate confent rate content rate content rate

(%) (%/week) (%) (%/week) (%) (%/week) (%) (%fweek) %) (%/week)

Jorrah 1.78 1.78 2.07 1.1 3.14 0.85 4.18 073 4.65 0.53

Karrl 1.70 1.70 1.95 1.08 3.00 0.81 3.82 0.67 4.17 0.48

Radiata pine (274 7.77 7.82 4.20 8.64 2.33 9.57 1.68 7.82 0.90

Douglas fir 2.23 223 2.62 1.41 3.99 1.08 5.33 0.94 558 0.64

Tasmantan blue gum  1.97 1.97 2.28 1422 3.38 0.9 4.58 0.80 4.83 0.56

Marri 2.21 2.21 235 1,26 3.86 0.96 4.62 0.81 4.68 0.54

Tuart 1.13 1.13 1:29 0.65 1.95 0.583 2.65 0.46 2.8 0.32

Tasmanian oak 2.21 221 1.88 1.01 3.61 0.97 4.84 0.85 5§33 0.61

Gimiet 1.39 1.39 1.43 0.77 209 0.56 2.9 0.51 3.33 0.38

Redwood 1.35 1.35 1.41 0.76 213 0.58 3.04 0.83 3.42 0.39

wandoo 1.52 1.52 1.44 0.77 216 0.58 2.98 0.52 3.22 0.37

Mulga 1.36 1.36 1.65 0.88 2.58 0.70 3.30 0.58 3.54 0.4

WA sheoak 4.03 4.03 4.50 242 580 1.57 678 1.1¢ 6.34 0.73

Meronti 2.46 2.46 285 .53 4.24 1.18 5.580 0.96 5.62 0.65

Maritime pine 5.61 5.61 6.54 3.52 8.20 2.22 9.00 1.58 7.83 0.87

Western red cedar 3.90 3.90 3.68 158 5.52 1.49 6.45 1.13 586 0.67

Nyatch 323 3.23 3.98 2.14 5.61 1.62 698 1.23 5.81 0.67

Atrmospheric EMC 10.9 11.7 13.3 13.3 11.5
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recorded daily at 12.00 noon, and this may have affected
the results. In future trials the samples should be weighed
at the same time temperature and RH are recorded.

The absorption rates of the indoor specimens are
similar to those of the outdoor specimens, with the two
pine species showing greater absorption rates than the
higher density species, particularly the eucalypls.
Tasmanian blue gum indoor specimens had similar
absorption rates to the other eucalypts, whereas the
outdcor specimens had higher rates. Radiata pinc absorbed
7.8 per cent meisture in the first week which is slightly less
than tlic cutdeor specimens, but over the eight-week
assessment period the rates were similar. It was expected -
that the indoer specimens would absorb moisture faster
than the outdoor specimens, owing to the high ambient
EMC conditions.

Hartwig (1959) found, after oven-drying pine and
cucalypt specimens and subsequently stacking them
indoors, that after 25 days the pine specimens had reached
a moisture content which varied from 6.1 to 9.0 per cent
and averaged 7.75 per cent. The eucalypts after 28 days
had much lewer moisture contents, between 2.83 and 5.36
per cent, with an average of 3.65 per cent. Afler 12 months
the moisture contents of the pine and eucalypt specimens
were similar, but the ultimate EMC of the pine specimens
was higher than that of the eucalypt specimens. The
current pifot study needs te be extended to 12 to 24 months
to determine the ultimate EMC of different species after
ovendrying.

Practical Aspects of the Results

EMC and seasonal changes in moisture that have so far
been discussed and the results tllustrated by curves arc of
no practical importance because of the shrinkage and
swelling that accompanies them. Scasonal variation must
be expected to occur in the moisture content of timber in
normal use as furniture and panelting, and this will be
accompanicd by an appreximately proportional change in
dimension. The shrinkage or expansion ol weod in
common use can be minimized by choosing, as the
moisture content at manufacture, the mean of the extreme
values of the range of seasonal variation. Furniture should
also be designed to atlow some freedem for shrinkage and
expansion of timber components.

In certain types of products, shrinkage may be a more
scrisus matter than expansion, or alicrnatively, the most
apprepriate meisture content for the timber ot manufacture
sheuld tend towards the lower or higher extremity rather
than to the mean value. In thesc cascs it is nccessary to
leave the actual choice of moisture content to the
manufacturer, to be decided according to the requircments
of the product.

Perth, the south-west locations, and the coastal Lowns
of Geraldten and Esperance have higher eutdoor EMCs
than Karratha and Kalgoorlie. Difficulty may be
experienced in supplying seasened timber from Perth and
the south-west to these areus of lower EMC. in such cases
it 1s recommended that the seasoned timber should be
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allowed to come to the specified EMC for its in-service
location. This could be done by strip stacking the timber
under shelter for two to four weeks prier to fixing. This is
particularly important with flooring and joinery timber. In
the case of timber going from areas of lower EMC to those
of higher EMC, e.g. from Perth to Manjimug, Walpole or
Albany, allowance must be made for swelling.

Timber dried to the average moisture content that will
be encounted in service, may then change during storage,
delivery or installation, particularly in buildings where the
wet trades such as bricklaying and plastering result in very
high humiditics during constructien (Richardsen 1993).
Floors are semctimes laid in new buildings very promptly
after kiln-drying and the high humidity then causes them to
expand so that sometimes the entire floor lifts or the
expansion causes serious damage to the swrounding walls.
Stacking the wood for a peried inside 1he building before
laying will aveid this particular problem as the wood will
thus reach equilibrium with the high humidity in a damp
new building. When the building is ultimately occupied,
the refative humidity will fall and shrinkage defects will
develop (Richardsen 1993). For example, quartersawn
floorboards will simply shrink in width leaving gaps at the
joints, bui backsawn boards will cup. Backsawn boards
should be laid with the heart surface upwards so that the
cupping causes each beard to be raised in its cenire rather
than at its edges where it cun cause tripping. Shrinkage
gaps can be reduced by using tongue and groove boards,
where the tongue can span these shrinkage gaps.
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A review of silvicultural research 1n the
Karr1 (Bucalyptus diversicolor) forest

! Formerly Department of Conscrvation and Land Manmagement,
Manjimup, 6258. Present address: Bunnings Tree Farms, South West
Highway, Manjimup 6258 Western Australia.

* Formerly Department of Conservarion and Land Management,
Manjimup 6258. Present address: Department of Censervation and
Land Management, Albany 6330 Western Australia,

SUMMARY

This review is a synthesis of published and unpublished
research on silviculture of karri (Eucalyptus diversicolor)
up to the end of 1988, aimed at providing background
informaton to researchers and operational staff,

The wet scleropliyll karri forest occurs only in the
south-west of Western Australia, and extends over
more than 167 000 ha. It is highly valued in terms of
conservation, recreatien, visual amenity, water
conservation and timber production.

The karri floral cycle is complex and generally four
to five years are required from the initiation of the
inflorescences to the dissemination of seed. Trees may
have a number of crops at diffierent stages of
development on them at any one time. Seed production
is influenced by soil moisture, pollination vectors, stand
density, insects, temperature, nutrition, genectics and
fire. The floral cycle has been studied in detail and its
impertance is discussed in refation to seed collection
and regenecration.

Research into regeneration of karri dominated work
until the early 1980s. Natural regencration may occur
owing to a variety of events. These include cxtensive,
high intensity fires which kill large arcas of overstorey,
small localized fires, death of single trees, ot
windstorms which blow over swathes of mature forest.
Seedbed is vital to successful germination and
establishment of karri seedlings. Regcneration burning
is a successful method of preparing seedbed, stimulating
seedfal! and disposing of logging residue. Successful
germination and establishment is also influenced by
insect depredation, allclopathy, soil type, time of
sowing, fungi and presence of retained trees.

R. BREIDAHL' anp P.J. HEWETT?

Karri forest can be regenerared artificially by using
seed trees, by planting seedlings or by direct seeding.
The various merits of each of these methods is
discussed. Phosphorus has been shown to be important
in stimulating carly growth of karri seedlings. The type
of fertilizer and rate of application has been refined to
produce optimum growth which is cost effective. Initial
espacement of seedlings influences diameter growth
and clcan bele length. Various spacings are being tested
to fully define the optimum inidal espacement to meet
management objectives.

Production of rcadily collected, high quality karri
seed was identfied as an important task in 1972 and a
number of seed orchards and seed production areas
have since been established, Vegetauve propagation of
karri using different technigues has been wied but is not
considered 2 viable option at present.

Soil disturbance is recognized as an important facror
influencing successful regeneration and growth.
Control measures arc in place but it is suggested that
work continue in this arca.

Thinning of regrowth has dominated karri
silviculrural research since 1984 and a aumber of
experiments have been established. Thinning has
increased growth of retained trees in both young (12-
year-old) and older stands (50-year-old). Work in this
area sheuld centinue.

Research in karri silviculture has given land
managers a good basis on which to plan and implement
timber harvest and regeneration operations. While
many areas of silviculture have been studied, it is
suggested that future research should take a more
integrated approach. The aim of the research should be
to further refine silvicultural systems se that all values of
the forest are provided for in a sustained way.

INTRODUCTION

History of Karri Silvicultural Research

Research into the silviculture of karri (Eucalyptus
diversicolor F. Muell.) has a long histery owing to the
value of the timber and its very fast grewth rates
compared with most other eucalypts. The research
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done on karri silviculture by the Western Australian
Forests Department, now incorporated into the
Department of Conservation and Land Management
(CALM), has covered many aspects of growing and
tending this unique tree.  The aim of this project was
to provide a summary of rescarch completed on karri
silviculture for forest managers and rescarch workers. It
docs not provide intricate detail in all areas, but gives a
guide to what work has been done and the pertinent
information that has been gained from it. This paper
provides information of where further details can be
tound and identifies gaps in our knowledge, thus
indicating arcas for fur ther rescarch.

The reviewed literature and experiments summarize
past work within ten broad categories which follow the
life of a karri tree from seed, through seedling, to
mature trec.  Where relevant, the results of castern
States or overseas werk have been included, particularly
when this involves a species similar to karri,
¢.g. mountain ash (Eucalyptus regnans).

"This paper covers rescarch into silvicuiture for
timber production only. It does not cover rescarch
into conscrvation of fora and fauna or hydrology. This
is not to say that rescarch into these arcas is not
important or has not been done, it is simply not within
the scope of this document.

Formal rescarch on karri silviculture was
commenced in the 1930s by the Forests Departiment of
Western Australia. Much of the research focused on
short term projects, aimed at solving operational
problems; so carly work was not always well
documented. In recent years the Department of
CALM has published several papers on aspects of karri
silviculture. The evolution of methods and procedure
over this period makes the history of karri silvicuiture
uneven at times.

Most of the early rescarch on karri silviculture deale
with the problems of achieving successful regeneration,
cither after clear felling in the 1920s and 1930s and
since 1967, or after sclection cutting berween 1940 and
1967. An example is the very detailed rescarch
described by Loneragan (1961, 1971, 1979), cspecially
that dealing with the floral cycle of karri and the
estimation of seed supply. The ability to cstimate likely
sced production from the abundance of flowering buds
and other floral structures mcans that forest managers
can predict whether areas 1o be harvested are likely to
have enough seed for nawral regencration or whether
areas will need to be artificially regenerated. This allows
the cfficient collection of seed from the forest and for
ntrsery operations to be planned in advance to produce
the required number of seedlings for cach year’s
regeneration program.

Over the last two decades, research has
concentrated on studying different methods of
regenerating the karri forest, e.g. Loneragan (1971),
White and Underwood (1974), White (1974a), Anncis
{1980) and Schuster (1980a,b). These studics have
resulted in the use of seed trees as the favoured
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regeneration method whenever sced is available in
sufficient quantity, and the use of planted seedlings
when it is not. Artificial sowing has not been favoured
becausc of its high use of sced and the cost of seed
collection, bur effective techniques have been
developed.

In comparison with studies into the regencration of
karri, comparatively little research has been undertaken
on tending the regencrated forests. Over the last few
years a number of thinning experiments have been
established in karri regrowth stands. These experiments
have provided uscful data for prescriptions for
epcrational thinning which will be refined as more data
is collected.

The Karri Forest
Description

Karri is the tallest trec growing in Western Australia
{WA) and, with mountain ash (E. regnans) and alpine
ash (E. delegatensis), forms one of the world’s three
tallest hardwoed forests. Karri commonly reaches
50-70 m in height; and heights of up to nearly 90 m
have been recorded. The bole is usually long and
straight and may be up to two-thirds of toral tree
heighe (Hall e£ g/, 1975). Diameters are generally
refatively small for such a tall tree, commonly 2-3 m,
although diamcters of over 5 m have been recorded.

The bark of the karri tree is shed annually in
irregular patches leaving a smooth surface. The colour
of the rrunk is very variable and changes with the
season; howevcr, it is commonly creamy with brewn or
blue-grey parches. The leaves are strongly discolorous
being dark green on the upper surface and pale green
on the lower surface, hence the specific name,
diversicolor.

Karri occurs naturally only in the extreme south-
west of WA, although evidence suggests that in the past
it was more widespread in times of greater rainfall
{Churchill 1968). The current distribution covers
about 300 000 ha, mainly within a belt about 200 km
long and 20-50 km wide between Cape Lecuwin and
Albany (Fig. 1). This belt is bordered by the south
coast and on the northern side by the 1100 mm
isohyct.

Two main outlicr populations occur, one of which is
over coastal limestone between Karridale and Forest
Grove, 20-30 km north of Augusta (Hall ez af. 1975),
while the other is on seil derived from weathered
granite outcrops on the lower slopes of the Porongurup
Range 40 km north of Albany. Smaller outlier
populations occur at Yallingup (the most northerly},
Margaret River, Black Point and Mt. Manypeaks,

50 km cast of Albany (the most casterly oceurrence).

The climate over the karri range is mild temperate,
with small daily vanations of temperature and humidity
both in summer and winter. The mcan maxima and
minima at Pemberton are 26°C and 12C for the
hottest month, and 16°C and 7°C for the coldest
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Figure 1. Karri occurrence in south-west Western Australia.

month. Frosts are rare. Mean annual rainfall over the
main karri belt ranges from 1100 mm to 1500 mm,
although in some of the outlier populations, for
instance the Porongurup Range, it may be as low as
900 mm. Most of the rain falls during the winter
months from May to August.

The topographic occurrence of karri varies from the
north-west to the south-east, and is virtually dependent
on the presence of the younger reddish-brown to
yellowish-brown podzotic loams (Bradshaw and Lush
1981).

Bradshaw and Lush recognize three major
distributional foci corresponding to the north-west,
central and south-east parts of the main occurrence. In
the north-western or Donnelly type, karri is typically
found in deeply incised valleys with increasing
proportions of marri (E. calophy!la) upslope. Further
up the slope karri disappears and is replaced by jacrah
(E. marginata), so that on the lateritic ridges pure
stands of jarrah occur. As the lateritic duricrust

becomes mere dissected further south and south-east,
numerous smaller teibutaries to the major rivers develop
shallower gullies and karri extends from the gully onto
mid and upper slopes. The Warren-Dombakup area
illustrates this situation and it is in such areas that the
largest, contiguous occurrences of karri can be found.

Stil! further dissection occurs to the south and
south-cast, where in the past these areas have been
inundated by the ocean. Bradshaw and Lush (1981)
note that the subsequent depositional podzolic soils
now support extensive flats of swampy heath and scrub.
Karri occurs where remnarts of the older land surface
protrude, i.e. on the low hills standing above the flats.
It is also found in river courses where erosion, following
inundation, has dissected the podzols and cxposed
younger soils. Jarrah occurs wherever the original
lateritic duricrust remains, as well as on the fringes of
the flats.

The soils of the karri region are acidic with textures
varying from fine sands to sandy loams. Such soils are
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of very low nutritive value by agricultural standards and
arc deficient in such trace elements as zinc, copper and
cobalt (Hall et af. 1975).

The main commercial occurrence of karri covers
about 150 000 ha, where it occurs mainly as a pure
stand or in association with marri. It also occurs to a
considerably less extent with jarrah, WA blackbutt
(E. patens), red tingle (E. jacksonii) and ycllow tingle
(£. guilfoylei). The best development of karri occurs on
deep loam soils along the valleys of the Donnelly,
Warren, Shannon, Frankland and Deep Rivers.

Schuster (1979¢) subdivided pure karri stands into
three ecotypes. In the north-west of the range the
understorey of pure karri stands tends te display two
seral stages, the first dominated by legumes, mainly
netic (Bossiaea laidlawiana), the sccond dominated by
netic and hazel (Trymalium spathulatum). In the central
area of the species range around Pemberton, a two-scral
stage is also displayed, where the first is again
dominated by legumes, in this instance Acacia specics,
and the sccond is a mixture of hazel and karri @ak
(Allocasuarina decussata), and soapbush (Chorilacna
quercifolia). In the southern karri forests, however,
only onc scral stage is scen, and this is dominated by the
leguminous specics, karri wattle (Acacia pentadenia).

Karri Site Classification

A comprchensive site classification of the karri forest
was not undertaken until 1986,/87. This study was
done in response to the recognized need for an casily
used system for designating a site to a particular
productivity class at year zero of the rotation. This is
an alternative to using site index curves (based on age
standardized top height) which is not a rcliable method
of predicting productivity of very young cven-aged karri
stands. Sampling was carricd out on 219 permanent
inventory plots stratified across various ages and
geographic locations ef even-aged regrewth karri. The
classification used a number of diftercnt site variables
such as climate, edaphic factors and presence or absence
of perennial plants to stratify the karri into five
community groups and 13 relatively homogencous
community typcs.

Soils were grouped into five distinct groups, all of
which occur throughout the geographic distribution of
the study area. Climatic atributes were grouped into
three hemoclines with distributions strongly related to
geography.

The description of cach community group and type
which follows is taken from Inions et al. (1990).

This site classification has only recently been
developed and its corrclation with site productivity is
yet to be confirmed. It is already being used for
stratification of research projects and, if proved to be
sound in terms of productivity, will be a useful teol in
plamaing and implementing silvicultiral treatments of
karri stands.

Community Group 1 - This group is comprised of
three types. They tend to occur in areas where the
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climate is quite cold, rainfall is relatively low and tends
to be less seasonally distributed with more rain days in
the driest quarter than other groups. Mcan annual
radiation is also high. Soils are low in phosphorus and
arc more acidic than community groups 3, 4 and 5, but
morec alkaline than community group 2.

(i)  Ednie-Brown Community Type: These are the
forest-heathland ccotones where soils are quite
sandy. They occur in both the northern and
southern sections of the karri distribution.

(i1) Lanc-Poole Community Type: This type has a
limited geographic distribution, occurring only en
the castern edge of the southern half of the study
arca.

(i) Kessell Community Type: This type occurs in the
seuthern half ef the study arca on gravelly yellow
or brown duplex soils.

Community Group 2 - This group occurs on the
cold, wet areas of the southern half of the study area.
Temperatures are colder than for other groups during
winter. Soils are significantly more acidic than those of
other cemmunity groups.

(iv) Stoate Community Type: This type has a central
and southern distribution. Sites are moist with
brown gravelly duplex soils that arc significantly
merc alkaline than the Harris and Wallace types.

(v) Harris Community Type: Harris communities are
restricted to cold wet arcas of the extreme south
ol the study arca ar the forest-heathland ccetonc.
Soils arc significantly more acidic and low in
phasphorus.

(vi) Wallacc Community Type: These sites are moist
but well drained, with soils of low phosphorus and
acidity intermediate between Harris and Stoate,

Community Group 3 - This group occurs on the
drier fringes of the northern half of the study area.

Precipitation in the driest quarter is low and radiation is

high in both summer and winter. Soils arc significantly

lower in phesphorus than community groups 1 and 2.

(vit) Stewart Community Type: These sites are
characterized by species occurring on gravelly soils
on the north-eastern edge of the karri. Soils are
low in phosphorus and subject to summer
drought.

(viii) Beggs Community Type: This type occurs in the
north of the arca on well drained gravelly soils
high in the profilc.

(ix) McNamara Community Type: These sites occur
on a wide range of soils but are restricted to
where summer rainfall is low.

Community Group 4 - This group eccurs in the
high rainfall areas in the northern half of the study arca.
Temperatures are high and rainfall is higher than other
groups, but is strongly seasonal with precipitation in
the wettest quarter significantly higher than for
community groups 1, 2 and 3.
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(x} Shea Community Type: This is the only type in
group 4. Soils are gravelly and are high in
phosphorus.

Community Group 5 - This group occurs in the
high rainfall areas of the northern half of the study area.
Temperatures are warmer than for groups 1 and 2,
annual precipitation is higher than for groups 1 and 3
and is very scasonal. Soils are less acidic and higher in
phosphorus than those of groups 1 and 2.

(xi) Havel Community Type: These sites are
characterized by species occurring on moist sandy
sites in riparian environments. Phosphorus is low,
but cation exchange capacity is high.

(xii) White Community Type: These sites are moist
but freely drained, and occur low in the profile.

(xii1) Annels Community Type: This type is
characterized by species occurring in moist but
freely drained sites low in the profile. Conditions
are similar to those in White Community types
except that values for phosphorus are particularly
high.

Importance

Karri is the second most important commercial timber
species in WA and since the 1890s has been exported in
large quantities for use as sleepers, building timber,
flooring and guides of sliding beams in mines. Its great
strength, high stiffness, comparative freedom from
defect and availability in large sizes make it highly
suitable for heavy construction (Hall ez af. 1975, p 50).

The tmber is also made into plywood, where
strength and resistance to abrasions are important.
Inferior and small karri logs which would previously
have been unusable have been chipped for use in the
pulp and paper industry, mostly to produce high quality
writing paper, since 1975,

Karri forest is also important for its nature
conservation value. It occurs naturally only in the
south-west of WA and as such is unique. It has high
value for recreation, visual amenity and water
production. The focus in this paper is on its value in
terms of timber production, but its conservation value
is recognized and current regeneration strategies seek
to ensure all values are sustained.

THE KARRI FLORAL CYCLE AND SEED
PRODUCTION

The karri floral cycle is complex, with variations among
trees and seasons, within crops on one tree and among
stands within a forest (Loneragan 1979). Flowering
may be advanced or delayed by genctic or
environmental factors or by a combination of the two,
and up to five stages of development can be found on
one tree at any one time. Usually one or two crops in
every four to seven set good sced, while only vestiges
of the others remain. Two crops on one tree usually

form in consecutive years and secondary bud crops
initiated one year after the main crop merge with it by
the time of seed dissemination.

The Karri Floral Cycle
(adapted from Loneragan 1979)

Karri generally takes four to five years from the
initiation of the inflorescence in the terminal axil to the
dissemination of seed from the resulting mature
capsules. The inflorescence initials form early in
summer. They swell and lengthen by 1-2 ¢m and bear
seven floral bud initials which can be distinguished
when the bracts are cast at the end of March. Bud
development is slow during winter but resumes in
spring. By autumn ofthe second year the full length of
about 2 cmis reached.

During the third summer the buds become plump
and clavate {club-shaped). Before flowering the clavate
buds turn yeflow-green to pale brown and their
opercula become dome-shaped and reddish-brown.

Approximately one week before flowering, a white
abscission line appears at the junction of the operculum
and hypanthium (cup). Shortly afterwards the
operculum falls off exposing the stamens, which take
four or five days to open out and expose the anthers.
By this time the stigma is sticky and ready for
fertilization. After about one week the anthers turn
brown and the stamens become depressed, wither, and
usually fall off. The inside of the hypanthium dries up
within one month of shedding the operculum.

A wee may flower for six months, with the peak
lasting two to three months. Other crops formed
before or aftter the main crop may or may not flower, as
dominant crops (resulting from a very heavy
devclopment of bud initials) can suppress the
development of others. The time and season of
flowering is difficult to forecast, especially for smal!
crops between abundant crops, and seed is not
necessarily present in quantity on every tree every year,
even though inflorescence initials are formed in most
Sumimcrs.

After flowering, the immature hypanthia continue
to develop through one full winter before the seed crop
is ripe. Seed maturity is associated with three- to four-
year-old leaves and may be assessed by the full shape of
the capsules and by the relative position of capsules and
leaves. Hypanthia and immature capsules are mingled
with the leaves, but mature capsules become exposed
close to the base of the foliage.

Seed is disseminated when the capsules open, either
on the tree or after the capsules have fallen to the
ground. Drying of the capsules and dissemination of
seed is related to the fall and flush of the leaves,
respectively. Timing of the dispersal is also influenced
by the position of the capsules in relation to the main
and vigorous side branches, or the weaker side
branchlets. On fruiting side branchlets, which die after
ieaf fall, the capsules turn brown and cast their sced
immediately. In contrast, the capsules attached directly
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to main branches and low order side branches (which
continue to grow), retain their seed for a further twelve
months. At this stage the crop is four to five years old.
Overall, karri sced supply tends to be cyclic with good
crops roughly every five years.

For the twenty-year period from the carly 1950s to
the carly 1970s, the pattern was for a light sced crop
carly in the decade (1961-62, 1971-72) followed by a
heavy crep later in the decade (1956-57, 1967-68).
Seed was available for two or three summers around
each crop, but between crops there were similar perieds
in which there was little or no sced (White and
Underwood 1974).

The Importance of Knowing the Floral
and Seed Production Cycles of Karri

An understanding of the floral cycle and the sced
production cycle of karri is essential to ensure success in
seed collection and regeneration. ‘Approximately half
of the 1500 ha of mixed karri-marri torest cut annually
is artificially regenerated owing to the cyclic nature of
sced availability,” (CALM 1991). Effective seed
collecrion is therefore essential. Loneragan (1979)
emphasizes the need for the infrequent abundant crops
to be fully exploited as seed collection is much cheaper
i1 abundant seed years. In additon, seed collecred from
trees with good crops, i an area where seeding in
general is poor, is likely to be largely sclf-pollinated.
These crops are theretore avoided. Seed collected
during good seed crops can be stored for many years
without 2 major decline in seed viability.

Untl the introduction of planting, all stands were
regenerated by the seed ree method (with the
exception of some direct seeding in the 1920s).
Knowledge of the floral cycle allowed regeneration
burns to be defayed until adequate seed was available on
the seed trees. This still applics, and only with this
knowledge can the porential seed harvest be reliably
estimated. Then it is possible to decide whether
collection of the coming seed crop for subscquent
artificial regenceration is cconomically feasible (abundant
crops only), whether nawral regeneration using sced
trees is possible (moderate and heavy crops) or whether
artificial regeneration is needed (poor or light crops)
(Loneragan 1979). The average time taken for
maturity of capsules from flowering is 11 to 12 months
(Christensen, unpublished). This information is a
valuable aid in planning the timing of regenceration
burns to coincide with seed maturity where natural
regeneranon is being used, and in the phnning ef sced
collection.

Research on the floral and seed production cycles in
karri fas been comprehensive and no further werk is
planned.
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Factors Affecting Seed Production of Karri
in the Virgin Forest

Soil Moisture

The cyclic nature of karri secd production has been
noted above. Loneragan (1979) suggested that the
moisture status of the soil influenced the seed and the
resulting seed supply. Both graphically and
mathematically, he found a distinct relationship
between cumulative deviation from annual rainfal! and
the cumulative sced crop. Loneragan used cumulative
rather than annual parameters to take account of the
preceding year’s rainfall influence and the dispersal of
sced crops over several years,

Pcaks and troughs in the cumulative rainfall index
arc followed a few years later by corresponding peaks
and troughs in the seed crop index. Positive cumulative
deviation from annual rainfall is significantly corrctated
with cumulative seed crop onc year later (r = 0.50).
This one-year tnterval corresponds to the time lapse
benwveen flowering and sced maturity. Positive
cumulative deviations from annual rainfall are also
significantly correlated (r = 0.49) with the cumularive
sced crop four years later.

This is the time interval between the appearance of
intlorescence buds and seed maturity. Loncragan
(1979) concluded that ‘regular seed cycles can be
expected only when soil moisture storage ts adequate as
indicated by positive comulative deviation from average
annual rainfall” p. 28. When soil motsturc is depleted,
sced crops become poorer and more unpredictable.
Major droughts of 1940, 1953, 1959 and 1969
appeared to cause major disruptions in the seed cycles,
the eftects of which were apparent for scveral years.
Conversely, initiation of heavy bud, flower and capsule
crops is usually associated with spring-summer rainfall
40 per cent above average.

Within the broad pattern of climatic periodicity and
flewering and sceding behaviour of karri, individual
trees vary in the duration of development of their
annual shoots and initiation of floral buds. @ther
individual differences (apparently genetically based)
occtr in the frequency and seasonality of flowering.
The nced to replenish food reserves exhausted by heavy
Howering and fruiting is probably common to all trees.
During the 1930s there were thirce separate sced crops
with secd available fer eight of the ten years, This
phenomenon occurred while cumulative deviation of
rainfall was positive for that entire decade, which
probably enabled individual trees to quickly replenish
their depleted foed reserves.

There arc two main practical implications of
Loncragan’s findings.  Firstly, the cumulative deviation
from average rainfall can be used as an index of likely
heavy bud formation. Secondly, in view of uncertain
weather conditions during long term observations, it
can never be assumed thar a heavy seed crop will be
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followed by another within the decade. As a result,
cach heavy sced crop should be fully used. All seed not
immediately needed should be stored to ensure that
regeneration requirements for the following decade can
be met.

Natural and Artificial Pollination

A number of studies have noted poor seed set in karri
(Loneragan 1961, 1979; Christensen 1971a; and White
1974b). A higher yield of seed per capsule would
reduce the cost of seed collection and subsequent
regeneration operations. A major study was
commenced in 1965 (Loneragan 1979) to investigate
the effect of the following on seed production:

(1) theinuoduction of honey bees to improve
pollination;

(2) partially ring-barking wrees to improve fruit-setting;
and

(3) applying artificial pollination to increase the ratio of
seeds to capsules.

Methods (1) and (3) were tested on two individual
trecs, Diamond and Gloucester fire look-out trees.
Partially ring-barking trees and the introduction of bees
were tested on a whole stand. Ring-barking did not
affect the sced yield per capsule. The introduction of
bees significantly improved the seed yield per capsule
near the apiary site. The average yield of seeds per
capsule was 50 per cent higher for the 8 trees near the
apiary site than for the 28 trecs 400-800 m distant.
With increasing distance from the apiary, the yield
declined still further. The yields from three sets of
samples in a medium quality, karri-marri stand 2-3 km
from the apiary, averaged less than half that of the 8
trees near the apiary site. These results suggest that the
bees were most active near the apiary and their activity
declined with increasing distance from the apiary.

On Diamond and Gloucester trees, branches were
caged and bees introduced into these cages. Fruits on
these branches yielded 1.98 sceds per capsule nine
months after flowering. This was nearly twice that
from flowers on branches which had been caged but
had not had bees introduced, and approximately 25 per
cent higher than from flowers in the surrounding open
crown. It was also superior in yicld per capsule
compared with caged, artificially self-pollinated flowers
(Table 1). The most outstanding yield resulted from
manual cross-pollination on Gloucester tree in April-
May (4.03 seeds per capsule) which is above any
reported natural yield.

Pollination in eucalypts is normally achieved by
insccts or birds rather than wind (Pryor 1951). Insect
activity is often restricted in cold, wet winter months
{Ketghery 1982), so bird pollination is likely to play a
more important role in the karri seed cycle than insect
pollination. Loneragan (1979) also found that honey
bees (and presumably other insects) are inactive during
the cold, wet months.

Keighery (1982) lists karri as a eucalypt that has
been observed being visited by nectar-feeding birds.
Purple-crowned Lorikeets are likely to play a dominant
role in pollination as they arc still active during the
winter period and have a very large range of movement,
therefore having the capacity to cross-pollinate karri
over a greater distance than is likely through insect
pollination (Christensen 1971a).

Stand Density

Above a certain stand density (corresponding to about
20 per cent canopy cover) seed production is quite
consistent, although seed production within individual
stands may vary greatly (Loneragan 1979). Two
partially cut stands of 20 and 30 per cent canopy cover
produced the same amount of seed as two well stocked
stands of 60 to 90 per cent canopy cover. In contrast,
one partially cut stand and a virgin stand produced one
and a half times the amount of seed produced by a
dense 90-year-old regrowth stand. The poor sced
production in dense regrowth stands is almost certainly
owing to competition for light and water.

Insect Damage

Inadequate pollination of flowers is only one factor
contributing to poor seed production in karri. There is
a continual abortion of developing floral parts (buds,
flowers and capsules), much of which is artributable to
insect damage. In 1960 a weevil similar to the tuart
bud weevil (Haplonyx tibialis), nipped off about

600 000 buds from one karri crown with an area of
370 m? (Loneragan 1961). Also, in the lean seed year
of 1960, further karri seed losses caused by another
insect werc noted by C.F.H. Jenkins, Government
Entomologist (Loneragan 1961). Karri seed capsulces
with 25 per cent showing borer (Bruchidae) holes
yielded 37 000 seeds/kg of seed and chaff compared
with 160 000 seeds/kg in the prime year of 1956. Soit
insects were attracted to the seed and to the tarpaulins
where the fruit was drying. In autumn 1960, six
Collembolla (springtails), six Curculionid (weevils) and
six Acarina (mites) were collected per thousand karri
seed, together with 128 bruchid beetle larvac. Ants
(Pheidole sp.) were also recorded collecting both fallen
sced and emerged larvae from the drying fruic. Much
sced is also lost to insccts on the ground (Christensen
and Schuster 1979).

The capacity of parent trees to support these large
losses yet stil) blossom well and produce sced has not
been studied. Nor have techniques been developed to
reduce or eliminate insect-caused losses. They are not
considered to be a major problem.

Temperature

Temperature influences the rate at which floral
development proceeds, and is likely to be a dominant
factor in determining the time of flowering of a
genotype (Loneragan 1961). This could have a
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TABLE 1
Mean seeds per capsule in polination experiments,
BEE POLUINATION ARTIFICIAL POLLINATION
SOURCE CAGES CAGES OPEN SELF CROSS
WITHOUT BEES WITH BEES CROWNS
Capsules 9-12 months old
Diamond Iree 1.08 1.98 1.60 1,432
Gloucesler Tree 123 1.94 4.03
Capsules 8 menlhs old
Diomond Tree 0.85 14155 1.11 0.67 0.96

Source: Loneragan (1979)

significant effiect on sced production. The main
blossom in the karri forest usually occurs in Aprif and
May (Loncragan 1961) when the weather is still
relatively warm and honey bees are active. Lower than
normal tempcratures during the summer-autumn
period may slow development so that the main blossom
doces not occur until June and July when the
temperature is lower and the bees inactive. This is likely
to have a sigmificant effiect on seed production,
considering Loneragan’s findings that bees increase
sced yield.

Low temperatures at other crucial stages in the
tloral cycle (c.g. ripening of the capsules) could also
aftect sced production, although this has not been
studied.

Nutritional Requirements

Karri sced production tends to be cyclic, implying that
food rescrves of individual trees are probably exhausted
at cach seeding (Loneragan 1961). The tree then
needs to accumulate new stores of starch over a number
of years before seeding again. The rate at which this
takes place appears to be determined by soil moisture
status. During the 1930s, when soil moisture levels
were high for the whole decade, there were three heavy
seed crops, cach lasting a few years. This indicates that
if conditions are right, replenishment may take a year at
the most. In contrast, there were only moderate seed
crops in the 14 years frem 1953 to 1966 when soil
moisture levels were low.

Application of fertilizer at a time of reasonable soil
meisture may decrease the time needed to build up
food reserves after sceding, and so increase seed
production in the long term.

Genelics

‘Flowering and sced production vary in individual trees
owing to the complex interaction of heredity and
environment’ (Lencragan 1979, p. 28). This would
become an important factor in the possible
introduction of clonal seed orchards of karri where
clones could be made of high quality parent trees with
high seed production rates.
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Fire

An experiment carried out by Schuster in 1977 /78
(unpublished) investigated the cffiect of a mild intensity
spring fire on the karri floral cycle. A large amount of
sced and mature capsules fell in the five weeks
immediately following firc. A survey twelve months
after this firc indicated that all floral elements were
below their expected values, while in the unburnt plot
the floral parts were present in expected numbers.

Schuster drew two conclusions from the
cxpernnent:

(1) immediately following a fire of this type there is a
large reduction in the mature seed and capsule crop
and smaller reductions in the other stages of the
floral cycle; and

(2) there is a tendency for tlie initiation of floral parts
in the next two years to be at a slightly lower level.
This takes no account of the trees severely scorched
in the fire, where time to recovery may be even
longer.

The Harvesting and Storage of Karri Seed
Harvesting

The high expense and effort involved in collecting karri
seed, and hence the need to make maximum possible
usc of good seed crops, has been strongly emphasized
by Loneragan (1961 and 1979). Owing to the great
height of mature karri trees, capsules can only be
collected when the trees or branches are telled. Asa
result seed collecting is concentrated in stands which
are being logged. Prompt collection of capsules is
esscntial as sced will shed within one or two days of a
tree being felled, given the right conditions.

Seed cellection is most efficient when the standsand their
individual trees are assessed beforchand. For stands the
primary concern is with the overall vigour and form of
trees, the quantity of capsules and the number of seeds
percapsule. Ferindividualtreestheaccentison dominance
and form, though it is recalized that these are only
phenotypic expressions of survival and therefore genetic
potential.

(Loneragan 1979, p.21)
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Trees should have a minimum of seven capsules per
twig, but preferably more than nine to reduce
collecrion costs.

The collection rate for an inexperienced harvester is
about 10 000 capsules per person per day (Loneragan
1979). In 1967, ten tonnes of capsules at two million
capsules per tonne were collected. This corresponds to
27 kg of pure seed and twenty million seed. It was an
exceptionally good seed year. At the time, the overall
cost of collection and extraction of this seed was about
$5 000 (< $200/kg). Current costs are very high
(between $3 000 and $4 000/kg clean seed). Using an
inflation rate of 10 per cent, the 1967 value compounds
to around $1 480 /kg in 1988.

Storage

Loneragan (1979) emphasizes that karri seed (whether
intended for long or short-term storage) should be
placed in a closed container and fumigated with carbon
disulphide at the rate of 5 mL L'! for 24 hours to
minimize insect damage. Karri seed stored this way
loses viability very slowly, at a rate of only 1 per cent
per annum over eight years of storage (Loneragan
1979). After ten years of storage, cold stored seed had
a viability of 90 per cent while seed stored at room
temperature had a viability of 86 per cent (Loneragan!
unpublished data).

High temperatures, high moisture content and
frequent changes in storage conditions reduce viability
(Loneragan 1979). Seed intended for long term
storage should therefore be dried to 10 per cent
moisture content and then stored at low humidity in a
scaled container at 2-4°C. Even secd stored locally for
shorter terms should be kept in sealed bags with silica
gel, which acts as a drying agent and moisture
indicator, and stored in sealed bins at a cool, constant
temperature. The bins should be insect and vermin
proof.

Sampling Techniques for Estimating Seed
Supply

It is vital to have a reliable estimate of expected seed
supply in a stand selected for cutting and regeneration,
especially where seed trees are to be used. There are
two methods of estimating seed supply. The first
(sampling trays) is not a routine method as it is very
detailed and used mainly for predicting future supplics,
not for estimating seed supplies for regenerating a
coupe.

Sampling Trays

Loneragan studied the floral cycle in stands of different
ages and structures, estimated seed production (using
the methods of Ashton 1956 and Cunningham 1960)
and related this to requirements for natural
regeneration.

' ©.W.loneragan, refred, formery Depariment of Conservalion and Land
Maonagement, Como.

An estimate of predicted sced supply is only useful
once an estimate of the number of seeds needed for
adequate regeneration is available. Using known trce
survival percentages (obtained from personal
communications and his prior work), and an acceptable
density of established seedlings of 1250-2500/ha,
Loneragan calculated that 300 000 seeds/ha were
needed in spring and 200 000/ha in autumn. Seed
numbers for other desirable stockings may be calculated
allowing 150 seeds (120 to 180) for each seedling
(Loneragan 1979).

Floral components shed into trays under the karri
trees in the forest were collected each month from
1956 to 1967. They were then separated and counted.
The number of seed capsules per unit arca may be
calculated from the floral balance. The number of
capsules remaining on the trees at any one time after
flowering is cqual to the number of bud-caps cast
during flowering minus the number of fallen flowers
and immature capsules cast after flowering {Ashton
1956; Loneragan 1979). Total seed supply is then
simply the number of capsules per unit area multiplied
by the number of seeds per capsule. An example of this
technique is as follows (Loneragan 1979, p. 13).

Tray sampling in 44 widcly dispersed cut-over stands
between April 1960 and March 1961 provided the
following floral balance :

numbers/ha

Opercula 2 965 000

Less hypanthia shed during flowering -915 000
Equals immature capsules retained on

trees at completion of flowering 2 050 000

Sampling in a virgin stand at the same time, but
extended to observe maturing of the seed crop,
provided the following figures :

numbers/ha
Opercula 5 500 000
Less hypanthia and immature capsules
shed during flowering and maturing -5 000 000
Equals capsules approaching maturity 500 000

However, even this markedly reduced crop of near-
mature capsules is much larger than the ripe crop,
indicating that the loss of floral components continues
right up until the seed is shed.

Branch Sampling and Seed Testing

The use of sampling trays is lcast efficient in forest cut
to secd trecs {Loneragan 1979). However, it is in this
situation that accurate and reliable prediction is most
necessary so that slash disposal burning for seedbed
preparation can be timed to coincide with seed
maturity.

Using branch sampling and seed testing, the
number of capsules can be estimated by multiplying the
number of crown units, which is estimated visually, by
the number of floral components per unit, which is
obtained by sampling.

59

CALMScience



CALMScience Vol. 2. No. 1 (1995)

The number of capsules in a crewn can be assessed
using a suitable telescope with a grid. The degree of
crown cover can be measured using a densiomcter or
assessed by vertical projection of crown cover along a
fine transect. Branch samples can be cither shot down
from standing trees or collected from felled trees prior
to or during the logging operation. An adcquate
sample is five to ten branches per crown. The samples
can be used to assess the average number of capsules
per twig and the average number of seeds per capsule.
From these basic data, taking thirty samples per
population, the yield of seeds per tree or per unit arca
of forest can be estimated.

The floral components of different crown regions
have diflerent lowcring seasons and, therefore, must be
scparated in the above samples and counted separacely.
The samples for cach crown region must be thoroughly
mixed and sub-sampled to determine the size, viability
and vigour of rhe sceds from different crops.

"The known relationship between crown area and
number of twigs during sced production (in karri there
is an average of 21 twigs per m? of crown area) is a
usclul short-cut in the sampling procedure (Loneragan
1979). Thercfore, the amount of seed for a given stand
can be found as:

Sceds per capsule x capsules per twig x (wigs
per unit crown arca (21) x crown area.

Seed craps should be monitored during
development and ripening of capsules, as losses will
reduce eadier estimates. During the fiost summer the
number of twigs hearing mature to near mature seed is
halved to about 10 twigs per m? and this decreases to
1 twig per m? during the second summer (Loncragan

1979).

REGENERATION BURNING

Iarri has been observed to regenerate where
disturbance or lire las resulted i the baring of mineral
s0il without compaction of the soil (Kimber and
Schuster 1979). Firc is generally the more efficicnt
means of achieving regeneration. Natural regencration
accurs in mature and  senescent virgin stands in which
gaps have formed in the upper canopy and sced can
reach the mineral soil through reduction in comperition
from shrubs and small trees by fire or soil disturbance.

The Aims of Regencration Burning

The three aims ol regeneration (slash) burning are

(Jones 1978):

{1) o prepare a seedbed suitable for the regencration
of karri following logging;

{2) o stimulate seedfall from sced trees; and

(3) to disposc of logging residuc so that fire hazard
within the regenerating fercst is minimized and
access for future operations is improved.
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Karri Seedbeds and their Preparation

Loneragan (1961) found that the properties of the
surface layers of the seedbed have quite remarkable
cffects on germination and plant growth. Scedbeds
suitable for the establishment and development of karri
scedlings are ashbeds and exposed mineral soil (Jones
1978). The best way to prepare these scedbeds is by
burning.

Loneragan (1961) divided scedbeds into two broad
categorics: those that were receptive, and those that
were unreceptive, to germination of seed. Receptive
seedbeds included:

(1) both ashbed and fringes of ashbed, formed from
telled crowns and logging debris;

(2) soil incinerated scedbeds, where a layer of ash lics
on the incinerated soil;

(3) soil char seedbeds, where the litter is burnt to
expose the bare soil; and

(4) unburnt disturbed topsoil.
Unreeeptive seedbeds included:

(1) surface char, where the burn was incomplete and
patches of litter remain;

(2) duff or litter surface, where no litter was burnt; and

(3) subsoil or compacted surface soil.

Ashbeds have been studied extensively because they
stimulate very fast carly growth, the results of which arce
sustained and show up prominently in pole stands
(Meachem 1961). Harch (1960) found that
regencration burng have temperawres of the order of
850°C (at ground level and in the centre of the ashbed)
which cause immediate and marked changes in the
clremical properties of the soil. This is cspecially the
case in the upper 2-3 ¢m of the soil; the etfects decrease
rapidly with depth. The most important of these
changes are increases in pI, total soluble salts, available
nutrients and the formation of calcium carbonare.
However, soil organic matter is reduced by these high
temperature burns.

The stimulating effect of ashbeds on the carly
development of karri is probably owing to a
combination of factors. These include releasing a rich
source of nutricnts, increasing availability of nitrogen
to young seedlings (despite total soit nitrogen
decreasing), breaking up the soil surface to provide a
suitable seedbed and sterilizing the soil in ashbeds
which reduces competition from other plants and fungi.

Generaily, the hotter the fire the greater the
percentage of scedbed produced (Jones 1978).
However, regeneration burns cannot be evaluated in
terms of scedbed preparation alone. The fire intensity
must be medified to ensure that the fire is both
controflable and sate for lighting and suppression crews.

In clearfelled stands the optimum regeneration burn
is that which is most intense within the prescribed
condition, but which can also be safely controlled.
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The Stimulation of Seedfall in Karri

In laboratory studics, Christensen (1971b) found that
moisture was the key factor controlling the opening of
seced capsules of karri. Capsules dried out under
laboratory conditions shed no appreciable amount of
seed until the moisture content dropped below the fibre
saturation point (20-25 per cent). Christensen also
studied the effect of various burning intensities on
seedfall, these were;

(1) control (unburnt};

(2) very low intensity fire (less than 5 per cent crown
scorch);

(3) moderate intensity fire (35 per cent crown scorch);
and

(4} very high intensity fire (75 per cent crown scorch).

i

All stands had similar sced crops. Seedfall
commenced about two days after the very high
intensity fire, five to seven days after the moderatce fire
and seven to ten days after the very low intensity fice.
The moderate and high intensity fires had similar
patterns of seed shed, with seedfall being almost
complete within a fortnight. The very low intensity fire
induced seedfall much later and only a fraction was
shed.

Christensen (1971b) also found that a fire of only
low to moderate intensity (15 per cent crown scorch)
induced almost total secdfall. He concluded, thercfore,
that scedfall was not dependent on high intensity fires
and that there was no detrimental effect on seedfall in
such a fire. The main benefits of 2 high intensity
regeneration fire, therefore, appear to be not its cffect
on seedfall) bur its effect on the seedbed and reduciion
of logging debris.

Disposal of Logging Residue

The removal of logging residue is a very important
function of the regeneration fire. Between the ages of
abeut 5 and 15 ycars karri is very susceptible to fires
(Underwood 1978). The removal of logging slash by
the regeneration burn greatly reduces the chance of a
devastating wildfire occurring in young regeneration.

Apart from this, the removal of slash by fire reduces
the amount of unavailable sol (soil covered by logging
residue), and at the same time results in the formation
of ashbed. It has the added benefit of commencing the
destruction of large logs that could limit access when
these arcas of regeneration are being thinned.

Since the mid 1970s logging operations have
generally moved from pure karri stands into stands with
a large component of marri and some jarrah.

Initially it was thought that these stands would
produce a larger proportion of logs unsuitable for
sawmilling or woodchipping, and therefere increase the
amount of logging debris produced. High standards of
utifization have meant that the quantity of debris on
the ground has been minimized and the threat of

damage to crop trees near logs during prescribed
burning is stnall. Movement of machinery for thinning
operations should not be a problem as machines
specificaily built for thinning operations and
manoeuvrability can be used.

FACTORS AFFECTING GERMINATION

The collection of karri seed is a time-consuming and
costly operaiiont. The factors that affect germination of
karri seeds play a wital role in determining the success or
failurc of regenerating the forest. [mproved
germination percentages would result in a [ess
demanding requirement for sced tree regeneration and
increase the viability of broadcast seeding as an artificial
regeneration option.

There are many inter-refated factors that affect
germination of karri seeds, the factors described here
are rthose that have been best docurmented and appear
to be the most important.

Seedbed

Much of the carly work on the germination of karri
seed concentrated on the effect of different types of
seedbed on germination. Loneragan (1961) found
that, owing to the destruction of understorey plants
and most of their seed in the soil during burning,
ashbeds are sparscly occupied by understorey
regeneration. However, where these beds are sewn
with karri seed, the germination rate is good. The
germination of karri seed is greatest on ashbeds and
poorest on snig tracks and landings (White 1974a;
Annels 1980). The surface of snig tracks and landings
is very hard, as a result the seed cannot fall into holes in
soft earth and tends to get washed away. Snig tracks
and landings can be rehabilitated by ripping or
ploughing; this greatly increases the germination of
karri sced (McCaw?, personal communication).

Christensen and Schuster (1979) found that somce
ashbeds appear to inhibit germinaton. This is in
contrast to findings of Mcachem (1960), White
(1974a) and Annels (1980). Christensen (personal
communication) suggested that thesc apparent
contradictions are because the edges of ashbeds are
ideal for germination, but the centres are poor because
of their resistance to initial wetting,.

Once having germinated, the seedlings on the cdge
of ashbeds grow well as a result of the continued
nutrient availability, while those on bare soil develop
poorly or not at all. Seedlings in the middle of ashbed
grow well if moisture status is also good. Compared
with other karri soils, ashbeds are less structured,
contain less organic matter and are more alkaline, with
an accumulation of soluble salts in the surface layer
(Hatch 196@). This partly explains why ashbeds have
been observed to resist initial wetting by autumn rains

? |, McCaw, Depariment of Conservalion and Land Managemenl, Marjimup.
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(Christensen and Schuster 1979). Ashbeds having less
structure and containing less organic matter would also
result in a poorer water holding capacity.

Insect Depredation

Loncragan (1961) observed ants consuming large
quantitics of karri seed.

Christensen and Schuster (1979) found that the
cffect on germination of insecticide (dicldren) dusted
onto sceds, was significantly greater than that of
fungicide, scedbed or shade treatments (Table 2). The
effect of the insecticide was greater for autumn than
for spring sowings, probably because the insecticide had
been leached, blown away, or degraded during summer,
prior to germination in autumn. Loneragan (personal
communication) has observed insects to cause severe
depredation of seeds and young germinants of karri.

Cunningham (1960) found that sced loss in
mountain ash (E. regnans) forest is greatest on
undisturbed ground vegeration and significantly less on
mineral soil, probably because there are larger insect
populations under this protective cover.

In alpine ash (E. delegatensis) forests in the
Brindabella Range, ACT, O’Dowd and Gill (1984)
found that in the absence of fire, postdispersal seed
predators remove a large proportion of the small
number of seeds. With fire, mass scedfall normally
occurs (depending on the available sced crop), anc
abundance on ashbed increascs, but the ratio of ants to
available seed decreases, se increased seedfall lowers the
probability of a given sced being taken by ants. To
minimizc inscect depredation and mprove the
ctfiectivencss of sceding operations, sced should be sown
in autunmn and after a hot fire has removed ground
vegetation,

TABLE 2
Germination (percentage) of karri seed subject to various

Allelopathy

Several authors have found that cucalypt litter and
topsoil appear to inhibit germination and seedling
growth of some wet sclerophyll forest species (Kimber
and Schuster 1979). Leachates from freshly fallen karri
leaves inhibit karri germination to a level of 10 per cent
of total available seed, when compared with a normal
viability level approaching 95 per cent (Kimber and
Schuster 1979). This factor is unlikely to be of concern
under operational conditions, where a hot fire before
seedfall or artificial sceding removes thie litter layer. If
other site preparation techniques were used, however, it
would become an important consideration.

Soil Type

Soll type has little or no effect on the germination of
karri secd. For both spring and autumn sowings,
germination percentages did net significantly differ
between red-loam and yeliow podzolic soils (Table 3).
Germination rates arc the same for red carths (leams),
gravelly red carths and deep and shallow podzols
(Table 4) (Annels 1980). Thesc results indicate that
direct seeding methods are equally applicable to red-
leam and yellew podzol soils on which karri eccurs.

Time of Sowing

Autumn sowings of karri sced germinate better than
spring sewings, prebably (Table 3) because of reduced
inscct depredanien and generally better conditions of
remperature and moisture.

It is now eperational practice te do all direct
sceding in autumn after regeneration burns. Hewever,
there is no agreement as to which months produce the
best results for direct seeding. Christensen and
Schuster (unpublished) found that the period from late
April to June accounted for 96 per cent of toral
germination, with highest germination occurring in
April after the first rains (Table 5).

treatments on ashbed and non-ashbed sites in spring and autumn,

SPRING AUTUMN
TREATMENT ASHBED NON-ASHBED MEAN ASHBED NON-ASHBED MEAN
Conlrol 32 3.8 3.5 11.6 Q2 10.4
Shode 4.8 20 3.4 52 20.8 13.0
Inseclicide 10.8 12.6 7 24 .4 34.2 293
Fungicide 12 56 3.4 0.6 7.4 4.0
Meon 50 6.0 SeS 10.5 17.9 14.2

Source: Christensen and Schuster (1979)
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TABLE 3

Germination (percentage) of karri seed sown on different
soil types in spring and autumn.

SOIL TYPE LOCATION SEASON SOWN
SPRING AUTUMN
Red loam Gray Block 1 2.9 54
Gn 2.15° Gray Block 2 7.9 9.7
Meon 5.4 7.6
Yellow podzolic  Sution Block 8.8 10.2
Dy 3.62 Poole Block 1.9 3.9
Mean 54 7.0

Source: Christensen and Schuster (1979)
o After McArthur and Clifton (1975)

Annels (1980) compared sowing times by sowing
the same quantity of seed for each time being tested.
He found that for all soil types, seed sown in April
resulted in significantly greater germination than seed
sown in May or June (Table 4).

Although these results suggest that April is the
optimum month for direct sowing of karri seed this
may not always be the case. If autumn rains fail to
occur (as was the case in 1981, 1982, 1983 and 1986)
then the optimum sowing time will probably be late
May. Soil moisture levels would be too low in April for
favourable germination and increased inscct predation
is likely to occur. Moisture is probably the major factor
limiting germination in autumn, but temperaturc is
likely to be the major factor limiting germination in
winter. This would explain the decline in germination
rate from April to June (Table 4).

Fungal attack

From the limited amount of research done, it appears
that fungi have little or no effect on the germination of
karri seed. Christensen and Schuster (1979) found no
improvement in germination when seed was dusted
with fungicide (Zineb). It is possible, however, that

TABLE 4

germination may be affected to some extent by fungal
infection under the warm, moist conditions especially
favourable to fungal development. Loneragan {(1961)
and Schuster (1979) suggest, rather, that the effect of
fungal infection is greatest on newly germinated
scedlings. It was hoped that pelleting seed with small
amounts of fungicide and insecticide included in the
clay would overcome fungal problems. However, the
protective cffect of the pellet had virtually ceased by the
time the sced germinated, as the fungicide had been
washed or leached away.

FACTORS AFFECTING EARLY SURVIVAL

The early survival of karri scedlings (whether
germinated from seed ¢# situ or planted as seedlings) is
as critical as germination itself. The larger the number
of seedlings that survive, the fewer sceds or scedlings
are required to regenerate an area successfully, and the
smaller the cost of infill planting to boost stocking.

Seedbed

As with germination, research on factors affecting early
survival has tended to concentrate on the influence of
scedbed. At the age of one year on one particular site,
the proportion of seedfall surviving on ashbed, free
topsoil and unreceptive seedbeds was 6.3, 2.7 and 0.6
per cent, respectively (Table 6) (Loncragan 1979).
Howevcr, these differences were mainly owing to
differences in germination rates, and Loneragan
concluded that the effect of seedbed on early survival
appeared to be minimal. Indeed, the survival rate
(plant percentage - germination percentage x 100)
calculated by Loneragan (Table 6) shows that survival is
poorest on ashbeds.

Little seed germinated on the other seedbeds and it
is likely that the sceds which did germinate were locared
on favourable micro-sites. This small amount of seed
germinating on non-ashbed sites would have been only
the most robust, and competition between seedlings
would be less severe than on ashbed owing to fewer
seedlings germinating.

Effect of month of sowing and soil type on germination of karri seed.

MONTH OF SOWING

SOIL TYPE APRIL MAY JUNE
STOCKED STEMS STOCKED STEMS STOCKED STEMS
(%) per ha (%) per ha (%) perho
Shallow podzols 73.4 3 240 62.2 1 867 17.8 220
Deep podzols 78.8 3020 62.2 1208 178 275
Red earths 75.6 2910 24.4 165 267 275
Gravelly red earths 86.7 2 689 44.5 1262 355 658
Mean 7748 2 965 48.3 1126 24.5 357
Source : Annels (1980)
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TABLE 5
Time of germination of spring-sown karri seed.

MONTH OF RAINFALL SOIL TEMP TOTAL GERMINATION
GERMINATION [rm) {°c) GERMINATION {%l
Jan-Apil a47.0 28.5 . -
Lote April 122.8 18 751 47.0°
Eatly May 19.0 17.4 259 16.2°
Late Moy 637 15.1 315 197
s 172.3 14.6 209 13.1b
July 1465 13.2 34 TR
August 88.1 13.5 16 1.0
September 49.0 13.0 8 gt
October 12.9 21.1 1 0.7°
Source: Christensen and Schuster (unpublished)
Data annotated with the same letter are not significantly different at p = 0.05 (Duncan’s multiple range test)
TABLE 6
Karr germination and early survival in natural regeneration.
NORTHCUFFE SEEDBED
1956 - 1957 FRESH CLEAN POOR
ASHBED SURFACE SEEDBED TOTAL
Summer 1957 seeding and Seedbed area sampled {m?) 8.8 24.1 14.0 46.9
Winter 1957 germination Number of seeds 139 471 205 815
Germinants counled 44 34 3 83
Cerminatien{%)a* 31.7 J # 2.4 10.2
Summer 1956 seeding and Seedbed area sampled (m?) 10.4 69 12.8 30.1
Winter 1957 establishment Number of seeds 2665 2223 4214 9182
1-yeor-old plants counted 169 60 27 256
Planl success (%) b* 6.3 2.7 0.6 2.8
* Survival rate = (b/a) x 100% 19 38 25 27

Source : Loneragan (1979)

Soil Typc

Christensen and Schuster (unpublished) followed the
development of young scedlings during the first year
after germination. They found that although
germination had been the same for both the red loam
and the duplex podzolic soil types, seedling survival was
greater on the red loam type (Table 7). This difference
was attributed te a greater proportion of gravel in the
podzols. Increased percentages of gravel, particularly
coarse gravel (0.6 cm diameter) reduced seedling
survival, probably because of the poorer water holding
capabilities of soils containing significant amounts of
coarsc gravel. Tt is interesting te note that this appears
to be in contrast with jarrah germination and survival,
where gravelly soils produce the best results.
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TABLE 7

Survival of karr seedlings at one year of age expressed
@s a percentage of the total number of germinants.

SITE NUMBER | 2 3 4
Soil Type Red loam  Podzol Podzol Podzol
Suvivl % 4119 343% 30190 9P

Source : Christensen and Schuster (unpublished)

Data annnotated with same letter are noft significantly different at
p = 0.0} (Duncan’s Multiple Range Test)
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Time of Planting

Any work which examines the best time to carry out a
task is subject to seasonal variations between years.
Results from such experiments can, at best, serve as a
guide to timing of operations, but seasonality must
always be considered.

An cxperiment begun in May 1975 to determine
the best time for planting seedlings showed that
survival of open-rooted, nursery raised seedlings planted
in early May did not differ from that of seedlings
planted in early June. Aithough height growth was
much greater for the May plantings (Table 8a), this
advantage was soon expected to disappear. Root
pruned seedlings showed berter survival.

Another experiment was established by Schuster in
April 1977. The April plantings failed because there
were no follow-up rains after an early break to the
scason. Plantings in fate May, mid-June and late June
showed good survival and growth (Table 8b). This
research showed that three or four consecutive days of
heavy rain are required at the start of the season so that
the moisture status of the soil improves sufficiently after
the summer drought to keep the seedlings alive. The
best time to sow or plant will always vary with the
SCasefl.

Presence of Retained Trees

The presence of retained trees is the major factor
affecting the survival of karri seedlings during the first
year after germination {Christensen and Schuster,
unpublished). Survival decreases as the number and
proximity of retained trees increases. This would be a
major problem in a selection cut forest when enly small
gaps had been created by logging. In areas regenerated
by sced trees it is operational practice to remove the
seed trees within two years of cegencration to minimize
secdling losses.

Incoll (1979) showed a definite curvilinear
relatonship between height, diameter at breast height
over bark (d.b.h.0.b.), basal area and distance from an
overwood tree. Regrowth of silvertop ash (E. siebevs)

TABLE 8a

Effect of time of planting on survival and height
of open-rooted, nursery raised karri seedlings.

TABLE 8b

Effect of fime of planting on survivat and height
of open-rooted, nursery raised karti seedlings.

PIANTING DATE ~ HEIGHT [m] ~ HEIGHT {m]  SURVIVAL
Ql PIANTING ot MARCH 1978 (%)
24 Apiil 77 N/A . 0
24 May 77 0.68 0.96 77
14 June 77 0.6 1.09 97
30 June 77 0.47 0.83 76

Source : Schuster (unpublished)

does not survive closer than 0.42 crown diameters to an
overwood tree (just inside the vertical projection of the
crown cdge). Anything that does survive close to the
overwood is severely suppressed.

In karri, the zone of influence of a retained tree is
only twice the radius of the crown (Rotheram 1983).
The total number of regrowth trees per hectare is
severcly reduced within this distance, and the number
of crop trees (dominants and cedominants) is reduced
within 1.53 times the crown radius. Rotheram found
that shading did not appear te be an important factor
as there was little difference in growth between the
northern and southern aspects.

This effect of retained trees on young seedlings
could be caused by competition for moisture and
nutrients, fungal infestation, allelopathy, reduced light
intensities or a combinatien of all four factors. Itis
doubtful that the presence of retained trees significantly
affects early survival of karri by cempeting for nutrients.
Christensen (1974) found that decreasing nutrient
levels were associated with enhanced survival. Drought,
however, is a major factor affecting early survival of
karri seedlings. On average, one seedling in four will
die from the cffects of drought during the first year
after germination (Louneragan 1961). Competition for
a limited water supply from retained trees is likely to
lead to more seedlings perishing from drought.

PLANTING No. of ORIGINAL No. of SEEDUNGS SURVIVAL HEIGHT No. SAMPLED
DATE SEEDLINGS SURVIVING at (%} (m) tor HEIGHT
JUNE 1976
Q May 75 100 73 73 0.61 38
26 Moy 75 100 &7 67 0.43 33
5 June 75 78 54 69 0.35 26
5 June 75° 84 45 54 0.40 28,
Source : Schuster (unpublished)
o Al seedlings except these were root pruned prior to planting.
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Growth rates of young seedlings, however, are
likely to be affected by competition for nutrients from
retained trees. The presence of retained trees may also
create cenditions suitable for pathogenic tungi. Ashton
(1956) found that infection of secdlings of mountain
ash (E. regnans) by soil-borne fungi incrcased under low
light intensity. This could also occur in karri which is a
similar forest type to mountain ash; however, little work
has been done on this.

Survival of wet sclerophyll cucalypt scedlings (of
which karri is one) increases with soil disturbance.
Litter and topsoil adversely affect smal) scedlings.
Cunningham (1960) found that survival of E. regnans
scedlings during the first two years of life is three-to-five
times greater on disturbed soil than on undisturbed seil.

Survival of karri seedlings decrcases with increasing
proximity to undisturbed scrub (Christensen and
Schuster, unpublished). This may result from inhibiting
chemicals present in undisturbed litter, or from
competition for moisturc.

Another possible explanation for reduced survival of
karri scedlings near retained trees is that low light
intensitics may reduce photesynthesis and subscquent
growth. The effect of light intensity on karri seedling
growth and survival has not been studied in derasl,
although Rotheram (1983) concluded that shading did
not significantly reduce growth of karri seedlings.
Ashton {(1956) found that E. regnans sccdlings grown
in about 30 per cent of full sunlight were not markedly
diffcrent from those grown in 70 per cent of sunlight.
At about 10 per cent of full sunlight, scedlings were
ctiolated.

In conclusion, competition for water is likely to be
the most important factor.

NATURAL REGENERATION

Virgin Forest

In its virgin state the karri forest occurs in even-aged
patches varying in extent from several to many hectarcs
(White and Underweod 1974). In a natural situation
firc or windstorm can provide the conditions suitable
for the regencration of cven-aged stands. Their size
depends on the severity of the tirc or storm and the
proportion of the original overstorcy which it has killed.
A similar process has been described by Mount (1964)
for ash-type forests. However, karri does net appear to
be as fire sensitive as many of the other very tall
cucalypts such as mountain ash (£. regnans) and
flooded gum (E. grandis). Forests comprising thesce
specics have large areas of fire-caused regrowth with
nonc of the original trees surviving. In the karri forest
(as in many other eucalypt forests) many trees of
varying size and age in the original forest can survive
and, with the regrowth, form a mosaic of cven-aged
and uneven-aged forest (White and Underwood 1974).
As the stand ages the obviousness of different ages
diminishes and it becomes difficult to determine
whether a stand was originally even-aged or uncven-
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aged. As an cxample of this, ring counts made on

stumps in two clear felled virgin plots show a relatively

wide divergence of ages. Age frequency distributions
for these plets shiow peaks every 20 to 50 years, which
apparently cerrespond with fires hot enough to kill part
of the overstorey and allow for the development of
regeneration.  However, trees of the same age are net
nccessarily adjacent to cach other, appearing to occur
only where the fire has killed part of the overstorey, or
where a gap was already present. The interpretation of
even-aged or uneven-aged depends on the scale at
which the stand is considered sincc all regeneration
begins as an even-aged group.

Karri regenerates in the absence of firc only where
ground disturbance results in the baring (but not
compaction) of mineral soil (Kimber and Schuster
1979). Regencration does not occur beneath a virgin
stand (even when in a state of decline and where gaps
have formed in the upper canopy) unless firc remeves
the licter layer and kills the understorey of shrubs and
small trees. Regeneration is found in virgin stands that
have been subjected to wildfires; but persistent
regeneration, larger than small saplings, only survives in
gaps created by deaths in the overscorey, and then enly
where the surrounding trees are not vigorous cneugh
to dominate the space created.

Lane-Poole (1917) neted that natural regencration
can take place by sced falling into a hole where a large
wee has fallen, but the number of scedlings that survive
is only small. Thus, in its virgin statc, before European
settdement, the karri forest probably regencrated in four
ways:

. Inlarge even-aged groups resulting from extensive
high intensity fires started by lightning strike or by
Aborigines. Talbot (1973) points out that the
Aborigines rarcly entered the karri forest (for both
spiritual and practical reasons); however, they did
travel along the ceast and may have started fires that
spread across the tlats into the forest.

2. In small even-aged groups, This was probably the
most common form of regencration in the virgin
karri forest. Most of the fires are unlikely to have
been intense ensugh to cause the death of large
arcas of mature forest. Many of them, however,
would have had ‘hot spots’, where small arcas of
the mature overstorey were killed.

3. Assingle trees resulting from the death of a tree in
the overstorey caused by fire or occurring where a
large tree had fallen. Regencration would survive
and persist if the surrounding trees lacked sufficient
vigour to occupy the space which had been created.

4. Following winter storms or cyclones which
oceasionally blow down patches or swathes of
maturc forest. Regeneration may occur if such an
arca is subsequently burnt when seed is present in
the surrounding forest. (Underwood?, personal
communication).

1 .4, Underwood. Formarly Deportment of Consarvallon and Land Managemant,
Crawley, now relired.
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The relative importance of these processes is
uncertain, but examplcs of all can be readily observed in
different parts of the forest.

Evidence of the wide variation in the size of even-
aged patches can still be seent in the Deep River area in
which the same stands were subjected to wildfire in
1937 and 1951.

The Selection Cut Approach

The clear felling system of regeneration using seed trees
was successfully applied to the karri forest during the
1930s and many fine regrowth stands resulted (e.g. Big
Brook and Treen Brook). At the end of the 1930s a
sclection system known as the Australian Group
Selectien System was introduced. This involved the
removal of either single trees or large groups of trees.
This system was introduced for the fellowing reasons
(Whitc and Underwood 1974 ):

1. Good patches of sapling and pole growth occurred
throughout the karri forest. At the time, there was
no market for small sizes and this valuable resource
was wasted with clear felling.

2. Disastrous fires in 1937 illustrated the need to open
up fire contre! access and to salvage fire damaged
material. This also helped management and
inventory.

3. Clear felling ef the forcst often led to these areas
being alienated for agriculture. Retention ef a large
preportion of growing steck helped prevent
alienation.

4. The system was more flexible as intensity of cut
could vary with the condition of the virgin stand.
Ovcermature or fire damaged stands could virtually
be clear felled.

Meachem (1960) noted that the group selection
system required careful tree marking aimed at:

1. Removing the static volume (prime, overmarture and
defective stems).

2. Creating openings adequately scrved with seed trees
for the regeneration of the new crop. Single tree
removals arc of limited value in this respect as
competition from surrounding trees and inadequate
light would restrict the development of regrowth.
Removal of groups of two to four trees is ideal.

3. Removal of cull trees.

The fast growing dominants rescrved after the
selection cut were not only the most productive in
terms of merchantable volume but were also the
heaviest seeders, producing more than 80 per cent of
the total sced supply {(Meachem 1960). Apart from
this, their seed was likely to be of higher genetic quality
compared with less dominant trees. Up until the late
1950s, it was general practice to burn the annual

cutting section in advance of felling operations to
reduce the fire risk, and to improve access and visibility
which facilitated tree marking. This ceased when it was
realized that this procedure reduced regencration as
fuel levels were too low to produce a fire hot enough to
encourage seedfall or create good ashbeds, and that the
development of karri flowers and fruit was adverscly
affected.

The harvesting was followed by a cleaning or top
disposal operation which involved the removal of
logging debris where it had been unavoidably heaped
against growing stock. The regeneration burn was
carried out in the first good sced year following this
operation and ideally should have released adequate
seed te fall on a cleanly burnt seedbed. The
regenceration burning technigue was assisted by a
network of snig tracks which enabled the handling of
the burn in units no larger than 8 ha. Areas carrying
advance growth were ignited first, under mitd burning
conditions, while the rest was burnt under more
extreme conditions to ensure a clean burn and the
highest incidence of scedbed consistent with non-
scorching of the canopy of the growing stock
(Meachem 1960). Germination and early survival were
generally good using this system. Mecachem (1960)
reported that at age one, stocking may be as high as
75 000 scedlings per ha, although it was usually
substantially less, but still quite satisfacrory.

It was soon realized that there were problems with
the group selection system: the initial regencration
burn caused damage to the remaining growing stock;
the regrowth tended to be suppressed by the retained
stems, which themselves deteriorated owing to
exposure from opening of the canopy; and managing
the second felling cycle into established regeneration
without causing excessive damage was difficult.

Rotheram (1983) guantified the suppressive effect
of retained karri veterans on the growth of surrounding
50-year-old karri regeneration. No difference was
found in thie growth of the regeneration north and
seuth of the veteran which disceunted shading as being
the factor responsible. Hence, competition from the
veteran’s roots for soil moisture and /or nutrients was
the most likely alternative. Rotheram detected a strong
suppression of regrowth up to 0.75 of the radius of the
veteran’s ccown from its bole, with negligible volume of
regrowth until 1.25R and normal volume beyond 2R
(where R = radius of the veteran’s crown), Incoll
(1979) in a similar study on silvertop ash (E. sieberi)
found that the zone of influence was 4-6R compared
with 2R for karri. However, as karri crowns are twice
the radius of E. sieberi crowns, the actual area in which
the regeneration is suppressed is similar.

Because competition from the veteran’s roots for
soil moisture and/or nutrients seems the most likely
explanation for the regrowth suppression, it follows
that competition on the yellow podzolic soils, which
have a very different nutritional and meisture status
from that of red loams en which this study was dene, is
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likely to be greater. On the red loam Rotheram (1983)
found that for each 1 per.cent of veteran crown cover,
regrowth volume was reduced by 2 per cent: i.c. 0 per
cent veteran crown cover allows 100 per cent of normal
regrowth volume, 10 per cent veteran crown cover
allows 80 per cent of normal regrowth volume, and
20 per cent veteran crown cover allows 60 per cent of
normal regrowth volume.

Beyond 20 per cent veteran crown cover, the zones
of influence of veterans overlap and the combined
influence has not yet been quantified. In some cases
veterans are of good quality and loss of regrowth is
partly compensated for by increment on the veterans.
Usually, however, the veterans are of poor quality and
valuable regrowth volume is lost (Rotheram 1983).

The clear felling system was reintroduced in 1967,
when it was decided that the regeneration produced by
the sclection system was too difficult to manage
satisfactorily.

The Clear Felling Approach

When clear felling was reintroduced into the karri
forest, the sced tree method used in the 1920s and
1930s was chosen as the optimum method of
regenerating the forest. In 1966,/67 Loneragan sct up
a large scale experiment to examine all aspects of a
system of clear felling with seed trees. The trial
involved utilization; seed fall prediction; specification,
timing and control of the regeneration burn;
monitoring sced fall and germination; and subsequent
removal of the seed trees.

An arca of about 60 ha in Gray Block, 30 km west
of Manjimup, was sclected. Between March and
October 1966 the area was clear felled with two-and-a-
half to five seed trees per hectare being retained. The
area received a high intensity regeneration burn
coinciding with a heavy sced crop in January 1967.
White (1974a) took over the experiment after the
regeneration burn and the regeneration was appraised
the following June. The seed trees were removed in
October and November of the same year.

Seed Supply

The availability of seed and correct timing of the
regencration burn are vital to the success of the sced
tree operation (White 1974a). The summer of
1966/67 coincided with the best seed crop in ten years,
so seed availability was optimum, producing 1.48
million seeds per hectare. By December 1966, 85 per
cent of seed capsules had matured, although seed
availability was expected to be even greater the
following spring.

The coupe was burnt in December to take
advantage of optimum fuel conditions. The resulting
high intensity fire left an ashbed free of residual scrub
and all seed trees received crown scorch, indicating that
most of the capsules would dry sufficiently to open and
shed their seed.
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Germination

Results of sampling for regeneration six months after
the burn showed an abundant and well distributed
stocking. White (1974a) found that the best
germination occurred on ashbeds and the worst on snig
tracks and landings. The very high stocking of
germinants (85 000/ha) might suggest that there were
too many sced trees per hectare. White (1974a) points
out, however, that the seed crop was unusually good
and that normally the number of germinants would be
less. In addition, retention of a large number of seed
trees of excellent size and quality encourages sawmillers
to return and remove them, and seed tree density could
be varied with anticipated seed crop.

Removal of Seed Trees

Removal of seed trees ten months after the regencration
burn did not excessively damage the young seedlings
(White 1974a) becausc at this stage they were still
flexible and able to tolerate the impact. Where large
crowns fell into the young regeneration, enough
scedlings survived to ensure no unstocked gaps. To
reducc losses, the logging crews were instructed to usc
established landings and snig tracks and avoid sideways
movement of logs. Damage was found to be
considerably reduced with the use of logging arches
which lift most of the log off the ground.

Stand Development

Three ycars after germination, rapid height growth (up
to 1.5 m yr') was recorded, particularly on ashbeds
(White 1974a). Scrub was present, but was not
dominating the young karri. Although overstocking of
karri was evident in early regeneration surveys, marked
dispersion of vigour cnsured early dominance and
continuous stand growth.

Despite the success of this experiment, irregular
sceding meant that the karri regeneration program
could not be achieved solcly by using this method. The
sced crop was particularly heavy and the experiment
was carried out in an arca widely recognized as being
optimum for regeneration in the karri forest. To
further quantify the practicality of the sced tree
method, the experiment was extended over a number of
years and a range of karri sites.

The potential of the seed tree method to manipulate
the species mix of the new stand was later examined
(White 1971). Three plots were established in a mixed
karri-marri stand 30 km south cast of Manjimup. On
Plot 1, karri was favoured by retaining only a karri seed
source. On Plot 2, marri was favoured by retaining
only a marri sced source, while on Plot 3 both sced
sources were retained to maintain the species mixture.
Plot 1 was successful with karri dominating the
regeneration.  Plot 2 was borderline, owing to a lack of
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marri seed, although there was a fair stocking of
lignotuberous advance growth. Plot 3 was satisfactory
with stockings of both karri and marri (Table 9).

On both Plots 1 and 3 there was acceptable
stocking of marri as lignotuberous advance growth and
coppice, despite the presence of abundant karri
regeneration. This has generally been found to be the
case, and in operational practice in mixed karri-marri
stands, karri seed trees only are retained; lignotuberous
advance growth provides adequate marri regeneration.

The clearfelling approach provides a highly effective
and economical means of regenerating karri and karri-
marri forest. It does, however, have two disadvantages.

1. All large trees are removed from the stand,
eliminating habitat niches for some birds and
mammals. This can be overcome by retention of
uncut strips of forests along streams and rivers and
in large reserves; and by regrowing the forest for
sufficient length of time for hollows to develop.

2. The operation can be visually unattractive.
However, the associated visual impacts of this
silvicultural approach can be managed using a

variety of landscape planning and design techniques.

Landscape management systems can be applied at
both the broad scale and specific site application
levels (Revell 1991).

ARTIFICIAL REGENERATION

The most economical way to regenerate the karri forest
after timber harvesting is to use retained dominant
trees as a seed source. This method cannot be used
exclusively for several reasons (Walker 1980).

TABLE 9

Regeneration of karri and marri after cutting with different
proportions of these species as seed trees.

1. Karri seed availability: assured crops may occur only
one year in four, sometimes extending to one year in
six.

2. The regeneration burning capacity: it is not feasible
to delay regeneration burning following logging to
wait for a good seed year before burning. This
could result in 8000 to 10 000 ha of regeneration
burning in one summer. The current capacity is
2500 ha yr.

3. Sawlog/chipwood intakes: some coupes,
regardless of the availability of seed, are not cut to
seed trees in order to smooth out the gross annual
imbalance of sawlogs and chipwood which occurs
with seed tree operations.

4. Severe fire damage in the past may have left the seed
trees unable to provide enough seed.

The alternative to natural regeneration using seed
trees is to use ‘artificial’ methods, i.e. direct seeding or
planting (Walker 1980). The scarcity and cost of karri
seed permits direct seeding of only small areas each
year. This area may be increased if techniques to reduce
the amount of seed used in direct seeding can be
developed, or if techniques are developed for a more
economic supply of seed.

Direct Seeding

Seed can be sown directly by one of two methods. It
may either be broadcast over an area or placed in
discrete spots.

SEED SOURCE STOCKING [s.p.ha) at OCTOBER 1969
(percentage stocking by milacre)
SPECIES No. of KARRI MARRI JARRAH
SEED {SEEDUNGS) {ADVANCE [ADVANCE TOTAL
TREES/ha GROWTH) GROWTH)
Karri 3.5 44 900 400 45 200
(95%) (12%) (95%)
Marri 7.0 400 1 200 300 1 Q00
(12.5%) (29%) (11%) [46%)
Karri-marri 3.0 16 000 1 900 30 17 900
8.5 (Q0%) (39%) (2%) (Q4%)
Source : White (1971)
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Broadcast Sowing

Broadcast sowing of karri seed has variable success and
depends mainly on site factors (Loneragan 1971). A
number of experiments were established in the 1930s
by D. R. Stewart and were reviewed by Loneragan in
1971. In Treen Brook, where a good seedbed was
available, the broadcast sowing of 1.4 kg ha™!

(600 000 seeds/ha) resulted in the establishment of
2500 scedlings/ha. Broadcast sowing at rates less than
60 000 sceds/ha gave unacceptable establishment. At
Quinninup, seed was sown on an ex-pasture and
bracken site that had been burnt. Establishment was
quite poor on most of the site; the only acceptable
stockings occurring on the ashbeds around logs

(16 500 scedlings/ha). Bracken and other weed
species also caused problems. Seven years after sowing
the average stocking on all seedbeds was only 1975
s.p.ha (stems per hectare).

The major cost involved in broadcast sowing is the
cost of the sced itself. Many seeds will fall on
unsuitable sites, and reasonable results are obtained
only on the best sites under favourable conditions. The
minimum number of sceds for average conditions to
produce adequate regeneration is 200 000/ha
(Loneragan 1971). A figure of this order was also used
by White (1971) in relation to the seed tree method.
Annels (1980) found that no more than 60 000
sceds/ha and probably as low as 20 000/ha could give
satisfactory regeneration, but that the time of sowing
was critical. The best results were achieved with April
sowings. More than 60 000 seeds/ha increased
stocking rates but did not improve distribution, as this
was largely determined by the availability of scedbeds.
Current operational practice is to use about 40 000
seeds/ha, but Annels* (personal communication) is
confident that this could be reduced in certain areas.

The sced used in Annels’ (1980) work was pelleted
using a seed pelleting technique developed by the
Victorian Forests Commission in the early 1970s. This
method involves coating the seced with a small amount
of a water-soluble glue (Methofas) and kaolin clay,
which has been mixed with small amounts of insecticide
(DDT) and fungicide (TMTD). The sced is finally
coated with further layers of kaolin clay until its final
mass is approximately four times the original mass of
the sced. Loneragan (1971) found that clay pelleted
sceds result in three times as many germinants as
unpelleted seed.

Current practice is to pellet seed with kaolin clay
and methocel glue. The main advantage of pelleted
sced is that it is more casily spread. Some fungicides
have been found to inhibit germination, and
insccticides lose their value once the seed has
germinated. The time and cost involved in pelleting
with fungicide and insecticide was not considered
worth the minimal benefit.

4 A Annels, Department of Conservation and Land Management, Manjimup.
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An operational trial where 40 ha of clear felled karri
forest was successfully regenerated (to 2430
scedlings/ha) by the acrial seeding of 45 000 sceds/ha
was established in the late 1970s (Schuster 1980a).
Aecrial seeding requires more seed than manual
broadcast sowing, but is considerably quicker and
cheaper. With the establishment of karri seed
production areas and seed orchards it may become a
useful regeneration technique in the future.

Spot Sowing

The spot sowing technique has created interest because
of its potential to use much less sced than broadcast
sowing. Generally, only seedbeds suitable for
germination are stocked following broadcast sowing
(Annels 1980). The number of sceds per spot has no
bearing on the success of the sowings, with 8 sceds per
spot being as successful as 100 seeds per spot. This led
Loneragan (1971) to try spot seeding onto suitable
scedbeds to reduce the amount of seed required. He
determined that spot sceding required an average of
about 32 000 sceds/ha or 15 per cent of the amount
he found was needed for broadcast sowing. He also
observed that although seed is conserved, the extra
time involved means that the total cost is not reduced
and that successful results could only be obtained on
better sites. Schuster (1980Db) states that spot sowing is
capablc of using up to 40 per cent less seed than
broadcast sowing.

Results with spot sowing of pelleted seed have
continued to be disappointing and little success has
been achieved using fewer than 27 000 sceds/ha.
Schuster (1980Db) attributes this mainly to scedling
depredation following germination when the pellet is
no longer protective. In addition, personal
obscrvations by Hewett suggest that a significant
percentage of the sced may be washed away by heavy
winter rains. Thesc problems would, of course, also
apply to broadcast sown seed.

A number of experiments to test a plastic cone-
shaped shelter designed in Finland have been
established. The shelter creates its own microclimate
which enables quick germination, natural rooting and
strong growth. It protects the seed and young
sccdlings from extremes of climate, insects and other
predators. From carly observations, it also appears to
greatly reduce the amount of seed that is washed away,
although the shelters themselves can be washed away by
overland flow following very heavy rain.

The results of an experiment designed to determine
stocking and early growth rates using this system
indicate that 1700 shelters/ha (3 m x 2 m spacing)
sown with 2-3 seeds per shelter provide a stocking of at
least 1000 s.p.ha at one ycar. The number of sceds
required per hectare for this operation (4000) is 10 per
cent of the requirement for broadcast seeding and
compares favourably with planting.
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Three sites were chosen for this experiment and 500
shelters were sown at each site, each containing four
karri seeds. Two of the sites (Sutton 18 and Lindsay
29) gave excellent results with 75 per cent and 74 per
cent of shelters stocked respectively. The other site
(Dombakup 8) gave very poor results with only 45 per
cent of the cups stocked. The major problem at
Dombakup was overland wash on a steep slope, and
modifications to the design of the shelters are necessary
if they are to be used successfully on such sites.
Ashbeds were superior to non-ashbeds and snig tracks
in terms of both stocking and early growth. Eighteen
months after the experiment began, 86 per cent of
ashbed sites were stocked, 57 per cent of non-ashbeds
were stocked and only 31 per cent of snig track sites
were stocked. Mean heights were 1.8 m on ashbed,
0.97 m on non-ashbed and 0.55 m on snig tracks.
These results were achieved without adding fertilizer.

An operational trial has also yielded encouraging
results. The average time to sow 1 ha at a spacing of
2 m x 2 m (2500 shelters) is about five hours. This
compares favourably with planting seedlings. The time
to sow is largely dependent on site preparation, i.e. if
there is any scrub left after the regeneration burn, this
needs to be cleared away first to create a favourable
microsite by scratching the soil surface.

One of the major benefits of this system is that very
little bending is involved, and therefore there is less
strain on the planters’ backs. One problem to emerge
from the operational trial is that the pelleted karri seed
became clogged in the shaft of the sowing device
during wet weather. A new experiment has been
established to determine whether pelleted seed is
necessary.

Sheltercup sowing requires slightly more seed than
planting nursery raised stock but it has the advantage of
being less labour intensive, and therefore potentially less
expensive. At present the cones are imported and are
too expensive to be used on a large scale. In addition,
the system has been designed for use on cultivated
ground, and neither the sowing device nor the shelters
are robust enough for use on all regeneration areas.
They could, however, be used on some sites where
steep slopes and very hard ground cover only a small
area. Results have not been consistent enough to
warrant using them on a large scale.

Hand Planting

Until 1988, up to two-thirds of the regeneration of
karri was done by hand planting nursery-raised open-
rooted seedlings in some years. In a typical planting
season, about 2 million karri seedlings were raised for
planting 1500 ha of karri forest. Containerized karri
seedlings are now grown for all planting. Wildings
(naturally regenerated seedlings) were sometimes used
in earlier years if the number of nursery-raised stock was
insufficient.

Wildings

Wildings constitute a readily available source of cheap
planting stock (Christensen 1969). The most
important factors in terms of survival and early growth
are the size of the wildings and the time of planting.
One-year-old large wildings (60-90 cm), pulled from
the ground with their foliage and having their longest
roots lightly trimmed, gave the best results. Percentage
survival of these plants varied from 78.8 per cent on the
worst site to 93.8 per cent on the best site (Christensen
1969). Survival was best following planting early in
the season (May-June) (Christensen 1970).
Christensen found little difference in the survival of
plants lifted or pulled and those left untrimmed,
trimmed or stumped (heavily root pruned). In
contrast, Skinner (1972) found that lightly trimmed
seedlings were more likely to survive than stumped
ones, irrespective of size. Larger wildings tended to
survive, as they were most able to overcome the scrub
competition. However, smaller stock or nursery stock
previously root pruned gave better results if planting
was late in the season.

Skinner (1972) confirmed that the best time for
planting wildings was mid-June to late July. Wildings
planted in mid-April also showed very good survival,
probably because their roots were still active and there
was a reasonable amount of soil moisture. By May,
however, the roots were less active and there was no
corresponding increase in soil moisture until mid-June.
Trimmed plants gave much better survival than
stumped plants, and the ideal size was 30-60 cm,
although plants up to 90 cm gave satisfactory results
(Skinner 1972).

Planting wildings is a satisfactory way of
regenerating the karri forest (Loneragan 1971). The
height growth of root-balled wildings is consistently
greater than for spade-lifted or pulled-up stock,
probably owing to the retention of a greater number of
small feeder roots. The major factor affecting the
survival of wildings is desiccation at the time of lifting
and during transportation (Loneragan 1971). This can
be minimized by wrapping the plants in plastic
sheeting. The shoots of the wildings tended to die back
when transplanted; however, rapid growth of hardy
plants in the early years after planting quickly occluded
the dead tips. Wildings are expensive to gather and
transport and are rarely used in practice.

Open-Rooted Nursery Stock

Planting stock raised in CALM’s West Manjimup
Nursery is more amenable to growth regulation than
wildings. Through suitable fertilizer and irrigation
treatments, the condition, size and time of planting can
be adjusted to suit various planting requirements
(Loneragan 1971). The number of seedlings raised
each planting season is carefully calculated from the
total area to be regenerated and estimated seed
availabilities.
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Open-rooted nursery stock is given special
treatment including regular root pruning, weed control
and controlled irrigation which ensures healthy, hardy
plants, able to withstand the shock of lifting,
transporting and transplanting into a harsh
environment. Annual surveys of seedlings planted in
the previous winter have indicated an average survival
rate of 90 per cent.

One of the major problems encountered in karri
open-rooted nursery beds is vigorous weed growth
encouraged by high levels of fertilizer and regular
watering. A number of experiments have been
conducted in an attempt to solve this problem.

Schuster and Fremlin (1980) tested a total of seven
pre- and post-emergent herbicides in the open-rooted
karri nursery. The pre-emergent herbicides tested were
nitrofen (TOK-E-25), diphenamid (Enide 50W),
propazine (Gesamil) and chlorthal (Dacthal W75); all
being applied at the time of sowing in January. The
post-emergent herbicides used were nitrofen,
glyphosate (Round-up), a mixture of terbuthylazine
and terbumeton (Caragard) and monosodium
methylarsonate (Daconate 8). These were applied
30 days after seeding when the karri seedlings were at
the 6 leaf stage (approximately 5 cm tall). All of the
herbicides were applied with a logarithmic sprayer,
which supplies a continually decreasing amount of
herbicide along a plot, enabling the testing of a wide
range of application rates.

The two treatments to show the greatest promise
tor weed control were the pre-emergent applications of
nitrofen and diphenamid, although diphenamid
reduced the height growth of the karri seedlings. The
other two pre-emergent herbicides gave unsatisfactory
results, with propazine significantly reducing karri
germination and survival, and chlorthal giving poor
weed control, except at high rates of application. Apart
from nitrofen the post-emergent herbicides significantly
reduced karri stocking and only achieved adequate
weed control at high rates of application. Schuster and
Fremlin (1980) concluded that a pre-emergent
application of nitrofen at an application rate of
3.5 kg ha™! (active ingredient) would be the most
cffective treatment. Ifa post-emergent herbicide were
necessary, which is unlikely, a further application of
nitrofen at 9.0 kg ha™' should prove effective. Shortly
after this trial, however, nitrofen was withdrawn trom
sale.

Breidahl (1984) tested a further four pre-emergent
herbicides using the logarithmic sprayer. These were
simazine (Gesatop), alachlor (Lasso), oxyflurofen
(Goal) and metribuzin (Lexone). The herbicides were
applied in December 1983 a few days after the karri
sced was sown.

Simazine was very non-selective in its action,
controlling both weeds and the karri at high application
rates, but neither at low application rates. Alachlor
gave poor control of broadleaf weeds, which adversely
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affected karri seedling survival and growth.
Oxyflurofen and metribuzin gave very satisfactory
results in terms of both weed control and karri survival
and growth. Optimum application rates were 0.45 and
0.35 kg ha™! (active ingredient), respectively.

A major weed problem in the karri nursery is caused
by large infestations of crabgrass (Digitaria sanguinalis),
which is not adequately controlled by pre-emergent
herbicides. An experiment in January 1984 tested the
cffect of the post-emergent herbicide fluazifop-butyl
(Fusilade) on crabgrass and karri seedling survival and
growth. The results (unpublished data) show that
young crabgrass (1-2 cm diameter) is killed by an
application of 0.5 kg ha™ active ingredient with no
effect on karri seedlings at the two-leaf stage. Large
crabgrass in slightly older karri seedlings (> 5 cm tall)
can be controlled by two sprayings at four-week
intervals of 1.0 kg ha™ active ingredient.

When open-rooted seedlings are transplanted, the
shoots often die back (Loneragan 1971). However, the
plants quickly recover when fertilizer is applied. This
recovery is even better in the absence of competing
scrub. On unfavourable sites they do not recover
quickly enough from the ‘transplant shock’ and cannot
compete with scrub species. This is where
containerized stock is invaluable.

Abnormal Root Development

Breidahl observed that some planted open rooted karri
scedlings initially develop a different root system from
those found in natural regencration. Roots of both
planted and natural regeneration have been excavated
and keyed out using a karri root system key (Fig. 2).

Initial results (Table 10) indicate that in some
instances root systems of open rooted planted karri lack
the strong, vertical taproot, typical of natural
regeneration. The root systems of the open-rooted
seedlings have much larger lateral roots than those that
have regenerated naturally, and where a taproot is
present it invariably runs parallel to the soil surface with
the lateral roots. This may make these trees more
susceptible to windthrow.

This development of the root system of open-rooted
seedlings may be caused by a combination of the
following factors.

1. Fertilizer: which is applied only to hand planted
regeneration.

2. Planting technique: Hocevar (1980) found that for
certain tree species planting in a spade line resulted
in a shallow root system with no apparent taproot,
whereas planting in a hole resulted in a deeper root
system with an obvious taproot. The hole made by
a karri planting spear is small and narrow and this
may affect root development. On hard sites the
planting holes may not be deep enough for normal
root development. Planting spears have now been
replaced by ‘Pottiputkis’ which create a larger hole
filled with a container-grown seedling with a
compact root system.
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3. Root undercutting: this nursery technique involves (1) Large lateral roots
physically cutting the main taproot of seedlings in e
order to favour the development of a fibrous root (a) Tap root vertical

system.
mall lateral roots

@
)

(b) Tap root horizontal

. . (A)
4. Soil type: karri taproots scem unable to penetrate a Tap root well developed

clay layer in the soil, tending instead to run parallel
to it. In some areas this clay layer is very close 1o
the surface and on these sites even the natural
regeneration is unable to produce a strong taproot.

\
./

b

rge lateral roots

/
/

(2) Small lateral roots

Containerized Nursery Stock

Containerized seedlings were not used in the past
because of their greater cost compared with open-
rooted seedlings. Loneragan (1971) found that the (
roots of peat-potted seedlings appear to be unchecked

at the time of planting, enabling them to take B
possession of a site quickly. This is an important factor Tap root poorly developed
on unfavourable sites.

(1) Large lateral roots

\

a) Tap root vertical

\
/

(2) Small lateral roots

(1) Large lateral roots

/

Compressed peat pots were found to produce (6) Tap root h@ tal
healthier and sturdier seedlings in greater numbers, in -y
shorter periods and more cheaply than any other type (2) Small lateral roots

of container (Loneragan 1971). Containerized stock is
now used exclusively: mechanized nursery operations
have narrowed the price differential with open-rooted
stock, survival in the field is more reliable, seed usage is (1) Large lateral roots
reduced, it can be sowa later in the scason and there is © /

less root distortion in planting. Alternatives to peat Tap root indistinguishable

pots have been introduced with excellent results. \
(2) Smail lateral roots

Figure 2. Karri root system key.

TABLE 10
Effect of soil type and regeneration method on karri root systems.

SOIL TYPE

ROQOT TYPE LOAM SAND PODZOL ClAYe
{from Fig. 2} N H/P N H/P N  H/P N  H/P
Aa 1l and 2 17 Q - 3 - 3 - -
Ab 1 and 2 ; 6 - 3 . 3 - -
Bb 1 ond 2 - o] - 3 - 3 - ]
Clond?2 - 4 - % - | 2 2
Total No. of seedlings 17 25 . M - 10 2 3

Source : Breidahl (unpublished)

N Natural (seed tree) regeneration
H/P Hand pilanted regeneration

a Close fo surface

Wouon
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EFFECT OF FERTILIZER AND PLANT
SPACING ON EARLY GROWTH

Increasing nutrient availability and growing space for
young karri regeneration could significantly improve
carly growth and subsequent yicld of regenerated
stands. As a result, several experiments testing the
effect of fertilizer, initial spacing, and their combined
ctfect, on the growth of karri scedlings have been
established.

Fertilizer

Although the stimulating cffect of ashbed on the
growth of karri scedlings has long been known, the
nature of the response was not well understood until
1960. Hatch (1960) showed that karri ash contains
significant amounts of phosphorus, calcium,
magnesium and potassium. He also found that other
marked chemical and physical changes are associated
with ashbeds. These include increases in pH and to1al
soluble salts and the formation of calcium carbonate.
However, soil organic matter is reduced by high
temperature burns.

The major effect of ash in stimulating karri scedling
growth (grown from sced) in pots is attributed to an
increase in the supply of phosphorus to the plant
{Loncragan and Loncragan 1964). In the absence of
ash, addition of phosphorus up to 22 t ha™ increased
dry matter production of the shoot by 600 per cent.
Application ef ash alone increased height growth by
158 per cent, diameter growth by 200 per cent and
dry matter production by 300 per cent. However, in
the presence of phosphorus the response 1o ash
disappeared, the interaction being significant at
P <0.001 (Table 11).

TABLE 11

Effect of phosphate fertilizers and ash on the growth of
karri seedlings grown for four months in pots of karri topsoil.

Loneragan and Loneragan (1964) also found that
ash treatment greatly increased nitrogen supply. In the
presence of all known nutrients except nitrogen karri
scedling grewth was poor. In the absence of nitrogen
the addition of ash doubled dry matter productien of
the shoot, but in the presence of nitrogen there was no
response to ash (Table 12). Loneragan and Loneragan
concluded that under all conditions phosphorus and
nitrogen supply are the major limiting facters in the
growth of karri scedlings on the soil examined. The
primary cffect of ash was to increasc the supply of
phosphorus, but the combined effect of nitrogen and
phosphorus was also very marked.

TABLE 12

Effect of ammonium nitrate and ash on the growth of karri
seedlings grown for four months in pots of karri topsail.

DRY WEIGHT OF SHOOTS
lgx 107 per plant)
- Ash + Ash
- Ammonium Nitrate 8 19
+ Ammenium Nilrote 86 86

Source : Loneragan and Loneragan (1964)

Under ficld conditions the two major factors
influencing the early growth of karri are nutrient supply
and compettion from other plants (Loncragan 1971).
Whether the increase in growth caused by fertilizer
application was owing to an increase in nitrogen or
phosphorus or both was not studicd by Loneragan
(1971). Potred scedlings showed a greater response to
tertibizer in terms of height growth than o the removal
of compctition or to planting on an ashbed. Atage 2.5
years the mean height of seedlings with fertilizer on a

SUPERPHOSPHATE (kg ha™!)

0 500 1250 3125

ASH FORM OF
it ha' PHOSPHATE DRY WEIGHT OF SHOOTS (g x 10" per plant)
0 Na 4 67 69 76
K 4 66 70 50
2.75 Na 8 69 66 74
K 7 71 77 77
8.25 Na 12 72 72 8
K 13 77 79 84
24.75 No 18 7e 82 Y7
K 28 70 84 75

Source ' Loneragan and Loneragan (1964)
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recently burnt area was 3.1 m. Withour fertilizer on the
same site, the mean was 1.8 m. Fertilizer, therefore,
increased growth by about 70 per cent. The response
of wildings was similar, although variability within the
treatments resuited in the responscs not being
significant. The effiect of fertilizer at the time of
planting was found to continue for at least five years.

Until 1970 no field experiment had been established
to determinge:

(1) which nutrient is most important;

(2) which phosphorus:nitrogen (P:N) ratio is most
suitable; and

(3) which quantities of nutrients should be applied to
achieve rapid early growth of young karri secdlings
at reasonable cost.

Christensen (1974) examined the effect of various
P:N ratios and total quantities of fertilizer on growth of
top-trimmed wildings. All treatments except those
without phosphorus increased height growth
significantly (P<0.01), with the higher P:N ratios giving
slightly better results. Superphosphate alone was
among the best treatments. There was little or no
increased growth with increasing rates of application
(above 5 g of P and N per scedling), and little or no
difference between a quick and slow acting nitrogenous
fertilizer.

The more important conclusions of Christensen
(1974) were:

(1) important early growth increases in the first
12 months were obtained using fertilizer at time of
planting;

(2) phosphorus was morc important than nitrogen in
promoting this early growth. Phosphorus alone
gave very good height growth, but nitrogen alone
was no better than the control;

(3) high rates of application (>5 g/seedling of P and
N) increased mortality and provided no significant
benefit to eadly growth; and

(4) significant cost savings could be achieved by using a
P:N ratio of 3:1 with superphosphate as the
phosphorus source, and Urea or Nitroform as the
nitrogen source.

The research of Christensen (1974) and Loneragan
(1971) was located on the red karri loams classified as
Gn 2.15 by McArthur and Clifton (1975). With
continued cutting, felling operations gradually moved
into mixed karri-marri forests on gravelly yellow
podzols. Schuster (1982) designed a new experiment
to determine the type, rate, timing, placement and cost
efficiency of fertilizer on these soils.

Type and Application Rate

Five fertilizers were tested. These were
Superphosphate /Urea, Superphosphate/Agran,
Magamp, Agras No. 1, and Vigran 9:9:9. Each of the
fertilizers was applied at three differcnt rates

corresponding to 5, 10 and 15 g of elemental P. The
fertilizers were applied one month after planuing and
placed in a shallow hole 10 cm uphil! from the seedling.
All reatments produced significantly greater growth in
all parameters (height, diameter and biomass)
14 months after planting, compared with the untreated
control (Table 13a) (Duncan’s Multiple Range test
P = 0.05). Generally, both Vigran 9:9:9 and Agras
No. 1 produced better growth than the other three
fertilizers. In most cases there was litde gain from
increasing the application rate of fertilizer above the
lowest rate applied (5 g P/plant)(Schuster 1982).
Survival levels were acceprable (minimum 80 per cent)
in all reatments except the Vigran 9:9:9 and Agras
No. 1 at both 10 and 15 g P/plant treatments
(Table 13b). Generally, survival levels decreased as
application rates increased, a finding supported by
Christensen (1974) who attributed the effect to
nitrogen. The fertilizers with the highest N levels,
Agras No. 1 (18 per cent) and Vigran 9:9:9 (9 per
cent) produced the highest mortalities in this
experiment.

Great care should be taken when applying N to
karri seedlings under operational conditions {Schuster
1982).

Place of Application

The options tested were surface applications in a circle
of 30 cm radius around the plant, a spot 10 cm uphill
and a spot 10 cm downlhill from the plant. Buried
applications were placed 10 cm uphill, 20 cm uphill,
10 cm downhill or 20 ecm downhill from the plant
(Schuster 1982).

Although there were no significant differences in
height growth increment, burying the fertilizer 10 cm
uphill or 20 cm downhill from the plant produced
slight increases in height growth and plant survival
(Table 14a). The only treatment that produced
significantly lower survival was the surface application
10 cm uphill from the plant.

Time of Application

The times of application tested werce: at planting; two
weeks after planting; four weeks after planting; eight
weeks after planting; at planting and four weeks after
planting; at planting and ecight weeks after planting;
and at planting, four weeks after planting and eight
weeks after planting. Progressively larger height
increments resulted from increasing the time between
planting and fertilizing from 0 to 2 to 4 weeks
(Schuster 1982). However, increasing this to eight
weeks resulted in no improvement in growth compared
with fertilizing at planting. The treatments at planting-
plus-four-weeks after planting, at planting-plus-eight-
weeks after planting and at planting-plus-four-wecks
after planting plus-eight-weeks after planting did not
result in significant increases in growth compared with
the simple treatment four weeks after planting, which is
operationally the most feasible (Table 14b).
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TABLE 13a

Effect of fertilizer type and rate of application on growth

of karri seedlings 14 months after planting.

HEIGHT GROWTH DIAMETER GROWTH ABOVE GROUND BIOMASS
Treaimeni Mean height Tiealment Mean diam Treatment Ovendiied
{type & role) increment {lype & rote) increment {type & rate) biomass
fom} fem) (gl

N 49.5 N 0.61 N 110.1
Cl B2.4 i 0.79 Bl 235.0
Bl 88.4 B1 0.89 @3 269.4
C3 Q1.2 C3 0.94 €1 280.8
A3 9.0 D2 Rl fl B3 2082.6
B2 102.0 D1 1.13 A3 355.4
Al 1629 B3 143 A2 357.1
D2 105.4 A2 1.14 B2 386.9
A2 108.7 A3 1.14 El 3971
Cc2 109.4 Al 1.15 D2 399.1
D1 T8 E2 () E3 401.3
£2 Lz E2 e €2 402.0
B3 117.6 E3 1.23 £2 41B.3
D3 126.6 B2 1,25 Al 4219
E3 120.6 £l 1.30 D1 529.1
El 129.2 D3 1.36 D3 5704

Source : Schuster (1982)

TABLE 13b

Effect of fertilizer type and rate of application on survival

of karri seedlings 14 months after planting.

TREATMENT SURVIVAL GRAMS
ltype & rate) {%) N/ree
A 2252, .
D2 759 22
B2 75.9 18
D3 796 33
A3 87.0 15
Dl 88.9 11
A2 88.9 10
B3 88.9 21
Ci 88.9 3
(@2) Q0.7 10
N Q2.3 0
Al Q2.6 )
B2 Q2.6 14
Bi Q2.6 7
E) Q6.3 Q
(€ @8.1 7

Source : Schuster (1982)
Treatments tor Tables 13a and 13b

ng®MweszZE
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control (nil application) 1
super / ureo 2
super / agran 34 3
Maogomp

Agras No. 1

Vigran 9:9:9
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5 g elemental P/plant
10 g elemental P/plant
15 g elemental P/plant

The suceess of the simple four weeks atter planting
application is likely to be a consequence of increased
root activity resulting from warmer soil temperatures,
and the recovery of the seedling from post-planting
shiock (Schuster 1982), making the plane more efficient
at nutrient uptake. The reduced effect of the fertilizer
application at planting may be owing to velatilization
of N, and !caching of N and P away from the plant,
before active nutrient uptake had begun. The poer
result for the planting-plus-cight-weeks after planting
application may have resulted from lack of nutrients at
the begmning of the growing season. Woods (1976)
obscrved a similar result with P radiata seedlings.

Refertilizing One-year-old Karri

Schuster (1982) reported an experiment aimed at
determining the potential for improving growth of one-
year-old karri (fertilized at planting with 60 g of
Superphosphate Urea mixture) with a further
application of Agras No. 1 at 126 g/tree, Vigran 9:9:9
at 250 g/tree, and Magamp (slow release) at

56 g/trec (all of which are cquivalent to 10 g of
elemental P/tree.)

The fertilizer was buried in a hole 10-15 cm uphill
from cach tree. Only Vigran 9:9:9 significantly
increased (p = 0.1) height growth over the control in
the year after refertilizing (Table 15). All trearments
showed greater than 95 per cent survival, Ne
cconomic advantage was seen in refertilizing onc-year-
old karri with any of the options tested.
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TABLE 14a

Effect of placement of Agras No. 1 fertilizer on height growth
and survival of karri seedlings 13 months after planting.

SURFACE APPLICATIONS BURIED APPLICATIONS
Distance from
plant {em| 30 10 10 10 20 10 20
Position * € U U U D D
Height growth
increment (cm) 154.8 107.4 146,2 168.7 119.2 1872 162.2
Survival .
percentage 85.2% 63.0 g84.0% 85.2° 88.9¢ g7.7% 91.4%
Source : Schuster (1982)
Dota annotated with the same lefter are not significantly different at p = 0.1 (Duncan’s Multigle Range Test)
No significant differences In height growth were noted
* U= uphil from plant
O = downhiill from plant
C = circle around plant
TABLE 14b
Effect of timing of Agras No. 1 fertilizer application on
growth and survival of karri seediings 14 months after planting.
TIME OF APPLICATION
P P+2 P+4 P+8 P P P
P+4 P+8 P+4
P+8
Height [cm) 109.1¢ 126,80 148.3%° 105.6° 166.7° 11745 16640
Survival
Percenlage 86.19 77.8° 84.0° 91.4° 95.1° 85.2° 85.2%

Source: Schuster (1962)

Where two or more application times ware tested, the same total amount of fertilizer was used as In the single application

* P = time of planting
P+ 2 = 2 weeks after planting

TABLE 15

Effect of refertilization on height growth of one-year-old
planted karri (assessed one year after refertilizotion).

FERTILIZER CONTROL  MAGAMP AGRAS VIGRAN
No. 1 999

Rele of 0 56 124 250

application

{g/tree)

Height

increment (e 10828 104.0°  106.3°  124.3°

Source: Schuster (1982)

Data annotated with same letter are not significantly different ot
p =001 (Duncan’s Multiple Range Test)

Data annotated with same letter are not significantly different at p = 0,01 (Buncan’s Multiple Range Test)

Cost Effectiveness

Although growth increments arc very impertant when
choosing an appropriate fertilizer regime, cost is also
important. Schuster (1982) noted that although
Vigran 9:9:9 and Agras No. 1 were the best fertilizers
for growth promotion, they were expensive. Somec
simple measures of growth rate per unit cost of
materials were devised, 10 asscss cost cffectiveness
{Schuster 1982). These are cm/cent (height),
cm/cent (diameter) and g/cent (biomass). Each
measure was obtained by dividing the growth
increment for cach factor (height, diametcr, biomass)
by the cost per plant for materials (Tables 16 a,b,c).
Cost effectiveness decreased markedly as rates of
application increased. In all cases the 5 g/plant
treatment is the most cost effecrive. Superphosphate
plus Urea is the most cost effective treatment, although
its effect on plant grewth is inferier to both Vigran
9:9:9 and Agras No. 1. Magamp and Vigran 9:9:9 are
consistently the least cost cffective of the fertilizers
tested.
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TABLE 16a

Cost effectiveness of height growth of karri seedlings
for each fertilizer type and application rate tested.

TYPE OF COST EFFECTIVENESS OF
FERTILZER HEXGHT GROWTH AT THE VARIOUS
APPLICATION RATES TESTED
{expressed os cm/cenl)
5 g P/plant 10gP/plant 15 g P/plont
SuperlUrea 1.90 1.00 0.56
Super-Agran 34 1.19 0.81 0.69
Magamp 0.18 0.17 0.08
Agras No. 1 117 0.5 0.47
Vigran 9:9:9 0.87 0.37 0.27

Source : Schuster (1982)

TADLE 16b

Cost effectiveness of diameter growth of karri seedlings for
each tertilizer type and application rate tested.

TYPE OF COST EFFECTIVENESS OF
FERTILIZER BIAMETER /GROWTH AT THE VARIOUS
APPLICATION RATES TESTED
{expressed as cm/cenl|
5 g P/plant 10 P/plant 15 g P/plant
Super-Urea 203 0.95 0.04
Super-Agran 34 1.35 0.94 .58
Maogamp 0.21 0.15 0.08
Agros No. 1 1.02 0.50 0.41
Vigran 9:9:9 0.69 0.32 .22

Source : Schuster (1982)

TABLE 16¢

Cost effectiveness of above ground biomass production of
karri seedlings for each fertilizer type and application rate
tested.

TYPE OF COST EFFECTIVENESS OF INCREASED
FERTILIZER SHOOT WEIGHT AT THE VARIOUS
APPLICATION RATES TESTED
texpressed as cm/cent}
5gP/plant  1@gP/plani  15gP/plani
Super Urea 7 135 301.7 200.1
SuperAgran 34 355.0 292.3 142.4
Mogomp 76.9 55.0 24.5
Agros No. 477 .8 180.2 171.7
Vigran 9:9:9 213.2 120.2 71.8

Source : Schuster (19682)

A new experiment was begun by Breidahl in 1984,
(unpublished). This attempted to identify the most
cost cffective fertilizer treatment for planted karri
scedlings. The trial tested eight readily available
granular fertilizers, including Agras No. 1. Each
fertilizer contained varying concentrations of P, while
some afso contained varying concentratiens of N
potassium (K) and sulphur (S). In addition, there was
an unfertilized control.
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Each fertilizer was applied at the ratc at which
5 g/plant of P was supplied to the seedlings, after the
research of Christensen (1974) and Schuster (1982).
This varied from 22 to 71 g/plant of fertilizer. The
fertilizers were applied in July 1984 in a shallow hole
10 cm uphill from the scedlings, four weeks after
planting. Height growth was measured 18 months
after application (Table 17).

All of the fertilizers tested resulted in significantly
greater height growth of the seedlings compared with
the unfertilized control. Grearest height growth was
achicved using fertilizers containing both P and N.
Neither K nor § had any effect on the growth of the
seedlings. No benefit was gained by increasing the rate
of N above 2.5 g/plant, thus the Agras No.1
treatment (11.5 g N, 16 g S) was wasteful of both N
and §.

Two fertilizers - MAP (monoammionium
phosphate) and DAP (diammonium phosphate) -
resulted in at least as good carly heighe growth as Agras
No.1 at less than half the cost. Although these
fertilizers are more expensive per tennc than Agras
Noe.1, their much higher concentratiens of P means
that far less is required per scedling. This leads to cost
savings in both purchasing and application.

As a result of this experiment, operational practice
now is to fertilize plnted karri seedlings with
25 g/plant of DAD.

Planting and fertilizing are combined into onc
operation. Planters carry a bag of DAP rablets as well
as their normal bag of plants. Tablets are placed in a
spear hole approximately 10 em uphill from the planted
scedling. The DAP tablets are cempressed granules of
normal DAP fertilizer combined with a binding agent,
sodium sterate (<1.0 per cent). Alcoa of Australia have
been using these rablets in revegetating their bauxite
pits for a number of years and have found that they at
least match granulated fertilizer in terms of grewth.
Obscrvations have shown that the tablets break down
quitc readily with water, but release is slow enough to
allow roots to establish befere the nutrient is lcached.

No fertilizing cxperiments have been monitored
over a long period, so information about the effect of
fertilizer application at establishment on long term
growth or en other site factors is not available.
Research is required in this arca.

Spacing

A karri spacing experiment was cstablished in 1971 and
mecasured in 1977 (Schuster 1978). Spacings tested
were 1.2 m x 1.2 m (6727 s.p.ha), 1.83 mx 1.83 m
(2990 s.p.ha), 2.74 m x 2.74 m (1329 s.p.ha),
3.66m x 3.66 m (747 s.p.ha), 457 m x4.57 m
(478 s.p.ha) and 6.09 m x 6.09 m (269 s.p.ha). At
cach spacing the fargest 12 trees were measured. This
corresponds to a 100 per cent samiple at the widest
spacing, but only a 4 per cent sample at the closest
spacing.
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TABLE 17

Effect of fertilizer type on mean height growth and cost effectiveness,
18 months after application to recently planted kari seedlings.

TREATMENT P N K S FERT. TOTAL MEAN HT COST b
g /PLANT COSTS COSTS ~ GROWTH EFFECTIVENESS
{$/ha)  {$/hal”  fcm)

Control 0 0 0 0 0 0 117 .
Agras No. 1 {65 g/plant} 5) 1135 0 10.5 204 40.4 192 50
Agras No. 2 {48 g/plani} 5 6 0 6 142 31.2 194 78
DAP (25 g/plant] S 4.5 0 0 99 14.9 194 163
MAP (22 g/plon) 5 2.5 0 0 12.8 17.8 205 144
Pofolo € {71 g/plant) 3 2.5 4. 0 15.8 35.8 199 70
5-1 Super-pot (68 g/plant) 8 0 5 0 12.3 32 178 69
TSP (25 g/plant) 5 0 0 0 8.6 13.6 180 165
Superphosphate {55 g/plant] 5 0 0 0 8.1 26.1 180 86

Source : Breidahl (unpublished internal report)
L]

(@) 65-71 g/plant =
(=)} 55 g/plant 5=
©) 48 g/plant =
(d) 22-25 g/plant =
B Cost effectiveness =

colculated by adding fertilizer costs to the following estimated application costs (costs at 1 April 1985):
$20/ha (requires separate fertilizer application)
$18/ha (requires separate fertillzer application)
$17/ha (requires separate fertilizer application)
$ 5/ha (ferfilize at scme fime as planting)
mean height growth (cm)

cost of fertillzing (cents/plant)

No significant differences berween treauments in
terms of crop tree height and diameter growth were
found, though there was a wend towards increased
height growth in the closer spacings (Table 18a). The
lack of any diameter increment response with increased
spacing could be owing to one of two reasons. The
advantage of increased growing space at wider spacings
may be offset by greater genetic selection and
occupancy of favourable microsites at closer spacings,
or the dominant trees may be effective at utilizing their
site even in dense stands.

TABLE 18a

Effect of initicl spacing on diameter and height growth
of karri at six years of age (Muirillup Experiment),

SPACING (m} HEIGHT [m) DIAMETER (cm)
1.22 Q.06 Q.22
1.83 Q.17 10.43
274 8.1¢ ?.95
3.66 772 8.97
4.57 L0 )5) 10.57
6.09 7.3 10.12

Sowrce : Schusler {1978}

TABLE 18b

Effect of initiai spacing on the length of clean boles
at six years of age (Muirillup Experiment).

Trees in the two widest spacings had significantly
lower crowns than those in any other treatment. This is

.owing to a higher crown density at the closcr spacings

which obstructs light from the lower branches.
Schuster (1978) noted that mean values of stem height
to the base of the crown can be used as a measure of
form and, therefore, future suitability for sawlog usc
(Table 18b). This experiment was located on former
farmland and early scrub development was controlled
by cultivation. Under norma! forest conditions the
dense scrub which is usually present would help shade
the lower branches thus producing trees with longer
boles and better form.

Although trees in the closest spacings had the
highest crowns and the best form, stem mortality was
high (Tablc 19). The suppressed stems indicated in
Table 19 are those that were considered likely to die
before the first commercial thinning, which will
probably take place at about age 30 (Schuster 1978).
These suppressed stems have resulted in the trees in the
closer spacings having excellent form, yet the
suppressed stems will not form part of the yicld at first
thinning. It must, therefore, be decided whether the
cost of planting them is worth the improved yield on
the crop trees as a result.

Spacing (m} 1.22 1.83 2.74 3.66 4.57 6.09
Height to crown base [m) 3.35 2.38 2.18 77 1.04 7.18
Source : Schuster (1978)
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TABLE 19
Effect of initial spacing on stand heatth of karrl (Muirillup Experiment).

INITIAL STEM SUPPRESSED PRESENT
SPACING STOCKING SURVIVAL? (%) STEMSb STOCKING
fmj [s.0.hal AT AGE 6 YEARS (%) [VIGOROUS s.p.ha)
1.22 6727 Q0 8 25.1 4575
1.83 2990 %0.7 16.6 2262
274 1329 Q6.5 17.0 1064
3.66 747 94.0 s 702
457 478 G8.7 472
6.09 269 8/.5 - 785

Source : Schuster (1978)
@ stem survival expressed as a percentage of initial stocking.

b suppressed stems expressed as a percentage of surviving stems.

In planted karri stands, a compromise has to be
made between close spacing which promises good
form, and wider spacing, which is cheaper to cstablish
and requires less thinning, buc which results in heavy
branching, lowering the future sawlog valuc of crop
trees. Current operational practice is to plant karri
seedlings at a spacing of 2.5 m x 2 m {2000 s.p.ha).

Another spacing experiment was established in 1982
on a lower quality clear felled karrt coupe at Nairn
Block. The four spacings established were: 2 m x 2 m
(2500 s.p.ha), 4 m x 2 m (1250 s.p.ha), 4 m x 3 m
(833 s.p.ha) and 5 m x 4 m (500 s.p.ha). This
experiment was measured in 1988 when the trees were
six-years-old. Trees in the closest spacing (2 m x 2 m)
were significantly shorter than those in the other
spacings (Table 20a). This contrasts with Schuster’s
noted trend of aller trees with closer spacing. Of the
largest 108 trees/ha, the mean diameter of trees in the

(1) spaced and fertilized (+S, +F)

(2) spaced and not fertilized (+8, -F)
(3) not spaced and fertilized (-S, +F)
(4) not spaced and net fertilized (-S, -F)

The spacing treatment reduced stocking from over
5000 seedlings/ha to 1500 s.p.ha. This was achieved
by placing bags over sclected stems and then spraying
unwanted stems with herbicide (2 per cent 2,4,5 T).
The fertilizer reatment was 150 g of Nuatrifert per tree
(8gN,17 g P, 7 g K). Hcight and diameter of the
fargest 125 s.p.ha were measured nine years after
treatment.

TABLE 20a

Effect of initial spacing on diometer and height growth
of kari et six years of age (Nairn Experiment).

closest spacing (2 m x 2 m) was significantly less than SPACING (m} HEIGHT [m) d.b.b.e.b. [cm)

all other spacings. The mean diameter of the largest of largest 200 s.p.ha

100 trees/ha in the widest spacing (5 m x 4 m) was

significantly greater than all other spacings. This trend 2x2 699 ° 9.62 ¢

is repeated with the largest 200 s.p.ha. AR 7.68 b 1156 b
The height to the first live branch is significantly Ixd 8 07 b 11.37 b

greater in the closest spaced plets indicating that, at 5x 4 80?2 b 12.32 €

this stage, these trees arc shedding branches more
cfhciently than in the widely spaced plots (Table 20b).
Hecight to the first live branch was smallest in the most
widcly spaced plots (47 per cent less than closest
spacing). Stem mortality did not vary significantly
between spacings.

This experiment is continuing to further quantify
the effect of initial spacing on growth and form under
opcrational conditions. Further refinement of spacing
for operational planting can then be made if necessary.

Source: Hewett (unpublished data)

Date annotated with the same letter are not significantly different
at p =0.0S (Tukey test)

TABLE 20b

Effect of initiml spacing on the length of clean boles af
six yeers of age (Nairn Experiment),

; o . i S5x4
Combined Effect of Fertilizer and Spacing Sp(?cmg tm} _ e o Gl ¢
Height to |t live
A fertilizing and spacing experiment was ¢stablished in braach {m} 25589 1 95 b 193 b 1404€

a one-year-old seed tree regenerated stand in Gray
Block, west of Manjimup by Christensen in 1968. It
consisted of four trearments with no replication. The
treatments werc:
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Source: Haweft (unpublished dota)

Data onnotated with the same letter are not significontly different
atp =005 (key test)
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Dominant trees in the spaced and fertilized plot
were significantly Jarger in terms of both total height
(40 per cent) and d.b.h.o.b. (50 per cent), than
dominant trees in the unspaced and unfertilized plot,
the unspaced and fertilized plot, and the spaced and
unfertilized plot (Table 21). Fertilizing without
spacing significantly increased height growth (14 per
cent) (Chi-squared test). Spacing without fertilizing
led to small non-significant increascs in both height and
diameter growth.

These results must be viewed with considerable
caution because of the lack of replication of treatments.
Nevertheless, the response to spacing and fertilizing is
too great to be explained solely by site differences.
Fectilizer application to the spaced plots appears to
have stimulated the retained trees to take full advantage
of their increased growing space. Without this stimulus
the rerained trees do not appear to have responded to
increased space. Perhaps the extra space was more
readily utilized by the competing understorey. This
experiment highlights that a response to both increased
growing space and fertilizer addition is possible at a
very carly age.

TABLE 21

Effect of spacing, fertilizing, and a combination of both
treatments on the growth of young even-aged kairri
regeneration. Data are mean (z 5 cm) for each plot.,

TREATMENT HEIGHT DIAMETER AT

(mi BREAST HT
fcm)

Not spaced [-S)

Not fertilized |-F) 11.15 [+ 0.74) 10.17 (£1.02)

Not spaced |-S}

Fertilized (+F} 12.66 (£ 0.68) 11.32 {x 0.88)

Spaced {+5)

Not fertilized [-F) 11.99 {+ 0.74) 11.13 {x 1.05)

Spaced {+S}

Fertilized [+F) 15.58 [+ 0.75) 15.25(+1.16}

Source : Schuster (unpublished)

SEED PRODUCTION AND IMPROVEMENT

A program for karri seed production and improvement
was established in 1972 to produce a regular, long-term
supply of readily collected, high quality karri seed at
reasonable cost. The scarcity of karri seed and the high
cost of its collection is a long standing concern. The
cost of pure seed collected from felled trees in routine
logging opcrations in 1988 was at least $3 100/kg.
Seed tends to be collected from most trees,
regardless of form or vigour, so the chance of attaining
werthwhile genetic gains is small. With the area of
virgin karri forest being logged decreasing every year

and the resulting regrowth producing little or no seed
for at least 50 years, karri seed is becoming more scarce
and more expensive. As a consequence, karri seed
orchards and seed production areas need to be
developed to cnsure the long-term supply of adequate
quantities of seed at reasonable cost.

A breeding program for karri needs to be
developed to ensure that the genetic quality of seed
produced in sced orchards and seed production areas is
maintained. Provenance trials of karri have been
planted to enable the identification of superior
provenances and families from throughout the karri
range. In addition, progeny trials associated with each
seed orchard will enable the culling of families
displaying poor form or low seed production from the
breeding program.

The ability to vegertatively propagate (clone) karri
would lead to the potential for large improvements in
the productivity of regenerated karri stands. The first
step would be the establishment of clonal seed
orchards. Eventually regeneration of logged stands
could be carried out using clonal material. Early
results using air-layering, grafting and cuttings were
poer, but success was later achieved with grafting,
cuttings and tissue culture.

Provenance Trials

The discontinuous nature of karri occurrence and the

‘occurrence of outlier populations suggest that there

may be some genetic variability in karri. These
differences in genotype, if present, would result in
differences in phenotype if trees from different
populations were grown in the same environment.

This leads to the possibility of improving yield from the
karri forest by regenerating an area with seed or
seedlings grown from seed of a provenance that grows
best in that area.

Provenance trials were thus established in 1970.
Since then Coates and Sokolowski (1989) have shown
that in the karri forest ‘geographic range is not
necessarily an accurate predictor of genetic variability’
p. 153. They showed that ‘Most of the genetic
variation in karri is due to variability within
populations [....] rather than differentiation between
populations’ p. 151. Nevertheless, provenance trials
were established to test the performance of seed
collected from ‘superior’ trees throughout the karri
range. The selection criteria of the parent trees were:
dominance, a high branch-free bole, crown vigour and
the absence of stem defect, except where caused by an
external agency such as fire (Schuster 1979b). Various
tree parameters were measured for each tree from
which seed was collected. The first trial plantings were
established on two sites, formerly farmland, in the
Warren and Gardner valleys, half being planted in 1972
and the other half in 1973 to give a total of four trial
plantings. Despite good site preparation, survival was
poor owing to both competition from grass and
browsing by rabbits. Five superior trees in every plot of
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ten (plots based on forest blocks and river systems) were
measured at age four for height and diameter. Analysis
of differences in height growth between the familics is
limited owing to poor survival. Individual families were
therefore grouped according to forest block. In all four
plantings, the famitics exhibiting supcrior growth came
from within the main, higher rainfall range of the
specices, with the exception of the Porongurup Range
familics in the 1972 trials. Families collected from
within the main karri range also showed a trend
towards greater diameter growth. Within-family and
within-block variations were as great as any between-
block variatiens. Early results from these provenance
trials indicate that breeding from superior families may
result in an increase in timber volume production.
However, further assessment of provenance variation
would be required before decisions could be made
based on these results.

Thesc provenance trials were thinned heavily (1o
100 s.p.ha or 200 s.p.ha) both within and berween
familics in 1978 (age five to six) to form the frst karri
sced orchards. A new sct of provenance trials was
cstablished in 1979, involving 120 families from the
main karri range and the major outliers. These trials
will enable the long term assessment of provenance
variation with regard to vigour, form and wood quality
(Breidahl 1983a).

Sced Orchards and Seed Production Areas

A seed orchard (SO) is a plantation of sckecred clones or
progenies which is isolated or managed to avoid or reduce
pollination from outside sources, [and] managed to
produce frequent, abundant and easily harvested crops of
seed. (Feilberg and Socgaard 1975, p. 1)

A seed production area (SPA) is a plantation or
nawural stand managed to produce frequent, abundant
and casily harvested seed (Breidahl 1983a).

Since the carly conversion of provenance trials to
sced orchards, other arcas have been specifically planted
as seed orchards. Progeny trials have been planted in
conjuncuion with the seed orchards to test the growth
and form of the various familics under normal
operational conditions. Results from the progeny trials
will be used to cull the poorest performing families
from the seed orchards. A total of 34 ha of seed
orchard was planted at three locations in 1980 and 6 ha
werce planted in 1981. A further 15 ha of seed
production arcas were established during the period
1976-1980. All of these plantings have been on karri
sites largely within the main karri range, and carly
indications are that sced production osn these sites will
be poor.

A review of the literature and a survey of karri
plantings throughout the south-west have identified a
set of environmental conditions which appear
conducive to heavy seed production.
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Factors Affecting Seed Production in Seed
Orchards

Despite Loneragan’s review of the factors affecting sced
production in virgin karri forest, little is really
understood world-wide about conditions that are
conducive to flowering and seed production. Inan
even-aged regrowth stand very little seed is produced
for at least the first 50 years. However, in artificial
conditions such as off-site sced orchards and widely
spaced stands, karri may sced as young as five years of
age.
Between 1972 and 1981 a total of 65 ha of karri
sced erchards and sced production arcas was
established. Mest of these are located within the main
karri occurrence on karri sites. The oldest of these seed
orchards and sced producing areas have reached an age
at which they should be producing reasonable
quantitics of sced. At this stage, however, sced
production is belew cxpectations and this will affect the
cconontics of sced collection.

An extensive literature review (Breidahl 1983b)
indicates that a scparate sct of environmental
cenditions is required, firstly for bud initiation, and
secondly for seed development. Bud initiation appears
to be favoured by low summer soil moisture levels,
high summer and possibly low winter temperatures and
high levels of light cnergy. Bud and capsule
develepment appears to be favoured by high winter
and spring soil moisture levels and high soil nutrient
fevels.

Soil Moisture Levels - Most litcrature indicates
that while some moisture stress is required ar exactly
the right time to promote flower initiation, soil
moisturce levels must be high both before initiation (the
preceding winter and spring), and for flower retention
and seed development after initiation (Breidahl 1983h).
Danicl et al. (1979) working on conifers state that

above-average cone crops are associated with unusually

warm, dry conditions at the time of initiation of primordia

[...] and unusually high rainfall at the time of flowering

(p. 141)

Matthews (1963) lists numerous references that
show a reduction in water supply in summer is
frequently associated with flower-bud formation in
woody plants.

Sweet (1975) reviewed numerous studies and noted
that a warm dry summer in any year favours flower
initiation and determination in that year. This
knowledge has probably influenced the siting of seed
orchards in the Pacific north-west region of the USA.
Growth room, and moisture stress experiments support
this and emphasize the importance of the timing of the
moisture stress (Sweet 1975).

There has been much disagreement about the
cffects of moisture stress in promoting flower initiation.
Much of this scems 1o stem from differences in the
timing of the moisture stress and differences between
specices in the season when flower buds are inidated
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(Breidahl 1983b). Overall, it scems that flower bud
initiation is increased when summer moisture stress
coincides with the normal time for initiation. Flower
buds in karri and many other eucalypts are initiated in
mid-summer. After bud initiation in karri there is
potential for enormous losses of buds and capsules
{Loneragan 1979). He found that 90 per cent of
hypanthia were shed between flowering and maturity.
In mountain ash the majority of buds may also be lost
before maturity (Griffin 1980). Moisture stress is likely
to be the major cause. Sweet (1975) acknowledges the
effect of site on post initation losses and concludes that
in the light of all the evidence available ‘it would be
sensible to deliberately choose orchard sites which
enjoy dry summers, and to irrigate following flower
determination’ p. 77.

Soil Nutrient Levels - Evidence from fertilizer
experiments indicates a strong correlation between soil
nutrient levels and seed production (Breidahl 1983b).
Fertilizer application artificially increases flower
initiation and sced production in orchards, although we
do not understand how it works (Sweet 1975). After
reviewing a number of experiments, Sweet found that:

(1)seed orchards must be kept adequately supplied
with all the main and trace elements necessary for
growth; and

(2) orchards should, at the time of flower initiation,
receive an added application of nitrogen to
stimulate flower determination.

The effectiveness of a nitregen source is likely to be
linked to its ability to increase the proportion of
arginine and other guanidines in the soluble nitrogen
pool of the shoot at the time of flower initiation (Sweet
1975). This is a similar effect to that of moisture stress
(Jackson and Sweet 1972).

Light - Photoperiod does not affect flowering in
many frut and forest trees, but light intensity does
(Jackson and Sweet 1972). There is considerable
cvidence that equates flowering with large levels of light
enecrgy (Sweet 1975). For example, it is usually the
edge, open grown or dominant trees in a stand (i.e.
those with well lit crowns) that flower; and that within
these trecs flowering is often heaviest on the side of the
crown facing the sun. This has been confirmed by
thinning and shading experiments (Jackson and Sweet
1972) and has been obscrved in karri (Breidahl 1983b).

The mechanism by which light promotes flowering
is not well understood. Giertych (1977) found that
high light intensity is necessary for floral induction in
short-day plants, but not in long-day plants, and the
effect is not fully explained by photosynthesis. Baxter
{1970) suggests that light acts by decreasing the action
of a floral inhibitor.

Temperature - Higher than average spring/
summer temperatures are important for flower bud
initation (Matthews 1963; Jackson and Sweet 1972;
Giertych 1977; and Daniel ¢z al. 1979). Many years of
observations on the flowering of Pinus ponderosa in

California showed that when the mean monthly
temperature for April and May was unusually high,
abundant flowering followed. With low temperatures
few flowers appeared (Maguire 1956). Giertych (1977)
found that if internal nutritive conditions were
favourable, abundant flowering could be induced by
some external stimulus. He mentions light intensity
and temperature as likely stimuli. Tompsett and
Fletcher (1977) found that moving trees into a
greenhouse favours flower initiation.

Brondbo (1970) theorizes that warm temperatures
in lare spring increase production of a flowering
hormone. This was also found to be the case in some
herbaceous plants (Leopold 1951). The observed
relationship berween high summer temperaturcs and
bud initiation may be indirect, being caused by
moisture stress or high levels of light associated with
high temperaturcs.

In addition to the apparent need for high summer
temperatures, some fruit trees have an additional winter
chilling requirement for good flowering. This is almost
certainly true for a number of forest tree species (Sweet
1975).

Planting Design

Karri sced orchards are planted at 2 spacing of
5 m x 2 m (1000 seedlings/ha). Families are planted in

lincs of ten seedlings, randomly distributed throughout

the seed orchard. The high inital stocking allows for
two or three hieavy thinnings, primarily aimed at
removing the poorest individuals in each family.

Seed for the establishment of karri seed orchards is
collected from trees of good form from the main range.
Seed is collected in roughly equal proportions from the
Donnelly, Warren and Shannon River Systems (Schuster
unpublished). Ideally, in each river system at least five
tributaries including the main valley, should be sampled.
About five families (single trees) should be collected
from each, with the aim being to collect from 100
separatc trees for cach sced orchard (Schuster,
unpublished).

In practice 40-50 families have been collected to
plant in each seed orchard. This is greater than the
recommended minimum required to minimize
inbreeding.

Seedlings from only one river system are included in
any one karri seed orchard. This is to ensurc that all
legged areas arc regenerated with seed or seedlings of
the original area.

Maintenance

The major maintenance operations performed in the
karri seed orchards are thinning, fertilizing, scrub or
grass contro! and pollarding. Thesc operations are
designed to ensure that each tree receives high levels of
nutrients, moisture and light to aid early and heavy seed
production, and te promote development of heavy, low
branching to facilitate seed collection.
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Thinning - Thinning aims to give the best trees
(i.e. best formed and most vigorous) optimum supplics
of nutrients, water, space and light to promotc growth
and secd preduction. Thinning is to be carried out
before any competition for lateral branch development
occurs.

Te reduces stocking from 1000 te 400 s.p.ha, and
should not be done until the trees are tall enough to
cnable a reasonable assessment of their form. This
corresponds to eighteen months to two years alter
plandng. This first thinning removes the least vigorous
and most poorly formed individuals. A second
thinning te 200 s.p.ha at age four years and a third
thinning to 100 s.p.ha at age six to cight years should
retain those trees with the best branching framework
on which the future sced crops will be carried.

The third thinning should result in just one of the
original ten trees remaining in cach family line.
Removal of whole familics based en the results of
progeny trials may be carried out at a later date.
Eldridge (1975) states that

genetic gain from a scedling seed orchard depends largely
on cffective selection within the orchard. For characrers of
low heritability (little additive variance), worthwhile
genetic gain can only be obtained by selecting the best
families. For characters of high hentability, selecting the
best individuals within famifies can be so ctfective chat
sclection of the best families is unnecessary. Herirability
values are still largely uncerrain for most characters and
thercfore it is prudent to assume that they will be lew.
Thus provision should be made for sclections hoth among

and within scedling seed orchard families (p. 135)

Only the peorest 10 per cent of the familics arc
likely to be removed from any of the karri seed
orchards in an effort to maintain as broad a genetic
basc as pessible. This ‘between-family” thinning could
not occur until about age 12 years when trends from
the progeny trials become evident.

Fertilizing - Fertilizer provides trees with a good
supply of nutrients to promote growth and seed
production. After the initial application at planting,
follow-up applications should be made at four-yearly
intervals and involve a breadcast application of initially
50 kg ha™' of N and P {(age four) and subsequently
(greatcr than cight-years-old) 100 kg ha™ of N and P.
Unitil recently only P was used. However, it is
suspected that a fertilizer containing at least somie N
would be morc offective. Unformnately, fertilizers with
a nitrogen componcent arc expensive.  Experiments
using clover under the sced orchards are needed. Apart
from supplying N, the clever should reduce the scrub
contrel problem that eccurs on recently cleared Jand.

Serub and Grass Control - These operations arc
designed to minimize compcetition with trees for
nutrients, moisture, space and light; help the
development of large, low branches; and minimize the
risk pesed by fire. They are currently programmed fer
two-yearly intervals (on all areas except those where a
grazing lease has been established). They should be
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carried out whenever the scrub or grass is shading out
the lower branches or causing a fire risk.

Scrub centrol should, where possible, coincide with
fertilizing and thinning so that maximum benefit can
be obtained from these operations. Scrub control is
usually achieved by inter-row slashing using cither a
tractor or handslashers. The methed used ultimately
depends on the availability of labour and machines,
The hydro-ax has proved to be very cffective in scrub
contrel operations.

Poltarding - Pollarding (or branch lopping) is
currently being tested experimentally. Pollarding aims
te promete the develepment of heavy, low branching
to facilitate sced collection. Very little rescarch has
been done on pollarding cucalypt seed orchards in
Australia. Mathcsen and Willcecks (1976) found that
pellarding a Pinus rudiata sced orchard in New South
Wialces not only cxtended the life of the orchard, but
may also have mncereased its average annual production.
Pollarding increases the life of & sced orchard by
keeping the seed-bearing branches at a reasenable
height for sced collecuen. In some cascs, however,
pellarding simply rejuvenates the crown rather than
encouraging the develepment of lower limbs,

A small karri seed preduction arcea was pollarded in
spring 1981 (age five years). One year later the lower
branches had thickened noticeably and appeared much
more vigorous. Early pollarding should be carried out
just below the height at which branches start becoming
vertical. This should enable the lateral branches below
this point 10 become dominant. Further pollarding
experiments will be carried out to determine the eftect
of pollarding at different ages.

Sced Collection - The older karri sced orchards
were net thinned until they were six-ycars-old and
hence lack large, low branches. This, combined with
the height of the trees (25 m), makes non-destructive
forms of secd collection very difficult. Collection from
these orchards will involve cither pollarding and
collecting the sced from the rest of the tree by nen-
destructive metheds, or by felling the tree. it is heped
that in the more recently established seed erchards
collection will be almost entirely non-destructive. [t
should be possible for the first four or five collections to
be made from an elevated platform, before the trees
become too large and have to be felled. Successful
trials have been conducted at Hayles sced orchard using
the *Squirrel” and *Cherrypicker’. Costs were found to
be very reasonable for both machines (approx. $500/
kg) when cellecting from the most productive trees
(Fig. 3); however, cost per kilogram rose dramatically
as yiclds per tree dropped (Breidahl 1983Db).

The four-ycar fleral cycle in karri hampers sced
colicction in seed orchards. Branches with mature
capsules on them may also carry crops of three separate
imimature stages: pin buds, fat buds and immaturc
capsules. A pin bud is made up of a floral bud and
pedicel. Its length may vary from 0.5 to 1 em. As
growth of the bud continues through spring, the bud
fattens and green cenical bud caps are formed. When
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they reach about 2 cm in length, they are called
cylindrical buds. By the third summer buds are clavate
and plump (fat buds). Once the fat buds have turned
yellow-green, they are known as immature capsules
which then mature to a brown colour and caps
{opercula) become reddish-brown (Loneragan 1979).
These would be wasted if the whole branch were
removed. It is likely that the exact method of collection
will be determined by the condition of the individual
trees. For example:

(1) large crop of maturc capsules, no pin or fat buds.
Prescription - remove capsule-bearing branches;

(2) moderate crop of mature capsules, large crops of
pin and fat buds. Prescription - if collection is
necessary, individual twigs must be picked, to retain
the pin and far buds; and

(3) small crop of mature capsules, large crops of pin
and fat buds. Prescription - do not collect capsules,
wait for pin/fat bud crops to mature.

The management prescription for seed orchards is as
follows:

YEAR TASKS

0 Plant scedlings at 1000 s.p.ha (5 x 2 m).
Fertilize seedlings with (5 g P, 2.5 g N).

2 Thin within families t0 400 s.p.ha. Pollard
retained trees ac 1.5 m.

4 Thin within families to 200 s.p.ha. Pollard

retained trees at 1.5-2.0 m.

Broadcast fertilize (50 kg ha™! of P, N).

Thin within familics to 100 s.p.ha.

Broadcast fertilize (100 kg ha™ of P, N).

-10 Non-destructively collect the first good seed

crop.

12 Broadcast fertilize (100 kg ha™ of P, N).

12-14 Thin between families to 80 s.p.ha (collect seed).
Collect non-destructively the second good seed
crop.

16  Broadcast fertilize (100 kg ha™' of P, N).

16-18 Collect non-destructively the third good seed
crop. Thin between families to 60 s.p.ha (collect
seed).

20  Broadcast fertilize (100 kg ha™' of P, N).

20-30 Clear fell and collect seed when a vast crop
occurs.

Note: Scrub and/or grass control to be carried out
when required.

Survey of Karri Plantings in WA

Karri has been widely planted outside its natural range
in trial plots and arboreta throughout the south-west.
A survey of these plantings for fowering and seed
production was undertaken in 1982, Levels of
flowering and seeding were generally very fow. ‘This
was not unexpected as most of the sites planted closely
resembled karri sites, i.¢. valley-bottom, red gravelly-
loam soil and high rainfall (> 1000 mm yr'} (Breidahl
1983b).

r2=0.51

Yield per tree (g)
8

500 1000 1500 2000
Cost per kilogram ($)

Figure 3. Effect of seed yield per tree on the cost/kg of seed
collected at Hayles seed orchard.

Only three of the plots assessed exhibited heavy
flowering and seeding and thesc were not on ‘typical’
karri sites. Two of the plots are on dry sites in a high
rainfall area near Jarralhidale 60 km SE of Perth. The
other plot is on a wet site in a low rainfall area at
Talling 50 km east of Manjimup. Despite the trees in
the Talling plots being only 12-years-old nearly 500 g
of seed was collected from one of only about thirty
trees. This is five imes the highest yield recorded at
Hayles seed orchard where there are 500 wees
(Breidahl 1983b).

The Jarrahdale plots are located on a well drained
site with a high percentage of gravel in the soil. The
rainfall, although high (1200 mm yr!), is concentrated
strongly in the winter months. As a result, soil
moisture levels are high during winter but low during
summer. In addition, summer light levels and
temperatures are high while temperatures during winter
are low and frosts are relatively common.

The Talling plots are located on a treeless blackboy
flat. The soil is a shallow grey sand with a clay layer ata
depth of about 20 cm. As a result the site is
waterlogged in winter when the majority of the rainfall
(675 mm yr!) is received. During the hot, dry
summer, soil moisture levels are low and light levels arc
high. Temperatures can be very low in winter and
frosts are, again, relatively common.

Thercfore, these three sites which are conducive to
bud initiation and capsule development have the
following environmental conditions in common:

(1) low summer soil moisture levels;

(2) high summer temperatures;

(3) high tight levels;

(4) high winter soil moisture levels; and
(5) low winter temperatures.
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These conditions, along with high nutrient levels,
are most likely the important environmental factors
affecting flowering and seed production in forest trees.
Seed production on these sites may have been even
greater if they had been more fertile.

Based on these assumptions, environmental
conditions in the main karri range do not favour bud
initiation. Summers are mild and relatively wet and the
moisture stress required for bud initiation is unlikely to
occur. Winters are very mild and a chilling
requirement, if present, is also unlikely to be met. In
addition, light levels are relatively low.

The literature review and survey of karri plantings
has resulted in a better understanding of how site
factors can affect karri seed production. Seed orchards
in the future will be located only on sites that favour the
regular initiation of heavy bud crops while also
favouring the retention and development of these
crops. In 1984 two such areas were planted, one being
on the seasonally wet flat at Talling which was already
proven in terms of seed production. The other was
nearby on a dry former pasture site at the Perup Fauna
Ecology Research Station.

Apart from the obvious benefit of increased seed
production these sites have other advantages when
compared with the karri sites used previously. These
include:

(1) isolation from outside pollen sources;
(2) greatly reduced scrub control; and
(3) easier site clearing.

Apart from planting seed orchards on sites
conducive to heavy seed production, a large number of
seed production areas are being established on a wide
range of sites throughout the south-west. It is hoped
that practical knowledge of the environmental
conditions affecting bud initiation and capsule
development will be improved by observing what
happens in these areas.

This information will be enhanced by an experiment
planned for the Perup seed orchard. This trial will test
the effect of fertilizing (nil, high P + N) on bud
initiation and subsequent capsule development.

Progeny Trials

Each of the families planted in a seed orchard is
planted in associated progeny trials. The progeny trials
are used to gauge the performance of the families
under operational conditions. A seed orchard is a
highly artificial situation and it is impossible to assess
trees in a seed orchard for vigour, stem straightness or
branching under normal conditions, particularly when
the seed orchard is planted off site.

The progeny trials are a standard design with ten
replications of each family planted in a completely
randomized block design. Each family is planted in a
five-tree single row necessitating an area of 2 ha for the
progeny testing of a 50-family seed orchard.
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An assessment at age 8-10 years will give some
indication of the relative performance of the families
and can be used to remove the poorest families from
the seed orchards after the within-family thinning has
finished.

Vegetative Propagation

The ability to propagate karri vegetatively has potential
for improving the genetic quality of karri stands.
Clonal seed orchards incorporating clones of mature
trees with outstanding qualities would be the first stage
in an intensive breeding program for karri. Clones of
trees observed to be seeding heavily in seed orchards
and of outstanding individuals in progeny trials could
also be included. Eventually clonal material (e.g.
cuttings) could be used to regenerate areas of logged
forest.

Research begun by Schuster at the Manjimup
Research Station in 1978 investigated various ways of
vegetatively propagating karri. Four basic techniques
were used: air layering - on young flowering stock;
cuttings - of young and old stock; grafting - cleft (tip)
approach, and bud (patch); and tissue culture.

1. Air layering
With this technique, ‘roots form on the aerial part
of a plant after the stem is girdled or slit at an angle
and enclosed in a moist rooting medium at the
point of injury’ (Hartman and Kester, 1968, p.
488). This was partially successfirl with karri, but
no roots developed. The technique holds little
promise.

2. Cuttings
In 1984 renewed interest was shown by Breidahl in
research aimed at vegetatively reproducing karri by
cuttings.

A small, commercial propagating unit was used to
maintain the bottom heat unit to within 1°C, with a
range from 5°C to 40°C. Misting was controlled by a
time clock which allowed spray bursts to be
programmed in 15 minute multiples. The length of
spray bursts was step adjustable from 2 to 120 seconds.

Cuttings material was obtained from coppice,
originating from stumps of 50-year-old trees felled in a
routine thinning operation. This material was chosen
because it is generally recognized that in Eucalyptus
propagation by cuttings is easy, provided leafy cuttings
are taken from very young seedlings or epicormic
(coppice) shoots from the base of the tree (Durand-
Cresswell er al. 1982).

The coppice was collected before dawn and
prepared in a glasshouse. Apical material was discarded
and cuttings of between 7-10 c¢m in length and 5-7 mm
in diameter were prepared. Each cutting had a single
pair of leaves which were cut in half to reduce
evapotranspiration while the cutting was producing
new roots. The bases of the cuttings were dipped in
Benlate solution (200 ppm) for 15 minutes.
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The cuttings were then dipped in indolebutyric acid
(IBA) solution for about five seconds, and planted in
the propagation unit. A total of 90 cuttings were
prepared with three replications of each IBA treatment
(3000 and 6000 ppm) and 15 cuttings per replication.

The propagation unit which was set up in a
glasshouse was adjusted to give a bottom heat
temperature of 25°C. Mist frequency was every 15
minutes for four seconds duration during daylight
hours. Night misting frequency was decreased to 30
minute intervals. A time-controlled fluorescent light
gave an extra two hours morning light. The bedding
material was coarse, washed quartz sand dampened
with Benlate solution.

Two months after the cuttings were planted in the
propagation unit an assessment was made of rooting
success. Of the 90 cuttings 15 (ca 17 per cent) were
considered successful with roots being produced, 37
(ca 41 per cent) had failed, while it was too early to
determine the fate of the other 38 (ca 42 per cent).

A final assessment was made three months after the
cuttings were placed in the unit. Of the 90 cuttings,
22 (ca 25 per cent) had produced roots, most of which
were about 15 cm long.

Although this initial success rate was not very high,
the results are an improvement considering the earlier
total lack of success.

After reviewing this experiment, a new one aimed at
improving the strike rate of cuttings in the heated bed
began. The cuttings used in this follow-up trial were
also from coppice collected from the stumps of 50-year-
old trees, but were thicker (10 mm diameter) than in
the initial experiment, because most of the failed
cuttings appeared too soft.

The cuttings were prepared in the field and
immediately submerged in a 200 ppm Benlate
solution. This was done to control fiingal attack and
also because soaking in Benlate has been found to
promote rooting of cuttings (Hodges®, personal
communication). Three IBA treatments were used:

0 ppm, 3000 ppm and 6000 ppm, with 30 cuttings per
treatment and no replications. The cuttings were
assessed after 45 days and just over half (55 per cent)
were showing signs of rooting, while only 8 per cent
had died. The 3000 ppm IBA treatment was the most
successful with 75 per cent of cuttings showing signs of
rooting compared with 50 per cent at 6000 ppm and
35 per cent for the control.

Further research is required before cuttings could be
produced on an operational scale. This should aim to
determine the optimum:

5 C.S.Hodges Jnr., US Department of Agriculture Forest Service.

e time of year for root initiation;
e potting medium,;

e rates of IBA; and

¢ soil and air temperatures.

Research is also required to discover ways of
initiating basal coppice in trees without damaging
them. This would enable outstanding trees to be
cloned without them having to be cut down.

3. Grafting
Karri plants have been successfully grafted at
Wanneroo, 25 km north of Perth. Scion material
was collected from the same basal coppice used in
the cutting trials previously described, as well as
from young seedlings (< two-years-old) and from
12-year-old trees in a seed orchard. In this
experiment the tip cleft grafting technique was used.

Successful grafts were obtained using each of the
three sources of scion material; however, greatest
success was obtained using scions collected from basal
coppice and young seedlings (ca 75 per cent). Itis
difficult to reconcile the success of this experiment with
the failures in earlier experiments at Manjimup
(300 km south of Perth). One possible reason is the
difference in climate between Wanneroo and
Manjimup. These experiments were done from late
winter to early spring when it is very cold in Manjimup.
The much milder conditions at Wanneroo may be

‘responsible for the success achieved there.

Despite this success, grafting is receiving less
attention than cuttings because of its higher cost, as
well as the likelihood of long term problems with graft
incompatibility.

4. Tissue Culture

A technique that holds promise for vegetative

propagation of karri is tissue culture. Scientists at

Murdoch University have succeeded in vegetatively

propagating karri from tissue culture. Material

collected from young seedlings (one-year-old) was
used to produce multiple shoots which rooted very
well. Nodal explants from an older tree (seven-
years-old) also yielded multiple shoots and 60 per
cent of these rooted.

The effect of tree age on the success of tissue
culture was also studied. Samples of leaf and bud
material were collected from five trees ranging in age
from 10 to 200+ years. Reasonable success was
achieved with the ten-year-old material, but the older
material was largely a failure. Research in this field has
low priority at present.
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SOIL DISTURBANCE AND
REHABILITATION

Rehabilitation of soils disturbed by logging is an
impertant aspect of karri silviculture. Although the
major part of a logged area will be free from soil
disturbance, areas of concentrated machine movement
(snig tracks and landings) can be scriously affected.
Concern over possible effects of soil disturbance on
regeneration, aesthetics and long term productivity
prompted the initiation of research into prevention ef
excessive disturbance and rehabilitation methods.

However rehabilitation on a [arge scale is both expensive

and difficult, and efforts are currently being made to

reduce the ameunt of soil disturbance and damage
through a modification of logging techniques. (Schuster

19792, p.2)

The area of pure karri stands on decp red loams
being logged has decreased, whereas logging of mixed
karri-marri stands on podzolic duplex soils with heavy
clay near the surface has increased. Logging operations
tend te disturb podzolic soils more severely than red
loams. These stands generally support a larger number
of smaller trees, thereby requiring more machinery
movement. The difference is owing not enly to
differences in the twe soil types but also to the higher
intensity of logging on podzolic soils (Schuster 197%a).

How Soil Disturbance Occurs

Snigging logs from the forest can cause soil disturbance
by (Bradshaw 1978):

(1) compaction of the soil £2 situ by the wheel pressure
of the machine and to some extent the log;

{2) removal er displacement of the topsoil by the
gouging cffect of the log;

(3) the mixing and puddling of the topsoil and subsoil
by the repeated movement of the skidder and the
log when the soil is very wet; and

(4) the subscquent erosion of the topsoil by the action
of water along the snig tracks.

Typc (4) is not a scrious concern and generally
results in displacement of 1 per cent of tepseil from the
affected snig tracks.

Much of the soil disturbed by logging in a karri
coupe is compacted on major snig tracks and landings
becanse of repeated machine passes. The degree to
which compaction occurs depends on the weight of the
load, the number of passes, seil type and sotl moisture
content. As soil moisture increases, fewer passes arc
required te achicve the same degree of compaction.
Semetimes the soil can become so weak that the
machines break through the surface causing geuging,
puddling, rutting and mixing,.

Disturbance of the types described above will eccur
at any time of the year depending on soil moisture
levels (Bradshaw 1978). Disturbance can oceur in
summer in low lying arcas, but is potentially mest
severe during winter, especially when it is actually
raining.
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Effects of Soil Disturbance

Disturbance caused by logging activity on snig tracks
and landings can degrade soil structure. Bulk density
can be increased, owing to cempression of the seil
(Table 22). Porc space can be decreased, which results
in reduced root growth and increased resistance to
infiltration by water. This compaction can extend to a
depth of at least 40 cm on a severcly disturbed site
(Bradshaw 1978).

Wronksi (1984) has found that a skidder working in
karri chinnings cavsed compaction te a depth of
30-40 cm. Compaction by a forwarder extended to a
depth of 50-60 ¢cm. Disturbance caused by the
forwarder working in summer is much less severe than
in winter.

The sheer surface hardness of compacted areas
yiclds very few suitable sites for germination: the
compacted profile is impenctrable to water and roots.
Even when the tap root can penetrate, the fine feeder
roots have difficulty in developing and exploring the
seil mass containing the nutrients.

Schuster (1979a) found that

up to 20-35 per cent of the ground surface of a coupe

may be disturbed by logging operations bur the

proportion of this that would be classed as damage varies

with the scason of logging and from site to site (p. 2)

Why is Soil Disturbance a Potential
Problem?

‘Chipwood cutting, wheeled skidders and an absence of
good winter sites virtually coincided” (Bradshaw 1978,
1. 4). Soil disturbance is now more common because:

(1) the logging for sawlogs and chipwood in the mixed
forests involves a somewhat greater volume, and
many more stems than logging for sawlogs only in
pure karri forest;

(2) more stems to remove means more of the forest
floor is traversed;

(3) well drained, pure karri sites available for cutting
arc virtually exhausted and logging is now confined
to less well drained karri sites and the shallower

podzols.

TABLE 22

Soil bulk density eight years efter logging.

SOIL DEPTH BULK DENSITY
fem) lg cm™

PRUMARY
DISTURBANCE UNBDISTURBED

10 1435 0.82
20 1.38 0.90
40 1.43 Ll
80 14872 1430
160 1.38 1.50

Source ; Bradshaw (1978 unpublished)
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The type or severity of soil disturbance has not
changed over the years, but rather the percentage of the
coupe so affected has changed (Bradshaw 1978).
Disturbance levels of up to 50 per cent of coupe area
have been recorded, and would be commonplace and
higher if left uncontrolled.

Rehabilitation of Disturbed Soils

A system of classifying soil disturbance was introduced
in CALM’s Southern Forest Region in 1979 in an
attempt to unify communication throughout the
region. This system recognized three classes of soil
disturbance:
1. Class 1 or primary soil disturbance has occurred

when either

(1) the A and B soil horizons have been mixed or

partly mixed;
(2) the A soil horizon has been completely

removed;

(3) machine activity has slopped or puddled the
soil; and

(4) combinations of (1), (2) and/or (3) have
occurred.

2. Class 2 or secondary soil disturbance has occurred
when the topsoil has been compacted i sits.

3. Class 3 or terary soil disturbance includes all soil
not in a virgin state, following logging, and not
falling under Class 1 or 2.

Thesc classes are used in assessing coupes for soil
disturbance in order to decide whether the operation
should continue and which areas require rehabilitation.

In most situations natural amelioration of
compacted soils gradually restores them to their
original structure. Frost heave, the accumulation of
litter, and the gradual breaking up of the profile by
small mammals and soil fauna and the roots of plants
which become established, are seme of these natural
processes (Bradshaw 1978). In areas where primary
disturbance has occurred and where the B horizon is
exposed or mixed with the A horizon, it is reasonable
to assumne that these processes would take a very long
time to restore the soil to its original condition
(Bradshaw 1978).

Schuster (1979a) experimented with a number of
methods of rehabilitating compacted landings and snig
tracks. He found that the best height growth on
landings occurred when they had been ripped, fertilized
and bark mulched. Ripping and fertilizing each
increased height growth individually, but mulching
resuited in a trend towards better height growth only
when in combination with the other two treatments.
Ripping was found to be the only treatment to increase
survival; however, all survival rates were satisfactory.
Ripping also sigpificantly increased the percentage of
Acacia pulchella seeds germinating and surviving the
first year.

On snig tracks both deep ripping {(to 1 m) and
debris heaping and burning greatly increased height
growth, and the two treauments combined gave large

increascs in height growth for both planted and
naturally regenerated seedlings (Schuster 1979a).
Ripping and debris heaping both gave survival results
that were operationally acceptable,

Further work was initiated to cxamine whether
cultivating a snig track to a depth of 30-50 cm could
provide a better tilth for unimpeded root growth. The
depth of soil cultivated was 10-15 cm. Pellcted karri
seed was sown on the cultivated snig track, on
untreated control areas, and on an undisturbed ashbed
site. Germination on the cultivated snig track was
almost as good as on the undisturbed ashbed, but was
very poor on the uncultivated snig tracks (Ritson,
unpublished).

All coupes are inspected regularly by the Forest
Officer in Charge to determine whether soil
disturbance is occurring. Limits on the percentage of
the total arca affiected are set. These vary according to
the operation. In clear fell coupes, soil disturbance up
to 20 per cent of the total area (with not more than
5 per cent on landings) is permissible.

If the Forest Officer believes that soil disturbance is
approaching these limits, the officer must conduct a
thorough survey to determine what the actual level of
disturbance is. If it is above the set limit, the operation
is ceased immediately and cannot recommence untl the
Forest Officer in Charge determines that the soil is dry
cnough (Soil Dryness Index > 250 in the karri forest).

When logging is completed, disturbed soils are
rehabilitated by ripping and levelling of affected areas
along with heaping or windrowing of dcbris around
the landings. In thinned areas, rehabilitation is done by
raking the soil to promote germination, but no ripping
that is likely to damage crop tree roots is carried out
(CALM 1987a).

Erosion control is also an essential part of the
logging opetation. Interceptor banks and drains must
be constructed across snig tracks (CALM 1987¢) to
minimize erosiomn.

THINNING OF REGROWTH STANDS

The release of the Department of Conservation and
Land Management’s Timber Strategy - Timber
Production in Western Australia (1987a} - saw a new era
of forest management in this State. CALM now cnters
into legally binding contracts with sawmills to provide
agreed velumes of timber. An integral portion of this
volume in the short-to-mid term will be made up of
thinnings from cven-aged karr and karri-marri
regrowth stands.

Bradshaw and Lush (1981) described the
silvicultural benefits of thinning: a newly regenerated
forest may contain up to 100 000 seedlings per
liectare, which is reduced to about 150 trecs over 100
years as a result of natural selection. Thinning removes
and uses trees that would otherwise die owing to the
eftects of competition, thereby increasing yield, and
provides the remaining ‘crop’ trees, which will produce
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the bulk of the sawlog yield, with additional space,
light, nutrients and moisturc to encourage tieir
growth, Sometimes this increascs sawlog yields at the
expensc of tetal yield (biomass).

‘Thinning is already being carried out on an
epcrational scale in the 50-plus-year-old regrowth
stands near Pemberton and Manjimup. The operation
began in 1980 and has been cevering an area of
approximately 400 ha/year. The thinning prescription
is based on top height and basal arca (Table 23) and
selection is from below. This thinning removes about
100 m? of utilizable wood/ha, consisting of
approximately 65 per cent chipwood and approximately
35 per cent sawlogs and peeler logs. Thc trees removed
arc impeding the growth rate of the retained trees and
are believed to be likely to die before the full rotation
length of 100 years is rcached. Defective trees not
suttable for milling arc also removed in this operation.

Future karri sawlog yields have been based on the
assumprion that some post-1967 regrowth stands are
likely to be thinned for the first time when they are 30
years old. However, rescarch results suggest that by the
rime the stand is 30 years old, the crop trees have
already lost a significant amount of their potential
growth owing to cempctition. Recent experiments
indicate that on high quality sites, regrowth stands nay
be commercially thinned trom as young as 12-15 years
of age: (depending on their height). On low quality
sites, commercial thinning may not be viable until the
stands are 25 years old or more.

Application of fertilizer at the time of thinning
might increase the growth of retained trees. There are
a number of examples around the world where
fertilizing has led to a marked increase i the respensc
to thinning (e.g. Brix [983). Nitrogen appears to be
the major element involved, as it stimulates the
production of new foliage, and therefore cnables the
tree to make better use of its growing space (Ballard
1980). Phosphorus may be equally as impertant in
karri forests, because the soils on which they grow are
deficient in this element (McArthur and Clifron 1975).

TABLE 23
Thinning intensity of even-aged regrowth karri stands.

TOP BASAL AREA
HEIGHT® RETAINED

{m) {m*ha'}
30 14

35 17

40 18

45 20

S0 21

55 22

Source : CALM (1990)

9 Top height is defined as the mean of the height of the two tallest
crop trees within a radius of 16 m.
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If fertilizer is used ro boost the thinning response it
should be applicd as soon after thinning as possible, as
any delay will reduce the response period under
conditions of frece crown growth. This presupposes that
there is no undne damage te the roots er stems of the
retained trees as a result of the thinning. Such damage
may leave the trees in a poer condition to intercept and
use nutrients applied immediately after thinning
(Ballard 1980).

Many thinning and fertilizing experiments are
required in karri regrewth to cover the range of sites
and ages. A number have already been established.

The immediate aims of this research are w0 determine
the growth responsc of regrowth karri, and the ctfect of
thinning and fertilizing on other factors (c.g.
understorey, insect populations, soil nutrient status).
These experiments are also providing invaluable
silvicultural data for a karri growth medel, which will
enable managers te predict accurately the long term
cffect on yield of various silvicultural treatments.

Past Thinning Experiments

Many experiments have been initiated in karri regrowth
in the past, including tie Quartz Road experiment in
1977. Five ethers, although unreplicated, yield
interesting results which scrve as guidelines for
develeping silvicultural regimes for karri regrowth.
These five experiments cover a wide range of ages
(1-53 ycars) on arcas ranging from prime karri sites on
deep red loam soils to marginai karri sites on gravelly
podzols.

Mattaband Early Thinning Experiment

This experiment was initiated in 1962 in pure high
quality karri on a red loam soil type. Plets were thinned
to 900 s.p.ha at age two and four by covering retained
trees with plastic bags and spraying anwanted stems
with 2,4, 5, T. Fertilizer treatments (ranging from

250 kg ha' to 8000 kg ha! rock phosphate and trace
clements) were superinmposed on the thinning
treatments. Thinning at age two gave unusual results
with total volume grewth increasing after thinning
(Table 24). This is probably owing to a reduction in
scrub competition from spraying of 2,4, 5, T on
unwanted stems. This would alse explain the large
response te fertilizer application in the thinned plots,
but not m the unthinned plots. Reduction in scrub
cempetition allowed young karri te take full advantage
of their increased supply of nutrients. In the uanthinned
plots, much of the added fertilizer was probably utilized
by the scrub and cffectively increased competition.
Fertlizer respensce will only occur if water supply is not
limiting and, in an unthinned stand, this may not be the
case (McGrath?, personal communication).

¢ ). McGralh, Dapartmentof Conservalion and Land Monagement, Bussetton.
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TABLE 24

Effect of thinning and ferilizing at ages two and four on
volume production of young karri regeneration, on and
off ashbed (measured at age 7.5 years) - Matfaband.

SEEDBED FERTILIZER THINNED THINNED  UNTHINNED
TYPE APPUCATION AT AGE 2 AT AGE 4 VOIUME
VOLUME VOLUME
Im* ho!) |m? ho™) {m® ha '}
ashbed none 48.11 19.59 25.19
heavy 81.17 36.22 24.84
non-oshbed none 7.00 0.70
heavy . 7.35 2.0

Source : Breidahl (unpublished)

Pine Creek Road Demonstration Plots

Initated in 1972 in five-year-old regrowth, this
unreplicated experiment tested five thinning intensities
ranging from unthinned to 277 s.p.ha (thinned to

6 m x 6 m). Thesite is mid-slope with a northerly
aspect and a gravelly loam soil. The original stand was
a karri-marri mixrure. Ten dominant trees per hectare
were measured in 1972 and 1980. Thinning te more
than 1100 s.p.ha (3 m x 3 m) or to 2500 s.p.ha

(2 m x 2 m) significantly affected diameter
increment to age 13. Diameters in the unthinned
centrel and 1100 s.p.ha treatments were significantly
smaller than diamcters in the 400 s.p.ha and 278 s.p.ha
trcatments at age 13. Thinning to 2500 s.p.ha
improved diameter growth significantly over no
thinning at all. The mean diameter of the plots varied
before the treatments were applied, hewever, therefore
interpretation is limited. Percentage increments are
more useful (Table 25).

While there are limitations to this experimene
because of a lack of replication and smali, variable plots,
the results suggest that to maximize diameter growth
on crop trees, the stocking of karri regrowth should be
berween 625 and 1111 s.p.ha at age five. However, the
effect of low stocking on form was not considered in

TABLE 25
Effect of thinning karri regrowth (at age five) on

subsequent crop free diameter growth (measured
at age 13) - Pine Creek Road.

MEAN DIAMETER (cm)
DIAMETER  THINNING

PLOT s.p.ho 1972 1980  INCREMENT RESPONSE
197280  [to conlrol}
fem) (%)
1 unthinned 6.6 18.0° 11.4
2 2500 8.8 24 4% 15.6 8y
3 1111 6.3 20.0<® 87 20
4 625 6.4 24 4% 18.0 58
S 400 7.8 26.2¢ 18.4 61
6 277 ThD 235, 1< 179 S

Soutce : Rotheram (unpublisheel)
Dato annotated with the same letter are not significantly different
at p < 0.05 (Duncan’s Multiple Range Test).

this experiment. It is likely that increases in diameter
growth from widc spacing would be outweighed by
poor form {and the persistence of large limbs) and
therefore overall loss of merchantable volume. Spacing
experiments have confirmed this for young trees.

Crowea Thinning Experiment

This experiment was established in 1963 in seven-year-
old regrowth resulting from group selection cutring on
aredloam soil. The site is moisture gaining and the
original stand was almost pure karri. Four thinning
intensities (unthinned, 750, 500 and 335 s.p.ha) were
tested. This experiment was unreplicated and only six
trees per plot (equivalent of 150 s.p.ha) were measured,
so conclusions are limited. A significant crop tree
response was recorded between the unthinned plot and
the most heavily thinned (to 335 s.p.ha) plot.
Diameter at breast height increased by 27 per cent.
Thinning had no effect on height growth (Table 26).
There were also some non-significant responses in the
lighter thinnings, with increases of around 15 per cent
in d.b.h.o.b. over the unthinned plots. No data are
available for 1963 (cstablishment), therefore
comparisons are based on the assumption that the plots
were uniform at the time of establishment.

TABLE 26

Effect of thinning karri regrowth (at age seven) on the
growth of crop trees (measured at 24 years) - Croweda.

MEAN TREE
ROT  spha dbhob. HEIGHT  VOIUME
fcml fm) {m?
1 750 29 10 29 Q= 0.73¢=
7) 500 29 .50 2990 0.75¢°
3 335 33.4° 30.4¢ 0.95%
4 unthinned 26.4b 2QLS2 Q.57

Source : Breidahl (unpublished)

Dota annotated with the same letter are not significantly different
at p < 0.05 (Duncan’s Multiple Range Test).

Quartz Road Thinning and Fertilizing
Experiment

The Quartz Road experiment, was established in 1978
when the trees were 11 years old. The soil is a gravelly
yellow podzol.

There were two thinning levels (unthinned: stocking
approximately 2500 s.p.ha and thinned to 1000 s.p.ha)
and five levels of fertilizer trcatment (ranging from nil
to 800 kg ha™' of Urea and 3825 kg ha™
Superphosphate, with a consistent N:P ratio of 1:1).
The most recent measurcment was of the 15 dominant
or codominant ctrees (corresponding to 660 s.p.ha) and
was completed in 1986. Measurements were also made
in 1978, 1979, 1980, 1982 and 1983. Responses
reperted in 1983 showed an average 41 per cent
increasc in the diameter at breast height of equivalent
trees for the thinned plots at all fertilizer levels
(Table 27).
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TABLE 27

Effect of thinning and fertilizing a dense, even-aged
karri stang (age 11) on diameter growth of the largest
375 s.p.ha (measured at age 16) - Quartz Road.

DIAMETER INCREMENT

FERTILIZER 1978-1983 (cm| DIFFERENCE RESPONSE
TREATMENT  Thinned Unthinned {cm) (%)

! 5.19¢ 3.66 1.53 41

2 5450 4.02 1.43 36

3 5.75°% 3.78 1.97 53

4 6.Bo" 4.61 225 49

5 5.99 4.67 1.32 28
Meon 58P 4.15 1.70 4]

Source - Inions (unpublished)
2 significontly different (p = 0.05) from unthinned counterpart
b signlficantly different (p = 0.01) from unthinned counterpart

Greatest d.b.h.o.b. increment occurred two years
after treatment. All thinned plots (regardless of
fertilizer treatment) had d.b.h.o.b. increases of 60 per
cent or more two years after treatment.

All treatments with both thinning and fertulizing
had periodic mean annual increments greater than the
control. Increasing fertilizer from level three to level
feur did not give an increasc in diameter increment.

Further data analysis following the 1986
measurement has shown that there were significant
differences in tree size prior to treatment. This means
that while there arc still significant geins in diameter
and volume growth owing to thinning, ferilizing and
combinations of the two, it is impossible te gaugc the
exact magnitude of the response.

The 1986 analysis docs show, however, that the
response to treatment is diminishing with time, and
that while some growth advantage persists, the
magnitude of the response is much less than in the few
years dircctly after treatment.

Figure 4 shows periodic mean annual diameter
increment for a number of treatments for cach
measurement year (caleulated over the life of the
experiment to that year),

Maximum response in all treatments occurred a year
after treatment. Thianed trcatments showed larger
responses than unthinned treatments, except at the
hicaviest rate of fertilizer application where the
unthinned trees kept up with the thinned trees that had
not been fertilized, Fertilizer seems to have enabled the
largest trees to maintain their increased growth rate
above that of smaller, less dominant trees with the same
thinning treatment but to which less or no fertilizer
had been applied.

The thinning intensity in this experiment was very
light (2500 s.p.ha to 1000 s.p.ha) and response cannot
be expected to persist. The stand has quickly filled the
extra growing space and trees are competing for limited
resources.

A heavier thinning may have maintained the
response until the next thinning was due, but the
resuiting form of trecs in the heavily thinned plots may
have outweighed this response.
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Figure 4 Periodic mean annual diameter increment. Quariz
road experiment.

Big Brook Thinning Experiment

This experiment was established on a pure karri site on
a deep red loam soil. The trees were thinned in 1955
when they were 25 years old.

Five plots were established with the following

treatments:
plot onc : thinned to 50 dominant s.p.ha;

thinned to 100 dominant and
codominant s.p.ha;

plot two :

thinned to 150 dominant and
codominant s.p.ha;

plot three :

plot four :  thinned to 200 dominant and
codominant s.p.ha;
plot live : dominants removed leaving 150

codominant s.p.ha.

Analysis is based on the largest 50 s.p.ha in cach
plot. The mcan d.b.h.o.b. of trees in plot onc was
significantly Jarger than all other plots. This trend has
centinued and percentage increment is greatest, though
not significantly so, n this plot (Table 28).

Percentage d.b.h.o.b. increment was smallest for
plot five, suggesting that removing the dominants did
not benefit the stand. Plot three was thinned to the
same residual stocking (150 s.p.ha) but retained
dominants and codominants, the dominants probably
having more capacity to respond to release than the
codominants.

Once again the trend shows that the initial respense
to thinning appears to decrease gradually as
competition commences again, indicating the need for
follow-up thinnings. The Big Brook Experiment is also
useful because it shows that a response in 25-ycar-old
regrowth is possible.

Lefroy Brook Thinning Experiment

Lefroy Brook was regenerated in 1875. The soil is a
gravelly loam and the site is on a ridge top. A single
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Comparison of the diameter increment of crop frees in a karri

regrowth stand thinned at age 25 to different densities - Big Brook.

LARGEST
LARGEST LARGEST LARGEST 50 s5.p.ha
50 s.p.ha 50 s.p.ha 50 s.p.ha TOTAL LARGEST
1955 1965 1085 INCREMENT 50 5.p.ha
AbHas d et dBREN 19551985  INCREMENT
PLOT s.p.ha [em) {cm) lcm) lcm) (%}
] 50 39.5° 51.2° 69.3° P4 76
2 100 36.30 47.20 63.5 27.2° 75
3 150 34.0° 43.4° 5g.9b¢ 24.25¢ 71
4 200 35 2b¢ 44.1€ 59.5¢ 24.4° 9
5 150 35.0b¢ 43.4° 56.5¢ 21.3° 60

Source - Hewett (unpublished)

Data annotated with the same letter are nof significantly different at p > 0,05 (Duncan'’s Multiple Range Test)

plot was thinned to 110 s.p.ha (approximately

39 m?ha™ basal area in 1967) in 1928 when the
regeneration was 53 years old and an unthinned contrel
plot was established nearly 20 years later (stocking
appreximately 178 s.p.ha and basal area approximately
50 m*ha™ in 1967).

Poer design means that interpretation is difficult.
The unthinned plot was initially measured 20 ycars after
the thinning, so it is not known whether the plots were
homogencous before thinning. The small difference in
crop tree diameter in 1971 (Table 29) may simply
reflect a difference already present at thinning. These
mcasurements were made 43 years after thinning and
the responsc may have diminished with time as was the
case in the Big Brook experiment.

In summary, all these experiments show responses
to both thinning and fertilizing at various ages. The
magnitude of the response is variable and the duradon
is generally short-lived. The exact magnitude of the
responses nceds to be clarified and as a result new
experiments have been established.

TABLE 29

Effect of iate thinning (age §3) of karii regrowth on the
mean diameter of crop trees 43 years later - Lefroy Brook.

MEAN DIAMETER (cm)
10 largest siems 20 largesl slems 30 largest stems

{25 s.p.ha) {50 s.p.ha) {75 s.p.ha)
Thinned Q7.0 B86.6 78.7
Unthinned .7 83.1 A7l
Ditference 6 4 |

(%)
Source ; Breidahl (unpublished)

Current Thinning Experiments

Two thinning experiments are being maintained. Both
are on high quality sites.

Warren Thinning and Fertilizing Experiment

This experiment is on a red loam karri seil and the
stand was regenerated with seed trees in 1972. A fully
replicated experiment, it was established in 1984 when
the wees were 12 years old.

The Warrcn experiment is testing four thinning
intensities (nil, 600 s.p.ha, 400 s.p.ha and 200 s5.p.ha),
two fertilizing intensities (nil and 400 kg ha™! of
nitrogen) and two coppice control treatments {(nil and
full control).

Nitrogen only was used for this experiment because
it is available in more concentrated forms than
phosphorus, and because evidence from other forests
suggests that nitrogen is the major element involved in
responses following thinning (Ballard 1980). Nitrogen
stimulates growth of new foliage, which cnables the
retained trees to make better use of their increased
growing space.

Subscquent rescarch by CSIRO (O’Connell and
Mecnage 1982) indicates the advantages of adding
pliosphorus to promote a leguminous understorey, and
to increase the effectiveness of the added nitrogen.
Future fertilization experiments will include both
nitrogen and phosphorus fertilizers.

Analysis of data from three measurements yielded
interesting results. Coppice control had not been
implementcd at this stage. Thinning produced
significant increases in diameter, volume and basal area
growth for all thinning levels over both growing
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scasons (1984-85 and 1985-86). Significant responses
to fertilization for the largest 100 s.p.ha were not
detecrable until the second growing season (Hewett,
unpublished) (Table 30). Groot et al. (1984) have
documented such a ‘lag’ in fertilization response. The
nitrogen application probably did cause an increase in
foliage biomass in the first increment period, but the
resulting bole response weuld not be detecred until the
sccond increment period.

The significant response owing to thinning reflects
the abilicy of the residual stems to take immediate
advantage of reduced competition and increased
growing space. Analysis of the effect on growth of the
interaction between thinning and fertilizing shows that
there was significant interaction for mean d.b.h.u.b.
increment for the largest 100, 200 and 300 trees/ha
(Table 31).

The stecking where maximum volume increment is
achieved is approximately 300 trees/ha (corresponding
basal arca over bark is 12.6 m?hat). This applies to
high quality, even-aged 12-15 year old regrowth only,
and is likely to change with time. The influence of
stand density on volume increment is greatly influenced
by the stand age and site quality.

The Warren experiment will continue to be
measuced to further refine the thinning and fertilizing
response over time.

Treen Brook Thinning Experiment

Another large thinning experiment was cstablished in
1985 in 50-year-old regrowth at Treen Brook about

10 km south-west of Pemberton. This experiment
examines the effect of four thinning intensities (to
residual basal areas of 30 m? hat, 20 m? ha', 15 m?*ha
and 10 m? ha!) and unthinned controls (43m? ha') on
subsequent volume growth.

This will provide information on how the large area
of regrowth, resulting from clear felling during the fate
1920s and 1930s, should be thinned to maximize
sawlog, production. It is also providing basic thinning
response data. All thinned plots are showing improved
annual diameter increments over the unthinned plots, in
all size classes (Table 32).

Thesc stands will provide an important sawlog
resource from 2040 te 2060. Thinning of these stands
should aim 10 maximize the final yield of sawlog
volume. At this stage it appears that thinning more
heavily than a residual basal area over bark of 20 m? ha!
will reduce overall sawlog yield (Hewett, unpublished).

These treatments have been replicared six times to
allow future thinning treatments based on measured
responscs.

Operational Thinning of Young Karri
Regrowth

The Warren thinning experiment indicated that it may
be possible operationally to thin young regrowth stands
on high quality sites (where a top height of 25 m or
morc had been reached). In 1985, an arca of regrewth
adjacent to the experiment was thinned in this way.
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TABLE 30

Effect of thinning and fertilizing on annual diometer
increment of young karri regrowth - Warren,

MEAN d.b h.u.b. INCREMENT fem yr'}
LARGEST 100 s.p.ha  LARGEST 200 s.p.ha

Thinning and 84/85 85/86 84/85 BS/86
Fertilizing inciement  increment increment increment
Combined
Unfertilized
unthinned 1.9 1.42 1.68 1.24
600 s.p.ha 2.02 2.14 1.92 2.1
400 s.p.ho 2.38 1.89 2.28 1023
200 s.p.ha 2.54 2.39 2.45 219
Ferlilized
unthinned 1.64 2.26 1.54 146
600 s.p.ha 2.05 2.64 1.94 2.33
400 s.p.ha 247 2.62 24 2.45
200 s.p.ha 2.63 2.82 2.42 2.53

Source : Hewett (unpublished)

TABLE 31

Effect ofthinning and fertiliziing on mean annual diameter
increment of young regrowth - Warren.

MEAN d.b_h.u.b. INCREMENT {em yr')
LARGEST 100 s.p.ha  LARGEST 200 s.p.ha

Thinning

inlensity + Ferlilizer - Feriilizer  + Fertilizer - Fextilizer
Unthinned 1.95 1.66 1.52 1.46
600 SPH 2234 2.08 204 2.01
400 SPH 2.54 2.8 2.42 20
200 SPH 2072 2.46 2.48 2.32

Source : Hewett (unpublished)

TABLE 32

Mean over-bark diameter increment for 50-year-old trees
thinned to various residual basal areas - Treen Brook.

MEAN DIAMETER OVER BARK INCREMENT
(1985-1988) cm yr

Residuol Lorgest Lorgest larges!
Basal area 405.p.ha 80 s.p.ha 120 s.p.ha
429 0.81 07 0.6

{Unthinned]
30 09 0.86 0.76
20 1.1 0.96 0.86
J5) 1.14 0.85 E
10 1.18

Source : Hewett (unpublished)
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Over 100 m3ha™ of chippable material was removed in
the most heavily thinned stands {to 200 s.p.ha), but
very little material was removed in the more lightly
thinned stands (400 s.p.ha, 600 s.p.ha).

To test further the operational and economical
feasibility of thinning young, high quality karri, another
experiment was established in August 1986 in 13-year-
old regrowth.

The thinning operation was implemented using a
John Deere 743A Tree Harvester and a Kockums
Forwarder. The Tree Harvester fells the trees to be
removed, then draws the Jog through rotating drums
that remove the limbs and bark. The log is then cut to
desired lengths by the harvester and deposited at the
edge of the extraction track.

Access for the harvester was expected to be a major
problem because of the limited sitc preparation carried
out after the original clear felling operation. However,
its excellent manoeuvrability, clearance and long reach
cnabled the harvester to remove almost all of the
uawanted trees, while causing virtually no damage 1o
any of the retaincd crop trees.

The forwarding operation proved to be very
cfficient largely owing to the prior bunching of logs by
the harvester. As a result two harvesters would be
required to keep one forwarder working at full capacity.

A total of 125 m®ha! of chipwood was removed
during this operational trial with 200 crop trees/ha
being retained. A small plot was thinned to 400 s.p.ha;
unfortunately, access was impeded at this higher level of
stocking and damage to the retained crop trecs
increased markedly.

During both operations trees were marked for
retentions by CALM Research staff. This was a difficult
and time consuming operation because dense scrub
impeded access. A small arca was left unmarked to
establish whether the harvester operator could sclect
the crop trees for retention. The harvester was moved
into the unmarked area after completing the thinning
of the marked arca. Selection by the operator proved
successful with the correct stocking and spacing of crop
trees being retained.

Ground fuel levels are increased following thinning.
Much of the fuel is fine, and decomposition of this
component should be rapid (one to two years). The
rest of the fuel is woody and made up of crown
branches and understorey stems 1-5 cm in diamcter.
This will not break down quickly and constitutes a fire
hazard until it does.

Fuel distribution is improved by the trampling of
the scrub and trash layecs, thus reducing the chance of a
crown fire occurring, but fuel loads remain high and
fire intensity would stifl be high. Thinning may reduce
the need for early prescribed burning of karri regrowth
stands. In addition to the trampling of the scrub and
trash, thinning opens the canopy allowing for quicker
drying ef thie fuel. This lengthens the time available for
prescribed burning because quicker drying means fuels
would be dry enough for burning earlier in the season
(October) and would stay dry longer (until May)
(McCaw 1986).

Machine Damage to Crop Trees

Puring the winter of 1980 an experiment was
conducted at Treen Brook to measure damage by
machine to the butts of crop trees during a thinning
operation in a 45-year-old regrowth stand. A forwarder
and a skidder were used to log 6 ha during winter, with
the forwarder logging a further 2 ha in summer for
comparison. Four bole damage classes were sefected,
based on the area of bark removed from the cambium
by the logging machines. They were:-

0 : no damage
1:10cm x 10 cm
2:upto 30 cmx 30 cm
3:>30cm x 30 cm

The logging machines damaged 20-25 per cent of
crop trecs to some cxtent in the thinning operation
(Table 33). (This excludes any damage owing to
skinning of crop trees by falling trees, as this is
minimal.) The skidder, which skids logs out whole,
causes nearly three times as much class 3 damage as the
forwarder. This damage appears to be severe, although
the long term cffect on wood quality is not known.

In mid-1982 machine damage in operationally
thinned areas was rcaching unacceptable levels. A new
study was therefore implemented. The aims were 1o
determine:

(1) the causes of damage;
(2) the damage vectors; and
(3) the extent of damage.
During forwarding, 20 (or 34 per cent) of the 58
stems retained in the plot (0.6 ha) received some sort of

stem damage, All of the damage was in either Class 1
or Class 2 (Table 34).

TABLE 33

Machine damage to crop trees during a thinning
operation in 50-year-old regrowth - Treen Brook (1980).

BOLE DAMAGE CLASSES

OPERATION 0 | 2 3 14243
{%) (%) (%) (% (%}

Winler

Forwarder 80 10 7 % 20

Winker

Skidder 76 8 8 8 24

Summer

Forwarder 77 12 6 5 23

Source : Voutier (unpublished)

TABLE 34

Machine damage 1o crop trees during a thinning
operation in 50-year-old regrowth - Big Brook (1982).

BOLE DAMAGE CLASSES
0 ] 2 1+2 3 Tolal
(1-3)
Peicentage 66 24 Q ] 0] 34
Source : Voutier (unpublished)
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Detailed ebscervatons (Voutier?, personal
communication) revcaled that although sone of the
damage was still being caused by lack of care by the
driver, the underlying extraction method itsclf was
fundamentally flawed. Ferwarders continually move
across the coupe following the feller, sorting out and
loading whatever can be casily reached, while a buncher
follows behind sorting and stacking what is Ieft.
Voutier states that the amount ef waste movement
forced en the forwarders is large and is aggravated by
the, then, policy of sorting logs in the bush.

Winter legging may also contribute to the damage
to retained trees, although this was not supperted by
the 1980 experiment. Rubber-tyred forwarders operate
under great difficulty in winter en the heavy karri solls.
When soils are saturated the forwarders slip and slide,
and damage to retained trees s inevitable.

Voutier concluded that significant reductions in the
level of damage were unlikely to be achieved without
some restructuring of the extraction precess. Ideally,
forwarders should be restricted to removing stacks of
logs from the bush te the landing.  Crop tree
protection is now a standard part of coupe
management. Crep trees are inspected by the Forest
Officer In Charge and asscssed for damage. If excessive
damage occurs (> 5 per cent of trees assessed) the
logging centractor may be charged for all damaged
trees. This serves as an incentve for machine operators
te take great care of crop trees. Driver training has also
helped to minimize crop tree damage,

FUTURE DIRECTION OF KARRI
SILVICULTURE RESEARCH

The overall aim of the Science and Information
Divisien of the Department of Conscrvation and Land
Management is ‘to provide up-te-date and scientifically
seund informatien to uphold effective conservation and
land management in WA’ (CALM 1995).

Fuature rescarch i karri sitviculture should aim to:
(1) reduce the cost of the regeneration program;

(2) detcrmince the optimal initial stocking of karri
regencration to suit different management needs;

(3) establish thinning and fertilizing cxperiments in
karri regrewth stands of varying ages and on a
range of sites;

(4) maintain or improve the long term productivity of
karri and karri-marri stands;

(5) investigate alternative cstablishment techniques;
and

(6) investigate alternative silvicultoral systems for
intcgration of silviculeure and other ferest
mNAgement requircments.

z R Vaulter, rellrad, formerly Deporimenl ol Conservallon ond Land Management,

Manfimug.
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Reducing the Cost of the Regeneration
Program

New Regeneratien Techniques

Although the seed tree method is preferred, just ever
half of the karri regeneration program is carried our by
planting nursery-raised seedlings. This method is
relatively expensive and time consuming. Direct
secding methods have the potential to reduce
regencration costs greatly as ne nursery operations are
required. At present broadcast sowing requires about
fifteen times as much sced (40 000 sceds/ha) as hand
planting. This limits its operational usage. Methods of
direct sceding that use less seed and produce
censistently good results descrve investigation.

Seed Productien and Improvement

Future work in this field sheuld involve:

1. Maintaining the area of karri sced orchards and seed
production arcas. New plantings will incorporate
families not yet represented in the seed orchards,
seedlings raised from sced collected in the “first
generation® sced orchards and, cventually, clonces of
outstanding (in terms of form, wood quality and
sced production) trees in the forest and in progeny
trials.

2. Culling the seed orchards of the peerest performing
families (in terms of growth rate, form and seed
production), based on results achieved in progeny
tests.

3. Continuing to study the cffects of environmental
and management facters on seed production, so
that future ¢Jonal sced orchards are planted on sites
that maximize seed production.

4. Determining the optimum rotation [ength for the
karri seed orchards and developing methods of tree
management and seed collection.

Determining the Optimum Initial Stocking

Karri spacing experiments need to be established on a
range of sitcs on which karri is planted. The aim will be
to determine, for a range of sites, the optimum tnitial
stocking of karri regencration to suit nominated
management objectives. Current practice 3ims to
preduce high quality sawlogs with some pulpweod
during thinning in a reasonable time frame. Inn the
future, management prioritics may change cmphasis.
This may result in a change in initial stocking.

Results from current experiments will help to
determine what the optimum initial espacement should
be, but further infermation from high quality sitcs will
be required.
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Thinning and Fertilizing Experiments

All thinning and fertilizing studies provide silvicultural
data fundamental to the development of growth and
economic models. Using these models, managers of
karri regrowth can calculate at any stage during a
rotation the future yields and cost-benefit relationships
for any number of treatments.

Experimental studies are needed to identify the
nutrients responsible for observed response to fertilizing
following thinning, and to further quantify che thinning
response on a range of sites. The rescarch should
ascertain the optimum level at which nutrients should
be applied, as well as the best method and season of
application, the timing of first and subsequent
thinnings, thinning method, degree and intensity.

The effect of thinning and fertilizing on the quality
of wood produced in the regrowth karri stands should
be given more attention in the future. Similarly, it
should be essential to monitor the effect of early
thinning on fuel loads for early prescribed burning
operations, and the effect of thinning and fertilizing on
the composition and abundance of understorey species.

Maintaining or Improving Stand
Productivity

The cffect of different rotations on the nutrient balance
and nutrient cycling in the karri forest needs to be
monitored. Scientists have, to 1988, published a
number of papers dealing with nutrient cycling and
biomass production in the karri forest (Grove and
Malajczuk 1985a and 1985b; O’Connell 1988). Their
results indicate that the karri forest understorey plays an
important role in the nutrition of karri stands, but that
more research is required about the impact of
management practices on nutrient cycling.

Alternative Establishment Techniques

Fire is the main establishment technique used in karri
forest at present. Some ripping and ploughing is done
on snig tracks and landings, but generally stash burning
to create ashbeds is the main preparation. This is
favoured for a number of reasons including ease of
operation and reduced costs, but mainly because the
seedling growth on ashbed is excellent, and because
other species are adapted to regencration following fire.

Various operational trials using heaping and
windrowing of debris and ripping or raking soil have
provided interesting preliminary results, but thorough
investigations into alternative methods are required.
Although there are no immediate plans to foresake fire
as the principal regeneration tool, the need to
determine whether karri can be successfully regenerated
without fire is important.

Integrated Research

While the clear felling system is undisputably successful
in karri logging and regeneration, alternative systems

should continue to be examined. Investigations into
these alternative systems should examine their suitability
in terms of regeneration success and tree growth, health
and form, and their effect on fauna, flora, water
production, visual amenity, cost efficiency and fire
protection.
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Review of WURC stockpiling and sawmilling studies

Science and Information Division, Department of Conservation and
Land Management, PO Box 104, Como 6152, Western Australia

SUMMARY

The stockpiling and sawmilling research trials carried out
since 1986 at the Wood Utilisation Research Centre of the
Western Australian Department of Conservation and Land
Management are reviewed in this report. The major
species assessed were jarrah (Eucalyptus marginata Donn.
ex Sm.)and karri (E. diversicolor E. Muell.). Other species
assessed were marri (E. calophylla R. Br. ex Lindl), and
six species growing in the eastern Goldfeelds area: Dundas
blackbutt (. dundasii Maiden), York gum (E. loxophleba
Benth.), gimlet (E. safubris F. Muell.), redwood
(E. transcontinentalis Maiden), mulga (Acacia aneura
F. Muell. ex Benth.), and northern cypress pine (Callitris
columellaris F. Muell. sens. lat.). Western Australian-
grown Tasmanian blue gum (E. globulus Labill. ssp.
globulus), and rose gum (E. grandis W. Hill ex Maiden)
were also assessed, as well as karri, red mahogany
(E. resinifera Sm.), spotted gum (E. maculata Hook.) and
tallowwood (E. microcorys F. Muell.) grown on
rehabilitated bauxite minesites.

The stockpiling trials indicated that storing logs under
a water spray schedule of 15 min in every 3 hours gave
acceptable log quality with a 93 per cent saving in power
and water. The sawmilling trials indicated the potential for
processing small regrowth eucalypts into structural or
appearance grade timber products, and the results
confirmed the close correlation between log size and sawn
recoveries,

The comparatively high incidence of defects, e.g.
knots, borer damage, rot, bow and spring reduced graded
recoveries in all species.

INTRODUCTION

The Department of Conservation and Land Management’s
(CALM) Wood Utilisation Research Centre (WURC) at
Harvey was originally established in 1984 to carry out both
applied and basic research to assist the Western Australian
(WA) timber industry. The 1993 WURC Mission

G.R. SEMON

Statement reads: ‘to provide scientifically sound
information to improve the efficiency and timber utilisation
in Western Australia’.

The major research program carried out by the WURC
was the Small Eucalypt Processing Study from 1986 to
1990 to develop techniques for value-adding of small
regrowth eucalypt thinnings. The program was funded by
the Cemmonwealth through a Public Interest Project on a
$1 for $2 basis. The program carried out applied research
in stockpiling logs, sawmilling, timber drying and
assessment of wood properties, before developing
VALWOOD?® (an edge- and face-glued panel) and the
CALM Solar-assisted kilns, and commencing a computer

‘model ef the timber industry. The individual trials were

previously reported in WURC Reports or WURC
Technical Repozts, as part of a Commonwealth requirement
for quick dissemination of research results.

This review discusses the research trials on stockpiling
and sawmilling of regrowth and plantation-grown
eucalypts carried out at the WURC since 1986. The major
species assessed were jarrah (Eucalyptus marginata Donn.
ex Sm.) and Katni (E. diversicotor F. Muell.). Other species
assessed were macri (£. calophyila R. Br. ex Lindl.), and
six species growing in the eastern Goldfields area: Dundas
blackbutt (E. dundasii Matden), York gum (E. loxophleba
Benth.), gimlet (£. salubris F. Muell.), redwood
(E. transcontinentalis Maiden), mulga (Acacia aneura
F. Muell. ex Benth.), and northern cypress pine (Callitris
columellaris F. Muell. sens. lat.). Western Australian-
grown Tasmanian blue gum (E. globutus Labill. ssp.
globulus), and rose gum (E. grandis W. Hill ex Maiden),
were also assessed, as well as karri, red mahogany
(E. resinifera Sm.) spotted gum (E. maculara Hook.) and
taliowwood (E. microcorys F. Muell.) grown on
rehabilitated bauxite minesites.

STOCKPILING

A major factor in the WA timber industry is the need
for sawmillers to stockpile logs for processing during the
winter months. The logging season is restricted in order to
minimize the spread of dieback, caused when
Phytophthora cinnamomi Rands fungal spores are carried
in wet soil on machinery or transport. Industry experience
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had confirmed that dry stockpiling of logs results in
unacceptable degradation, particularly end splitting and
insect attack. Stockpiling under water sprays is essential to
reduce end-splitting and surface checking of logs, and to
reduce the incidence of insect attack, particularly by the
bardi borer (Phoracantha semipunctata). There is evidence
from the eastern States that stockpiling under water sprays
can also reduce the level of growth stresses in ash-type
eucalypts, which will consequently reduce the amount of
bow and spring in the sawn product (Waugh 1980).

White (1990) compared the efficiencies of a high
pressure spraying system, with its high volume knocker-
type sprinklers, and a low pressure/low volume black
polypipe ‘Soaket’ system. Twenty cubic metres of bark-on
and debarked regrowth jarrah sawlogs, including a mixture
of butt and crown logs, were assessed under each system.
The components and costs of each system are given. Each
log was assessed for sapstain, insect damage, surface
checking and decay before sawing. The results indicated
that both systems were capable of maintaining regrowth
jarrah logs in good condition through the severc summer
conditions. The daily consumption of water using
continuous watering was 26.6 kL and 6.9 kL for high
pressure and low pressure systems respectively for 20 m?
of fogs. White (1990) recommended the low pressure
system where capital and water are limiting factors and
where stockpiles are small.

Although Brennan (1988) reported a stockpiling trial of
WA sheoak (Allocasuarina fraseriana (Miq.) L. Johnson),
the major trial on regrowth eucalypts was that by Brennan
et al. (1990) on stockpiling regrowth jarrah and karri using
the high pressure watering systern. The trial was
conducted in two parts: the first part, using jarrah logs,
compared the effects of water spray schedules ranging
from continuous (during daylight heurs) te 1 i on : 3 h off,
by assessing log degradation and borer infestation in the
stockpiling, and the amount of bow and spring in flitches,

wings and sawn boards after sawmilling. The results
indicated that the most extreme watering schedule assessed
(1 hon: 3 h off) did not adversely affect the quality of logs
or sawn timber.

The results of the first part were the basis for the
second part of the study, in which regrowth karri logs were
included with the regrowth jarrah. More radical watering
schedules were used, although karri is known to be more
susceptible to splitting than is jarrah. The results indicated
that a 15 min on : 165 min off schedule (i.e. 15 min in each
3 h) gave satisfactory results, and this would result in a
92 per cent savings in water and electricity compared with
continuous water spraying. The technical details of the
high pressure system are given by Brennan et al. (1990).
Logs that were dry stockpiled developed major splitting,
which made many of them unsuitable for milling, and
those milled produced very low recoveries.

SAWMILLING

Jarrah

The first major trial was an assessment of the effects of
sawmilling and stockpiling of 50-year-old regrowth jarcah
(White 1989b). By measuring bow and spring in flitches
and boards, White compared the sawn graded recoveries
from logs, either freshly sawn or stockpiled under water
sprays before milling (and sawn using one of three
different sawmilling patterns), in reducing the effects of
growth stresses in these regrowth logs. The sawmilling
patterns assessed were bascd on these described by Waugh
(1980) and Machin (1981) and are shown in Figure i.

Data were collected for four log length classes and five log
diameter classes. The results indicated that, in both freshly
suwn and stockpiled treatments, log length had no effect on
sawn graded recoveries, but as expected, increasing log

T — 1 .
2 2

Waugh (1980)
| + 2 Twin Edger Cuts
A to E Resaw Bandsaw Cuts

Figure 1. Sawing patterns tested in jarrah sawmill trial.
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Machin 1 (1981)
1 + 2 Twin Edger Cuts
A to C Bandsaw Cuts

2 - g

Machin 2 (1981)
1 + 2 Twin Edger Cuts
A to C Resaw Bandsaw cuts
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diameter resulted in increasing recoveries. The recoveries
from each sawing pattern were similar, ranging from

20.2 per cent to 22.2 per cent. Log diameter differences in
each treatment would explain the small variation. The
three different sawing patterns resulted in similar levels of
bow and spring in flitches, but bow in boards was slightly
larger in the stockpiled material. All were within
Australian Standard AS 2082-1979 specifications
(Standards Associatien of Australia 1979).

Brennan and Ward (1990) summarized studies on the
green sawn recoveries of 28 mm thick regrowth jarrah
boards miiled from the following areas in the northern
jarrah forest :

Banksiadale Road, Dwellingup District;
Inglehope Plots, Dwellingup District;
Kent Block, Harvey District;

Ross Block, Harvey District.

The Inglehope Plots logs were either fresh-sawn or
stockpiled for three to four months before milling, and the
standard log specification for small regrowth eucalypt logs
used in the study is given in Appendix 1 of the present
review.

The sawing pattern based on Waugh (1980) was
followed, using a twin-edged saw with overhead beam feed
for initial breakdown, and a vertical bandsaw for resawing.
The appearance grade timber produced was graded to
WURC Grading Rules (Appendix 2), which are similar to
the specifications of the ‘Industry Standard for Seasoned,
Sawn and Skip-dressed WA Hardwoods’, subsequently
published (FIF (WA) 1992). The latter is now the standard
reference.

The dimensions and green sawn rccoveries from the
logs from the different areas are given in Table 1.

‘The combined data showed that sawn graded recovery
was not affected by log length, but increased significantly
with increasing log diameter. Apart from the constraints of
milling small diameter logs, brittle heart was the major
factor reducing recovery, followed by knots, rot, kino,
wane and insect damage.

TABLE 1

Mean small end diameter ( s.8.d.u.b.), log length and
green sawn recovery percentage of fimber milled from
four different log sources.

Brennan and Pitcher (1992) also assessed green sawn
recoveries from regrowth jarcah grown under different
stand densities in the Inglehope Plots, Dwellingup District.
The nominal stand basal areas under bark of five different
treatments ranged from 7.0 to 22.0 m? ha ', but only the
lowest three basal area treatments (7.0, 11.0 and
15.4 m? ha ') were used for this study. Before thinning
again the actual basal areas were 12.8, 17.7 and 21.8 m? ha’
' respectively. Both sawlogs and poles were extracted. The
sawlog specification is given in Appendix 1.

The logs were broken down by two passes through a
twin-edged saw with overhead beam feed to produce a
centre baulk, and the baulk and wings were resawn on a
vertical bandsaw or circular saw. Logs were either sawn
fresh or milled after stockpiling under water sprays for
three months. Log degradation was assessed, and bow and
spring of flitches and boards measured to compare the two
treatments, using combined data from the three stand basal
areas.

Stockpiled logs had less end splitting than logs sawn
fresh, which were stored in a dry stockpile until actually
milled. The results indicated that in thinning the same
basal area from different stands, the lowest stand basal area
(thinned from 12.8 t0 4.8 m? ha!) produced twice the
number and 2.5 times the volume of sawlogs produced
from the medium stand basal area (thinned from 21.8 to
15.8 m* ha ). The effects of log diameter class and log
length were assessed for the combined data, and while the
green sawn recovery increased with increasing log
diameter, there was a trend to decreasing recoveries with
increasing log length (which could be attributed to
variations in stem straightness). The sawn recoveries from
the fresh-sawn and stockpiled logs were 24.7 and 20.4 per
cent respectively, but the mean s.e.d.u.b. (small end
diameter under bark) figures were 22.6 and 20.2 cm, which
would explaint most of the variation. The graded
recoveries for the combined material, using the WURC
Grading Rules (Appendix 2), were as follows: Clear
(12.1 per cent), Feature (32.2 per cent), Processing (16.6
per cent), Merchantable (37.7 per cent), and Reject (1.5 per
cent). The major defects m Feature grade material were

S.E.D.UB. (cm) LOG LENGTH (m) RECOVERY (%)
LOG SOURCE MEAN S:0); MEAN SD. MEAN sS.D.
Banksiadale Road 21.2 4.3 3.6 1+2, 21.6 8.3
Ingtehope Plots
{fresh-sawn) 228 5.4 3.4 1Al 25.4 10.2
(stockplled) 20.4 34 3.6 1l 214 8.7
Kent Block 19.3 3.9 33 0.8 21.2 8.4
Ross Biock 209 3.6 50 1.0 26.4 8.2
Mean 20.9 5.3 3.8 1.2 232 Q.2

103

CALMScience



CALMScience Vol.2, No. 1 (1995)

epicormics, in Precessing grade skip, knots and
epicormics, and in Merchantable grade surface checks,
knot holes, knots, gum veins and skip.

A study of sawn recoveries of regrowth jarrah, which
actually included some karri logs, assessed two grades of
regrowth jarrah legs and a single grade of regrowth karri
logs that were substantially smaller than the mature logs
currently supplied te industry (White and Siemon 1992).
Four log size ctasses were assessed, with combinations of
15-19.9 cm or 20-30 cm s.e.d.ub. and 24 m or 3.6 m
length. The log specifications were: (1) Regrowth !st
Grade logs had minimum 50 per cent millable wood at the
worst end, with maximum swecp of 30 mm in any 2 m
length in one direction only. (2) Regrowth 2nd Grade logs
had mintmum 30 per cent millable wood at the worst end,
with simitar sweep provisien. In both grades minimum
acceptable log length was [.2 m, and minimum s.e.d.ub.
was {50 mm. The sawing strategies used were designed to
produce structural timber, boards, or a combination of both
products. Any defects that required docking te upgrade the
boards were assessed.

Analysis of the data indicated significant differences in
sawn graded recovery between species and grade
(p < .001) which was the result of 2nd Gradc jarrzh logs
producing lewer grade timber. As expected, log size class
and the species x size class interaction were significantly
different at the same probability level. The mean log
diameter and graded recoveries in cach log size class are
given in Fable 2.

The mean s.e.d.ub. figures for 1st Grade jarrzh logs
indicate seme bias in sampling with three treatments

TABLE 2

Mean graded recovery from different sawing strategies
for graded regrowth togs in different length and
diameter classes.

around 20 cm in the 15-19.9 cm s.e.d. class (Table 2).
However, the average 5 cm difference between the two log
diameter classes provides adequate variation. The
ungraded sawn recoveries were closely associated with log
size classes, and leng slender logs (3.6 m, 15-19.9 ¢m)
gave lowest recoveries. The st Grade fogs in the largest
diameter class (20-30 cm) produced a mean 35.8 per cent
ungraded recovery, similar to that reported from industry
milling of mature logs. The mean graded recovery over the
three treatments in this diamcter class was 23.8 per cent
(Table 2).

The timber was graded into structural or appearance
grades, as discussed below.

The mean graded recoveries in the smallest size class
(2.4 m, 15-19.9 cm s.e.d.) showed major differences
between 1st Grade jarrah and the other two log sources.
As expected, the 2nd Grade jarrah legs produced low
recoveries, but log quality was obviously a preblem in 1st
Grade karri logs with defects that could not be predicted by
inspection of log ends.

The major defects docked {rom structural timber te
comply with Structural Grade 3 of AS2082-1979
(Standards Assoctation of Australia 1979) or frem boards
te comply with Appearance Grades | and 2 of AS 2796-
1985 (Standirds Association of Australta 1985), in
deccreasing order of occurrence, were as fellows :

[st Grade jarrah

2nd Grade jarrah
Lst Grade karri

wane, knots, end splits
rot, gum veins, knots
knots, insect attack

A detailed description of defect occurrence is given in
White and Siemon (1992).

15T GRADE JARRAH 2ND GRADE JARRAH 15T GRADE KARRI
Sawing Log se.d Class Mean Mean Mean Mean Mean Mean
Strategy  length (m) (cmy) se.d.ub. graded s.e.d.ub. graded s.edub. graded
(cm) recovery (%) (cm) recovery (%) (cm) recovery (%)
S 2.4 15-19.9 200 251 18.7 0.0 17 .4 1.5
8 = ! 19.7 8.4 17.7 4.5 17.8 16.2
B&S » N 19.7 24.6 18.7 8.9 18.6 5.6
S 2.4 20-30 254 30.4 260 6.5 25.4 292
B & i 25.5 357 266 10.7 25 51.9
B&S e % 280 292 230 12.6 261 293
S 3.6 15-19.9 20.0 14.3 18.4 0.0 18.) 13.4
B " " 19.9 13.9 18,8 0.6 18.2 10.8
B&S " ! 18.3 101 19.1 1.6 18.8 13.7
) 3.6 20-30 25.6 267 254 5.5 263 24,0
B ! ’ 248 22.1 24.5 2.1 27.8 14.6
B&S " . 269 22.5 26.5 §.1 27.0 26.3
S = stuctural timber
B = beards
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Karri

White (1989¢) reported the results of a regrowth karri
sawmitling trial after two years stockpiling logs under
water sprays. While stockpiling under water sprays is
essential, as explained previously, the trial was designed to
assess whether long term stockpiling produced ary adverse
effects on log quality. The logs were sawn on a twin-edged
saw with overhead beam feed for initial breakdown and a
circular resaw, using a sawing pattern based on Machin
(1981). Logs exceeding 40 cm s.e.d.u.b. were broken
down on an old sizing carriage. The green structural grade
products were graded to AS 2082-1979 (Standards
Association of Australia 1979), and appearance products to
TAS-G4 (1985) (FPA (WA) 1985) and AS 2796-1985
(Standards Association of Australia 1985) after drying in a
progressive tunnei kiln, and dressing. The green timber
was stored under water spray and regraded afier three
months to assess possible reduction in growth stresses and
therefore reduced bow and spring.

The mean log size was 32 cm s.e.d.u.b. The recoveries
are given in Table 3.

Kino and brownwood associated with rot were the
major factors for downgrading structural grades, but in the
small volume of appearance grade material milled, insect
damage was the major factor. Bow was considerably
reduced in the green structural timber after three months
storage under water sprays.

The major karri sawmilling study assessed structural
and appearance grade timber milled from six different sites
in the Southern Forest Region, representing a range of age
classes (49-70 years) and dominance classes (dominant te
suppressed stems) (Brennan et af. 1991). Basic details of
the plots, which represent the range of site productivity in
older regrowth stands, are given in Table 4,

The logs were sawn into structural timber (40 or
50 mm thick), and appearance grade boards (30 mm thick)
that were air-dried for nine months before final drying to
8 per cent moisture content in a kiln. Structural timber was
graded to AS 2082-1979 (Standards Association of
Australia 1979); appearance grade timber was graded using
WURC Grading Rules (Appendix 2).

Brennan et af. (1991) gave detailed results on log size
distribution, and structural and appearance grade
recoveries for each plot, showing the effect of site quality
and dominance class.

The mean recoveries of timber milled from these
regrowth karri logs are compared using site quality, log
position and dominance class (Table S). The overall
relationship between log diameter class and green-sawn
recoveries is shown in Figure 2.

The occurrence of defects in timber from each site type
was assessed by Brennan et al. (1991). The major
variation was in the incidence of borer damage, where the
percentage of pieces of timber affected ranged from 34 per
cent in Plot 4 to 87 per cent in Plot 2. While there was
some rot associated with this borer damage, the overall
occurrence of rot and brownwood varied in each plot.
Incidence of knots, gum veins, sapwood, etc. was uniform.

The combined regrowth jarrah and karei study by
White and Siemon (1992) was reported previously.

Twelve-year-old kard logs grown on a rehabilitated
bauxite minesite were one of four species assessed by
milling 18 mm thick appearance grade boards suitabie for
panel production (Brennan 1992). Although logs were
comparatively large (mean s.e.d.u.b. and 21.9 ¢m), the
dried dressed recovery of 10.8 per cent was low because of
defects attributed mainly to borer damage.

TABLE 3

Green sawn structural and appearance grade recoveries
from milling regrowth karri logs.

Recovery (%) (based
Structural Grade on log volume)
1 10.5
2 31
3 11.1
4 1.3
Reject 42
Appearance Grade
Furniture 0.02
Standard 0.33
Utility 0.03
Commons 0.54
TABLE 4

Stand description of regrowth karri trees from six sites in
the Southern Forest Region.,

Plot Location Stand Age Site Basal Area  Stocking
No. (years) (m2ha') (stems ha')

1 Murtin Block 70 Veylow 304 304
2 Sutton 58 Low 390 288
3 Channybearup 55 Med 30.3 460
4 Channybearup 49 Med 43.7 631
5 Court 53 Hign 238 364
6 Yanmah Sil Med 36.8 519
TABLE 5

Mean recoveries of timber by site quality, log position
and dominance class.

Site Recovery Log Recovery Dominance Recovery

Quality (%) Position (%) Class (%)
High 36.6 Butt 30.7 Dominant/ 328
co-dominont
(11.9)° (12.8) 1.4)
Medium 27.4 Mid 28.8  Sub-dominant! 19.6
suppressed
Q3.7 (10.6) (12.4)
Low 20.4 Crown 16.4
(13.1) (12.8)
aS.D. Is given in parentheses below the mean value.
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Marri

While marri is a major species in the forests of south-west
WA, its use for sawn timber has been restricted because of
extensive occurrence of kino veins. It has been used for
structural purposes, weatherboards and case material, but
has potential for furniture manufacturing when the timber
is comparatively frec of kino veins.

White (1989a) described a sawmilling trial of regrowth
marri from Pimelia Plantation in Pemberton District, which
produced structural and some appearance grade products.
The logs had been stockpiled under water spray, and
milling was done using a twin-cdged saw and two-opcrator
resaw bench. The green recovery was 35.1 per cent, which
reduced after docking to remove large knots and kino
veins.

The timber was dipped in borax solution to prevent the
powder post borer (Lyctus spp.) attacking the sapwoed,
and then block-stacked. The small quantity of appearance
grade material produced was kiln-dried, dressed, and
graded to AS 2796-1985 (Standards Association of
Australia 1985), and the green structural material was
graded to AS 2082-1979 (Standards Association of
Australia 1979). The final recovery was 23.0 per cent
structurat grade and 3.0 per cent appearance grade, a total
of 26 per cent.

Goldfields species

Assessment of response 1o sawmilling was part of an
everall study of the utilization potcantial ef six species
grewing in the eastern Goldficlds of WA, viz. Dundas
blackbutt, York gum, gimiet, redwood, mulga and northern
cypress pine (Brennan and Newby {992).

Logs were suwn on a ‘Forester {50 horizontal
bandsaw, mainly into 14 mm thick boards, with some flitch

Recovery %

material cut for demonstration purposes. There were
problems with milling because of the high wood density of
the species (except for the cypress pine). Feed speeds
through the saws had to be reduced, and saw life before
sharpening was required was reduced. Drying rates were
about one-third of those achtevable for jarrah and karri
boards of the sume thickness, because of the high density
of the eucalypt and mulga timbers.

Tasmanian blue gum

Tasmanian blue gum is the major species grown
specifically for puip and paper production in south-west
plantations, but it has the potential to be a major seurce of
sawlegs for structural and appearance grade timber.
Themson and Hanks (1990) mitled forty-one 24-year-
old Tasmanian blue gum logs from Willow Springs
Arboretum in Nunnup District, to produce either 40 or
50 mm thick structural timber or 30 mm thick appearance
grade boards. A twin-edged saw with overhead beam feed
was used for initial breakdown, and a vertical bandsaw for
resawing. Sweep was the most commen defect found in
the logs, but large branches and angular swellings were
also found. End splitting caused Josses in recovery, even
when freshly docked during preparation before milling.
The eperators conssdered Tasmanian blue gum mere
difficult to mill than regrowth jarrah and karri, and a
slower feed speed was required through the saws.
Sixty-four per cent of the sawn recovery met the
requirements of Structural Grade 3 (SG3) or better
(Standards Association ef Australia 1979), and 39 per centl
of this was Structural Grade |. Docking of merchantable
material to remove defects near the ends of the pieces
would increase recoveries of SG3 or better to 79 per cent.
The major defect in the structural timber was excessive
bow (which indicated high levels of growth stresses),

0 } + : -
12.5 17.8 22.5 27:5 325

u t

37.5 42.5 47.5 65

Mid-diameter class (cm)

Figure 2. Effect of log diameter class on sawn recovery of karri.
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followed by knots, kino veins, borer holes, spring and
shakes. Inthe appearance grade timber, grading was
carried out using the principle of ‘phantom docking’

(i.e. the position for docking is marked and lengths of
different grades estimated, without the actua! docking
being done). Only 20.1 per cent of the 1.2 m* milled made
Clear or Feature Grades, with 10.5 per cent Processing,
68.7 per cent Merchaatable, and 0.7 per cent Reject
material. The incidence of kino veins was the major reason
for the low recovery of Clear or Feature grades, averaging
more than one per board. Knots were the major defect on
32.2 per cent of the boards, followed by surface checking,
cup, and skip. In general, the results indicated that
appearance grade timber for furniture or joinery use would
be a small percentage of the sawn timber, but structural
timber recoveries were satisfactory.

Brennan er af. (1992) carried out a sawmilling study of
very young Tasmanian blue gum, using 8-year-old trees
from a former pastured site and 10-year-old trees from a
former bush site. The init;al breakdewn was done using a
‘Forestor 150" herizontal bandsaw, and boards were
resawn to 18 mm thickness using a vertical bandsaw.
Details of the drying schedules used are given, as well as
basic data en shrinkage and density of this young
plantation-grown material (Brernan er af. 1992).

The green sawn recovery of 18 mm thick boards was
52.7 per cent, with ex-pasture and ex-bush material
producing 55.2 per cent and 49.9 per cent respectively.
Dried dressed recevery of 10 mm thick boards (allowing
for shrinkage and dressing) was 28.3 per cent based on log
volume.

The data are broken down further into log s.e.d.u.b.
class and log length class. The shrinkage in width of the
mainly backsawn boards was 9.5 per cent, and in thickness
6.9 per cent. The mean basic density was 470 kg m-*. The
boards were subsequently used for VALWOOD® panel
manufacture, but that aspect is outside the scope of this
report.

Rose gum

The rose gum {ogs used in Hanks' (1990) sawmiiling
trial were first thinnings from a 1964 planting in the
Willow Springs Arboretum in Nannup District. Two
sawing methods were assessed : (1) ‘Forestor 150°
horizontal bandsaw for initial breakdown of logs, and
resawing on a vertical bandsaw; (2) twin-edged saw for
initial breakdown, and resawing on a vertical bandsaw.
Boards were milled to 30 mm thickness, and then initially
air-dricd te below fibre saturation point and kiln-dried te
final meisture content at temperatures increasing from
30° C to 80° C for over 2 h, then 88° C for 6 h.

The logs milled using the ‘Forestor 150" for initial
breakdown had green sawn recovery of 39.4 per cent,
compared with the twin-edged saw breakdown and
recovery of 32.1 per cent. With the former, logs were
slightly larger, the saw has a smailer kerf (i.e. width ef cut)
and taper sawing can be done, which produces better
recovery.

The dried dressed recoveries were 24.5 per cent and
20.0 per cent respectively. However, only 22.4 per cent of

the boards produced were Clear or Feature grade, with
23.3 per cent Processing, 52.0 per cent Merchantable, and
2.3 per cent Reject. The major defects were knots in

50.3 per cent of boards, kine in 24.0 per cent, and borer
damage in 20.2 per cent. Many boards were downgraded
from Clear to Feature because of epicormics.

Red mahogany

The logs milled in this trial by Raper (1990) came from
23-year-old trees grown on a rehabilitated bauxite minesite
in Turner Block, Dwellingup District. The mean s.e.d.u.b
was only 190 mm (S.D. 2.4 mm), and mean length 2.7 m
(S$.D. 0.8 m). Two passes through a twin-edged saw with
overhead beam feed produced a central baulk which was
resawn on 2 vertical bandsaw to produce 115 x 34 mm
pieces. Defects were docked, and a phantom grading done
at the docker. After two weeks curing at high humidity, the
timber was air-dried to below fibre saturation point, and
then kiin-dried at 90°C to final moisture content. The
boards were then pre-dressed to 100 x 25 mm and graded
to Structural Grade 3 of AS 2082-1979 (Standards
Association of Australia 1979).

The results confirmed the overall low quality of the
logs, with a high incidence of defects. Some logs were
actually rejected. The occurrence of decayed wood around
branch stubs was of particular concern, and wandering
heart was a problem. Grading at the docker before drying
indicated the following defects: knots - 97.4 per cent of
boards affected; sapwood - 94.9 per cent; borer damage -
76.9 per cent; gum pockets - 76.9 per cent; and rot -

28.2 per cent, i.e. combination of defects occurred in most
boards. The WURC Grading Rules (Appendix 2) were
used in the phantom decking exercise, There was no Clear
grade material, 5.3 per cent Furniture grade, 16.1 per cent
Precessing, 68.5 per cent Merchantable, and 10.1 per cent
Reject. Large knots, gum pockets, borer damage and rot
were the major defects, resulting in the high percentage of
Merchantable grade. The SG3 recovery after drying and
dressing was only 12 per cent of log volume.

Twelve-year-old red mahogany logs grown on a
rehabilitated minesite were milled into 18 mm thick
boards, together with karri, spotted gum and tallowweod
{Brennan 1992). The red mahogany boards were not kiln
dried because the high incidence of defect, largely
attributable to borer damage, prevented them satisfying the
requirements for appearance grade products.

Spotted gum

The 13.5 per cent dried dressed recovery (based on log
volume) of spotted gum timber from 12-year-old trees
grown on a rehabilitated minesite was mainly attributable
to the small log size (mean s.e.d.u.b. of 14.4 mm). Therc
were few problems with defects in the timber (Brennan
1992).

Tallowwood

This material was 19-year-old timber, also milled from logs
from a rchabilitated minesite. It was supplied to the WURC
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as 25 mm thick boards, which were dressed green to

18 mm before drying. Recovery data based on log volume
were not available, but there were no particular problems
with defects (Brennan 1992).

GENERAL DISCUSSION

The series of stockpiling and sawmilling trials carried out
at the WURC since 1986 has provided usctul infermation
on the potential of small regrowih eucalypts for processing
into either structural or appearance grade timber products.
The effects of silvicultural treatment on jarrah log
production were discussed by Brennan and Pitcher (1992),
and the effiects of site quality and dominance class on karri
log production by Brennan et ai. (1991).

General experience has confirmed the importance of
minimizing the time between felling trees and either
stockpiling or processing the logs. Steckpiling under
waler sprays is essential during the summer months to
prevent end splitting, minimize insect attack, and possibly
to reduce growth stresses. White (1990) tfound both high
pressure and low pressure spray systems were effective.
The former was more expensive bul had advantages where
water aviilabilily was not a problem. The supplementary
research by Brennan et al. (1990) found that a watering
schedule of 1S min on in each 3 h did not adversely affect
log quality. Extended storage under water sprays was
shown by White (1989c) to have no adverse efiects on
karri logs, just an economic disadvantage.

Sawmilling small regrowth eucalypt logs has one major
desadvantage, viz. the occurrences of growth stresses, and
Encalyprus is (he most susceptible of all gencra (Kubler
1987). The problem decreases with increasing stem
diameter, but the major eftect in small logs is decreased
sawn recoveries and increased bow and spring in the sawn
timber. The production of backsawn boards (with growth
rings parallel to the width) is recommended beceause bow
can be reduced in drying, but the spring in quarler sawn
boards cannot .

The trials confirmed that sawn recovery is closely
rclated to log diameter, but the economies of milling logs
smaller than 20 cm s.c.d.u.b. would be very doubtful
because of low recoveries. The productivity rates were not
assessed in any of the studies, but would obviously be
substantially reduced using a small-log resource. Log
length generally had no effecl on sawn recoveries provided
that stem straightness was acceptable; the exceptions were
the Breanan and Pitcher (1992) trial where sawn recoveries
decreased in long slender logs, and the White and Siemon
(1992) trial where the 2.4 m, [5-19.9 ¢m class logs had
higher recoveries than the 3.6 m, 15-19.9 cm class.

The milling equipment used for processing small
regrowth logs has a significant effect en sawn recoveries,
with 7-8 mm kerf of twin-edged circular saws compared
with 3 mm kerf of bandsaws. The twin-edged saw has the
advantage of reducing the effect of growth stresses by
producing a stable ceatral flitch, although the wings are
bowed. The alternative method of using a linebar carriage
and taper sawing to process regrowth eucalypt logs has
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been used for ash-type eucalypts. Accuracy of sawing has
a major effect on the subsequent graded dried dressed
recoveries, because undersized boards can twist between
the stickers (i.e. strip sticks) during drying and cause
problems when dressing the timber. The results of the
WURC trials consequently provide a conservative guide to
the ungraded sawn recoveries from regrowth and
plantation-grown eucalypt logs.

Apart from the smaller log dimensions, the other major
factor encountered in the sawmilling trials was the high
incidence of defects, viz. knots, borer damage, rot, bow and
spring were the major defects encountered. Consequently,
there were major differences between the ungraded and
graded recoveries in different species. The 2nd Grade
jarrah and st Grade karri milting study reported by White
and Siemon (1992) and the red mahogany study (Raper
1990) provided good examples.

Regrowth jarrah generally provides satisfactory sawn
timber, although it is susceptible to borer (mainly bardi)
and fungal attack. Branch size, and hence knot size, tend
to be less significant. The karri logs assessed had a higher
incidence of borer larvae attack, either the bullseye borer
(Tryphocaria sp.) or cossid moth (Xyleures sp.), as well as
brownwood, which has been confirmed as incipient rot.
Growth stress levels are comparatively high, and bow and
spring reduce the graded recoveries.

Marri, like most bloodwoods, is susceptible to kino
formation as a result of wounding, whether by insects, fire
or mechanical damage. The kino veins produced are the
majer reason for the species’ limited use as timber, as well
as regular occurrence of damage by bardi or bullseye
borers, The size of the resource means that it is essential to
find an economic use, and it would be a definite advaalage
when value-added timber conforming to FIF (WA)(1992)
specifications can be milled.

The sawmilling studies of Tasmanian blue gum
(Thomson and Hanks 1990; Brennan ef al. 1992) provided
uselul data on a rapidly expanding resource. Although the
majer planned use of the species is pulp and paper
production, there is definite potential for structural and
appearance grades. Although Thomson and Hanks (1990)
preduced low recoveries of appearance grade timber, there
is a need for light coloured timber for furniturc and
flooring. Brennan et al. (1992) milled thin boards, which
included reasonable proportions of face grade timber. The
tast growth rates of the species couid justify pruning of
potential sawlogs to produce value-added products.

The rose gum sawmilling study (Hanks 1990) produced
sutistactory results, but the red mahoguny study (Raper
1990) indicated that wood quality was a major problem
with trees grown en a rehabilitated minesite, owing to
borer dammage and rot associated with large knots,

Spotted gum and tallowwood grown on similar sites
have potential for the production of appearance-grade
timber.

Overall, the trials produced useful data on the sawn
recoveries of structural and appearance grade timber milled
from small regrowth logs of several eucalypt species.
They also indicated the need for an integrated approach te
carry out basic research on susceptibility to borer and
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fungal attack, and applied research on the interaction
between borer, rot, silvicultural treatment and wood
quality. A karri research strategy has been prepared and an
integrated research project initiated.
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APPENDIX 1
Specification for regrowth sawlogs.

1. Small end diameter under bark (s.e.d.u.b.)

Minimum 150 mm
Maximum 350 mm

2. Large end diameter under bark (l.e.d.u.b.)

Minimum 175 mm
Maximum 400 mm

3. Length
Any of the following, aiming for long lengths:
24,3.6,4.8,0r6.0m

4. Quality

Straightness - maximum 30 mm sweep in any 2.1 m
length.

Log ends at least SO per cent solid wood.

Both log ends cut square.

No deformities such as dry sides, bumps or
protrusions.

Note : Logs may be docked to shorter length if sweep is
excessive or short lengths are required.
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APPENDIX 2

WURC Specification for grading regrowth eucalypt
timber (1990).

These grade rules are intended for use with regrowth
eucalypts, particularly jarrah. However, material from
mature trees may also be graded to these rules.

The rules are intended for use in the sorting of dry, pre-
dressed boards into one of four grades, The sizes are based
on the optithum metric size, taking account of increased
shrinkage, section and length requirements of the
appearance grade markets, as well as the capacity of the
log resource to provide these sizes.

The grades are:

CLEAR GRADE
FEATURE GRADE
PROCESSING GRADE
MERCHANTABLE GRADE.
These grades will apply to sections dressed to 2 mm

over the finished size of 10, 30, 40, 60, 30, 1600, 150,
or 180 mm.

Lengths will range from 0.6 m, in increments of 0.3 m,
to a maximum ef 3.6 m. Timber must be seasoned to
10 per cent moisture content or belew.

Each piece will be free of :

«  Compression failures and other fraclures including
brittle heart and shake

*  Decay and inciuded bark

*  End splits.

CLEAR GRADE

Clear grade, as the name implies, will be clear of all
imperfections excepting sapwood, which may occur on the
buck faces and up to three-quarters of the width of each

edge. Sapwood within these limits will be accepted for the
full length of the picce.

FEATURE GRADE

Will carry features to the following limits.

»  Sapwood - No limit on one face or twe edges;
other face must be clear of sapwood.

»  Branch occlusions or Birds eye : Sound,
intergrown with seasoning splits up to 1 mm wide
confined within the area of the feature.

= Sarface checks : Length of individual checks not
exceeding 200 mm. Width less than 1 mm. Only
#ne check in any 50 mm width board face.
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* Knots : Intergrown and sound not excceding half
the width of the face or 50 mm (measured at right
angles to arrises). Separated in length by twice the
width of the face.

» Kbnot occlusions or holes : Free from bark and decay.
Associated voids not to exceed more than 25 mm?
frequency as for knots.

* Tight gum veins : As fer surface checks.

» Pin heles : Clean edge less than | mm diameter.
Not more than [0 holes in 10 600 mm?2.

*  Grub holes : Clean edge up to 108 mm? Can occur
on one face or one edge. Not more than one per
linear metre.

* Bow and spring : Maximum of 2 mim in any
length up to 1.8 m.

= Skip and machine marks : Less than | mm deep on
either face of edge.

PROCESSING GRADE
Acceptable features.

*  Sapwood : Unlimited.
= Birds eye : Unlimited.

*  Surface checks : Upto 300 mm long and 1 mm
wide. @ne check in any 50 mm width of face. Can
occur on both faces.

* Knois : Intergrown from bark and decay. May
contain fractures or voids up to 200 mm?,
Frequency unlimited.

* Knot occlusions or holes : Free from back and
decay, not exceeding 200 mm?.

*  Gum veins : 3 mm in width, maximum of 500 mm
in length intergrown.,

* Gum pockets or streaks : As for knots and holes.
» Bow and spring : 5 mm in any length up to 1.8 m.

» Skip or machine damage : On one face only, not
to exceed 2 mm. On two faces not fo exceed | mm.

= Pine holes : Up lo 2 mm in diameter, not more
than 20 in any 10 800 mm?.

*  Grub holes : Clean edge up to 100 mm*

MERCHANTABILE GRADE
May contain features in excess of the above grades but
must maintain structural integrity.
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INSTRUCTIONS TO AUTHORS

CALM S Science publishes scientific research and technical
investigations carricd out by CALM or under the direction and
authority of CALM. All papers are refereed outsidde the Departiment
of Conservation and Land Management.

Editorial correspondence and submissions should be addressed te
The Editor, CALM Science, Depaniment of Censervation and Land
Managemcent, PO Box 104, COMO 6152, Westemn Australia.

All scientilic and techrical manuscripts submitted to the editor lor
publication must be accompanied by a completed Science and
Infurnuition Bivision Pulblications Sebmission Form,

Papers must be of a high standard. Subinission of a paper implies that
the inaterial has not been published or submitied clsewhere. The
Journal assumes hat all agthors of a wuiti-authored paper agree to s
subimission and accept intelicetual responsibility for i,

Authors are required to forward three bard copies of the mamuseript
and all accompanying malerial o the editor, word processed and
double spaced i dralt fonual (single spacing may only be used
where il 18 necessary to make a table fit a page). Word for Windows
or MS WORD software should be used, and authors are required to
previde Hoppy disks readable by (BM compuicer.

Manuseripts must NOT be desktop published.

Manuscripts must be en guality A4 witite paper printed on one side
of the paper only. The characters muwst be clear and blick and all
margins must be at least 3 em. The pages of the manuseript must ik
numhered consecutively, (hroughout the enlite paper, beginning at
the title page, and including those pages containing references,
appendiees, table, illustrations, captions, all of which are placed
alter the text,

Spelling should conform wilh the prefened (e, (irst-cited) spelling
of the Oxford English Diclionary, with the single exception of the
word ‘program’.

Stunits should be used for exact physical guantitics and
ieasurements. Authors who are unfamilias with the SI units should
consuit AS 1000-1979 Fhe International System of uniex (81) and itx
Applicetion issucd by the Standacds Association of Ausiralia (1979).

Numbers referring o unil of mcasuremenl (e.g. 10 cm} arc hever
spelt oul bnless forming the beginning of a sentence. All numbcers
under (0 not refening fo units of mcasurcment wre spelt oul.
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Abbrevialions should be identified the first time they are wsed,

The Harvard system (aaine and year in text, aiphabetical Jisting) for
the citation of references is 1o be used in all manuseripts. References
must be cited in full — no abbreviations will be used in the Reference
list. No edilorial respensibitity ean be taken for the accuracy of the
refercnces: authors are requested to cheek these with special care.

References (o personal communication in the text should be
footnoled with the affiliation and location of the person. The words
‘personal communication’ should be spelt out in full.

>apers for publication must be mailed (lat; do not bend or roil.
Fasten with clips or clamps: do nat staple or bind,

Masnuseripls that de not mect submission requirements will be
retuenctl to the author.

Authors musl retain a complete capy of (he manuscript le cnsure
againsl loss in the mail, and for their own use. Prior to final
publication and distribution, it is the author’s responsibility o handle
any requests or enqguirics concerning the manuseript, other than those
arising from the normal publishing procedure.

Manuscripts received by the editor are submitted to Iwe referces for
critical comment. If both referces consulted agree on whether the
manuscript is acceptable or unacceplable this will be pasgsed on to the
senier author. If the referces disagree a third referce will be sought. 1f
there s still doubt the Editorial Advisory Board will decide.

Following referceing, the authors must return a revised manuscript
within six months, otherwise it will be icjected or treated us a newly
submitted manuscript requinng refereeing.

The cditor may amend the text of a contribution m order to make it
more gencrally cemprehensityle

Authors are required to proofread their papers. The sct of proofs
forwarded o the author must be coreceted (not rcvised) and returned
o the cditer within 48 hours of receipl.

Twenty offprints will be forwarded free of charge to avthors, No
additional reprints will be availabic.

For more detailed information segarding submission requirements
refer o Guide 1o Authors by M. Lewis.
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