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1. NAME
The name of the Association shall be "Mulga Research Centre".

2. OBJECTIVES

2.1 To promote field and laboratory studies in the biology, ecology,

pharmaceutical and agricultural potential, and other appropriate uses of Western

éustralia.n trees and shrubs, with emphasis where appropriate on those of the Mulga
one.

2.2 To sponsor field studies for educational purposes, with priority to the Mulga
Zone; meetings to inform the public of the results of work undertaken; reports to
cover the results of investigations to be published in the manner of a journal, with an
editorial review panel, on an approximately annual basis.

2.3 To assist scholars engaged in appropriate related studies.

2.4  To raise funds from appropriate sponsors to enable 2.1, 2.2 and 2.3 above to
be undertaken.

2.5  Toreport work undertaken in journal format.

3. MEMBERSHIP
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invited to attend the Annual General Meeting, to be classed as financial members, and
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Objecnve No. 1; and to appoint suitably qualified persons to advisory subcommittees
for the purpose which may arise should funds generated by Objective 4 be required to
be divided.

7. FUNCTIONS OF THE COMMITTEE

A suitably responsible person not a member of the Mulga Research Centre shall be
appointed Honorary Auditor. His report shall be read at the Annual General
Meetings. An annual report will be prepared to cover each calendar year, this to be
available as soon as practicable in the following year.

8. MEETINGS

Members shall meet together in a formal manner on a day to be appeinted by the
Secretary each year. This meeting will constitute the Annual General Meeting. Items
for discussion should be lodged with the Secretary prior to the meeting. Other
meetings of members may be held in conjunction with organised public meetings
should any pressing business require that a formal meeting be held. At any meeting
where there will be voting on proposed amendments to the Constitution, financial
members unable to attend may approve proxies (in writing) to the Secretary.

9. QUORUM
A quorum shall be 20 percent of the financial, excluding associate members, provided
that the Director and Secretary (or a nominee) are present.

10. PATRONS

A Paton of the Mulga Research Centre is appointed in recognition of considerable
financial assistance. Patrons are entitled to one copy of all publications sponsored or
produced by the Mulga Research Centre.

11. GENERAL ADMINISTRATION

11.1 Location: The location of the Mulga Research Centre is C/- School of
Biology, Curtin University of Technology, Kent Street, Bentley, W.A., 6102.

11.2 Bank Account: An account will be opened at the South Bentley branch of the
R & I Bank. Signatories shall be the Director or Secretary and the Treasurer or a
nominee of the Committee should the appropriate office bearer be overseas or
otherwise unable to fulfil his duties.

11.3  Changes or Additions to Constitution: Any changes in the Constitution of the
Mulga Research Centre must be carried by a majority of two thirds voting, after
notice of motion has been circulated to all financial members one month prior to the
meeting when the matter is to be discussed.

This manuscript was prepared at the School of Biology, Curtin University of
Technology by Ms Sallie Grayson,
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PRELIMINARY OBSERVATIONS ON
GERMINATION AND SEEDLING
ESTABLISHMENT IN ERODIUM CYGNORUM

F. Berlandier and J.E.D. Fox, School of Biology, Curnn
University of Technology, Kent Street, Bentley, Western
Australia. 6102

Summary

The seed of Erodium cvgnorum 1s contained 1n a mericarp
surmounted by an awn. When moisture 1s inbibed the awn
twists like a corkscrew dniving the end of the mericarp
containing the seed into the ground.

Seed incubated at 200C gave greatest gemmination.
Removal of the awn did not significantly reduce
germunation but delayed seedling emergence. Mencarps
with cut awns germunated at 2 greater rate than whole or
awnless mencarps. An experiment 10 contrast the abiluy
of the seed w0 germinate 1no material of diffenng bulk
densides failed as the matenal produced surface crusung on
wettng.

Seedlings emerged sooner with frequent warenng but
emergence was delayed with flooding. Heaviest plants
were obtained with higher levels of soil moisture and root
growth declined with lack of water.

Emergence from depths greater than 3cm was severely
reduced. Seed buned at 3cm produced more emergents in
a shorter time than surface sown seed or other burial
depths. Root production was greatest from seed buried at
1.5cm,

Germunation appeared to be best from seed placed
hornizontally in the soil when buned at lem depth.

Introduction

The generic name Erodium comes from the Greek word
for heron 'erodios’. In frunt the five mericarps clustered
1ogether resemble the head and beak of a heron. There are
some 60 species of herbs and subshrubs in Europe, Asia,
America and Africa (Marchant et al 1987). Erodium can
be distinguished from tts close relative Geranizm as it has
5 ferule stamens alternating with 5 staminodes, whereas
Geranium has 10 fertle stamens.

The genus Erodium (family Geraniaceae) includes several
widely dismibuted weedy species. This has led to some
uncertainty as to which of the various species are nacive or
inmoduced 1o Australia. Beard (1970) lists 3 species nanve
10 W.A. - E. cygnorum Nees, E. crinitum Carolin and
E. auream Carolin. Willis {1972) lsted 6 species in
Victona and classified E. crinitum as a synonym of E.
cygnorum, lt1s currently accepted that the latter two are
separate and the checklist of Green (1985) lists E.
angustilobum Carohn, E. crinitum and E. cygnorum as
nanve 1o W.A., and E. aureum, E, botrys (Car.) Berthol.,
E. cicutarium (L.) L"Her. and E. moschatum (L.) L'Her
as introduced species.

In Ausmalia the biology and agriculwral significance of
Erodium species have not been swdied closely. E.
cyvgnorum, E. botrys and E. crinitum are valued as
fodder planis in western New South Wales and South
Ausgaha (Jackson and Jacobs 1985), while E. ¢ygnorum
has value as sheep fodder in winter pasmures of station
county in the eastern goldfields of Western Australia.
However, Lamp and Collett (1976) considered that
Erodium caused photosensinsadon in stock and that E.
moschatum nvaded pastures and caused wool fault. E.
moschatum and E. cicutarium are not viewed as good
fodder plants (Jackson and Jacobs [9835).

More work has been undertaken on Erodium in the Unired
States, where plants of the genus are known as “filaree™. In
California, with a similar climate to parts of Western
Aunsrralia, Erodium is used as forage and can dominate the

vegetation locally, The piant's deep tap root supplies
water 10 the above ground portion of the plant dunng
continuous dry weather (Pit and Heady 1978), enabling
1t 1o successfully outcompete shallow rooted species (e.g.
grasses) during comparanvely dry winters.

Pin and Heady (1978) swudied responses of Erodium
species t0 temperature and ratnfall patterns in Northem
California. The proportion of filaree in herbage fluctuated
annually between 4 and 48 percent, indicanng long term
dormancy. Seed dormancy 15 a characiensuc of many
desert annuals (Freas and Kemp 1983). Although
reproductively conservanve 1n the number of seeds
produced and seedlings established, Erodium species will
commence o germinate within the first few days of ramn
for that season (Bartolome 1979). Laude {1956} found that
dormancy (delayed germunation) was an imponant factor
influencing the percentage of seed germnauon m E.
botrys. Low germination resulted from recently harvested
seed (6 months), but a delay of one year gave 39 percent
total emergence and a two year period yielded 91 percent.

Rice (1985) suggests that Erodium botrys and E.
brachycarpum survive to a greater extent, and produce
more seed per plant, when growing on bare sail, in
comparison with growth in liter and from within gopher
mounds. In these two species the widely flucruating
temperature of exposed soil surfaces effectively breaks
dormancy (Rice 1985).

In Ausmalia, Eredium cygnorum s variously known as
"blue crowfoot’, "wild geranium’ or "blue heronshill’, and
is a comrnon annual herb. It 15 generally found 10 the open,
and appears 10 be more common on sandy soils 1n and and
semi-arid areas (Carolin 1958). The seed 15 enclosed
within a mericarp 7-10mm long with an awn, up 10
100mm long artached to it The awn 1§ very sensitive 1o
moisture. In moist, humid condstions 1t 15 smaight, but
when dry, it assumes a helixical shape. This mechanism
enables the mericarp to drive itself into the ground where
it lies, in the same manner as described for E. cicutarium
(Stamp 1984). Self-sowing or bunal is also facilitated by
the very sharp pointed tip of the mericarp which 1s covered
with soff hairs that point away from the up.

In the eastern goldfields gerrmunation occurs i late
autumn/early winier.  This swdy was undertaken 1o
examine the influence of ilemperawre, moisure and soil
hardness on germination and  establishment of E.
cygnorum. The effects of propagule onentauon, bunal
depth and removal of the awn were also examined.

Methods

Mericarps (actually fruit material, referred to subsequently
as seeds) of Erodinm cygnorum used in the expenments
described had been collected at Jeedamya (29 24°S, 121
16'E) in October 1984 and stored tn an airtight glass jar in
a laboratory (ambient temperature 20-2Z1oC).  The
expenments were conducted over the penod July-October
1985. Experiment | unlised constant temperature growth
cabinets and Expenments 2-5 were conducted in  a well-
ventilated glasshouse with no ardficial lightng or heaung.

Expenment 1

The aims of this experiment were 10 lest germnaton
response to  (emperature and to determune whether
germination could be achieved without the awn and
whether cutnng half the awn would affect successful
germination. Duffering incubation temperatures were
tested 1o estimate optimum temperature. This expenment
also sought to provide a measure of germinability for other
experiments.

Four temperatures and three seed treatments were used, as
shown 1n Table 1. Awns were separated (and discarded)
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TABLE . Awn [reatments, temperatures of growth
cabinets, and numbers of seeds per petr1 dish
used in Expeniment 1.

Awn Treatmnent Incubation Temperature

(¢C) (dark)

15 20 25 30

Whole 20 20 20 20
Cut 20 20 20 20
No awn 30 30 30 30

from 120 seeds. Half the awn was cut off a set of 80, and
for a further 80, intact seeds were used.

After surface sterilisanon with 5 percent sodium
hypochlonite, seeds were counted out onto filter paper in
covered petri dishes and placed in growth cabinets,
Enough deionised water was added 1o the petri dishes 10
moisten the seeds. Germinants were counted and removed
at daily intervals up to 10 weeks, germinanon being
defined as protrusion of the radicle.

Germunanon rates (G.R.) were calculated as mean days
(Hartmann and Kester 1975) where G.R. in mean days is:

(M i) +(mxi+ . +{ng+1,)

1
le‘l
In this equation, n, is the number of germinants ar the first
day of observed germination, at 1, the time in days from
tninaton, and n, is the number of germinants on the final
day of observed germination.

Experiment 2

The second experiment sought to examine the ability of the
awn of Erodium cygnorum o drive the seed into soil
surfaces of idiffering hardness, achieved by compacting soul
to different bulk densides. The soil used was Ate-
Overburden, an interburden spoil layer from the Muja
Basin, Collie.

Small square-sided plastic pots 70 x 70 x 100mm were
used, therr drainage holes masked 1o prevent loss of soil.
Oven dried soil was weighed into pots to give five
replicates of each of five bulk densities: 1.0, 1.2, 1.4, 1.6
and 1.8. The soil was then compacted so that all pots were
filled to the same depth. Two seeds were surface sown to
each por and the soil was moistened daily with a hand-held
spray.

Seeds were sown on July 23rd, plants were harvested 79
days later. Emergence rate in this, and subsequent
expeniments, was calculated as for germinaton rate in
Experiment 1.

Expenment 3

In this experiment five watering treatments were applied 10
pots each surface sown with two seeds. Each treatment
had eight replicates, with a total of 16 seeds each. The
growing medium used was a mixture of equal parts of
coarse sand, fine sand and peat. Pot dimensions were as in
the bulk density expenment. The watering regimes used
deromsed water applied as follows: a) 80ml per pet dady;
b) 40ml daily; c) 40ml every second day; d) 40ml every
fourth day. and e) saturation. In e) pots were swod in
shallow mays of deionised water,

The expenment commenced on July 31st. Plants were
harvested on October 10th, 71 days later.

Expenment 4

The effect of depth of seed burial on emergence was
examined in this expenment. Pots and so1l muxture were
as in the watening regime experiment, Five replicate pots
were sown with two  awnless seeds each. These were
placed on the surface in one set of five pots. Treamments
were seed burial at 0, 1.5, 3, 5 or 7cm  below the soil
surface. Pots were inspected frequently and soil moistened
to abour field capacity every second or third day. All
seeds were posinoned hortzontally.

Seeds were sown on July 24th. Observanons on emergence
were recorded for 80 days thereafter,

Experiment 5

This was designed to examine the effect of mercarp
position on  germinauon. Sous and pots were as in the
other experiments. Awns were removed from all seeds to
prevent changes in position due to awn actvity. Five
positions were used. In three [reatments, each seed was
buried lcm below soil surface; either a) seed vertical, rip
down; b) seed vertical, tip up; c) seed honzonml. In the
other two meatments, each seed was buried rto half its
length; either d) tip up; or ) tip down. There were five
replicate pots per weatment, with two seeds per pot. The
Walenng regime was as in the previous experiment.

Treamments were set up on September lst. The appearance

of  cotyledons was recorded as germunation and
observations were made for a period of 36 days.

Resuity
Germination by awn treauments, and temperamre

Table 2 gives percentage germination recorded at each
incubation temperature.

TABLE2.  Percentage germination at four incubation

temperatures for three awn meannents.

Temperature (0C)

Awn

Treament (n) 15 20 25 30 Mean
Whole 200 60 85 75 5 56.3
Cut 200 45 95 90 5 58.8
No awn (30) 57 77 60 4] 48.3
Mean of

total (7) 543 843 729 29 35316

Germunation percentage was highest at 20°C for all
meatments, and second highest at 23C. Gerrmnanop was
poor at 30eC. In whole propagules 83 percent germinated
at 20oC, indicating the overall gemunation capacity of the
seed. Contrasts between numbers for the three treatments
and temperarures 15-25°C using values scaled for 6 = 30
were tested for significance, with analysis of variance.
There were no significant differences between awn
treatrnents.  Temperature levels showed a significant
difference (F 6.29, p 0.05 = 5.14) and the least sigmficant
difference test revealed that numbers germinated at 200C
were significantly greater than those at 15°C. Other
contrasts were not significandy different.



100 e
A - Whole awns
75 --—"‘. T
; A
50 —
15°C
20°C
25 25°C =
nec
0 | ]
60 70
100 -
75 = ]
50 = . A
25— —
0 1 {
60 70
100 0
C - No awns
75— —
5 |— —
25 =]
l ]
0 1 L | ] |

10 20 30

40

50 60 70

FIGURE 1. Cumulative germination percentages by treatments of awn.

Seed with half an awn produced more germinants than
whole mencarps at both 20e and 250C. Complete removal
resulted in  lower percentage germunanon than for whole
seeds at all remperatures. The overall genmination across
the temperatures was sumilar for whole and cut seeds. The
main differences were ar erther end of the temperature
range with more whole seeds germinating at 15¢C and
more tnmmed seeds at 25¢C.

The cumnulative gemmnation percentage for each treatment
1s shown 1n Figure 1. Germunarion generally commenced
4-7 days after seeds were firs: moistened. There was lirle
difference in time to first germinanon. although awnless
seeds took slightly longer.

Table 3 contrasts the time 1aken for 25 and 50 percant of
seeds which germinated 1n each eatment 1o germumate,
and germinauon rates for them.

Whole seeds reached 25 and 50 percent germinauon within
10 and 19 days respecuvely at 20-25¢C. The seeds
required mean nmes of 7.8 and 12.0 days to reach these
levels. Analysis of variance revealed no significant
differences 1in numbers germinated berween 10 and 50
days from first moisterung of seed. MHowever, mmmed
seeds germinated faster than whole seeds at both 20 and
25°C.  Awniess seeds also germinated more rapidly for the
25 and 50 percenules,
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TABLE 3. Length of ume taken (days) for 25 and 50 TABLE 4 Percentage emergence. emergence tate (mean days), and harvest
percent of maxunum gerrunation in & values for five bulk density levels (harvest weights mg).
weatment, with germinanon rae {mean days

taken).
Bulk Densuty Level
Temperature (0C) Observanons 1.0 1.2 1.3 1.6 1.3
Awn
Treatment 15 20 25
Time G.R. TimeGR. TimeGR. % Emergence 30 30 10 30 10
Emergence rate {mean days) 63 45 37 48 29
Proportion of seedlngs
a) 25% germination surviving to harvest (%) i3 100 100 100 100
Whole 10 8.0 10 78 1z 10.5 Mean drv weights
Cut 11 77 7 64 8 7.2
No awn 12 96 17 02 9 8.6 iop 31 6.0 33 4.4 54
root 33 34 3.1 1.8 2.6
b) 50% perminatign total 6.6 9.4 6.4 62 8.0
Top/root rato 09 1.8 1l 2.4 2.1
Whole 19 120 17 106 34 16.1
Cut 21 120 12 77 14 8.9
No awn 20 12.7 28 162 13 9.7
TABLE 5. Seedling emergence with different watering regimes.
Bulk density Watering Regime
The Ate-Overburden material used compacted well and ;
formed a hard surface crust on weting. Very few seeds Observadions ‘;0.1:114 ﬁgﬂz 32:]“1 ggﬁm Saturated
were able to germinate. Table 4 summanses the results of davs days Y Y
this experiment. o4 ¥
Plants were recorded as emergents when cotyledons
appeared. From the total of S0 seed sown only 11 plants E%l:oli\:r:g)gencc 375 313 25.0 56.3 175
were produced overail. Plant growth was poor throughout, : ’ - : :
probably reflecting the effects of surface crusting rather Emergence rate
than compaction or bulk density per se. Analysis of (mean days) 48 50 39 a4 39

variance revealed no significant differences between top,
root and total dry weightis. However, it is noted that, Days to first

beyond bulk density of 1.2, mean twp dry weight ac harvest emergence 24 23 1 12 24
increased with increasing bulk density values.

1
Top/root ratios were highest 1n the two most compacted E;ggtgn:f 62 83 64 82 54
treatments.
Nos to 25 days 1 1 1 1 1
Watering regime Nos 10 50 days 3 3 3 7 3

Table 5 summarises emergence levels (appearance of
cotyledons) by different oeamments.

The number of plants recorded was much lower than Burial depth
anucipated from the germination experiment, with only 9
emergents out of 16 sown from the best meamment,
Although first emergents appeared at 11 or 12 days in the
two daily watering weatments, there was a gap in

Table 7 presents emergence levels from burial
depths.

emergence until 35-50 days from sowing (Figure 2). This
was probably associated with warmer weather in the latter
part of August - all three cumulative emergence curves for
the best treamments show similar bursis in percentage
emergence at that nme.

A wtal of 19 plants survived to harvest {Table 6). Greatest
biomass production was in the frequent, heavier waiering
regime with a tendency for root growth 1o fall away with
infrequency of watening. There were no survivors in the
saruranon treatment.

Analysis of variance revealed no significant differences
between treamments for harvest weights when all replicates
were taken into consideration. For the best 3 weatments »
companison of  the heaviest 4 replicates showed a
significant difference between roor weights {F 6.34, p 0.05
= 4.26) and the least significant difference rest revealed
that the 80ml per day treaument had sigmficantly heavier
root mass than the lighter watering meamments.

Surface sown seeds and those buried up to 3cm gave
similar levels of erergence. Burial beyond 3¢m inhibited
emergence considerably. Seedlings emerged fastest from
3cm burial and completed emergence soonest. Emergence
from [.5cm was the second best eamment. Seeds on the
surface tended to dry out and although 3 seedlings had
emerged by 235 days, the remaming 3 seedlings did not
emerge unnl 43, 51 and 69 days from the start, The third
plant to emerge from Scmn depth was recorded at 62 days.

Y2 analysis of the proportion of emergents and non-
emergents (line 1 of Table 7) confirms significance of these
results. (2 calculated 10-15; % table p 0.05 = 9.49),

Harvest weights for survivors at 1.5, 3 and Scm depths of
sowing are given in Table 8. Root weights tended to be
greater from more shallowly sown seed, but top dry weight
was simular across all three depths. Analysis of variance
showed no effect of burial depth on dry matter production.
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FIGURE 2. Cumulative germination percentages with different watering regimes.

Time in days

Harvest values for different watering regimes (harvest weights in mg).

Watering Regime

40ml 40ml 40mi 80mi

. lind lin2 daily daily
Observatons . days days
Survivors 1o harvest 1 5 4 9
Mean dry weights
op 231 20.2 193 25.2
root 5.2 12.7 11.8 18.1
total 28.3 329 31.1 433
best 4, roat N/A 14.2 I1.8 32.0
Topfroot rauo 4.4 1.6 1.6 1.4

TABLE?

Emergence from different burial depths

— —— 801 daily ]
_Q___ 40ml daily
—@-— 40ml every 2nd day
| - 40ml every 4th day —_
—A— Fiooding n
— L 7
i
j‘ | ]
0 10 20 30 40 50 60 7C

Depth of Sowing {cm)

Mean
Observanons 0 1.5 3 5 7
% Emergence after
80 days 60 60 70 30 i 46
Emergence rate
(mean davs) 39 24 17 37 42 28
Davs to first 18 13 13 18 42 2]
emergence
Davs 1o last 69 33 24 62 42 46
emergence
Nos to 25 days 3 4 7 1 0 3
Nos 10 50 days 4 6 7 2 1 4




TABLES8.  Harvest values for seedlings emerging from that a mechanical barrier may have been removed by
different burial depths (harvest waights cutting, whereas removal of the awn, resulting 1n lower
ma). germunation, may have damaged the seed.

When the seed s unable to penemare the soil surface, but

Seed Bunal Depth sufficient motsture is avaulable for germinarion, the radicle
fem) tends 10 part from the carpel (Figure 4B). Seed sown onto

the surface of compacted soils germunated and achieved

Observanon 15 3 3 some root penetranon and seedling growth. This may have

been associated  with constant wetting rendening the
crusted surfaces slightly more penerable, as wall as

Survivors to harvest 3 6 3 allowing germination o proceed. The proporton of

emergents was much less and ume taken much longer than
Mean dry weights for seeds in petri dishes. Root penetranon into the more

icompacted sous was generally poor, partly due to the
iop 53.9 58.7 58.7 surface crusting. The increase n top dry weight with
root 333 268 201 compaction level (Table 4) may be related to effecuveness
total 872 85.5 789 of root penetradon but the number of established replicates
Top/root ratio 1.6 2.2 29 was (00 few to confirm this and dry marter producnon was

low. Stamp (1984) reported that E. cicutarium requires

TABLE9.  Seedling emergence from different posinons (n = 10 per wrearment).

Position *

Observations (2 {b) (c) (@) (®
% Emergence 40 60 90 70 30
Days 1o first emergence 12 13 13 12 13
Days to last emergence 37 22 36 31 15
Emergence rate

(mean days) 23 18 24 21 14
Nos to 18 days 2 4 5 3 3
Nos 1o 36 days 4 6 9 7 3

* Positions as follows: Buried 1cm below soil surface: a) seed vertical, tip down; b)
seed vertical, tip up; c) seed horizontal. Buried to half seed length: d) tp up; e) ap
down.

Seed position

Emergence levels for the five positions tested in the fifth
expeniment are given in Table 9.

Best emergence came from seeds buried horizentally (c)
where 9 of the 10 sown had emerged by 36 days.

)2 analysis of the propordons of emergents and non-
emergents (line 1 of Table 9) revealed that these results
lacked significance (x2 calculated 9.37; %2 table p 0.05,
9.49),

Discussion

The provision of hairs along the carpel, extending to the
awn, 15 shown in Figure 3. The self-burying mechanism is
parnally illusmrated \n Figure 4. As the awn is moistened
the cotls unwind driving the seed into the soil (Figure 4A).
During the course of the experiments, it was noted that the
small pot size used tended to restrict awn spiralling, when
unus lay close 1o the sides of the pots.

When incubated under moist conditons in the dark,
germuination in  Erodium cygnorum was highest at 200C
of the (emperatures used.  The optimum: for the species
probably lies between 20 and 250 C. Seed viability was Mericarp
around 35 percent for these artificial coondidons. It is of
interest that the first seed 1o germinate in a ser took about
the same nme across the rearments. This was repeared in
several experiments and indicates that some seeds may be

able to germinate faster than others. Whether this is due to \ Frmges
mechamcal/structural differences which allow more rapid -~
uptake of moisture requires further investigadon. Some
winter annuals appear to be unable to germinate all their FIGURE 3. Mericarp of Erodium ¢

. - ! . . ygnorum,
seeds in the first year after dispersal, even with opimum at eleven months from collection.
environmental conditions (Freas and Kemp 1983). The {Bar is lcm).

reduced time to germunate observed for cut awns suggests




FTGURE 4. Erodium cygnorum A} normal self b
germination with exposed radicle;
D) side view of flower:

urying mechanism; B) surface
C) plant from 3cm sowing depth;

E} plant at 58 days: F) same plant as E

at 65 days, fruit grew 6.7cm in one week .

A1l bars represent 5cm.

surface irregularines {crevices) for successful self-burial.
Our experiment suggests that the self- burial mechanism of
E. cygnorum does not allow successful establishment into
crusted surfaces. The mechanism is more likely to be
successful with crevices as in E. cicutarium.

Burial at 3cm resulted in best establishment. The acdon of
self-bunal may serve to abrade the mericarp shell and
render it more likely 1o allow uptake of water. Burial at 5
and 7cm depths gave little emergence. It seems undikely
that the self-burial process would place the seed deeper
than 3cm in namre. The deeper the seed 1s bunec, the less
is the likelihood that it will successfully establish a
seedling, It is, however, possible that larger seed may
emerge more cffectively from greater depth (Roach 1986).
At 3cm 1otal emergence most closely resembled the value
of 85 percent for seed germinability inferred in the
incubanon experiment. Emergence rate from this depth
was much  greater than from other depths and not
dissimilar to the germination rate for seeds in petri dishes.
The investigation did not allow sufficient discrimination
between light and darkness to show whether greater light
avallability for surface sown seed may have inhibited
metabolic processes.

Most frequent and heaviest applicanon of warer (80ml
daily) provided the best regime for emergence and
growth. The next best (40ml daily) was no berter than a
level equal to half its mowsture supply (40ml every second
dayv). The lag in emergence (Figure 2) may be associared
with a proportion of the propagules requiring a longer
period of favourable condinons (Freas and Kemp 1983).
Although the drest treaiment probably did not  artain
"limiting" moisture conditions in the expenment reported,

it is noted that  differences in emergence may aiso be
related 1o seed size. Roach (1986) suggests that when
moisture is limiting small seed may emerge sooner and be
more successful than large seed. Aliernauvely, the delay
in germination shown by the bulk of sown seed may be
due to impermeability of the coat 10 water, Hard
seededness aids persistence of E. botrys (Jackman and
Jacobs 1985),

The moisture level experiment further confirmed the
importance of  the self-burial mechamsm for field
establishment. The propagules subjected to the saturauon
treatrnent did not self- bury as easily as those of other
treatments: constant moisture prevented them from going
through the uncoding-coiling process.  In addidon the
moist surface provided no roughness. Seedlings from this
treatment either died soon after emergence or produced
only thin, poorly developed roots and shoots.

Seeds with tips downwards were andcipated 1o yield the
best results from seed positoning. Surpnsingly those
weaiments with seed position tip down (the normal self
sowing positon) (treatments a and e in Table 9) gave poor
results. In this experiment all seed were awnless and this
damage may have confounded the results. Those with tips
uppermost produced larched-over radicles but otherwise
seemed to grow well. Honzonuwally planted seed in nature
would not be able to exert leverage when buried to assist
1n self-bunal.



Conclusion

The seeds of Erodium species are most inreresung
structures.  Part of the structure 1s the long colled awn.
The principal role of the awn, 1n common with many grass
species (Peart 1984), appears to be that of enabling the
seed to be buned in the soil, where germunation 15 most
likely w0 occur. Few seeds germunate and produce
vigorous seedlings :f on the soil surface. Self bunal then s
primarily to get the seed into position for germination. It
also may resulrin less seed-predation, avoidance of high
surface temperatures, radicle penetration, and m
minmusing loss due to surface fire (Stamp 1984). The
awn can make up to 60-80 percent of the total seed weight
in E. ¢ygnorum. The awn quue easily breaks off once
germunauon has taken place, when it has already served its
self-burjal function. If removed before germunanon,
although germinability mught not  be reduced, the
likelihood of gemminavon under field condidons would be
greatly reduced without the awn. It has been shown that
removal of the awn of other plant species subswantially
reduces germinaoon {Sheldon 1978).

The dnlling action of the Erodium seed may act to abrade
the seed coat and promote imbibidon of water, although
mencarps in  pem dishes had a fairly high germination
rate. The dnlied-in seed is in the dark once underground,
and thus does not require light n order ro germinate.

The temperature at which E. cygnorum best germinates is
20eC. Germinanon is poor at 30oC although 25<C is sdll
favourable. This 15 possibly due 10 a survival mechanism
that prevents seed from germinating during summer, when
seedlings would quickly dessicate in the dry heat. Surface
germination will produce ’siraggly’ plants, as roots cannot
become well established, and also plants will be likely to
have higher rates of respiration due to higher temperatures.
The 1deal depth for E. cygnorum seed 10 germinate and
successfully reach the surface with its cotyledons is 1.5-
3cm. This is the depth at which it is likely to be when it
se¢lf-bunes naturally.

Frequent wetting is required for high rates of establishment
of seedlings. Clearly a certain amount of water needs 1o be
imbibed before germination can take place. It is suggested
that autumn or early spring conditions generally provide
the appropriate conditions for germinatdon in the eastern
Goldfields.

E. cygnorum gemminated into compacted material but
seedling establishment was poor. To penetrate a soil mass,
the radicle has to exert a pressure greater than the
resistance of the soil (Sheldon 1978). This species cannot
seif-bury effecavely into hard soils. However, under field
condutions, hard scils might develop cracks which may
favour self-bunal.

The observations reported suggest that it would be of
interest w0 examine the relationship berween germinability
and time from seed irelease. Tt is not known whether seed
matured on the plant has a period of natural dormancy or
whether the 1nhibinon of germinaneon at  higher
temperatures effectively minimises  germination after
summer rainfall.
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PRELIMINARY ESTABLISHMENT TRIALS ON
CASSIA NOTABILIS EXAMINING RESPONSE TO
VARIOUS WATER REGIMES AND TWO SOIL
MEDIA

G. Joyce, School of Biology, Curin Unjversity of
Technology, Kent Steet, Bentley, W.A ., 6102

Introduction

Cassia notabilis (F Muell.) is a member of the family
Caesalpimaceae.  This 15 the smallest of the Legume
families. Of the fifry two Caesalpiniaceae species listed by
Green (1985) as native or naturalised Western Australian
plants, 36 are in the genus Cassia. Many of these occur in
the north-west of the Siate (Keighery 1984) Cassia
notabilis 15 widely disoibuted. It has been found from
North-West Cape 1 the Eremean province to the
Kimberleys (Enckson et al. 1979), and is widely
dismbuted in central Australia (Jessop 1981).

The average rainfall of W.A.’s north-west is 250 10
350mm. This ranfall is variable but the bulk comes from
summer thunderstorms or cyclones between lanuary and
March with some winter rain,

C. notabilis 1s a low shrub to about 70cm in height. It has
hirsute pinnate jeaves with six to thirteen pairs of leaflets
2.5 x lem (Figure 1).  The leaves are 10 to 15c¢m long
(Jessop 1981). Bnght yellow flowers to lem across are
produced on erect terrmunal and axillary racemes to [5cm
length frormm August to Cctober (Beard 1965), after which
yellow 10 black seed pods are formed. The distinctive pods
give this plant s common name of "Cockroach bush".
Although the species tends 1o be ephemeral, the arractive
flowers, seed pods and foliage together with its low marure
stature suggest possible homcultural 1importance for C.
notabilis, perhaps as a rockery, border or tb species.

The species produces highly viable seed. For example, in
germination mals by Meney and Fox (1986), seeds
incubated at 25¢C  after pre-rearment with boiling water,
gave germunation rates of 100 percent afier 24 hours.
Despite the ease of perminanon several previous attemprs
to grow C. notabilis to maturity at the Curtin  Field Trial
Area have met with lide success. Few individuals
maintained any healthy vigorous  growth afier the
cotyledon stage. Lack of an appropriate water reqime was
thought to be a major conmibudng factor. It was
hypothesised that the plants recerved too much water for a
species from the semi-arid northwest region.

The present report deals with a prelimjnary experiment
devised to examine the effect of water levels on survival,
Two contrasnng potting soils were also exatrined.

Materials and Methods

Cassia notabilis seeds were obtained from the Department
of Conservanon and Land Management. On the l6th
September 1986 these seeds were premeated with boiling
water poured onto them.  The water was allowed to cool
1o room temperature and  the seeds were surface sterilised
by placing them in a 3 percent solumon of sodium
hypochlerite for 30 seconds. The seeds were rinsed with
deionised water several times. Afier this treatment the
seeds were sown onto a seedling tray of washed coarse
nver sand and lightly covered with coarse sand. The tray
was placed 1n the glasshouse with automatic overhead
watering.

Sixty black plasuc pots (70 x 70 x 100mm) were lined
with vermiculite and filled with washed coarse river sand.
Seeds which had germunated overnight were planted on
17th  September at a rate of iwo per por. The average
radical iength of these germinants was 6.2mm.  Another
Sixty pots were prepared as before but using a soil mux of
1 part loam / 1 part fine sand / | part coarse sand. Two
plants were wransplanted 1nto each of these pots on 18th
September 1986. The average radical length of these
germinants was 16mm.

All pors were mamntained in the glasshouse under
automanc overhead watering unnl  mudday on the 19th
September 1986 to reduce planung shock.

Six sets of 20, comprising ten pots with coarse sand ang
ten pots with soil mix, were then swod in s1x 29 x 35¢m
plasac  seedling trays for ease of handling dunng
subsequent teatments.

One ser (seedling tray) was assigned 10 iecach of the
following watering regumes, with watering from below for
Treatments 1-5.

Treatment 1 (T1) - once a week
Treatment 2 (T2) - twice a week
Treatment 3 (T3) - three tmes a week
Treatment 4 (T4) - once a fortnight
Treatment 5 (TS) - constant bottom water
Treatment 6 (T6) - overhead water, daily.

Seedling ways of weatment ses 1-4  (bottom watered
plants) were placed 1o a larger wough of water und! soil
had reached field capacity. This was taken to be when the

surface of the soil was moist. The tray of constant bottom
watered plants was placed 1in a mough with a water level
maintained ar approximately 2.0cm. The warter within this
wough was replaced each Monday. The way of top
watered plants was placed in the glasshouse with an
antomatic  overhead watering  system, mggered by a
mercury [eaf sensor.

The wartering remmes commenced on 19th Seprember
1986 and continued for seven weeks. Treament 3
approximated most previous attempts to grow this species.

Daily maximurn and mimmum  temperatures  and
maximurm relaaye humnidity recordings were obtained with
a thermohydrograph set up in the non-watered side of the
glasshouse  Dajly readings were averaged to give weekly
means,

As a prevention agamnst fungal attack all  plants were
sprayed with "Previcur"  systemic furgicide on 29th
September and 15th Cctober 1986,

Daily counts of planis remamming alive were  taken
(weekends excepted). The number of Open malture
compound leaves was counted and the longest open mature
compound leaf was measured ar the sixth (28th October)
and seventh week (6th November 1986). A leaf was
considered mature if the blade was fully open. Leaf length
was taken as the distance from the node to the apex of the
leaf.

Results

The average weekly maximum, mummum and mean
temperatures and average maximum humidities for the
duration of the mal are presented n Figure 2.

Combined percentage mortality of plants in all treatments
for each week of the tial are given in Figure 3.
Percentage mornalines for each soil type as well as a
combined mean percentage of both soils are presented
separately. Percentage mortality was defined as'

number of desths it weck ¥ x 100
Number of plants ative at week (v-1)

The highest mean maximum relative humadity oceurred
during week | and the lowest during week 5. The overall
average mean maximum relanve hurmudity was 83 percent
throughout the duranon of the mial.

Mean temperatures generally increased over the duranon
of the mal with mghest emperatures recorded over weeks
5 and 6. The greatest range @ ternperature occurred
during week 5 (17.2¢C range) and the mummum range
during week 2 (10.1eC range). Weeks 5 and 2
corresponded 10 greatest and  least mean percentage
mortality rates.
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In the first 5 weeks a greater percentage of plants died in
coarse sand than in the mixed soil. By week 6 there were
few plamis remaining in those coarse sand meatments not
receiving erther constant or very frequent water,

Plant Survival by Treatment

The numbers of surviving plants in each treamment at

weekly 1ntervals are shown in Figures 4 (coarse sand) and
3 (soul mix).

[n treatment [ a greater number of survivors was noted 1n
the coarse sand compared 10 the sotl mix w© week 3.
Thereafier remaining plants in coarse sand died rapidly but
one plant remained i the soil mix at the end of the mal.

With reatment 2 at all stages there were more live plants
in the sotl mix than in coarse sand. Most individuals were
found t be necrotic after week 3 in coarse sand and after
week 4 in soil muix. There were no live plants at the end of
the expenment,
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Treamnent 3 plants in coarse sand died more rapidly than
those in soul mix. All plants remained alive in the soil mx
undl after week 4, after which mortality was high.
Survival was zero by week 6 in the coarse sand and ar
week 7 in the soil mix.

In treatment 4 the plants 1n soil mix survived for longer
than those i coarse sand. Numbers of live plants declined
rapidly 1n both seoils 1n the first week of the tmal,
dramatically so in coarse sand. By week 7 there were no
survivors in either soil.

Plants in treatment 5 showed best survivals. At the end of
the tial all plants were visually healthy, showing no
chlorosis or signs of stress. Survivals w week 7 were 18
plants in coarse sand and 20 plants in soil mix.

In weatment 6 there were more survivors at all stages in
the soil mix than in coarse sand. Four piants survived n
the coarse sand and 10 plaats in soul mix o the end of the
experiment. This was the second best treatment overall.

For the experiment as a whole, more deaths occurred in the
less frequently watered plants. The constant water
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Mature Leaf Measurements

The mean number of mature leaves per plant and the mean
length of the longest leaf per plant for each weatment are
presented in  Figures 6 and 7 respectively. It should be
noted that ar week. 7 results of T1 are based on | plant
only.

Mean numbers of mature leaves per plant were greater for
seedlings growing in the soil mix than those of plants in
coarse sand. Ranking of numbers by wreatnents at week
7 {greatest to least number of mature leaves) were:

coarse sand - TS > T6 > all other treatrnents
soil mix - TS > T6 > T1 > all other treatments.

This comresponds to the ranking of survival for sach
treamment. The ranks of treatments with greatest length of
mature leaves to least length, for week 7 were:

coarse sand - T5 > T6 > all other treatments
s0il mix T5 > T1 > T6 > all other Teatments.

Mean number of mature leaves and mean length of mature
leaves in both soil rypes were both greatest in T3 at each of
the recording dates.

Other observations included general notes on root
condition and on leaf colour. Root growth was poorer in
coarse sand than in soil mix. There were few differences in
leaf colour other than changes occurring with the onset of
mortality

Mean number of mature leaves per plant at 6 and 7 weeks from
start of experiment, for all treatments.

S, sand; M, soil mix.

Discussion

Plants tended to die ar a more rapid rate in coarse sand
than in soil mix. Coarse sand is not suitable as a growing
medium for Cassia notabilis, except when bottom water
is available.

The soil mix used (equal parts fine sand, coarse sand and
loam) was a more water- retenrive medium than coarse
sand. Organic material was present in the loam and the
fine soil particles would have allowed a longer period of
water retention. The soil mix was a consistently berter
medium for growing C. notabilis. There is some

similarity berween the soil mix nsed and Pindan soils near
Derby where C. notabilis occurs namrally. A typicai
Pindan soil consists of medium sand 32%, fine sand 29%
and clay 31% (Anon. 1983). A soil medium such as
Gertnan Peat Moss and sand mix or Pindan sotl may
produce improved results due to the more water-retentive
namure of these soils.

There was a tendency for plants with the least applications
of water to show necrosis at a fairly early stage.

Of the most successful treatments (constant bottom water
and daily overhead water) it is important to note that ail
plants watered from above showed a considerable amount
of chlorosis during the first four weeks of the mial. There
was minimal improvement at later stages. Plants in
bottom water treatments appeared 1o show a  much
heaithier colour. Plants in several of the poor survival
treatments were a  brighter green than those of the
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Mean Tength of longest mature Teaves at 6 and 7 weeks fram
start of experiment, for all treatments.

S, sand: M,soil mix.



overhead warer meamment, This reaument cannot
therefore be rated as successful in terms of health and
vigour although ranking highly in survival. The reason for
the chlorosis 1s uncertain. However the root system was
considerably less well developed 1 the overhead water
Teatment compared with  bottom water mearments.
Perhaps  overhead watering did not encourage root
development. The chlorodc condition of plants in the
overhead water treatment contrasts with relatively good
results in terms of mature leaf number and size.

The most successful treamment in terms of survival, marure
leaf numbers and mature leaf size was the application of
constant bottom water. This 1s in contrast to initial
expectations as C. notabilis grows naturally in and or
semi-arid areas and is  often exposed 1o exmemes 1n
temperature  with relatively low rainfall for several months
of the year. These results suggest a high dependency on
readily available water at least during the ininal stages of
growth.,

Itis possible that best growth of C. notabilis in its nztural
habitat is associated with moist soil. Summer
precipitaon on  water retentive soils  will cause
waterlogging and flooding, ar least temporarily.  Such
conditions may persist for several weeks, sufficient to
allow good root development. The species is frequently
found on river frontage areas and on road verges where
additional water irunoff would be expected after heavy
rains, Although frequent, such conditions rarely persist
for long. It may be expected that a prolonged period of
constant water could be detrimental to the species and a
hardening off stage would be essental.

With Cassia notabilis it is possible to obtain 100 percent
germination from seed and an initial survival rate of 100
percent with constant bottom water. It seems unlikely that
the same percentage of plants would reach marrity. Other
factors such as nutrient requirements are likely to play a
major role in later establishment of the species. Fertilizer
trials in conjunction with water regime trials would be
necessary to exarnine the optimum application rates for
successful establishment of C. netabilis under cultivation.

Representatives of the most successful treatment will
continue to be grown in anticipation of achieving growth
of C. notabilis 1o maturity a the Field Trial Area. Other
plants will be maintained with a constant bottom water
regime in order 1o determine how long they will thrive
under or tolerate these conditions.

Conclusions

The results presented suggest small seedlings of Cassia
notabilis are unable to survive conditions of water stress,
A large number of plants died when the mean temperature
was above 20 C and maximum relative humidiry was
under 85 percent. Best survival and growth were obtained
from a water regime which provided plants with a
constant and plentiful amount of water available from
below the pot. Under these conditions the water-retentive
medium achieved a 100 percent survival rate, and coarse
sand was almost equally as good.

This result differed from initial expectations. It was
considered that as this 15 a species adapted to desert
growth, earlier poor results may have besn due to
overwatering.  C. notabilis naturally occurs in arid and
semi-arid areas of Ausmalia where annual rainfall is
relatively low. Although this is a preliminary rrial the
results are of sufficient interest to encourage a more
detailed study into requirements for opamum growth of C,
notabilis.
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THE ROLE OF ANTS IN DEGRADED SOILS
WITHIN DRYANDRA STATE FOREST

I.D. Majer, TC Walker and F Berlandier, School of
Biology, Curtn Umversity of Technology, Kent Streer,
Bentley, W A, 6102

Introduction

The soils of the W.A_ wheatbelr have become degraded as a
result  of unsound farming practices (Conservaton and
Environment Council, 1983). Degradauon can occur
through compacuion of so1l by the passage of heavy farm
machinery, wampling by stock or through changes in
microclimate due o reduction 10 shading by  plants.
Degradauon of soils is further exacerbated by the
depletion, or elirmnation, of Jarge sou animals which are of
crucial importance tn maintaiming soil Structure (Abbot et
al 1979).

Ants have recently been shown (o play a kev role in the
maintenance of soul structure (Cowan et al.,, 1985) and therr
importance i soil trnover in parts of eastern Australia has
been found to exceed that of earthworms (Humphreys,
1981). Ants are of particular interest in degraded souls
since they are one of the earliest groups to colonise
disturbed land (Majer, 1981). In this paper we report some
prelimunary invesugations on the abundance and role of
ants in degraded farmed land within Dryandra State Forest

Methods

Two piots within Dryandra State Forest were selected for
this investiganon which was carried out in March 1986,
These were an unfarmed woodland control and an adjacent
farmed paddock. The woodland was vegemated by wandoo
trees (Eucalyptus wandoo) with an understorey of
Gastrolobium microcarpum. The farmed area which
was about 100m to the east, had previously supported a
similar plant community but was now thinly covered with
dned pasture species and weeds, The soil in both plots
ranged from clayey- to sandy-loam and the farmed area
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Table 1.

Comparison of soil physical charactenstics in the field and

wandoo (Eucalyptus wandoo) woodland plot.

Soil Characteristic Farm Weoodland  Significance
(x+5.E.) (x+S.E.) of difference

Soul impenetrability

{compaction) (kPa) 4395+179 4068+348 n.s.

Sotl moisture (%) 1.9+0.3 2.940.2 *

Infilration rate

(mmun/T) 27.2439 15.1+4.5 *

* significantly different at p < 0.05; n.s. not sigmficant.

Results

Mean soil inpenewability was shightly greater 1n the fleid
than in the woodland although the difference was not
significantly different (Table 1). It 1s interesting o note
that the variability was lower in the farm than in the
woodland indicanng the more homogeneous namwre of the
soil in the farmed plot. A number of woodland sites were
either more, or less penetrabie than the range exhibited by
the farmland seils (Fig. 1}.

Soil moiswre values were significantly lower in the farm
than in the woodland plot (Table 1).

Water infilmation was, on average, aimost twice as rapid 1n
the woodland as in the farmland soil and the differences
between the means was stadstically sigmficant (Table 1)

Numbers of ant nests of the various species found are
shown in Table 2. Six species were found 1n the plot
although other, less common or conspicuous species may

} . 2

was currently grazed by sheep. TABLE 2.  Density of nests of various ant species observed in the 900~ farm
plot.

A 30 x 30m study plot was marked out in both areas
Recordings of soil physical variables were taken in both
plots although ants were only sampled in the paddock. .
The ant fauna within native vegetation at Dryandra had Subfarmly Species Nomber of nests %
earlier been surveved (Majer, 198%).
The farm plot was carefully nspected for ant nests which . .
were  then marked. The area was searched so that Ponennae Rhytidoponera inornata 14
representanve ants could be collected for identification. Myrmicinae Monomorium sp. 1 45 ig 31
Soil inpenetrability, or compacuon, was determined using a gll:e!go:e SP- % ;Z 4.4
penetrometer. This measures the pressure required for a T f' oie SP'm ! 3 18
2.5mm spike to penetrate the soil to a depth of Sem. Forty €tramorium sp. '
;ando?n dn;clzs;:-remems were taken from both the farm and Formicinae Melophorus sp | 3 1.8
Rate of water infilration was measured using an Total 166

infilrometer. This involved hammering a hollow, 155mm
diarneter metat cylinder firmly into the ground so that 1t
was sealed at ground level. It was then filled with water
(1416cm3) 10 a fixed depth. The time itaken for this water
to percolaie ino the sol was recorded. Ten recordings
were taken from both the farm and weodland plots. In
addition, a set of recordings was taken with the
wnfilrometer  piaced over ten nests of each of the four
commonest ant species n the farm plot.

Soil moisture content was determined by taking scoops of
soil 10 a depth of 10cm and obining the difference
between wert and dry weights of the soil. This was then
expressed as a percentage of the total dry weight, Once
agan, ten samples were taken fom both the farmland and
woodland plots,

The mean values of the physical parameters recorded in
each plot were calculated. These were compared berween
plots by the Mann- Whitney U-test.

also have been present.  Pheidole sp. 1 was the most
abundant species, comprising almost half of the total nests
(46%) Tetramorium sp. 1 and Melophorus sp 1 were
the least abundant (1.8%). The previous survey (Majer,
1985) indicated that at least 16 species occurred 1n wandoo
wooedland plots of simular area tw that studied here The
Pheidole spp. and Monomorium sp. which were common
in the farmland were not common in the natuve vegetation.

The water infiltration rates on the nests of the four most
abundant species are shown 1n Table 3. Nests of
Rhytidoponera, the largest of the four ants, had the fastest
mfilration rate (5.6 min/l) while Monomerium nests had
the slowest rate (11.2 min/1).

Mulga Research Centre Journal No. 9
Published December 10th, 1987, 15-16.



16 4

14 |

1z

Number of readings

~a

0000 1000 2000 3000 4000 5000 6000 7000 8000

Seil inpenetrability classes (kPal.

This 1nvestiganon, which concenmated on only one
component of the so1l mesofauna, :ndicates that ants are
present, and relativelv abundant 1n the farmiand soil - at
least 5 4 nests per m2. The diversity of anis i the farm s
lower than thar of the woodland areas (cf. Majer, 1985) but
nevertheless, their nests are a conspicuous part of the
environment.

That they were ar least in part responsible for the mixing of
soul strata at Dryandra, was ndicated by the fact that the
soul of the ant nest mounds was of a lighter colour than the
surrounding surface soils. The presence of ants also had
beneficial effects on the water infiloration characterisucs of
the soil, with nfilranon rates on soil around ant nests

being more than three times as rapid as in the surrounding
soil (p < 0.001 using the Mann-Whitney U-test). Thus,
although ant nests cover just over 0.14% of the total setl
surface {assurming a mean nest diameter of 10cm), they
contnibute at least 0.48% to the rotal water infiliranon in
the farmland soil.

FIGURE 1. Freguency of soil impenerability values in 1000 kPa range classes for
farm (@ #) and woodland (x—--x) souls (n = 40).
TABLE 3. Comparison of warter infiltration rates on nests of the

common ant species in the farm plot.

Ant Species

Infiltration rate {min/1)

(x+S.E)
Rhytidoponera inornata 56+2.5
¥onomorium sp. 1 11.2+28
Pheidole sp. 1 8.6+28
Pheidole sp. 2 77+22
Mean of all species 83+54

Discussion

This study has confirmed the findings of earlier srudies
that farmland soils are of inferior physical quality to that
under nadve vegetation. The farmland soil was generally
more difficult to penetrate indicating that 1t was more
compacted and/or more cemented than rmuch of the soil
under the wandoo iwoodland (Fig. 1). The soil was also
more uniform 10 this regard than that of the woodland
suggesting that there are fewer opportunities for organisms
which require either hard or soft soil to survive.

The lower water infilration rate of the farmland soil was
probably a reflection of the compacted nature of this soil
and aiso of the paucity of channels made by burrowing
ammals or plant roots. Evidence for these poor infiitradon
charactensacs could be seen in the presence of shallow
crosion  gulleys across the surface of the soil. The low
infiltraton of  water could also explain the low soil
mosture levels in the farmland soil. However, the absence
of shade in the farmland would lead to higher soil
temperatures and hence faswer evaporation rates. This
would also conmbute to low soil moisture levels.

Although these resuits are from a preliminary study, they
do highlight the detenoradng structure of agricultural soils
and some of the benefits which ants can bring about
Further invesugauons are clearty needed to confirm and
extend these findings. However, even at this stage it is
clear that agriculture might benefit if steps were taken to
encourage the colonisation and survival of ants and other
animals in farmland soils. If this were done there would

doubtless be improvements to the quality of the soils in
these farmlands.
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Introduction

As part of a connnuing study of the varianon n Acacia
aneura this paper presents some seed charactensucs for 7
batches of seed including two unusual forms of the species
from the Northern Temtory. The unusual forms are known
as ‘weeping mulga' and ‘Christmas tee mulga’ (Fox
1986a). Seeds were collected in central Australia during
Qctober-November 1982 by S.J. Midgley of the Seed
Centre, CSIRO, Canberra. Tests were made of viability on
four lots at three months. Further germination tests were
undertaken at Bentley in May 1983, six months after
collection.

An attempt has been made throughout the mulga ecotype
study to restrict germination tests 10 seeds from single
parent trees (Fox 1980). In the present case seed batches
came from sets of between one and 18 parents. Care was
taken to ensure similarity for bulked collections.

A synopsis of each collection is as follows:

Description of each collection

Collection No. 13717
Taken at 23012’S, 132051°E, ar 620m a.s.].

Described as a regular cenmal Australian mulga with
double stemmed. spreading trees (or tall shrubs) and
narrow phyllodes. Seeds collected from five parent trees
of diameter, breast, beight tdbh) 9-23cm, total height 4.5-
6m. Locaton (-500m past Narweitooma tumoff on
Tanami Road.

Soil - red, sandy, pH 5.5

Mean seed weight 19.57mg

Coilection No. 13721
Taken at 22003°5, 131020°E, at 649m a.s.l.

A "weeping mulga” with pendulous phyllodes w0 15cm
length. Seeds collected from two parent wees of dbh 8-
12cm, wotal height 4-5m, very straight boles. Locanon Mt
Doreen Homestead, Tanami Road. ~ At three months from
collection the seed was tested and gave 94 percent viability.
Soil red skeletal soil with rock fragments, pH 6.0.

Mean seed weight 18.38mg

ollegnron ho v 13724 2N and 481
Taken at 23036 § 32020 E aldude 660m a.s.l.

Regular central ausmalan mulga with double stems. Seeds
collected from two separute rees SMd4830 with broader
phyllodes and SM481 narrower phyllodes. Trees of dbh
12-20¢m and height 6m. Collected 30km west of Glen
Helen. At three months average viability was 86 percent.
Red sandy soil with rock fragments, pH 5.5.

Mean seed weight for SM480 was 15.74mg and for SM
481 was 13 09mg.

Codeepon No 13724
Taken 41 23031°S, 132026°E, at 660m a.s.l.

Seeds collected from a single mee of “"weeping mulga” with
long. pendulous phyilodes to 20cm, dbh 19¢m. keight 8m,
swaight bole of 3m with spreading crown  This was noted
as bewng the largest Acacia in the vicinmy and a valuable
seed source. Location 17km northwest of the Juncuon of

Namngina Dnive and Hermannsberg- Haast Blutt Road.
At three months from collection, seed was 92 percen:
viable

Soil - red, sandy

Mean seed werght 24 24mg,

Collection No. 13725
Taken at 25021°S, 131015E, at an alutude of 580m a.s.l.

Described as "desent mulga”, muiti-stemmed shrubs of
height 2.5m and stem diameters of 2-4em  Collection
taken from 18 separate plants and bulked. Soil a red sand.
Location 30km east of Uluru Nauonal Park visitors” centre
on old main road. At three months seed was 70 percent
viable.

Mean seed weight 11.15mg.

Collecton No. 13726
Taken at 22015'5, 130050'E, at 640m a.s.].

"Christmas-tree mulga”, cypress-like, swongly apically
dormnant with honzontal branches. Seeds collected from
10 trees (and bulked). about 7m tall. Soil rocky ridge, pH
3.0. Location 3km northeast of Vaughan Springs Mean
seed weight was 15.52mg.

Methods

Barches of 100 seed from each coilection were individually
weighed. Table | summarises seed weight characteristics
using a similar notation to thar given n Fox ( 1981).

Sets of seeds (usually 50 per dish) were given the standard
hot water wearment. This involved pouring boiling water
onto the seeds in test wbes, sufficient 10 cover the seeds
with 2-3cm of water. The test wbes were then left to cool.
Seeds were rinsed in dejonised water and placed on filter
paper in pemi dishes. One dish was incubated from each
collection at each of 15, 20, 25 and 300C. Observations on
numbers germinated were recorded wice a day The time
course of germination for each dish is illustrated 1n Figure
1. From the twice daily records a senes of seed quahty
measures (Harmmann and Kester 1975) was obtained.
These data were calculated in hours rather than days Hard
seeds from rwo baiches were rerreated.

Germinated seeds were transplanted to pots 1n a glasshouse
and phyllode development was observed at 47 days from
the start of germination tests.

Results
Seed weights

Seed weight histograms using 2mg size classes are
presented 1n - Figure 2 in the same style as those for
Gindalbie (Fox 1981).

The Northern Territory seeds were generally heavier than
other  batches examined in deml. For companson,
Gindalbie Acacia aneura (Fox 1981) sets had values
berween 7.11 and 17 70g per 1000 seeds. Of 10 Gindalbie
collecnons two were lighter than these Northern Territory
sets and three of the seven N T. sers were heavier than the
Gindalbie ones.

Germunation

A summary of germination characteristics 15 presented int
Table 2.

Taking each accession in tumn 1t is noted that for 13717
mean viability for all seeds at 6 months was 97 percent
Mean ume 10 germinate was 42 hours ar 300 and 64 ar
259C, with germunation completed after 65 and 96 hours

Mulga Research Centre Journal No, 9
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TABLE 1. Seed weight charactenstics of 7 Northern Temtory collections of Acacia aneura.
Colecnon Individual weight (mg) Range 1000 seed No of seed
o {mg) (2) SE. per kg
“ean Mun. Max.
13717 19.57 7173 3225 2452 19 37 30t 51,100
13721 18.38 948 2674 17.26 18.38 3.80 54.400
13723/480 1574 8.07 2300 1493 15.74 3.36 63,500
137234481 13.09 5.66 1992 1426 13.09 6.44 76,400
13721 24.24 6.85 3542 2857 2424 5.31 41,300
13725 11.15 3.49 17.19  13.70 [1.15 7.50 85,700
13726 15.52 6.74 26.18 19.44 15.52 4.16 64,400
For collection 13723/480 ar 6 months viability had fallen wo
respecuvely At 42 days after motstening of seeds, 54 an overall level of 39 percent of seed tested. At 300C, 50
percent of potted out seedlings had devel 1 percent of seeds germunated with a mean ame of 39 hours,
g eveloped phyllodes. and all had germinated by 72 hours. At lower temperatures
In the case of collecnon no. 13721, the I germtnanon percentages were less and times required were
seed at 6 months was about the sarme as :: %anmgfg;m&ﬂ: longer. Phyllodes had developed on 67 percent of
97 percent of all seeds tested germunating. Germination seedlings by 42 days after moistemng of seeds.
levels at 20- 300C were simular with mean gmes of 45-48 I . .
hours and completion in 96-120 hours, At 42 days, 75 In 13723/481 viability was retained with a mean level of 95
percent of seedlings had developed phyllodes. ) percent at 6 months. Mean time taken was least at 30oC
with 57 hours, but completion times were shortest at 20 and
250C.,  Only 23 percent of seedlings had developed
phyllodes by 42 days after seed moistening.
Percentage Fercentage
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FIGURE 1. Time course of germination for 7 Northern Territory collections of Acacia aneura. Collection numbers
shown. [ncubation temperatures 15° circles; 20° diamonds; 25° sguares; 30° triangles.
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FIGURE 2. Seed weight histograms for 7 Northern Territary collections of
Acacia angura. (Collection numbers shown with histogram.

Viability fell in collection 13724 with only 60 percent
germinating at 6 months. Values were higher at 25 and
300C, and lower at 15 and 200C. Germination rate and
completion times were fastest at 300C. Ar 42 days 97
percent of seedlings had developed phytlodes.

In collection 13725 the 6 month mean viability at 74
percent was little different from that at 3 months. A higher
percentage of seeds germinared at lower temperatures but
mean tme taken was shomest at 300C and time to
comipletion was faster ar 250C. Fifty nine percent of
scedlings had phyllodes present at 42 days from seed
moistening.

Finally, for collecion 13726, the mean viability at 6
months from collecdon was 59 percen. Mean tme o
germinate was shortest at 300C and time taken to complete
germination was quickest at 250C, By 42 days from seed
toistening 52 percent of seedlings had phyllodes present.

In general, germination was faster at higher temperarures
and slower at lower temperatures, All barches, apart from
13726, germinated fastest when incubated ar 300C. Four
batches reached 50 percemt Eermunation 1n two days or
less, a further three batches ook three days, and 13724
took four days. In the case of 13726, time to reach 50
percent germination was shorter for seed incubated ar 20
and 250C than for seed ar 300C, but all three sets reached
50 percent germination in three days orless. In a number
of cases the bulk of seed germinared very rapidly but a few
seeds germinated later. It has been noted that some seed
which fails to germinate following conventional hot water
eament may be 'soft’ seed which is killed by the
reatment (Fox 1980). In the present work at least two
baiches appear 10 have had exceptionally 'hard’ seeds.

No further seed germinated after 11 days. A number of
sceds appeared 10 be hard and urumbibed in both



13723/480 and 13724, These seeds were removed from
onginal petm dishes and rebouled. They were then
incubated ar 300C. For 13723/480 atotal of 111 seed were
reboiled and of these 38 germunated within 24 hours. At
14 days a total of 46 germunants had been observed and 41
apparently hard seeds remained.

Baich 13724 had 36 hard seed subjected to a second boiling
weatment. Of these, 8 germunated within 24 hours. At 14
days a tomal of 39 germunanis had been removed and 7 hard
seed remained.

TABLE 2. Gerrmunanon characteristics for 7 Northem
Terntory collecnons of Acacia aneura.
Incubadon temperature {0C)
BATCH Value 15 20 25 30

13717 MH 111.7 66.7 63.9 42.4
Ccv 0%0 1.50 1.56 2.36

GV 225 540 689 1636
%o 100 o8 96 96
t 192 120 96 63

13721 MH 70.9 48.3 45.8 45.4
Ccv 1.41 2,07 2.18 2.20
GV 489 1150 950 793
% 100 100 100 90
t 144 96 120 120

13723/ MH 60.4 46.7 513 39.1
480 cvY 1.66 2.14 1.95 2.56

GV 51 255 113 436
% 25 48 36 50
t 96 96 120 72

13723/ MH 131.7 73.5 65.9 56.7
481 CV 0.76 1.36 1.52 1.76
Gv 115 450 606 326
% 95 96 98 91
t 264 120 120 264

13724 MH 147.0 106.8 94.4 83.7
cY 0.68 0.94 1.06 1.19

Gv 29 53 88 111
% 49 57 70 65
1 264 264 264 240

13725 MH 102.0 81.8 77.2 74.0
Cv 0.98 1.22 1.30 1.35

GV 125 153 142 187
% 85 79 65 70
t 264 264 216 240
137126 MH 96 1 75.4 63.7 55.2
cy I .33 1.57 1.81
GV 65 140 328 185
% 55 66 62 54
t 216 216 96 144

MH, mean hours to germinate as defined by Hartmann and
Kester (1975) CV¥, coefficient of velocity - Kotowsk
(1926); GV, germinadon value of Czabator {1962), %,
ﬁnal_ge;rmnation percentage after nme ¢ (hours) ar last
germination.
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Discussicn

With opamal competiive conditions 1t has been
generalised that larger seed provides beuer survival
possiilimes than smaller seed (Heydecker 1972).
Comparative data on Acacia aneura germination are
available from Laverton seed (Fox 1980} and a setr of
diffeing phyllode forms from Gindalbie. north-east of
Kalgoorlie (Fox 1981). In these more southern localities,
neither ‘weeping mulga’ nor ‘Christmas ree mulga’ have
been noted.

In  Acacia aneura it has been observed that, for seed
within a barch, light seed may be less viable than heavier
sced. The rate of gerrmunarion appears (o be more
dependent on incubation temperature than on seed size
(Fox 1980). Later tests on seed taken from single tee
batches (Fox 1981) showed some tendency for higher
viabulity with heavier seed batches. It may be
hypothesised that a higher proportion of light werght seed
has failed to reach marunty and that this charactenisnc may
be influenced by the particular environmental condihions
experienced during the period up to seed collechon. Such
environmental  influences may override any genetical
component of seed weight influence on long term survival.
The Northern Territory collections support, in some
general respects, the notion that heavier seeds are more
likely to produce seedlings. Collections [3717 and 13721
both reached 50 percent germunation in less than 2 days at
300C and showed highest mean viabiliry of 98 percent.
Failure of some seed at 300C was associared wath
infection, a phenomenon common to all batches tested.
These two collections had heavier seed than all except for
13724, this lanmer being one of the two barches with
residual, hard seed at 1 days from treatment.

Reboiling hard seed from batches 13723/480 and 13724
lifted the overall gemmunanon percentages from 39 to 63
and from 60 to 82 percent respectively. Presumably both
batches had at least some seeds with exceptionally
resistant seed coats. It is hypothesised  that ths
characteristic may influence field germinaton responses
such that not all available seed germinate with the first
appearance of favourable conditions. This 15 borne out by
field observarions of extended germination following
destruction of parent wees by fire 1n the Goldfelds of
Western Australia (Fox 1986b).

Both the hard seed batches were comparatively slow to
germinate. 13723/480 required 3 days to arain 50 percent
germination at 300C, and 13724 wok 4 days. All other
batches reached this level of germination in less than 3
days. This supports the suggesuon that harder seed coats
are associated wath the viabilicy regults attained. The seed
weight histogram (Figure 2) suggests an abnormal weight
distribunon for 13724. Weight distribution across
emperature Teatments may have further complicated the
pattern for this barch.

It would be of considerable mnterest 10 examine the viabiliry
of seeds within contasting batches divided tnto seed
weight fractions. When this can be repeated for seed from
the same wees in different years, then considerable
advances in our understanding of the competitive
advantages of seed atmbutes will be possible. It is
possible that some trees may consistently produce heavier
seed, independently of the seasonal vanations in rainfall
which appears to have greatest effect on the total sesd
production.
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A PRELIMINARY INVESTIGATION INTO THE
PLANT-WATER RELATIONSHIPS OF PLANT
SPECIES OCCURRING IN THE HAMERSLEY
RANGES
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1Gascoyne Research Stavon, Department of Agnicuiture,
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Summary

Aspects of plant-water relauonships of plant species from
the Hamersley Ranges of W.A. were investigated.

Transpirauon rates of five species {Acacia aneura F.
Muell. ex Benth.,, A. pachyacra Maiden & Blakely, A.
pruinocarpa Tind., Eucalyptus terminalis F. Muell,, E.
leucophloia Brooker) were measured wn the laboratory over
& 24 hour penod under 3 condinons (high temperatures-
high available water; high temperatures-limited available
water; low temperatures-iirtle available water).

The Acacia species showed a clear depression in
ranspiratuon between 1100 and 1400 h during summer
condinons  when available water was limited. The
tanspiranon rates of the Eucalyptus species did not
decrease duning the daylight period.

Acacia species wilted at lower soil moisture percentages
than the Eucalyptus species. Results indicated that the
Acacia species used were more drought resistant than
Eucalyptus species.

Evapotranspiration esumates of Acacia aneura (mulga)
communiues were made using field and laboratory dara.
Mimmum and maximum evapotranspiration ranged from
0.1-1.4mm d-1 and 3.8-14.7mm d-1 respectively.

Introduction

The Hamersley Ranges are situated in the eastern Pilbara
region of Western Australia, The chmate is considered to
be mopical. It is serm-arid with summer ram and
precipitation averaging 300mm y-l (Beard 1975). The
area 15 endowed with ranges of mountains and broad
valleys which include a variety of plant associations (Van
Leeuwen and Fox 1985). Woodlands of mulga (Acacia
aneura) are found throughout the area. Density, size and
species diversity of prisnne mulga stands appear to be
srongly related 1o moismre regimes. On the desert loams
and valley floors low mixed woodlands are found with
Triodia pungens R.Br. (soft spinifex) ground cover,
parucularly on sandier soils. Low muiga communities are
distributed in grove/intergrove patterns on the gentle slopes
of the cutwash fans along the contours. In valley botiorns
and water collecung sites tall stands of muiga occur.

Where the mountain slopes are steep, mulga communties
grow mainly on the south facing slopes, whereas northem
aspects support low open Eucalyptus communities with
hard spinifex species dormunant as hummock grassland.
{(Van Leeuwen and Fox 1983). Linle work has been
reported on the water usage of mulga and associared
communities in the Pilbara.

Slatyer (1961a) has described work on the water use of
mulga woodlands 1n Central Ausmalia while Pressiand
(1976a, b) reports studies in the Charleville disticr of
Queensland. In places where mulga occurs in groves some
redisribution of rainfall via runoff is achieved so that
groves may accurnulate more soil moisture  then
intergroves. In addition the vertical orientadon of mulga
branches allows a high quannty of intercepted ranfall to be
deltvered to the base of the wee as siem flow (Slatyer
1961a). Foliowing rain soil moisture close to ree boles
tends 1o be higher than further from the mee (Pressland
1976b).
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After heavy cyclomic summer rain maximum soil water
siorage may be achieved. At this stage the whole soil
profile would be ar field capacirv. As soll morsture 15 Jost
growth will eventually cease. Mulga has the abiiity to
extract water held at a potenual as low as -120 bars (Slatyer
1961b). It can withstand high soil moisture deficits though
little comparanve daia appears to have been published 1o
contrast mulga and other amd zone tees and shrubs
(Pressland 1976h)

This study utilised field and laboratory data w esumate
water usage of plants found n different habitats. Field
observations were made dunng the summer of 1983
(January). Laboratory studies were made 1n an anempt 10
estimate water usage, physiological drought stress
adaptanons and stress limis of 5 plant species from the
Hamersley Ranges (Acacia aneura, A. pachyacra, A.
pruinocarpa, Eucalyptus leucophloia and E. terminalis).
The objectve was to esnmare transpuraton and contrast
water usage of plants found in different environments.

Methods

Seed of three acacias, A. aneura, A. pachvacra and A.
pruinocarpa and of two eucalypts, E. terminalis and E.
leucophicia from Woest Angeles were sown in pots.
Pilbara sandy loam conwining no gravel and & peat-sand
mixture were used as the two poting muxes. Plants were
used for wanspirauon studies ar between cight and ten
months from sowing.

Acacia aneura has been noted to occur i at least two
phyllode forms from the area of seed collecoon (Van
Lecuwen and Fox 1985). In the present study, seedlings
were classified as shom and narrow, long and narrow or
broad and falcate. Diumnal ranspiration was measured
separately for plants of each category of phyliode growing
under the three different soul moisture regimes.

Soil Moisture Characreristics
Slatyer (1967) defines the warer balance as
P-O-U-E+aW =0

where AW is change in water storage (1mitial minus final)
during a study period and for the depth of measurement; P,
O and U are precipitanon, run-off and deep drainage
respectively. U 1s the amount of water passing beyond the
ToOt Zone or the amount passing below the lowest point of
measurement.  Evaporauon is E (including transprration)
from the plant and soil surfaces. All the symbols have
dimenstons of length and ali the elements can be measured
or esumated 1o derive E by difference.

Field measurements of soil moisture were made in January
cnabling some use of the water balance to be made.
Measurements were taken at six grove and seven Intergrove
sites at Munjina on 8th January. A 19mm rainfall event
(cyclone ‘Jane') occurred on the 9th January. Soil moisture
levels were re-assessed on 11th J anuary.

In the laboratory the warer holding capacity and field
capacity of the soils used were obtained and expressed as
percentage soil moisture. Water holding capacity was
determined by samrating oven-dried soi) with water. Ap
this stage 1 drop of water added 10 the 1op of the por
results in 1 drop falling from the bottom of the pot
Samples of oven-dred soi] were weighed (W1)in7x 7 x
10cm plant contaners, saturated with water znd reweighed
(W2). They were then left to drain for 48 hours before
weighing again (W3).

% soll moisture=wes weight{W2 or W-dry weighy W1y x 100

dry weight (W1)-container weight
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Published December 10th, 1987, 23-30.



Field capacity :5 the mousture content when soud matenal at
water holding capacity has been allowed to stand for 48
hours. The standing peniod allows graviiational water 10
drain away and the soil warter content to become relanvely

stable,

The nfilration rate of water into the soil was determuned
by pounng 20ml water on the surface (10cq12) of oven
drned (2-3 percent mousiure) Pilbara soul in a 250ml
measunng flask and noting the rate at which the standing
water was absorbed (Slatyer 1967).

Two weauments were prepared to measure evaporation,
One represented a barren soil surface and the other
represented a mulga grove surface. The latier contaiped
some leaf hiwer and  other organic matter and was slightly
shaded by a mulga branch.  Both meatnents were in
columns 23em high and had 10cm2 of exposed surface.
Every gram weight loss was equivalent to lmm of
evaporation  In order 1o sirnulate field conditions a
controlled environment growth cabinet was used to control
iemperature and day length, A 12 hour photoperiod was
used 1 combinanon with the temperature regimes given in
Table 1

Plant Measurements

Plant performance of a range of Pilbara species under
water-logged conditions was assessed by placing potted
plants in containers filled with water thuis Testricting
aeranon of the root system. The experiment was
performed under high February temperamures. Plants were
maintained for 70 days and the numbers of survivors were
observed.

TABLE L. Growth cabiner settings for summer
thigh moisture) and winter (low
moistere) conditons  based on the
lemperature  regime  ar Packsaddle
(22054°3, 118042 BN

Time of Temperature (9C)

day February July

0100 25 10

0200 25 10

0300 24 08

0400 24 08

0500 24 08

0600 23 Lights on 07

0700 25 06 Lights on

0800 27 09

0900 29 14

1000 31 17

1100 32 19

1200 33 20

1300 33 20

1400 34 21

1500 33 22

1600 i3 22

1700 32 20

1800 31 Lights off 19 Lights off

1900 30 16

2000 29 15

2100 28 14

2200 27 13

2300 26 12

2400 25 11

Transpiranon measurements were made on pot plants in the
laboratory over twenry four hour periods. Pots were
placed in plastic bags tied around the base of the stem.
Any water loss would therefore be a result of ranspiration.
Each pot was weighed at regular intervals. Temperatwre
and light regimes were the same as described for
evaporation. Three soil moisture regimes were used:
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" average hourly temperamre for February (Table 1)
with soil at field capacity, 26-30 percent H20

* average hourly temperatre for February, sod at
half moisture contenr. |2 percent

- average hourly temperarure for July, soil mosture
4l guarter moistare content, 6 percent.

Permanent wilung point was esumated using potted plants
and plasuc bags as for manspiranon. They were left 10 wilt
unttl no recovery could be achieved (Lamont 1977).
Percentage soil moisture was determruned gravimetricaily.

A high-powered microscope was used to count stomata on
the ad- and abaxial surfaces. One represemianve leaf or
phyllode from each plant was used.

Field Sites

Field smdies were undertaken in the East Pilbara of
Western Ausralia. Study sites were locared at the
Munjina area, centred on 22045'S, 118045'E; and ar
Sandhills (22047°S, 119037*). These areas have mean
annual rainfall of the order of 280mm with the hortest
months January to March receiving 60 percent, and the six
months November to April, 75 percent of the mean annual
rainfall. Sites at both areas were located in areas of mulga
woodland. All rees were measured for height and crown
diamerer,

Biovolume ha-l was obtained from field plor dara
according to the formula:

Biovelume = sum of: (grown dismerer)2 x height
b

A rough correlation of leaf surface with biovolume was
obtained after harvesting three wrees, covenng a range of
heights, of a broad phyllode ecotype of Acacia aneura
grown at the Field Trial Area on the Curtn Universtty
Carmpus.

The laboratory measured transpiranon rates (ml day-1) of
the broad phyllode variety multiplied by total estimated
leaf area ha-! gave esumates of maximum and mintmum
transpiration rates for mulga stands.

Soil evaporanon values, as determined in the laboratory,
were added to ranspirnon to provide pgeneralised
estimates of evaporanspiradon rartes,

Results and Discussion
Soil Moisture Charactenstics

Water holding capacity and field capaciry of soils are given
n Table 2. The water holding capaciry of both the sand-
peat mixre and gravel-free Pilbara sandy loam was abour
33 pervent by weight. After settling, the Pilbara sandy
loam had reduced capacity, probably because of smaller
pore spaces. Presence of gravel also reduced water holding
capacity. Pilbara sandy loam rerained moisture longer than
the peat-sand mixture and hence its field capacity was
higher,

Ponded surface water infiloated in 11.5 minutes, i.e. at a
rate of 104mm h-l. The water had reached a depth of
34mm in [1.5 munutes.  After two hours water had
penetrated (0 90mm depth. Surface flow was nor observed
in the field.

There was little difference 1n evaporanon between barren
and litter covered surfaces (Figure 1). I[mnally water was
lost linearly ar an average rate of 3mm a day under the
February regime undl so1l moisture reached about 13
percent at about day 20. After this time evaporation
continued exponentially with a mean evaporalive water
loss of 0.5mm day-1 Regression equatons were obtained
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FIGURE 1. Evaporation of water from Piibara sandy ltoam 1 from mulga

1ntergroves under
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average temperatures for February

barren surface
suface covered by mulga litter and s)1ghtly shaded
water helding capacity and permanent wilting point aof soil.

* Based on bulk density of 1.459 cm3

for all parts of the curves. By extmapolation it  was
calculated that soil would reach permanent wiltng point 98
(range 76-131) days after being at water holding capacity
under February  temperatures. For average June
lemperatures an evaporation rate of 1.2mm day was
measured for the linear section of the curve.

The difference between unvegetated intergrove and grove
sies for soil water storage addition after ranfall is a
function of interception and transpiration. Loss of moisture
in the intergrove is due w evaporanon. Stem flow may
intercept 18-40 percent of rainfall over the wee canopy
which is then redistmbuted in soil close 1o the tree bole

(Pressland 1976b). The soil bulk density was 1.45 Two
days after 19mm of rainfall the top 20cm of intergrove soil
had increased water storage by 11.9mm. This suggests a
maximum evaporative loss of 3.6mm day-! By conrrast,
the increase in water storage 1n groves was 4.6mm, These
data provide a simple esnmate of water balance-

Rainfall 19mm
Stem flow (35%)
Interception
Evapotranspiration

144 +46=19 Omm.

TABLE 2. Water holding and field capaciues of potting sotls used, measured 1n g
water 100g-1 ovendried soll. Mean X, standard devianon SD, number
of plants n.
Seoil Type Water Holding Field Capacity
Capacity
X S n X SD n
Peat-sand 296 1.5 10 26.2 1.4 10
Pilbara sandy
loam
No 1~ 6.3 46 Q 28.6 10 9
isertled) (26.5) 2.0 (1D
No 2 211 1.9 10 18.2 1.4 10

"No. 1 was collected from muiga intergrove and conained no gravel; No. 2 was a

sirnilar sorl with gravel present.

6.7mm (after Slatver 1965)
2.0mm (after Slatyer 1965)
5.8mm (by deducuon)
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Some redismbudon of esumared stem flow water is § -
assumed to equare evaporative losses from the bare
intergrove with evapomanspiraton from the grove soils, 7
Thus, the reasonable expectation is that field evapomation
from soil was of the order of 3.6mm day-1 in January.

The growth cabinet results were 3.0mm day-! for the same
depth of soil and fall within the error range of field
measurements.  Differences due to higher radiaoon and
wind strength and possibly lower humidity in the field are
sources of discrepancy. These are not accounted for in this
preliminary exercise.

Plant Measurements

Under waterlogged conditons one out of three A.
pachyacra died after 35 days and one out of ten A.
aneura died afier 38 days. Al other species survived 70
days. A. pachyacra tends to occur on well drained sandy
soils. It 1s possible that this species is less wlerant of
prolonged excess soil moisture than the other species.

= = - -
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Tranapiration ml x 1072 ¢n 2 f —1
ha
1

For A. aneura growing in Pilbara sandy loam (Figures 2- Hour of day

4), tanspiration rose sharply starnng around 6am and FIGURE 2. Mean diurnal transpiration of Acacia aneura with short
remamed elevated undl slightly after 6pm when it - narrow phyllodes growing in Pilbara andy loam.
decreased sharply. Plants of the differing phyllode rypes

showed different parrerns of variation duning the course of § - optimal conditions

the day with those planis having long and narrow * - medium conditions

ghyllodcs reaching the highest rate (about Smi 10cm-2 hr- 0 - stress conditions

). Planis with broad and falcate phyllodes had the lowest

rate (5.5ml 10cm-2 h-1), number of plants (n) = 2.

Tranaspiration ml x 1072 g2 h ~!

Hour of day

FIGURE 3. Mean diurnal transpiration of Acacia aneura with Tong and narrow
phyllcdes growing in P1Tbara sandy loam,

§ - optimal conditions
% - medium conditians
0 - strass conditions

number of plants (n) = 7 for optimal condition
= 6 for medium and stress.
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FIGURE 4.

Under medium conditions of moisture availability the
transpiration rate peaked at about 2mi 10cm-2 h-1, "Each
rate decreased to abour half for a few hours around
mudday.

When water stressed plants were at lower temperatures, an
increase in weight occurred for the first four or five hours
of the momming, The phyllodes appeared to absorb small
amoums of water. Even at peak transpiration the rate was
always well below 1m] 10em-2 h-1.

The experiments were repeated with A, aneura plants

growing in a peat and sand poring mix. Transpiration
rates of A. pachyacra, A. pruinocarpa E.

TABLE 3.

/B
j

6 8 1o 12 14 16 18 20 22 24

Hour of day

Mean diurnal transpiration of Acacia aneura wrth broad falcate
phyllodes growing in Pilbara sandy loam.

® - optimal conditions
* - medium conditicons
0 - stress conditians

Number of plants (n} = 4 for optimal conditions
=3

for medium and stress conditions.

dichromophloia and E. leucophloia, growing in peat and
sand, were similar to those for A. aneura growing 1o
sandy loam except that the midday reducton 1n
manspiration was not always apparent and positive
ranspiration continued even under “soess” conditions,
Tables 3 and 4 show manspiraton per plant per day and per
unit leaf area per day respectively. It can be seen from
Table 3 that soil moisture level in the peat/sand mix was
higher, at all three experimental levels, than that for the
Piibarz sandy loam. This was particularly important in
relaton to lack of symptoms of drought stress attained for
all plants at the lowest soil moisture weatment level.

Transpiration per plant per day for three soil moisture levels (ml piant’l 24h-1).

(Graviretric derermination of acrual soil moisture given as % H20).

SPECIES SOIL MOISTURE LEVEL
Water-holding Medium soil Stress
capacity moisture
X 5D n % H0 X SD n IH0 X SD n %H20
Pilbara ~undy lgam
A.aneurailmy  21.07 4.48 6 253 546 1.20 6 115 Q77 151 6 57
A.aneuraisn) 1680 1.25 2 296 414 063 2 219 082 072 2 115
A.neurapf) 11.58 373 4 263 382 095 3 130 020 014 3 65
Peat-sand
A.aneura(sn) 1843 6.51 14 334 9.55 311 14 153 173 072 14 96
A.aneura(bf) 21.65 6.69 4 - 11.38 352 4 - 298 067 4 -
A.pachvacra 18.69 5.88 9 397 16.51 539 7 209 .11 019 7 14.8
A. pruino-
carpa 23.89 8.00 11 371 19.25 471 11 194 277 146 10 128
E. leuco-
phloia* 21.93 - 1 344 2706 - 1 169 204 - 1 96
E. termin-
alis 18.38 493 16 345 14.03 367 16 164 286 (.81 16 100

" Leaf growth between experiments may have led 10 an underestimate of transpiration for oprimal

conditions.
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TABLE 4. Transpiradon per unit leaf area per day for three soul moisture levels (ml em2244h°h)
SPECIES SOIL MOISTURE LEVEL
Water holding Medium soil Stress
capacity moisiure
X 5D X S§D x 5D
Pilbara sandy loam
A. aneura (In) 0.966 0244 0.259 0.052 0.038 0.057
A, aneura (sn) 0.744 0.009 0.183 0.012 0.032 0.043
A. aneura (bf) 0.549 0.250 0.194 0.090 0.013  0.012
Pear-sand
A. aneura (sn) 1.088 (0.573 0.552 0.218 0.153 0.225
A. aneura (bf) 0.453 0.072 0.249 0.084 0.068 0.027
A, pachyacra 0.905 0.400 0.684 0.292 0.047 0.017
A. pruinocarpa 0.341 0.102 0.276 0.059 0.040 0.016
E. leucophioia 0.119 - 0.147 - 0.038 -
E. terminalis 0.280 0.206 0.192 0.077 0051 0.03%
Number of samples and percentage sotl moisture as 1 Table 3.
Transpiration
day'lcm‘
|_I
| Transptration
I day=lem-2
] Acacia aneura 1.0 [ | Eucalyptus terminalis
(short & narrow) y.= 5.16x"'-08
2.0 y_ = 6.50x -0.51 0.8% r2s 0,47
- ré= 0.60 n =15 p 0.01
- n=16 p 0.01 0.6 | p 0.
L 0.4 L
1.0 4
. % 0.2L
| W S | |.| L1 1 1 1 1 n n 1 1
0 50 100 ] 10 20 0 40 50
Number of phyllodes Number of leaves
B Acacia aneura 1.8T Acacia pachyacra
- (broidozh{; lz?de) L6k y = 6.95y T0.71
Y e W 2 0.58
bl o A n=8p0.02
0.6 n=8p 0.0l ! P
1.2
0.5 1.0
0.8 |
0.4 = 0.6
0.4
0.3 k 0.2 b .
| | 1 1 ! . 4 1 1 L 1 i
0 20 4 60 80 100 0 10 20 30 40 50
Kumber of phyllodes Number of phyllcodes

FIGURE 5. Relationship between number of phyllodes or leaves and
transpiration at water holding capacity (ml day'lcm'z)
in small plants of similar age.
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TABLE 5. Permanent wilting points of Acacia and Eucalyptus seedlings studied.
Standard deviation SD, number of plants n.
SPECIES Mean 5D n Soil Type
% Soil
Moisture
A. aneura
(long & narrow) 4.59 0.65 5 Pilbara sandy
loam
A. aneura
(broad & falcare) 537 042 4  Pilbara sandy
loam
A, aneura
(short & narrow) 0.53 0.10 10  peat-sand
A, pruinocarpa 0.63 0.24 4 peat-sand
A. pachyacra 091 0.46 4 peat-sand
E. terminalis 0.66 0.20 I1  pear-sand
E. lencophloia 0.76 0.00 1 peat-sand

Diumal rranspiration rates for each species under optirnum
and medium conditions were statistically indistinguishable
and the differences in maximum rates were not significant
for any acacia or eucalypt species. However, the eucalypts
{particuiarly E. leucophleia) did not reduce transpiration
to the same extent under low soil moisture conditions
(Table 4). In the pea/sand mix A. pachyacra showed the
smrongest reaction to low moisture conditons followed by
the short and narrow A. aneura and A. pruinocarpa.

Smong negatve exponential correlations were observed
between wanspiration under optimum moisture conditions

and leaf/phyllode numbers (Figure 5).

These patterns

were taken into consideration in calculating estimared
transpiration from larger plants based on seedling data.

Permanent wilting point occurred when soil moisture
reached levels shown in Table 5. A. aneura (broad)
wilted before A. aneura (long and narrow) in Pilbara soil.
1n peat and sand porung mix the order of wilung was A.
pachyacra, E. leucophloia, E. dichromophloia, A.
pruinocarpa, A. aneurz (short and narrow). This SUggests
that at least in the seedlings studied, the acacias showed a
tendency owards better drought resistance than the
eucalypts. However the standard deviations were such that
the distinctions are not clear.

With the exception of the leaflets of A. pachyacra with 35
percent more stomata on the lower surface, and leaves of
E. leucophloia with 104 percent more stomara on the
upper surface, ad- and abaxial surfaces of the leaves or

TABLE6.  Stomatal count for ad- and abaxial surfaces of phyllodes or leaves from
three Acacia species and one Eucalyptus species. Standard deviation
SD, nuraber of plants 0.
Species/Surface Stomatal Densi Size of Stomata
of Leaf stomata per mm (mm 10-6)
Mean 35D n Length Width
A. aneura 20 7.5
(short & narrow)
Adaxial 110 17 5
Abaxial 117 11 5
A. aneura 20 7.5
(broad & falcate)
Adaxial 104 11 7
Abaxal 98 2 5
A. aneura 20 7.5
(long & narrow)
Adaxial 120 12 5
Abaxial 123 15 5
A. pruinocarpa 12.5 5
Adaxial 164 24 9
Abaxial 161 9 5
A. pachyacra (leafler) 12.5 5
Adaxial 175 22 5
Abaxial 231 44 5
Adaxial (phyllode) 194 26 5 12.5 5
Abaxial 197 7 5
E. leucophloia 15 5
Adaxial 359 20 5
Abaxial 177 23 5




phyllodes of each species had similar numbers of stomata
(Table 6). Size differences between stomata of acacias and
eucalypts may be immportant mn influencing transpiration. A
relationship appears [0 exist between stomata number and
tanspiradon rate for the phyllode rypes of A. aneura, with
the form having the highest stomarta density also having the
highest transpiraton rate.

Field Studies

Biovolume is a very rough estimate of transpiradon surface
(Table 7). Phyllodes used 10 estmate surface area were
broader than those of Acacia aneura from the Easi Pilbara
and may have contributed to an over-estimaton of
transpiration.

Estimated daily transpiration in winter (0.1-1.4mm) and
evapomanspuadon of 3.3-14.7mm in summer under
opamal soil conditions covers the range of other workers
(e.g. Pressland 1976a, Hellmuth 1970).

Natural transpiration was esomated from laboratory
studies, In the laberatory air humidity was not conmrolled
and plants were  well watered, which could lead to
morphological and anatomical modifications. Test plants
also had a mgh percentage of young phyllodes, which
often have a higher rate of manspiranon (Hellmuth 1570).

Soil evaporation was higher in the field than under
laboratory condinons. Using the water balance method
(Slatyer 1961a, Pressland 1976b) evaporatdon was
estimated at 3.6mm day-l in January in the field. The
results are however within the same range: probably
higher radiation and wind strength with lower humnidicy of
the natural stand contributed to these differences.

TABLE 7.

and Sandhills areas.

Biovolume, phyllode area and estmates
evapouanspiranon range for Mulga stands at Munjina
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PLOT Biovolume  Phyllode Daily evapo-
ha-1 (m3) area (cm2) ranspiration (mm)
x 10 Min.* Max.
Munjina
1720 28963 1.9223 25 5.10
711 19642 1.3004 17 4.41
22 25237 1.6751 22 4.83
23 38072 2.5269 .33 5.78
23 29368 1.9251 25 511
275 69975 44633 58 7.94
46700 38876 2.5803 34 5.84
6000 25878 1.7176 22 487
Lake 16283 1.0807 14 4.16
7500 25054 1.6629 21 4,82
43500 47532 3,1548 41 6.49
45000 44968 2.9845 39 6.29
28100 11753 0.7801 .10 3.83
45800 157701 10.4673 1.36 14.66
23500 32767 2.1749 .28 539
4000 25698 1.7060 22 4.86
21000 42820 2.842 37 6.14
Sandhills
14 100713 6.6847 .36 10.43
13 96933 6.4340 .84 10.15
12 82408 5.4692 71 9.07
10 60048 4.0454 5] 7.48

* only transpiraion in the absence of reliable field values for

evaporation.

Conclusions

Basic nformation on some soil charactensdcs and plant
species from the East Pilbara has been recorded viz. water
holding and field capaciries of the soil, water infilraoon
and surface evaporanon rates, ability of plants to withstand
waterlogging, thewr permanent wiltng peoint and some
stomarzl and  oanspiranonal characterisics.  These
preliminary studies  indicate that estmates of such
variables as those investigaied in the laboratory may be
related in an approximate tnanmer to conditons in the
field.
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GERMINATION AND PLANTING ouTt
TECHNIQUES FOR THE WESTERN AUSTRALIAN
SANDALWOOD (SANTALUM SPICATUM)

D.R. Barrett, School of Buwology, Curtin University of
Technology, Kent Streer, Bentley, W.A., 6102

Introduction

In a previous nowe (Crossland 1982) a comparatively simple
techmique for germinating the seed of Western Australian
sandalwood (Santalum spicatum (R.Br) A.DC,) was
outlined. This note describes the method currently being
used at Curtin University. People interested in growing
sandalwood will be able to adapt the technique described 1o
suit their particular circumstances,

Stages

1. Remove the leathery to cardboard-textured exocarp.
Hold the nut firmly in wooden tongs. Using a band saw
make a shallow cut (5-8mm long) in the hard outer shell
{endocarp), being careful not to damage the fleshy, white
endosperm within. It is not important where the cut is made.,

2. Line a seed tray with a paper towel or similar
absorbent material with 2 good wet strength and pardally fill
the tray with coarse washed sand,

3. Place seeds 3-d4cm apam on the sand bed.
Oriemation of the seed is unimportant.  Cover with a layer
(about lem) of sand to prevemt drying out.

4, Place the may on a glasshouse bench (cooler months)
orin a warm, shady spot and keep it moist but not saturared,
Too much water will encourage fungal growth.

5. Germmanon will take place between 2 weeks and

several months but most batches of seed will produce some

germinants after 3 weeks, with the bulk germinanng within
-8 weeks.

6. Germination percentage  will vary considerably
depending on the seed characteristics and age. We have
recorded germination as high as 93 percent and as low as &
percent.  Older seed tends to be less viable than recently
collected material.

7. Check for germination at least once a week by
carefuily turning the sand by hand or with a small tool such
as a rowel or a ruler. When the radicles are 1-2cm long, the
germinants can be wansplanted into pots or directly into the
field. Germinants should be handled with care because their
roots are very brittle. If a root breaks, the germinant should
not be discarded as lateral roots will probably form and the
seedling may well recover,

KR

8. The best time for transplanting is in cool, humid
weather dunng May-June.

9. S0 as not to deprive potted plants of the opportunity
of finding suitabie hosts, they should be planted out within a
few months. If plants remain ported for longer penods ir
will become increasingly difficult for them to make the
haustorial connections which are necessary for their
survival.

10.  Acacias and other leguminous plants appear to be
effective hosts although haustoria can attach to many native
Australian and other species, such as eucalypts, casuarinas
and grasses. Trials at Curtin University have shown higher
survival rates when sandalwood is planted in close
proximity to the intended host(s). For example, plantng
could be within centimetres of a clover or grass plant,
perhaps 20cm from a young, established acacia, and 0.5-
1.0m from larger tees.

il.  “Young sandatwood grows appreciably better in the
first 15-18 months if planted in 50-80% shade rather than in
more sunny positions. In many cases host plants may
provide this shade.

12 Losses due to fungal amack can occur when
germinants are grown in pots or in the field. A light spray
with a fungicide such as "Previcur" about once a fortnight is
& good control measure in the early months.

13. Plants should not be allowed to dry out nor should
they be allowed to become waterlogged. They will stand a
goad chance of survival if they are watered through the first
and possibly the second, dry season.

Plates are photographs of seed from Peron Station tn the
Shark Bay area germinated at Curtin University.
Reference

Crossland, T. 1982. Germination of sandalwood seed.
Mulga Res. Ctre Rep. 5, 49-50.
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MNuts showing band saw cuts in endocarp;
germinating seed with emerging radicle.
Notce small lateral roots forming on root
which had its meristernatic tip accidentaily
rermnoved

PLATE 4,

Enore npe fnur frurr with dry outer cover
partially removed to expose hard nur
with smooth, hard endocarp

nut

Radicie has enterea soil and shoot
emerging. Two  strap-like

15

structures

(suspensors) comnect the seedling to the
endosperm. Notice that the shoot does not
necessarily emerge where the band saw cur
was made. This cut merely allowed the entry
of air and water which initiated swelling of
the endosperm and subsequent ruprure of the

endocarp.

Young seedling two and a half months after
sowing. Itis still connected by 2 straps to the
sced endosperm. The endosperm is being
depleted as it is used as food for the growing
seedling. After another month or so the nut
will fall off and the suspensors will wither.
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INITIAL OBSERVATIONS ON FLOWERING AND
FRUITING IN SANTALUM SPICATUM (R.BR.) A.DC.
THE WESTERN AUSTRALIAN SANDALWOOD

D.R. Barreu, School of Biology, Curdn University of
Technology, Kent Sweet, Bentley, W.A., 6102

Introduction

The 10 genera and 46 species of Santalaceae found growing
In Ausmalia are described by Hewson and George (1984),
Santalum spicatum, a Western Austalian member of the
family, 1s a mee highly prized for its aromatic wood. Itis a
slow growing root henuparasite which produces edible nur
kernels. S. spicatum is closely related to another fragrant
species, the Indian sandalwood (S. album) and tw the
Quandong (S. acuminatum) which gTOws  across the
southern half of Australia. §. album has been studied
extensively for many years because of the value of its wood.
S. acuminatum has more lately received artention because
of its potential to provide a cultivated fruit and nut Crop.
Swdies of the floral structure and fruit of §. album, §.
acuminatum and other Santalum specics (Gardner 1929,
Rao 1942, Paliwal 1956, Grant and Burtrose 1978, Sykes
1980, Sedgely 1982) have been reported in the literaturs.
The floristics of S. spicatum however, have not been
studied 1 much detail. This paper presents some initial
observations in an ongeing study of flowering and fruit
producnon in this species.

Materials and Methods

The study area known as the Field Tnal Area, is 2.5ha of
fenced land on the Curtin University Campus at Bentley,
W.A. Fifteen years ago, the site was part of a pine
plantation. The soil is Bassendean sand containing very
litde humus and with low water retaining properries. The 10)
sandalwood trees studied are growing amongst mulga
(Acacia aneura) and other Australian species. They are
irrigated during the dry season (summer). The trees studied
were planted as seeds in February 1981 and transferred as
seedlings to sites m the Field Trial Area in August of the
same year. They are six years old and have both a mean
height and 2 mean crown diameter of 2.6m. Most have
borme flowers and fruit once a year for the past 3 years, that
is, from an age of 4 years. The irees appear to be very
healthy.

The nomber of inflorescences per tree were counted
indrvidually. Individual flowers 1n 20 inflorescences were
counted and the mean valoe used to calculate the
approximate number of flowers per rree. Ripe fruits were
collected weekly from the ground beneath the mees. The
exocarps were removed and the nuts counted. At the end of
the fruiting season all the nuts from a particular mee were
mixed well. One hundred nuts were then randomlv taken
from the bulk collecnon, weighed and each diameter
measured from the pedicelar 1o the distal end. The kernel
weight and diameter is the mean of 30 measurements.

Observations

Flowering commenced at different dmes on different mrees.
Some trees bore flowers from early January, others not until
March or April. Flowers could be found on each tree for
about four months although individual open flowers did not
persist more than about 2 weeks. Buds, flowers and well-
formed frunt were thus often found together on a particular
wee (Figure 1).

The flowers are bisexual with typically 4 tepals but
occasionally 5 or 6 tepals (Figures 2, 3 & 4). This is in
contrast to the descripuon given by Hewson and George
(1984) in which flowers of this species arc noted as
possessing only 4 tepals. In bud, the tepals are green
yellow, but as the flower opens and ages the tepals and
receptacle become progressively red brown, with the older
flowers somenmes quite darkly coloured. The tepals are
riangular ovate, 1.3-2mm long, fleshy, with a flaky inner

33

FIGURE 1. Sketch of a portion of a flowening branch

showing rerminal and axillary inflorescences.
Notice unopened buds,  flowers and
developing fruic.

surface and hair tufts’ which arise behind the stamens. The
tepals persist in fruit. The stamens are cenral to, opposite
and attached near the base of each tepal. The filaments are
short and the 2-locular anthers are flatly 2-lobed. The disc 1s
slightly lobed, fleshy and cup-shaped when young,
flattening out as the flower ages, the pranular surface
glistening with nectariferous exudadon. The ovary is
inferior with the short, bilobed sugma ansing in the centre
of the disc.

The pedicels of mature flowers are usually between (.5mm
and 2mm long, depending on age. The receptacle is
elongate and forms a connnuation of the pedicel from the
abscission layer to the swelling of the dise. With frun
development the elongate pottion of the receptacle swells (o
become part of the frui.  The peduncle beanng the three
flowers is between 1 and 2mm long when bearimg marure
flowers but shorter when flowers are immarture.,
Occasionally the peduncle is ¢longated and thickened
(Figure 6C, cenrral ray).

The flowers are small and VETY numerous prving an overall
red-green appearance to the ees. With few exceptions they
occur in triads fashion along the length of racemes or rays of
simple or compound panicies. The inflorescences are either
axillary or termunal. There are commonly between 5 and 10
paired flowering groups and a terminal group of 5 on any
ray. Usually the triads occur in pairs and are arranged 1n an
opposite and decussate fashion along the rays. Sometimes,
though, the pair members do not occur opposite each other
but are staggered on the flowering ray (Figure 6D),

The central flower within any group of mads opens first.
Opening commences from the axillary end of the ray with
the central bud of the first dichasial pair opening first. The
cental bud of the second, third and subsequent pairs open
successively. The two lateral buds of each thad then open,
usually together with the opentng of these lateral buds
proceeding progressively along the arm towards the apex.
By the nme the lateral buds open the central bud has usually
fallen off. When buds near the apex are opening, those
which opened first may have already abored if they had not
been ferilized, or a young Fruit has commenced
development. The central flower in most cases seems ls}
abort although somenrnes a fruit does develop in this
position.

Mulga Research Centre Journal No. 9
Published December 10th, 198 7,33-37.
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FIGURE 2. An inflorescence ray. On this ray flowers
have four tepals. They open from the axillary
end and the buds are grouped in threes along
the ray in an opposite and decussate fashion.

FIGURE4. Senescing flower with 6 tepals.

DPriagramimartic representation of the progression of flowering
in an inflorescence is given in Figure 6. The sequence of
opening, in arm E is typical. The first rwo paired positions
have lost all flowers, while in the third position, the central
flower has already been lost but the pairs of lateral flowers
are open. In the fourth pair the cenrral flower has been lost
but the laterals are still in bud. In the fifth pair the central
flowers are present and open with lateral buds smaller than
those of the fourth pair. In the sixth pair no flowers have
opened but the central buds are larger than the larerals,
Terminal groups typically, as is the case here, have five buds
with the central bud surrounded by four less developed buds,
one pair being more developed than the other pair.

The flowers are mildly, but distiretly, carrion scented and
nectariferous. During flowering the crowns are alive with
flies, bees, wasps, ants and native cockroaches. Many of the
visitors were observed lingering on the glistening surface of
the disc, probing the juices with their probosces (Figure 4).
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FIGURE 3.

FIGURE 5.

Senescing flower with 5 tepals.

Sketches of floral structure. A, side view of
unopened bud; B, surface view of unopened
bud; C, bud beginning to open; D, newly
opened flower with tepals forming a cup; E,
mature flower with tepals fully opened on a
plane with the disc. This is an unusual flower
with 3 tepals.
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inflorescence arm

/ {a terminal panicle)

peduncie
pedicel
rachis

inflorescence arm
{2 terminal ray)

=——— inflorescence arm
(an axillary ray)

a triad pair

other 1nflorescence
Arms —_

FIGURE 6. Diagrammatic sketches of a flowering
branch. A, showing opposite and decussate
arrangement of leaves and inflorescence
arms: B-G, inflorescence arms which may be
single rays (racemes, e.g. D) or compound
heads (e.g. C) made up of spike-like rays.
Notice order of marturation of buds: 1 = scar
of fallen flower; ¢ = unopened bud; » = open
flower.
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TABLE l.  Number of fully mature S. spicatum fruit formed during the 1987
fruidng season on 6 six year old mees.
Tree Number
Dare 52 53 57 68 95 108
Collected
02.07 ) 0] 0 0 0 0
22.07 0 0 0 6 o 0
31.07 0 0 0 0 0 0
06.08 0 0 0 3 0 0
18.08 0 0 0 3 0 0
27.08 0 0 4 3 0 0
03.09 11 0 6 8 0 0
07.09 6 ¢ 8 4 0 0
17.09 45 4 69 17 0 0
24.09 202 110 338 12 17 0
29.09 162 132 165 9 30 0
05.10 114 136 136 7 13 0
13.10 60 201 3 8 7 0
19.10 10 77 15 11 11 0
28.10 11 21 22 15 7 1
03.11 9 34 14 17 11 1
13.11 4 4 10 5 15 0
17.11 0 0 0 0 2 0
Total 634 719 817 128 133 2
no.
TABLE 2. Numbers of flowers and fruit formed in 1987 on six year old mees.

Tree Number

52 68

No. of inflorescences/tree 1850 890
Mean no. flowers/arm 90 100
Calculated flowers/iree 168,000 90,000
Fruit manred/oee 634 128
Flowers/mature fruit formed 270 700

TABLE 3.

T2Cs,

Numbers, mass and size of nuts and kernels tfrom 1987 crop of 6 six year old S. spicatum

Nut paramerers

mass (g) Tree Number

diameter {mm) 52 33 57 68 95 108

Total no. of nuts 634 719 817 128 133 2

Mean diameter+S.D. 17.6 154 15.5 18.3 20.0 18.1
+1.3 +1.1 +1.2 +1.3 +1.1 +1.7

Mean mass/mut 2.15 1.67 1.75 272 3.51 2.3

Total mass of nuts/tree 1363 1201 1430 384 467 5

Mean kemnel diam.+5.D. 93 10.5 10.3 12.1 13.1 -
+1.5 +1.9 +0.8 +.9 +0.9

Mean mass kernel 0.45 0.63 0.66 092 1.22 -

Total mass of kernels/tree 285 453 539 118 162 -
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Fruit on our trees took about six months to mamre. Ar first,
the green epicarp and mesocarp adhere closely to the
endocarp. As the fruit nears maturity the exocarp becomes
firm, about 1mm thick, with a texture sirmlar to leather or
soft cardboard. This covenng forms a loose, easily
removed, red-brown envelope around the smooth hard
epicarp (see Figure 1, p.2 Barrem, this volume). Table 1
records the numbers of fnuts maturing at different dmes on
6 of the mees studied.

Tabie 2 gives estimates of the number of inflorescences per
tree and the number of flowers per inflorescence on rwo
rrees in the study group. The number of fruit which
developed to maturity is also listed.

A large number of flowers do not form fruit. In addidon ir
was observed that large numbers of young fruir fall and are
lost at all stages of development. It would seem that the
mees are not achieving their fruit beanng potendal. The
disparate numbers of nuts produced on mrees of similar age
and size (Tables 1, 3) suggest the problem may be
nutnitional or due to mherent characterisncs, rather than one
of carrying capacity or inadequate poilination. Nur kemel
size (Table 3) is also variable. Trees producing larger
quantities of fruit have smaller muts and kemels. The

kernels are not perfectly round but rather irregularly
spherical.

It is hoped that continuadon of this work at Bentley and in
the field over the next few years will provide further new
information relating to growing Western  Ausralian
sandalwood not only for its wood but aiso for its edible nuts.
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COMPARATIVE PERFORMANCE OF FOUR
EUCALYPTUS SPECIES GROWN ON TWO COAL
MINE INTERBURDEN MATERIALS

JED. Fox and M.P. Colguhoun, School of Biology,
Western Australian Insutute of Technology, Bentley, W.A.
6102

J. Leone, CSIRO Division of Wildlife Research, Helena
Valley

Summary

Seedlings of four eucalypt species were grown in two
interburden materials from a coal mine near Collie. Half
the seedlings received fertilizer (NPK) and the other half
grew in unamended material.

Significant growth responses 1o the addition of fertlizer
were observed on both types of material for three species.
Greatest  relative increases in dry matter for ferdlized
scedlings were obtained for E. camaldulensis and E.
wandoo. E. patens grew well in both interburden
materials bur showed less response. Low, non-significant
growth responses 1o fertilizer by E. calophylla may be
altered by applying fertilizer later.

Introduction

Rehabilitation of coal mine dumps is hindered by the
nature of the material. The dumped interburden material is
generally  acidie, low in numients, and therefore not
switable for the growth of many piant species (Koch and
Bell 1985). In addition, construction of steep slopes
during the formaton of dumps may cause erosion
problems and leaching of marerial (Bartle and Riches
1978).

A series of experiments is being undertaken 10 investigate
the suitability of various wes and shryb species for growth
In a range of interburden materjals which may be used 10
form the top surface of dumps. Legume species are
generally favoured (Koch and Bell 1985) and in most
cases liming is necessary and will be an integral part of
rehabilitation procedures (Fox and Mathie 1982). Eariier
experiments using undifferentiated materials suggested
that species of Mymaceae were unlikely w do well in these
materials (Fox, O'Dea and Peuoni 1985). However it is
important 10 obtain data on comparative performance of
alternative suites of potentially useful species, in selecting
appropriate interburden layers. In forested Tegions, as at
Collie, species of Eucalyptus provide an obvious choice

for consideration. Despite the economic importance of
eucalypts there is very little information on growth in
acidic materials (Dell, Loneragan and Plasker: 1983).
Seedling growth tends o be enhanced with increasing
levels of nimogen and phosphorus. These essential
notrients produce synergistic increases in dry matter
accumulation (Halsall, Forrester and Moss 1983).

This report gives an account of a preliminary experiment to
examine the early growth of seedlings of four euncalypt
species on two interburden materials from the Muja mine
near Collie. The materials were tested in both unamended
form and with the addicon of slow release, balanced
fertilizer (Osmocote: NPK).
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TABLE 1. Comparative prapernes of two interburden malenals from
the Muj a Basin, Collie,

PROPERTY INTERBURDEN
Ate-Bellona Ceres-Diana
{A=B) (C-D)
Celour grey white
Pyrites obvious scarce
Acidity
Origznal pH 3.9 5.0

Inherent capacity, expressed as
percentage calcium carbonate for:

Acid production 0.156 0.031

Acid neutralising 0,136 0.075
Actual pH (Bentley) 3.5 5.5
N jen 1 0o

(PPm}

Phosphorus ND 0,227
Nitrogen 180 ND
Fotassium ND 1.15
ND not detected.
Materials and Methods

The interburden materials used are described in Table 1.
Materials were mixed and sieved to remove large lumps in
order 0 reduce variability in pot culmre. A set of 320

plastic square- sided pots, of top dimensions 7 x 7em, and
height 10cm, was lined with moistened vermiculite, Half
the pots were filled with A-B material, and half with C-D
material. These were then set out on a hard stand area ar
the WAIT Field Trial Area and moistened prior to plannng
of seedlings.

Seed of four Eucalyptus Species were sown into
germination trays on 23rd June 1982; the species used
were E. calophylla (marri), E. camaldulensis (river red
gum), E. patens (yarri} and E. wandoo (wandoo). On 4th
August seedlings were carefully mansplanted  from
germination trays into the pots, giving 40 of each species
in each of the rwo interburden materials. Both E.
camaldulensis and E. wandoo seedlings were small and
difficuit 1o ransplant without root damage. A few deaths
occurred in the week after mansplanting, and on l4th
August all dead plants were replaced by new seedlings
from the original cohorts.

A set of § seedlings of each species was harvested from the
germination mays on 4th August and dry weights were
obtained.  '90° day Osmocote slow release fertilizer,
containing 14 percent nimogen, was added 1o half of the
pots of each species in cach material giving 16 weatment
sets of 20 plants on 18th August. The rate used was
cquivalent to 50kg nitrogen, with 21.8kg phosphorus, and
41.4kg ha-1 potassium. Conventional fertilizer treatment
for eucalypts grown on bauxite pits provides 3%kg of N,
31kg of P and 48kg ha-1 of K (Fox and Rhodes 1981),

Mulga Research Centre Journal No. 9
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TASLE 2. Mean dzv weights (g) at time of cransplanting and three
marvests for Ssur aucalypt apecles Wich {+) and ~ighout
(=] fe-t_lizar, Analvsis 2f variance for narvest at 82
gdays* L3 incladed.
TREATMENTS SPECIES
=. calaphylla =I. camaldulensis E. pacens £. wandoc
Transplanting 0.153 0.001 2.008 0,002
o= 3
Tartilizer + - + - + - + -
TIME OF HARVEST
30 days n = 4
Ars-3ellona  3.41% 0.31%6 2.004 0.001 0.023 0.017 0.004 2.002
Cares-Diana 0.344 0 277 2.005 4Q.001 0.028 0.013 0,004 4.002
35 days n = &
ite-3eilona 0.543 0 3563 3.011 0.005 0.061 0.025 g.010 0.4Q05
Cares-Diana 0 467 0,487 0.020 0.003 0.119 0.026 0.033 0.040s
32 daya n = 3
Ate-dellona 0.394%a 0.6689a 0.182a 2.00Q4dc¢ 0.244a 0.037> 0.071a 0.212c
Cerea=Diana 1.057a 0.75%5a 0.11lb 0.006¢c 0.2362 0.040p 0.201b 0.017c
Analysais of
Tariance F 2.5 NS F 28.3 ==~ £ 30,3 v F 125.5 **~

* Tor the 82 day harvest treatment weights within a species have the same
letcer where meand do not differ significantly using LSD test ac p < 0.001.

Analysis of variance:

NS

not aignificant,

*ww B < 0.001).

Mean height

{om §
| | | [
80 - ! ! ! ! —
120 ’_ —ar— Ate-Bellona + fartilizer
—-p=- Ate-Bellaona
oo CEres-Jiana + fertiliz
60 —__g__, Cares-Diana ]
100 B~
b
40 [ —
a0 - ]-.
o 2l s 3 20 e A .
60 = -t
Jz I ; | l 0 | | | ]
80 — T [ f I — 80 [ I I I
40 40
20 20
3 | ! ! | 0 | I A |
0 20 40 60 a0 0 20 40 60 aa
TIME IN DAYS FROM TRANSPLANTING
FIGURE 1.

B‘Ieag shoot heights of all surviving Eucalyptus species transplants
dy Ereatments. a E. caiqpt_!yﬂa, b E. camaldulensis, ¢ E. patens
- wandoo. tLeast significant difference at final measurement '

betw
bM:en treatments for a species (p<0.001) represented by vertical
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No lime amendment was given bur we note that vermiculie
often has a pH of abour 8.

Duning the following growth period, if no rain had fallen
for three days, pois were brought to field capacity by
handwatering wuth rain water. Pots were occastonally
flooded duning heavy winter rain m August. Some aphids
were observed on nearby plants 1n early Sepiember, so all
expenmental plants were sprayed with "Malathion”.

Plant heights were recorded each fortmight. Three harvests
were taken of four, six and fve plants respecnvely ar 30,
55 and 82 days from transplantdng, from each treatment set
of 20 pots.  Plants were weighed fresh, then oven dned at
60 C for 24 hrs, to obtain dry weights. The pH was
recorded from two pots per treatment set, after plant
harvesting.

Results

pH readings confirmed thatr A-B  interburden was
consistently more acidic than C-D. Berween collection
and setting out, the pH of A-B became meore acidic by 0.4
units (Table 1). The pH in all A-B  treatments difted
higher, 10 pH 4 4-5.3 dunng the experiment.

The C-D marerial, 1n contrast, became less acidic prior to
seting out. The pH also drifted higher during the
expenment, to levels of 6-6.8 at final harvest No apparent
meraction between fenilizer and acidity occurred. It is
possible that vermiculite lining pots may have contributed
partly to lower acidiry.

Mean seedling height growth is illustrated wn Figure 1.
Fertlized plants showed more rapid height increases.
These responses to fertilizer began to show by
approxirnately 55 days from ininal weatment. E. wandoo
grew taller in fertilized C-D, while the other three species
were tallest in fertilized A-B  material. The poorest
treatment in respect of plant height was  generally
unfertilized A-B.

Mean dry weights at mansplanting and for harvests are
given in Table 2. Plant prowth between harvesss was
positive except for E. camaldulensis in unfenilized A-B.
Here the 30 day harvest was of equal yield with that at
mansplanting and the 82 day wvalue less than that for 55
days.

Greatest dry maner was produced by E. calophylla.
Analysis of vanance of mean dry weights at the 82 day
harvest showed no sigmificant  difference berween
meatments (Table 2).

E. patens prodoced the second largest seedlings in both
materials and ferulizer addition significantly increased
growth. This species was growing equally well in both
fernilized matenals towards the end of the trial, although
best early growth was in C-D (Table 2),
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E. camaldulensis seedlings grew significantly benter when
fertilizer was added. and growth in A-B was significanty
better than in C-D (Table 2)

For E. wandoo, best growth was recorded from fertilized
C-D and both amended marerials produced significantly
larger plants than the unfernlized matenals.

With all except E. calophyila in C.D, a response to
ferilizer was evident by 30 days. However, 1t 15 noted that
final rankings at 82 days were not necessarily the same as
at intermediate harvests.

Analysis of vanance on combined mean dry weights at §2
days showed that the greatest conmbution to vVanaton was
by species, followed by fertilizer. Significant differences
between species, and berween combined species data for
fertilizer treatment, occurred.  The overall mean dry
weight of E. calophylla was significamly greater than the
other species.

The combined mean dry werght of fernlized seedlings
(0.369g) was significantly greater than for those net
ferilized (0.195). Final welghts as a percentage of ininal
ransplant weight (Table 3) and relauve growth rate
(Figure 2) remowve differences in species size from
consideraton of relative success.

Percentage changes in mean dry weight to 82 days showed
E. calophyila had the least overall growth 1n fertilized
reatments,  Greatest growth in fertiized meatments was
made by E. camaidulensis. E, wandoo responded well
on fertilized C-D, and E. patens also grew well on both
fertilized marerials. E. wandoo showed the largest
increases in both unfertilized marerials.

Relative growth rates (RGR) for species (Figure 2) indicate
that E. calophylla showed a low and decreasing RGR for
all weamments except fertilized C-D. Increasing RGR for
this reamment from harvest 2 to harvest 3 was correlated
with the emergence of the fertlized treatment C-D bemng
the best ar the end of the mal.

E. patens exhibited a low and declining RGR for seedlings
grown in unfertilized materials, An increasing RGR for
fertilized A-B weatment was correlated with production of
greatest dry weight by the final harvest.

E. camaldulensis seedlings had high and increasing
growth rates for the fertilized materials, particularty for the
biggest seedlings (in A-B). Growth rates in unfertilized
malerial were erratic,

E. wandoo scedlings receiving fernlizer had high and
generally increasing relative growth rates. Lower rates
were produced in unferulized matenial.

TABLE 3. Dry weight at B2 days, expressed as a percentage of

transplanting weight for four eucalypt species with

{(+) and without (-) fertilizer, in both spoils
TREATMENTS SPECIES

E. calophylla E. camaldulensis E. patens E. wanaco

Fertilizer + - - - - - + -
Ate-
Ballona 556 4152 140C3 294 3270 4885 4717 803
Ceres-2iana 643 494 BE27 489 30464 521 13407 1126
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FIGURE 2. Relative growth rates from transplanting for each of four Eucalyptus species:
+ F refers to treatments with fertilizer; AB, Ate Bellona; CD, Ceres Diana;
a, b, ¢, d, E, calophylla; e, f, g, h, E. camaldulensis; 1, j, k,1, E. patens;
m, n, 0, p, E. wandoa.
TABLE 4. Mean shoot/root vatio using dry weights at tima of
transplanting and three harveata for four eucalypt
specias with (+) and without (=-) fertilizer.
TREATMENTS
SPECIES
E. calophylla E. camaldulensais E. patens E. wandoo
Transplanting 4,31 2.19 1.87 4.11
Fertilizer + - + - + - + -
TIME OF
HARVEST

30 daya n = 4
Ate-Bellona 3.94 q.74 1.35 2,43 5.73 1.67 4.71 4.30
Caras=-Diana 3,64 1.73 1.18 1.78 3.08 3.84 4,74 3.13

55 days o = §
Ate-Bellona 2.18 1.82 1.36 1.71 3.68 2.27 2.77 2.55
Ceres-Diana 2,60 2.45 3.11 1.89 6.09 1.96 4.53 7T.34

82 days n = 5

Ate-Bellona 2.32 2.29 3.17 5.93

[ 8]

.68 2.38 6.44 2.41

Ceraa-Diana 2.61 2.41 2.13 3.20 1.87 1.89% 2.35 2.66

i

- T,



-'-/-——---_—-—--

Mean shoot/root tatios at ransplanting and harvests are
summansed 1n Table 4. Shoot growth was consistently
greater than root growth. E. calophylla had the greatest
Initial ratio reflecting the large seedling size. E. patens
seedlings had least shoot growth compared to root growth.

In ferdlized A-B, E. wandoo had the highest ratio at 82
days, but it was lower than E. patens at carlier harvests.
The latter species showed least difference associated with
fertilizer 1n A-B  at final harvest whereas at 30 days the
fertilized treatmemt had given much higher reladve shoot
growth. In fertilized C-D all species showed lower values
than for A-B by 82 days, and with the excepuon of E.

calophylla, the fertilized C-D ratos were lowqr than
unfertlized treatments, suggesting that adding fertilizer 1o
C-D generally resulted in 2 more balanced shoot/root ratio.

Discussion

There are obvious limitadons 1n extrapolating early
seedling growth to possible field performance. Equally
difficult is the effecnve companson of different tials.
Small transplants are difficult o establish in coal materals
(Fox, O'Dea and Pamroni 1985). In the present trial heavy
winter rainfall resulted in some waterlogging, particularly
in A-B. Waterlogging may affect eucalypt growth by
reducing root uptake of numents or enhancing toxic ions
(Clucas and Ladiges 1979). Slow release fertilizer
provides an obvious advantage in conjunction with winter
establishment.

Seed weight reflects phosphorus reserves. This has been
associated with good root and shoot growth by E.
calophylla in  acidic material (Dell, Loneragan and
Plaskerr 1983). In the present tal the order of both
transplant and harvest weights followed that of seed
weight. E. calophylla seed are much larger than those of
the other species, and over the same fime, growth from
seed produces much larger plants. This size difference
was still clearly evident at the end of the trial period.
However the low percentage changes in dry weight
indicate little ferdlizer response by E. calophylla under the
conditions of the present experiment.

It has been reported that eucalypt seedlings made poor
growth, with weak root systerms, wn the presence of
complete ferrlizer or  ferilizer lacking lime and
phosphorus, whereas calcium phosphate  promoted root
and shoot growth (Dell, Loneragan and Plaskent 1983).
However, advanced mansplants produced greater dry
welght in the absence of phosphorus in @ subtractive trial
(Fox and Rhodes 1981). The results presented here for
reladve growth rates and percentage changes in dry weight
indicate greatest responses o ferdlizer were with E.
camaldulensis in A-B and E. wandoo in C-D. If fertilized
both species also grew well in the alternate interburden
material. The lowest response to ferdlizer was from E.
patens. However this species grew equally well in both
materials and the growth tesponse was snll highly

significant.

In its natural environment E. patens is found on soils of
about pH & (Havel 1975). On waste dumps at abandoned
mines in the Collie coalfield 1t appears to show most
impressive acid tolerance. Bartle and Riches (1978)
record it as occwrring on areas with surface pH as low as
4.5, whereas Bell (1984) reports pH values for the roouing
zone soil to be as low as pH 2.7. Our results suggest that
apparent ficld tolerance can be confirmmed for pot culwure.
Of parncular note is the low shootroot rauo (Table 4+ and
similar growth response on both interburdens (Table 3).

For E. wandoo an earlier expenument indicated higher
shoot/root ratios for unfertilized jarrah topscil, enhanced
growth with nirrogen and reduced growth with phosphorus
{Fox and Rhodes 1981). In the present mal this species
grew relatively well in the absence of fernlizer (Table 3,
but this early wend may not persist, witness the declining
relanve growth rate (Figure 2).
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E. camaldulensis has been reported as showing a
significant response 1o liming of acidic material (Fox,
O’Dea and Parom 1985). The mteracuon of acidity on
growth remains 10 be elucidated. The interburden pH
changes, drifnng towards neuwal over the course of the
expenment, would have aliered the  availability of
numrients, either added to or already in the matenal. For
example, nirogen, phosphorus and potassium all becorne
more readily available as soil becomes less acid, whilst
iron becomes less available when pH reaches
approximately 6 (Bidwell 1979). C-D being the least
acudic would therefore be potentially the better matenal
with respect to nutrient availability. When companng
overall plant growth on amended and  unamended
materials, we note that plants generally grew slightly better
on C-D material, suppornng the idea of pH influence,
possibly through increased numient availability.

The importance of early applicabon of fenilizer for
maximum benefit to the young plant is evident from early
establishment of trends in response to ferulizer. The
growth parameter tends shown by this experiment,
particularly decreasing RGR’s, suggest that unfertlized
seedlings would have littie chance for  successful
establishmenr 1n the longer term.

Corclusions

Of four Eucalyptus species tested, significant increases in
early seedling growth were obtained with slow reiease
NPK fernilizer for each of E. camaldulensis, E. patens
and E. wandoo. Species responses to ferilizer and
interburdens varied. We note the following:

E. calophylla: Poor growth was recorded and response to
the fertilizer addition was slight. Rapid early growth of
this  species prior to treamment suggests that fernlizer
application may have been more usefully applied laer, as
inidal seedling growth is so much influenced by the large
cotyledons that the applicadon of fertilizer makes litile
difference unti] cotyledon reserves are exhausted.

E. camaldulensis: Significant responses to fertlizer
cccurred in both matenals with berter growth in A-B.

E. patens: Both fertilized materials gave similar results for
this species. E. patens appears more rolerant of the more
acidic marterial, (A-B) but longer term growth trals are
needed for confirmation.

E. wandoo: Best response with this species was fernlized
C-D  although fertilized A-B also significantly improved
growth.

Longer growth penods may have established more definite
wends in growth responses as relative growth rates for
some fertilized seedlings were decreasing by the end of
this trial. E. wandoo appears most swted to ferulized
Ceres-Diana, while E. camaldulensis and E. patens may
be worth mialling on both interburden materials.
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THE PROPAGATION OF ADENANTHOS
CYGNORUM BY CUTTINGS AS AN AID TO HEAVY
MINERAL SAND MINING REHABILITATION AT
ENEABBA

R.F Black. School of Biology, Curtin Universuy of
Technology, Kent Street, Bentley, W.A., 6102

Summary

Methods of propagation of Adenanthos cygnorum Diels.
from up curtings were invesugated as a means of producing
large numbers of plants for mine rehabilitanon purposes in
the kwongan, or heath, of the northern sandplain.

The benefits of bomom heat and high humidity in mist
benches were demonstrated over a winter period of root
miuation. A weekly applicanon of Sppm indole buryric acid
(IBA) plus rmuneral numents appeared to produce an aunxin
benefit to the 12 weeks cuttings and a nutrient benefit to the
27 weeks cuttings. The completion of the plants by shoot
production was favoured in the 12 weeks rooted cumngs and
1 the 27 weeks rooted cutings where botom heat and the
IBA plus numents solution had been used. The remaining
27 weeks extracoon of meamments produced many rooted
cuttings which failed to shoot and later died.

Possible methods of improving early root inination and the
later phase of shoot development are discussed.

Introduction

Adenanthos cygnorum (Woolly bush) occurs as a dwarf
shrub of (.5 to !m height m the climax kwongan of the
Eneabba district. When free of compention, as along road
verges or on cleared land, it 1s an effective pioneer species
and may grow rapidly as a shrub up to 2m high.

This potennal to lead vegetarion recovery does not show up
well in heavy minera! sand mining rehabilitation where
topsoil has been layered over mine tailings fill. The species
may, however, contibute significantly to cover after about
the sixth year from topsoiling.

Current practice to protect the topsoil from wind erosion
utilises very light sowing and fernlizing of a grass cover
crop, such as cereal rye or Sudax. These are effective for
the first two years from topsoiling. This leaves an erosion
risk period until suitable soil-binding native species become
established. The filling of the erosion risk period with
narive plants possessing suitable nurse crop characterisncs
has always posed a difficult problem at Eneabba. Here
strong easterly winds may severely erode topsoil conmining
young slow-growing native seedlings, or bury them with
sand accrenons.

Direct seeding of fast-growing native species with the grass
cover crop and the planting of nursery-raised transplants
have both been used to fill this erosion nsk penod.
Successful species used so far have been Acacia blakelyi
Maiden and A. pulchella R.Br. as shrubs, and Tersonia
cyathiflora (Fenzl}) A.S. George as a ground cover
Although these species occur in the Eneabba district on
disturbed soil, they do not conwibute as members of the
climax kwongan; their use may thus pose later problems.
Another system used 15 the surface application of a chopped
mulch from native kwongan afier the second year when the
soil has firmed. This weatment by tself helps to contol
erosion (Allied Eneabba Intenm Report 1981, Secton 5.2)
and also aids the eswmablishment of some Adenanthos
cypgriorum plants (Alhed Eneabba Trennial Report 1979,
Table 8).

A study reported by Lamont and Grey (1984) helps to
explain the success of A. cygnorum as a pioneer species in
terms of the dispersal of 1ts seeds by ants 10 their nests at
soil depihs probably often below the depth to which wopsail
is collected. This feature, to which is atributed the "mass
regeneration of A. cygnorum after disturbance”, is
apparently not effective in topsoil-treated ailings. Although
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plants of A. cygnorum can be readily raised in a nursery
from collected seed, a coroilary of the Lamont and Grey
(1984) sudy 15 thar seed supplies are difficult and
uneconormuc o collect, This limitation 15 accentared by the
inconspicuous appearance of the flowers and fruur of this
species.

The objecave of the present project was to utilise the
pioneer potendal of A. cyghorum more fully in the Eneabba
minesite rehabilitadon programme by propagaung from
cutnngs. A number of earlier attempts to smke cutungs at a
stte nursery failed, probably mainly because of the
difficulties 11 maintaimng water pressire for misting
combined with the severe dehydrating climate.

Materials and Methods

Shoots of A. eygnorum were cut from the Allied Eneabba
rehabilitation block 79B on 29th March 1985. These were
wrapped in moist paper and stored over ice 1n an insulated
conuainer, Six days later shoots were divided into 240 qip
cuttings. These were sterilised in 0.5 percent chlonne (a 1
to 25 dilution of commercial sodium hypochlorite solution)
for 10 to 20 minutes. After a riple washing 1n tap water, the
cuttings were divided evenly according to size mto four
trays containing 60 curungs each. Two sets of 60 received
auxin treatment (see below), two did not (control). The
medium in the trays consisted of a 1:1 volume mix of
polysryrene grit and Sphagnum peat. No sand was used in
the mix o avoid having to stenlise the medium or use
fungicides (Aitken 1983). The expenment was conducted in
a glasshouse at Curtin University.

One tray each of weated and control cutungs was randomly
assigned to one of two mist benches. One bench had a clear
plastic cover and effecive bowtom heat. The other was an
open bench with no cover or bottom heat.

An indicaton of the temperature and relanve humidity
regimes of the two benches is presented wn Table |, These
dara do not show full diurnal rends and the bed hearer of the
covered bench was set higher on 3rd June. The removal of
the first roored cuttings (Table 2) occurred on 25th June.

The temperature data indicate that radiation and air heating
of the tray media could occasionally produce a higher
temperature on the open bench, parucularly in the afternoon.
An impottant aim was to produce a higher rooting medium
temperature on the covered bench. The mean data
temperature  difference of 4.70C  was probably a
conservative estimate of this difference.

The misting frequency under the clear plastic cover was
controlled by a Thermomuster unit operaong on relative
humnidity. A wmer unu, set to the average diumal relanve
humidiry changes as shown by the glasshouse screen
mounted chart recorder, contolled the mister frequency of
the open bench. The reladve humidity on the benches was
measured between mists by a Lambrecht hygrometer (Table
1.

Auxin treamments of native cuttings carried out previously
using indole burync acid (IBA) in commercial talc mixtures
showed burning at the base of many cuttings. It was decided
in this experiment 1o y the concentrations of IBA mineral
numrients used in the standard culture rooung medium of
Murashige and Skoog (1962). The IBA concentration was
5ppm and the organics, sucrose and agar were onmutted. The
auxin and minerals were applied weekly with watening,

Successful cuntings were potted on and grown 1 a
shadehouse ar Curtin University.

Mulga Research Centre Journal No. 9
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TABLE 1. Some winter temperatures and relanve hurudines associated wath the muster beds used for
Adenanthos cygnorum cutings.
COVERED BENCH OPEN BENCH
Temperature 0C RH% Temperatare ©C RH%
2.5cm Tray Aur at Cut- 2.5cm Tray Arr ar Curung
below  medium cut- nng below medium cur- height
medium ting height  medium ting
surface height surface heighs
Date Time
23.5.85 0830 170 - 16.4 100 13.3 - 15.2 -
23.583 1420 202 4.0 202 62 186  21.0 246 -
24385 0825 169 i5.4 14.2 100 10.9 10.1 10.0 -
24585 0930 17.0 17.8 18.0 63 11.5 12.8 14.0
24585 1030 17.0 18.8 18.0 66 13.7 18.0 19.3 -
21585 1525 22.7 212 23.3 76 21.1 234 26.2 25
25385 aseco  17.1 1L.5 159 80 11.5 11.9 15.1 -
26.5.85 0845 183 159 18.2 160 16.5 16.2 17.0 -
27385 0930 1568 13.0 14.6 100 12.0 12.2 12.3 -
31583 0510 16.6 14.8 13.2 100 8.8 9.2 9.0 70
03685 1000 17.0 18.0 16.5 96 8.3 11.5 14.8 -
03 6.85 1200 18.1 21.6 21.0 85 12.5 17.8 18.2 36
03.6.85 1420 203 227 225 - 15.3 1.0 19.7 -
(05.6.85 1000 32.6 299 248 100 14.1 17.0 17.2 -
05.6 85 1200 33.0 32.1 28.7 100 16.2 211 21.0 58
10.6.85 1200 277 286 26.7 36 16.0 19.8 21.0 -
20685 1415 270 27.6 29.8 83 15.8 - 242
MEAN 209 20.8 20.1 28 13.9 16.1 17.6 47

Results

At 12 weeks from setting out, the cuttings in the warmer
covered bench showed dark, heavy callusing. Those from
the open bench possessed caliuses lighter 1n both weight and
colour. In both benches the callusing was slightly more
advanced in the weekly anxin plus nutrient treatment. No
shoot growth was evident in any weatment.

All rooted cuttings (Table 2) were removed and potied on in
the same medium as for the trays. These were placed on a
turd bench with light automatic misting for two weeks.
They were then removed to a standard glasshouse bench and
hand watered. About every three weeks, a one tenth
smength full numient solution was used.

The remaining unrooted cutings were retumed 1o the
original weatments. At 27 weeks from seting out, the
residual cuttngs under trearment were finally assessed
(Table 3). Again, the surviving unrooted curings showed
much heavier callusing in the covered bench and this
development was favoured mn the awxin plus nument
treamment of both benches. However, the auxin benefit to
roodng shown at 12 weeks (Table 2) was lost over the
additional 15 weeks period (Table 3). The second seiection
rooted cutnngs did show apparent benefits from the mineral
nutrients in shoot growth and general greenness of foliage.

TABLE 2. Response of Adenmanthos cygnorum cuttings at 12 weeks. Each
reatment contained 60 cuttings.
Covered Bench Open Bench
Bottomn Heat
Percent Survival Rooted Survival Rooted
SppmIBA
plus nurrients 08.3 467 100 5.0
Conrrol 98.3 313 98.3 33
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TABLE3.  Response of residual Adenanthos cygnerum cuttings at 27 weeks.
Numbers of cuttngs involved indicated.

Covered Bench Open Bench
Bottom Heat
Percent Survival Rooted Survival Rooted®
{MNo.) (No.)
5 ppm IBA (31y 87.1 387 (57 842 47.4
plus (half (green +)
nutrients with shoot
growth)
Control (39) 897 43.6 (57y 947 54.4
(no (green -)
shoot
growth)

* Only one cutting of each of IBA and control meatments showed new shoot growth.

Afier this second assessment, all rooted cuttings (including
those collected at 12 weeks) were poted or repotted to a
1:1:1 volume mix of Sphagnum peat, fine mortar sand and
washed coarse river sand. All these cuttings in labelled
barches were then placed in a shadehouse provided with
auromanc spray wngation. They were also watered with one
tenth strength full nurrient solution at approximately
monthly intervals.

It becamne apparent thar many of the rooted cuttings from the
open bench were not shooting, 1n spite of warm summer
condinons and vigorous shoot growth in the successful
plams. Alse, approximately one half of these non-shooung
cuttings from the open bench were dwing, although in
possession of a root sysiem. After 19 weeks in the
shadehouse, it was decided to assess the ability of these
rooted cuttings to produce a new shoot system. This was
carried out on 20th February 1986 (Table 4).

Of the 12 weeks rooted curtings from the open bench, there
were only three from the IBA + numents treatment and two
from the control weatment. The percentages of 0 and 50
(Table 4) are considered to be insignificant. The remaining
six sets can be divided mto a group of three successtul
outcomes:

a) 12 weeks, covered bench, IBA + numients
b} 12 weeks, covered bench, control, and
c) 27 weeks, covered bench, [BA + nurrients,

where the production of vigorously shootng plants from

rooted cuttings was 60 percent or more, and the Temaining
three sets:

d) 27 weeks, covered bench, control
e) 27 weeks, open bench, IBA + nuinents, and
f 27 weeks, open bench, control,

where the production of less vigorously shooting plants from
rooted cuttings was 22 percent or less.

Plant deaths of rooted cutangs were common o all
treatments and a1 the final assessment stage (Table 4) for the
first group of successful outcomes, were 39, 30 and 17
percent respectively. For the second group, plant deaths
were 53, 52 and 48 percem respecuvely,  However, the
syndromes for the two groups were different. For the first
group, many of the plants collapsed suddenly after having
earlier produced new shoot growth. In contrast, almost all
the dead rooted cuttings of the second group had very slowiy

dried out, leaf by leaf, and without any sign of shoor-bud
development.

TABLE 4. Performance of rooted Adenanthos cygnorum cuttings at 46 weeks as
percent shoorted and number of final plants.

Rooted at 12 weeks Residuals rooted Total
at 27 weeks Plants
Covered Open Covered Open
Bench Bench Bench Bench
Bottom Bettom
Heat Heat
S5ppm[BA % 61 ¢ a7 22
plus No 17 0 8 6 3
nutrents
Control % 60 50 18 16
No 12 1 3 5 21
Toral plants 29 1 11 11 52




Discussion and Conclusions

The methods used pownt the wav o the large scale
production of Adenanthos c¢ygnorum planes  for
rehabilitation purposes, thus avoiding the dufficulnes of seed
collection for a kwongan species with undoubted pioneer
characiensoes. Callus production over winer wn a covered
bench with bottom hear was very vigorous and 1n the order
of 50 percent of cutings. The first phase limitanon was the
imtiation of roots and this appeared 1o be partly overcome
by weekly watenng with a dilute solution of Sppm I[BA
during at least the first three months,

Rooung auxins, such as TBA, can be important in initiadng
roots, but may wnhibuit subsequen: root elongaron in some
plants {White 1986). A higher concentration of IBA applied
for a shorter period may have induced a higher percentage of
rooting than that shown in Table 2. The queston remains on
how soon such applicadons should be made. With slow
developing native curungs such as A. ¢ygnorum 1t might be
an advantage to wait until callusing has commenced.

The supply of muneral nuwients in solution is common in
ussue culture work on natives (McComb 1983), but tends
not 10 be recommended for cuttings (Aitken 1983). Much
depends on the rate of leaching of nutrients from the cuttings
and, especially in slow developing cuttings, there should be
less leaching :f a high pressure fog system were used rather
than a rmust sysiem (White 1986). In this work, the second
stage of rooong from 12 w0 27 weeks (Table 3} showed an
apparent benefit from the applied nutrients 1n shoct growth
and general greenness of the cuttings. There was a lirtle
trouble from algal development on the trays; thus in future
work 1t 1s recommended that the nument concentrations be
reduced to haif sarength or less (McComb 1983).

With adjustments of the bottom hear of the covered bench,
favourable may medium temperatures were evenrually
obtained (Table 1). However, care had to be taken that
radiation and air heanng of the tray medium during the day
did not rase this remperature too high. Aitken (1983) states
thar the desirable emperarure should lie between 25 and
270C, but should never exceed 280C. Wngley (1979)
considers the root zone temperatue should be held at
approximately 270C but for this to be effective, the leaf
temperature must be maintained at at least 4 to 50C below
the root zone temperature. Air temperamre at cutting height
(Table 1) fluctuates widely diurnally and between mists, but
does not reflect such a drop 1n temperature. However, as the
leaf surfaces are continually moistened, the actual leaf
temperature should remain below the air temperature.

The second phase limitarion on the production of viable
plants was the very limited shoot producnon in the second
group of treamments involving rooted cuttings collected ac
twenty seven weeks {Tabie 4). The most obvious method of
reducing this loss would be the acceleradon of root initation
along the lines already discussed, thus reducing the average
age of the cuttings when potted out.

The conditions in the shadehouse used for plant
establishment were clearly not ideal for the purpose.
Although probably warm enough, light intensicy was low
and there was overwatening. This probably accounted for
the sudden collapse of many plants that had shooted: this
was the most common form of death among the planis of the
most successful first group of oeatments (Table 4). The
unhealthy root environment for A. cygnorum in the
overwatered pots may have also partly accounted for the
common absence of shoot imtation in the rooted cuttings of
the second group of treatments.
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GROWTH OF ACACIA SPECIES IN COAL MINE
INTERBURDEN MATERIALS

LE.D. Fox, C. Gazey and D.R. Barrett, School of Biclogy,
Curtin Umversity of Technology, Kent Streer, Bentley,
W.A., 6102

Summary

Growth and survival of Acaeia species in fertilized and
unfertilized coal rmine interburden materials were compared.
The species used were: Acacia saligha, A, extensa and A.
pulchella. For the latter spectes two ecorypes were used.
Plants were from two sced sources: a) ex Yalgorup (coastal
sand), and b) ex Harvey (lateridc gravel),

Soil materials from the Ate-Bellona (pH 4.6) and Ceres-
Diana (pH 6.1) interburden layers were used in conwoiled
pot tials. 'Osmocote’ fertilizer was added as a numient
source 1o half the pots for each set.

After 78 days plants had grown best in Ceres-Diana with
fertlizer, Supenor growth in this medium was shown in
significantly greater height and dry matter produecton.
Plants in Are-Bellona with ferilizer showed bemer growth
than plants in both unfertilized interburdens, for which
responses were generally equally poor. On the basis of dry
weight (total and roor) production 1n fertilized Ceres-Diana,
Acacia extensa and Acacia pulchella (ex Harvey) would
appear to be the most suitable for use in field mals.

Introduction

Previous swdies on the revegetation of dump material from
Collie, W.A. coal mine operations, indicate that regrowth is
sparse on soils of low pH values (less than about 5),
probably due to either unavailability of nutrients or mera]
toxicity (Bartle and Riches 1978). In addidon, nitrogen
fixing rhizobia are generzily less active in soils with low pH.
Liming of spoils to increase the pH coupled with studies to
contras the performance of different plant species have been
reported by Fox and Mathie (1982), and for Acacia
pulchella by Koch and Bell (1985).

Species able o tolerate low acidity are clearly of interest.
Their persistence may lead to amelioraton of conditions
such thar other species may follow them. Species which can
fix some nitrogen are desirable. In a previous study (Fox,
O'Dea and Parroni 1985), Acacia extensa showed early
promise for revegetation wn unimproved mixed interburden
materials. It was the only one of 5 Aecacia species which
showed better growth in herght as a seedling on marerial of
low pH and deficient nutrent status compared with amended
mnaterials.

This earlier swdy suggested that both A. extensa and A.
pulchella merited further testing in relation to enhanced
nutrient availability. These two (with two sources of seed
for A. pulchella) and A. saligna were selected for testing in
pot wials with contrasting interburden materials. A. saligna
was included as this species shows some characteristcs of a
pioneer species and will grow rapidly on open, wasteland
sites. A slow release NPK fertilizer was ased as a nutnent
source.

These three Acacia species all occur naturally in the Collie
area. It was anticipated that the most successful species
would not only germunate and survive, bur also bind the soil
with an extensive root system, fix adequate atmospheric
nitrogen and tolerate acidic condinons,

The performance of each type of Acacia in the different
materials was assessed in terms of height, growth rate, dry
matter production and root nodulation.
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Materiais and Methods

Two 1ypes of interburden materials were used. Black
interburden matenal from between the Ate and Bellona coal
seams had an average pH of 4.6. It tended to be clay-tike
with a mean nittogen concentranon of 0.03 percent. The
whiter material from between the Ceres and Diana coal
seamns was less acidic (average pH of 6.1) with no available
nitrogen. This was a sandy sou with larger pore size and
lower field capacity than the Ate-Bellona matenal
Consequenty 1t had better drainage charactensucs with less
surface runoff, but poorer mosture retention. In addiuon to
Ppoor nitrogen status, both materials had very low levels of
other essential minerals, with potassium abour Sppm and
;laggg;)ahorus present as a trace only (Dames and Moore

Both "soils” were tested with and without fertilizer. The
fertilizer used was osmocote (90 day release) applied at a
rate equivalent to 50kg ha-l of nimogen. This ferilizer
contamns 18 percemt nirogen, 10 percent potassium and 2.6
percent phosphorus.

Seedlings of the following species were grown from seed in
seed trays: Acacia saligna, A. extensa, and A. pulchella a)
ex Yalgorup, and b) ex Harvey.

Prior to sowing it germination mays, seeds were placed 1n
boiling water for a few munutes. Six weeks later five
representative plants of each type were harvested (iminal
harvest). At that tme plants of the same stage of
development were mansplanted 1nto plasuc pots (7 x 7 x
10cm) lined with vermiculite and filled with soil.  Fifteen
Acacia plamts of each type were grown in each soil
preparation, that is Ceres-Diana with fertilizer, Ceres-Diana
without fertilizer, Ate-Bellona with fernlizer and Ate.
Bellona without fertilizer. Five plants per treatment were
randomly selected for harvest at each of 30, 56 and 78 days
from potting.

Measurements of seed weight, plant height and dry weights
at harvest were taken. Heights were also measured ar 7, 20,
42 and 70 days from potting. Relanve growth rates (RGR)
were calculated according to the equation

RGR = Joge W2 - loge W1 g gl day-1

2-1l
where W1, W2 are plant dry weights at tmes t] and t2.
Standard deviatons were obtained for each set of
measurernents and dry weights were subjected Lo analysis of
variance. The presence or absence of nodules on roots was
noted and shoot nitrogen content was determined using the
Kjeldahl method.
Results
Seed

Mean seed weights and standard deviations are given in
Table 1.

TABLE 1, Weight of Acacia seed used.
Standard
Mean Weight of Deviation
10 seeds (g) {95% Confidence
_ LeveD) .

Acacia saligna 0.0162 0.0026
A. extensa 0 0095 0.0006
A. pulchella (Yalgorup) 0.0045 0.0004
A. pulchella (Harvey) 0.0083 0.0006
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FIGURE 1. Heights (mm) in different 1nterburden materials after potting.

Germiination levels were good for all species. Nineteen days
after sowing some 80 percent of the seeds of each batch had
germinated.

Height Measurements

In all cases plants growng in the fertilized soils grew
significantly tailer in 78 days than those in the unfertilized
souls (Figure 1). Plants in fernlized Ceres-Diana all
performed better than those in fertlized Ate-Bellona
although the difference was not significant in the case of
Acacia saligna and A. pulchella (Harvey). At the
termination of the experiment, best height growth in Ceres-
Diana fertilized materal was A. pulchella (Yalgorup)
{104mm). This was followed by A. extensa (94mm), A.
puichella (Harvey) (86mm) with A. saligna (29mm) the
poorest.

Relative Growth Rate (RGR)

RGR for each plant species was calculated from four sets of
dry weights corresponding to the inidal harvest and
sequential harvests of ported plants (Table 2). The fertilized
plants all showed a higher RGR than the unfertilized plants
with those in Ceres-Diana performing better than those in
Ate-Bellona (Figure 2). RGR for fertilized A. saligna and
A. extensa plants increased for about 40 days. Thereafter
the RGR decreased. This decrease may have been
associated with high seed weights and exhaustion of seed
food materials. In contast the RGR's of A. pulchella
varieties in fertilized soils {except A, puichella (Yalgorup)
in Ate-Bellona) were still increasing at the terminaton of
the experiment,




———
Al I BN N S A B B B B B B B S B B e

TABLE 2,

S

Mean towl dry weights from successive harvests for Acacia plants grown in different sol 1ypes

Species/Soil Medwm

Mean Total Dry Weights (g) & Standard Deviauons (in brackets} {p<0035)

inuat 1st Harvest 2nd Harvest 3rd Harvest
(n = 5 throughout)
Acacia saligna
C-D + ferulizer 0.017(0.002) 0.061¢(0.021% 0.190(0.07Na 0 390(C 080)a
C-D 0.031(0.001)a 0.053(0.008)b 0047(0 DG8:b
A-B + ferulizer 0.051(0.020)a 0.105(0.053a,b 0.14%¢0 071b
A-B 0.028(0.016)a 0.036(0.010b G470 01450
Acacia extensa
C-D + ferulizer 0.013(0.002) 0.043(0.007a 0.228(0.060)a 0.552(0 088)a
C-D 0.030(0.004)b 0.051(0.010)c 0114(0 083)b
AB + lerulizer 0.034(0.003)b 0 149(0.028)b G390 142%
A-B (.029(0.004)b 0.041(0.006)c 0490 017k
Acacia pulchella {Yalgorup)
C-D + fertihzer 0.004(0.002) 0.020(0.004)a 0.067(0.004)a 0.284(0 072 )
C-D 0.009(0.003)a 0.027(0.026)a 0024(0.00)b
A-B + fernlizer 0.0130.010a 0.058(0.025)a 0 099(0.039)b
A-B 0.012(0.003)a 0.012(0.006)a 0 012(0.00Tb
Acacia pulchella (Harvey)
C-D + ferulizer 0.011(0.004) 0.046(0.018)a 0.122(0.064)a 0.645(0 241
C-D 0.021(0.008)b 0.028(0.021)b 00340 0120
A-B + fertlizer 0.030(0.007)a.b 0.065(0.053)a,b 0.229(0 062)0
A-B 0.029(0.009)a,b 0.025(0.004)b 0.037(0 025)b

C-D = Ceres-Diana and A-B = Ate-Beilona interburdens, harvest weights do not duffer significantly where superscnipts are the same

Dry Matter Producnon

Dry weights of plants were recorded at the commencement
of the wial (seedlings six weeks old) and at three subsequent
harvests. Detailed analyucal results are summansed n
Tabie 2.

Harvest 1 (30 days)

Acacia saligna and A. pulchella (Yalgorup) showed no
significant difference in dry matter production berween the
treatments. A, extensa and A. pulchella (Harvey) showed
significantly greater dry mater production in Ceres-Diana
with fertilizer. There were no significant differences
berween the other three treatments,

Harvest 2 (56 days)

Fertilized A. saligna and A. extensa teamments produced
plants with grearer dry weight than the unfertlized
treatments. Ferulized Ceres-Diana gave better growth than
fertilized Ale-Bellona for both species. A. pulchella
(Yalgorup) and A. putchella (Harvey) showed greater mean
dry matter production with ferulized soils compared with
unfernlized soils although the differences were not all
significant (p < 0.03).

Harvest 3 (78 days)

A. saligna showed sigmficantly better growth in Ceres-
Diana with fertilizer compared to the other three treatments
which were not significanty different. A. extensa showed
sigmficantly better growth 1n the ferulized souls compared w0
the unfertihzed soils which gave similar resulis  Both
varicties of A. pulchella gave similar results with best
growth (drv weight production) being achieved in Ceres-
Diana with fertibzer meatment.

In all cases plants growing in Ceres-Diana with fertihzer
showed the greatest dry matter producnon after 78 days
growth, The type of soil did not appear to affect growth n
unfertilized reatments: growth was poor in all cases.

Comparisons of total dry weights for each Acacia grown in
Ceres-Diana with fernlizer (Table 3) show that afier 78 days
(harvest 3), A. puichella (Yalgorup) gave the least total dry
marter production followed by A. saligna, A, extensa and
A, pulchella (Harvey). Root dry weight ratios followed the
same corder. A. pulchella (Harvey) showed the lowest
1Op/TOot rato.

Root Nodulauon

No attempt ar rhizobium inoculanon was made and at the
inidal harvest none of the seedlings planted had nirogen
fixing nodules on therr roots. After 30 days (Harvest 1) all
plant rypes except A. pulchella (Harvey) showed signs of
nedulanon. At the second (56 days) and thurd (78 davys)
harvests all species possessed nodules.

Nitrogen

Results of nirrogen analvses on dned combined stem and
foliage of plants grown in Ceres-Diana with fertilizer from
the third harvest (78 days) are presented in Table 4.
Insufficient dry matter was available from plants grown on
Ate-Bellona.

Discussion

In a previous expenment (Fox, O'Dea and Patoni 1985)
early height growth of A. pulchella was generally greater
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TABLE 3. Mean dry weights of plants harvested after 78 days (harvest 3) growth
on Ceres-Diana with fernlizer (g).

Dry Weights Top/Root
Species Tortal Tops Roots Ratio
Acacia saligna 0.390 0.223 0.168 1.452
Acacia extensa 0.552 0.360 0.192 2.060
Acacia pulchella 0.284 0.132 0.152 0.952
{Yalgorup)
Acacia pulcheila 0.645 0.216 0.430 0.672
{Harvey)
than A. extemsa. Height growth in this experiment was
greatest in the Yalgonup source grown in Ceres-Diana with
fertilizer whereas the Harvey A. puichella had shorter plants
than A. extensa, The Harvey A. pulcheila amained greatest
heights in unfertilized Ceres-Diana. This pattern may be
related to the source environments of sand for the Yalgorup
populanon and lateritic gravel for the Harvey ser. At the
final measurement (78 days) differences in height due ro
fertilizer were less with the Harvey plants and these
produced the tallest plants in Ate-Beilona.
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Differences berween the three species were more
proncunced 1n final dry weights wath Yalgorup A. pulchella
producing least dry weight in all four meatments, and also
lower yield than Acacia saligna. In the earlier experiment
there was hole difference berween A. extensa and A,
pulchella 1n dry mater producnon, although A. extensa
showed both a lower response 1o Limung and higher mean
dry weights at 62 days on unamended material than A.
pulchella (Fox, O'Dea and Pamoni 1985). In the present
case A. exlensa showed the lowest response to fertilizer
with Ceres-Diana (< 5 x increase in yield at 78 days)
coincident with highest yieids on both unfernlized matenals.
It outperformed all others in fertilized Ate-Bellona and was
only outyielded by Harvey A. pulchella in ferdlized Ceres-
Diana. However, final yield for this ecotype of A. pulcheila
was exmemely variable with a high standard devianon
(Table 2).

A. extensa relanve growth rate in unfertilized Ceres-Diana
was stil] increasing at the end of the expenment. This
species appears to carry higher mosture contents than A.
pulchella and to have a higher toprroot rado than A.
pulchella (Fox, O'Dez and Pamoni 1985). On fernlized
Ceres-Diana both A, pulchella types maintained an
increasing relative growth rate 1o the 78 day harvest (Figure
2) and the Harvey set also did well, using this measure, on
fertilized Ate-Bellona. In the longer rur a greater allocation
of production 1o roots by A. pulchella suggests this species
should survive longer than A. extensa. It must be noted that
liming (with no added nimogen) and fertilizing, of very
acidic material produced A. pulchella plants with
comparatively high top:root ratios over a 9 month por mal
(Koch and Bell 1985). Preliminarv field observations
indicate that A. extensa has a very legzy appearance on
dump material and may have a shoner Lfe span. Top:root
rados taken in the field should assist n confirming the
relanve srategies open to the two species.

Despite the seed weight advantage for A. saligna this
species performed poorly. It took longer to put on height
growth than the other species tested but this was not
compensated for by greater root growth. The panems of
refative growth rate for A. saligna suggest that this species
is unlikely 1o persist well. In the presence of fertilizer Hssue
nitrogen accumulanon was good (Table 4) but this feature
rnay not be sufficient to allow berer growth in the longer
run. Total weight of contained nirogen in tops was highest

TABLE4.  Nitrogen content of Acacia stems and leaves
growing on Ceres-Diana with fertilizer ar
harvest 3.

Species N (%)

Acacia saligna 2.81

Acacia extensa 2.24

Acacia pulchella (Yalgorup) 2.19

Acacia pulchella (Harvey) 2.04

in A, extensa (8.06mg) suggesting either more efficient
nodulation activity or abiity 10 take up nigogen from the
fertilizer source.

The next stage should be 1o examine comparative growth
over a longer peniod, under field conditions. It is clear thar
there is litle 10 be gained from using exeremeiy acidic
overburden materials as dressings when materials of higher
pH are available.
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Conclusions

This study suggests that unfertilized Ceres-Diana and Ate-
Bellona interburden materials from the Collie distnict are not
conducive to sustanable growth of Acacia saligna, Acacia
extensa, Acacia pulchella (Yalgorup) and Acaciza pulchella
(Harvey). When amended with osmocote slow release
fertilizer at a rate corresponding to 50kg ha-1 of nitrogen
however, the Ceres-Diana matenal supports good growth of
all species tested. Fertlized Ate-Bellona faled to give
consistent responses. The superior growth n fertiized
Ceres-Diana was shown 1n significantly mcreased dry
weight production and 1n significantly greater plant herght.
The relative growth rates di¢ not provide conclusive
information possibly due to ininal differences arising from
differing seed weights. However, planis growing m
fertilized soils tended 1o show benter relative growth rates.

At the ermination of the most successful treatment (Ceres-
Diana with fertilizer), wends of increasing total dry weight
and root dry weight were:

A. pulchella (Yalgorup) < A. saligna < A. extensa < A.
pulchella (Harvey)

and of increasing plant height:

A. saligna < A. pulchella (Harvey) < A. extensa < A.
pulchella (Yalgorup).

Nedulation had occurred on roots of all species by the end
of the experiment. Nitrogen levels in all shoots grown n
Ceres-Diana with fernlizer were good (berween 2 and 3
percent).

It is not possible to determine from the results presented
which species would be the most successful coiomiser on
Ceres-Diana material with fertilizer. All species survived
well over the duration of the experiment. They all showed
some tolerance of acidic conditions and were able 1o fix
niogen. A. extensa and A. pulchella (Harvey) which
produced highest dry matter (total and root) may be the most
suitable for field use. It is possible that A. extensa would
persist less well than the A. pulchella over the longer term.
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GROWTH OF ACACIA AND EUCALYPTUS
SEEDLINGS IN POTENTIAL OVYERBURDEN
MATERIALS FROM THE WEST ANGELAS IRON
ORE PROSPECT

J.E.D. Fox, D.R. Barren and J.M. Osborne, School of
Bioiogy, Curun  Umversuy, Kent Swoeer, Bentley,
Western Australia, 6102

Summary

Should an iron ore mine be developed at West Angelas,
Pilbara, eventual rehabilitanon of the site will be
necessary. Overburden material from depth wiil be
brought up and dumped. Parucular strata may be used as
the main superficial dressing or alternatively, wp soil
could be placed over the depth materials as the primary
growth stratum. Growth of a range of ocally occurring
Acacia and Eucalyptus species in ferilized and
unfertilized materials from different depths was assessed.
Records were obtained for seedling plant height, leaf
numbers, plant dry weight and relative growth rate over a
75 day growng penod.

Each marerial was ranked according to growth promoted 1n
each  species. The performance of the Acacia and
Eucalyptus species was ranked for each material in which
the species was tested. Unfemilized plants, except for
Acacia citrinoviridis and A. victoriae in material 2
{shale, row 3, no. 4), did not produce as much dry marter
as plants 1n fertilized soil materials.

Fenilized materials 3 (shale, row 5, no. 135) and 5 (clay,
row 10, no. 4) promoted best growth overall in the pot
trials. Of the species tested in any parucular seil Acacia
ancistrocarpa, Eucalyptus leucophloia, E. pateltaris, A.
hamerslevensis and A. tetragonophylla grew particularly
well 1w fermlized shale; A. hamersleyensis, A.
tetragonophylla and E. patellaris grew best in fertilized
clay. If unamended overburden material were 1o be
used as a rehabilitadon surface then of those strata
examined the shale material no. 2 would be most suitabie.

Introduction

Subsequent to nuning ecosystem restoranon is obligatory
under the Mining Act. More recenty the Environraental
Protection Authonty Act has also laid down requirements
for rehabilitation. To achieve revegetanon of disurbed
areas and unfavourable dumped overburden the surface
material conditions can be altered in various ways and use
can be made of plant species tolerant of the imposed
conditions.

At the West Angelas iron ore prospect one or more of the
waste matenals may evenmally be used to provide the
basis for the main  superficial soil dressing for
rehabilitavon.  Alternanvely, topsoil may be placed over
the depth materials to serve as a primary growth medium,
Natural restoration of soil fertility can be a very lengthy
process without intervenuon. Fertlizer treammnents often
restore fertility and initiate a renon to natural cycles
broken by mining. Whatever the long term ourcome
desired, pioneer species able to withstand harsh post-
mining conditions, may be used as inital colonisers.

The investiganon reported here was undertaken to compare
which of four depth materials would provide suitable
media for plant growth. The four different iron ore
overburden materials, from varying depths within the
prospect, were compared with an arificiai poring mix, in
which the species under consideration would be assumed
gble 10 grow, wih no major physical or chemical
limitanons to growth. These 5 media were used to contrast
growth from among mine Acacia and three Eucalvptus
species. Each matenal was used unamended and amended
with a slow release fertilizer.
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Methods

Four different matenais from the tmal shaft ar West
Angelas were available for tesung. It had been planned to
use local top soil (desert red earth-sandy loam) 1n the
expenment as a control medium  Unfortunately this couid
not be supplied. For comparison with the depth matenals,
an arnficial sandy loam potting mux (martenal 1) was made
up from one part desert red earth and rwo parts by volume
of fine washed white sand. This dilution with fine sand
was necessary 1o provide sufficient matenal for erght of the
twelve species 1o be used. The desert soi was taken from
the surface 10cm around mulga trees at Leinster Downs 1n
the eastern goldfields.

Overburden materials (nos. 2-5) were supplied 1n forty four
gallon drums by the operators of the muine prospect and
described by them as:

2. Row S, No. 4, dark reddish-brown shale, mullock
30-40m depth

3. Row 5, No. 15, yellowish-brown shale, mullock 30-
40m depth

4. Row 12, No. 4, dark red gravelly mudstone from
close to surface

3. Row 10, No. 4, yellow clay.

Materials 2 and 4 contaned much coarse matter. This
nccessutated some correction prior o pot preparanion.
Aggregations of shale were crushed in matenal 2. Matenal
4 was put through a 4mm mesh sieve to remove gravel.
Field capacity of each of the soils together with pH,
OTganic mafer content and partial chemical analysis (N, K,
Fe, 5i0s, Al20s, P, TiOs, §, Mn) were determined. N
(Kjeldahl method) and K (flame photomerric method)
were analysed at Curnn, Other chemical analyses were
supplied by Cliffs Robe River Iron Associaes.

Comparative estimates of soil acidity (pH) were
deterined by agitating 10g samples in 50ml deionised
water, filtering and testing the filrate with a pH meter.
This method usually gives a pH reading of up 10 one pH
unt greater than the slurry method (Allen et al. 1974),

The plant species used were Acacia ancistrocarpa, A.
aneura, A. citrinoviridis, A. coriacea, A.
hamersieyensis, A. pachyacra, A. tenuissima, A.
tetragonophylia, A. victoriae, Eucalyptus leucophioia,
E. striaticalyx and E. patellaris.

Sets of twenty seedlings of each species were grown in test,
unamended, materials and twenty 1n the same matenal
amended with Osmocote 90 day slow release fernlizer at
arate equivalent to 50kg N ha-1.

The experiment was undertaken by five final vear Biology
undergraduate students. In order to provide a reasonable
task for each student, not all 12 species were tested 1n each
matenal. Eight species were compared in each matenal.
These were as follows: Acacia hamerslevensis, A,
tenuissima, Eucalvptus patellaris and E. striaticalyx
were grown in all five materials. E. leucophloja and A.
ancistrocarpa were grown in all but soil 5. Two species
were used in 3 materials: A. tetragonophyllain 3, 4 and 5,
and A. victoriae in materials 1, 2 and 4. A. citrinoviridis
was grown 1in 50ils 1 and 2, A. pachyacra in 3 and 5. Both
A. aneura and A. coriacea were only grown 1n mareral
nurnber 5,

Seedlings were raised from seed sown in coarse sand in
June 1932 and rransplanted to the different soil materials
in 70 x 70 x 100mm square topped plastic pots six weeks
later, Five plants from each treatment were harvested
randomly at tansplanting and at approximately 25 day
iptervals thereafter for sevenrv five dave  Areach harvesp

* N 14% (8.2% ammonium N, 5.8% mrate N); P 6.1%

4 8% water soluble, 1.3% cirate soluble); K 11.6%; §
4 8

Mulga Research Centre Journal No. 9
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arecord of root and shoot length, fresh and dry weighis of
roots and shoots, and leaf numbers were made. Seed
weights were also recorded, w determine whether seed
reserves affected subsequent growtth.

The soil was brought o field capaciry wih distilled water
twice weeklv n cool weather and three nmes a week wn
hotter weather.

Analyses of vanance or r-iests were used o esumate the
sigmificance of differences between growth in fernlized and
unfertilized matenals. Differences berween the soil
matenals (nos. 1-3) were tested using Least Significant
Dafference Tests.

Results

Analyses of overburden materials are presenied in Table 1,
A complete analysis was not available for marerial 1, but
pH and fieid capacity are given for companson with the
e matenals.

All soils were markedly nument deficient. Levels of K and
N were undetectable or present at very low levels. There
was very little organic marter 1n any sois. Material no. 4
had a very high Mn level and the 5iO; level was higher
than n other matenals in this study. Materials no. 5 and
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matenals, and A. victoriae in matenal 2; or dishenefited
some  specles, e.g. A. tenuissima in both and A.
ancistrocarpa in matenal 2. Correlation of dry marter
producnon with seed weight was lost in all fertilized
matenals. except no. 4 (15 0.89, 5 005 = 0.89). In
fertilized marenals A. tenuissima, with higher seed weight
than the Eucalyptus species was outperformed by E.
patens in all except matertal 4 and by hoth the other
Eucalyptus species Both E. leucophloia and E.
striaticalyx falled 1n matenal 4. These were the smailest
seedlings and most susceptible to mansplant shock.

In marenial 1 {control) at first harvest only A, citrinoviridis
and A. hamersleyensis cxhibited staustically sigmficant
differences between unferulized and fertilized material.
There was a progressive crease in total drv weight until
ar the last harvest all species except A, tenuissima,
showed a significant response to ferilizer,

TABLE 2. Mean weights (g) of dry seed of species used.

Species Weight (g}

no. 1 were shghtly more acidic than the others. The A. ancistrocarpa 0.0404
Osmocote fernlizer increased the levels of NPK and § in all A. aneura 0.0364
sotls. A. citrinoviridis 0.0393
A, coriaceae 0.0955
‘ o . A. hamersleyensis 0.0163
Mean seed weights are given in Table 2. Mean dry weights A, pachyacra 0.0313
of plants at each harvest are given in Table 3. Imital A. tenuissima 0.0073
harvest weights, as may be anticipated, reflected seed A, tetragonophylla 0.0170
weights. For example, fernlized material 1 25 day weights A. victoriae 0.0150
gave a Spearman Rank Correlarion Coefficient of 0.81 with E. leucophioia 0.0004
seed weight (ranking in agreement at p 0.05), For the final E. striaticalyx 0.0005
harvest tn unfertilized materials yields were correlated with E. patellaris 0.0006
seed weights 1n materials 1, 4 and 5, suggesting that these
materials least affected piant growth. Matenals 2 and 3 (rg
0.55 and 0.62 respecuvely, rs 0.05 = 0.74) presumably
etther benefited some species, e.g. E. patens in both
TABLE 1.  Properties of soil materials used.
Properies Soil Material
Number 1 2 3 4 5
Locanon Potting Row 5 Row 5 Row 12 Row 10
Mix No. 4 No. 18 No. 4 No. 4
Colour red dark red- yellow- dark red- yellow
brown ish brown brown
Marenal sandy shale shale mudstone clay
loam
pH 6.3 6.8 6.2 6.8 6.1
Field capacit;
(mgflOOpg) d 75 80 80 70 80
Percentage
Loss en
iLnoon 11.80 11.50 7.99 6.68
N uD 0.008 U.D. U.D. 0.015
Fe 43.50 25.70 20.50 63.80
502 1320 27.00 41.00 1.40
Al203 8.10 19.50 16.00 070
P 0.156 0.067 0.086 0.070
T,02 0.41 1.30 0.68 0.01
S 0.012 0.002 0.007 0003
Parts per million
Mn 1.03 4.68 51.00 3.56
K U.b. U.n U.D. U.D. 0.74

U.D. undetectable.

ok T X3
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Al the first harvest of the 8 species grown in matenal 2
only A. tenuissima showed a sigmficant dry weight
response 1o fertibzer. Analysis of varance of mean dry
weights at the ime of final harvest between fertihzed and
unfertilized plants of the same species showed height
differences to0 be significant only in the case of E.
patellaris. All other plants grew similarly in material 2
with or without fertilizer. The greatest growth was found 1n
E. patellaris, A. citrinoviridis, A. ancistrocarpa and A.
victoriae 1n both amended and unamended so1l matenals.

In the case of matenal 3 at all harvests there was an
Increase 1n mean dry weight for plants n ferilized
materials compared with those in unfertilized matenals.
These differences were significant ar first harvest for E.
leucophioia and E. patellaris; ar second harvest for A.
hamersleyensis, A. tenuissima, A. tetragonophvylla; and
E. leucophioia; and at the final harvest for all plants. E.
patellaris produced significandy greater dry weight than
other species 1n matenal 3 at final harvest.

At the first harvest of plants grown in material 4 there was
a mend for greater dry matier production with fertilized
plants, in all species, although these differences were not
significant. At the second harvest fertilized A.
tetragonophylla and E. patellaris produced significandy
more dry matter and at the final harvest, A. victoriae, A.
tenuissima and A. tetragonophylla produced significantly
greater dry weights than other species tested.

In material 5in all cases dry matter production was greater
in fertilized compared wath unferdlized plants. The
differences were significant in the following: first harvest
for E. patellaris; second harvest for A. tenuissima and A.
hamersleyvensis, turd harvest for A. pachyacra, A.
tenuissima, A, hamersleyensis, A. aneura and A.
tetragonophylla. The dry weights of the three species
which grew best, A, hamersievensis, A. tetragonophylla
and E. patellaris in ferilized material 5, were not
significantly different at the final harvest.
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Discussion

Osmocote feniilizer was beneficial in most cases in
promoung  growth in the different so1l materials.
Unferulized and ferulized plants are shown ranked in order
of dry weight production at the final harvest (Tables 4 &
5) w emphasise the differences. Species growing in
materials which produced best overali growth (material 2
ferulized and unfertiized, matenal 3 ferdlized, matenal 5
fertilized) were tested for levels of significant differences
in dry weight at the final harvest. Dilution of red earth wath
twice the quantity of more or less barren fine sand resulted
in comparatvely poor growth in unfertilized material no. 1.

Tables 6 and 7 rank the matenals in which different species
grew best. Except in the case of A. citrinoviridis and A.
victoriae for which there were no significant differences
berween dry weights produced in unfernlized and fertilized
soils, sigmficantly less dry matter was produced by plants
grown in unfernlized material. Both A. citrinoviridis and
A. victoriae appeared 10 grow equalty well in unfertilized
and fertilized matenal 2. With fertilizer applicanon the
ranking of materials changed. Material 3 followed by
matenal 5 promoted greatest dry matter production in most
species. Materials 4 and 1 were least supportive of good
growth tn both unfertilized and fertihzed mearments.

Analysis of marenal 4 revealed thar this had a high
manganese (Mn} concentration. The poor performance of
plants in this matental even when fertilized ts likely to have
been associared with manganese toxicity. Amounts as low
as 0.0028ppm in the soil are known to affect growth
adversely (Horst & Marshner 1978). Repeated attempts to
establish E. leucophloia and E. striaticalyx in matenal 4
failed. Both A. tenuissima and A. ancistrocarpa proved
difficult to sustain although enough plants suraved
enable three harvests to be taken.

The performance of each species in the materials in which
it was tested, is given in Tables 6 and 7.

TABLE 6. Ranked tnean dry weights of plants grown in two or more unfertibized matenals 1-5.
Underscoring indicates means which do not differ at @ = 0.05 {Least Significant
Difference Test).
Ranking 1 pi 3 4 5
A, ancistrocarpa 2 3 4 1
0.1264 0.1149 0.0617 0.0390
A. citrinoviridis 2 1
0.2458 00964
A. hamersleyensis 2 3 5 2 1
01021 00590 0 050n 1049y 0.0316
A. pachyacra 5 3
Q0760 006758
A. tenuissima 2 3 5 1 4
Consu o258 00236 0.0106 0.00%%
A. tetragonophyvlla S 1 4
01209 Q0R62 0.0688
A victoriae 2 4 1
01361 0.0362 0.0278
E. teucophloia 3 2 1
003582 00312 0.0063
E. striaticalyx 2 3 5 1
00733 00519 00393 G.0062
E. patellaris 2 3 5 1 4
0 1348 00s1 0.0230 0.0190 0.0155
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TABLE 7. Ranked mezn dry weights of plants grown o two or more fermhized matenals 1-3
Undersconng indicates means which do not differ at & = 0.05 (Least Significant
Difference Test).
Rarking 1 2 3 4 3
A. ancistrocarpa 3 2 1 4
0.3678 0 138% 0.1651 0.0761
A. citrinoviridis 2 |
0.2904 02434
A. hamersleyensis 5 3 2 ] 4
0.4660 0.2663 0.1547 0.1278 0.0600
A. pachyacra 5 3
0,1488 0.1110
A. tenuissima 3 5 I 2 4
Q.0680 00641 0.0496 0.0339 0.0272
A. tetragonophylla 5 3 4
0.4341 0.2601 0.1211
A. victoriae 2 1 4
0.1562 0.133i (0.0684
E. leucophloia 3 1 2
0.2767 0.1371 0.0425
E. striaticalyx 1 3 2 5
0.2221 (0.1887 0.1231 0.1086
E. patellaris 3 2 5 1 4
0.6353 0.4256 0.2665 0.1999 0.0211

A. ancistrocarpa. Ferrilized material 3 produced
significantly  berter growth than other fertilized or
unferulized materials. [Marerial 4 was [east suitable as a
growth medium for this species.

A. aneura. This species was grown only in material 5.
Fertilized soil provided better growth.

A. citrinoviridis. There were no significant differences
between dry matter production in fernlized materials 2 and
1 and unferulized matenal 2.

A. coriacea. This species was grown only in material 5.
Fertlized soil promoted bener growth than unfertlized soil
ar the 3rd harvest.

A. hamerslevensis. Best growth cccurred in fertilized
matenal 5 followed by fertilized soil 3. Materials 3 and 5
produced bemer  growth when femilized than when
unfernilized.

A. pachyacra. There was no difference berween growth of
this species in fertilized marerials 5 and 3. However, both
produced better growth than unamended matenals.

A. tenuissima, Growth was equaily poor in ail fertlized
so1l matenals but worse in unfertlized materials.

A. tetragonophyila. Amended material 5 produced
significantly betrer growth than amended material 3 which
it turn was better than growth in material 4 and
unfernlized soils.

A. victorine, Fertilized soils | and 2 did not differ with
respect to dry matter production: both produced better
growth than fernlized marerial 4. In unfertilized matenials
no. 2 was tesponsible for beuer growth than materials 4
and 1. Companson of growth in unfertilized and fernlized
matenals revealed sigmficanty better growth in fertlized
matenal 2, unfernlized material 2 and fernlized mareral 1.

E. leucophloia.  All fenilized materidls promoted
significantly greater growth than unferdlized material: the
best growth was recorded in martenal 3 with fertilizer.

E. striaticalyx. All unfernlized marerials promoted less
dry matter productdon than all ferdlized matenals. There

were no  significant differences berween any of the
fertilized materials.

E. patellaris. Best growth was recorded in fertilized
materials 3 and 2 both of which matenals were bener
promoters of growth than all unfertlized materials.

Posinve 1denufication of the presence of root nodules was
observed on only rwo species of Acacia, namely A.
citrinoviridis and A. victoriae. These plants were
growing in unamended soil matenal | providing further
evidence of the low N constent of this material.

It might be expected that fernlizing of the unamended soil
which generally produced best growth, matenal 2 (Table
6) would produce the best fertilized soil matenal.
Unfertilized no. 2 material had more N, P, § and less Mn
than unfertilized nos. 3 or S, both of which gave best
growth when ferulized. Other factors such as soil
structure, texture, microbial content or porosity may
become important in controiling growth once the mineral
requirements are satisfied.

Relative Growth Rates

In general the relative growth rate berween harvesis was
higher in fernlized than m unfertilized plants. In some
cases rates were sumular (e.g. A. citrinoviridis in sod 2); in
other cases the unferrlized plants grew faster (e.g. A,
tenuissima second and third harvests, material 2) and
other rates were negative (e.g. A. ancistrocarpa, first and
third harvests, soil 1). Although these growth rate
flucruanons berween harvests were noted, the overall
growth rate from seed unul harvest 117 days later was
always greater in fernlized soils. A ranking of plants in
the different soul types is given in Table 8.

Leaf/Phyllode Numbers and Mean Shoot Length

At the ume of the final harvest the number of
leaves/phyllodes (Table 9) was greater for ferulized plants
than for unferlized plants 1n all cases except for A.
ancistrocarpa in material 4.  The mean shoot lengths
{Table 10) of ferulized plants were greater than those of
unfertilized plants. However neither the increase in
leaf/phyllode number nor the increase in shoot length
could be related to increases in total dry weight.



TABLE 3.
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Relanve growth rates (seed to final harvest gg'l day‘l) of fertlized plants in different soil matenals.

0.0120

0.0131

0.0108

Ranking Sal | Sail2 Sod 3 Soil 4 Sol 5

1 E. striaticalyx E. patellaris E. pateitaris E. patellaris E. patellaris
0.0521 0.0560 0.0594 0.0303 0.0320

2 E. leucophloia E. striaticalyx E. leucophloia A. lenuissima E. striaticalyx
0.0503 0.0471 0.0563 0.0186 1.0450

3 E. patellaris E. leucophioia E. striaticalyx A. tetragonophylla A. hamersleyensis
0(0.0495 0.0403 0.0507 0.0168 0.0287

4 A. victoriae A. victoriae A. hamersleyensis A, victoriae A. tetragonophylla
0.0182 0.0195 0.023% 0.0125 0.0281

5 A. hamersleyensis A. hamersleyensis A. tetragonophylla A. hamersleyensis A. pachyacra
0.0176 0.0192 0.0233 0.0111 0.0133

6 A. fenuissima A, citrinoviridis A. tenuissima A, ancistrocarpa A. corizcea
0.0164 0.0171 0.0191 (0.0054 0.0129

7 A, citrinoviridis A. ancistrocarpa A. ancistrocarpa A. aneura
0.0156 0.0132 0.0189 0.0124

3 A. ancistrocarpa A, tenuissima A. pachyacra

TABLE 9. Mean number of leaves/phyllodes per plant at the final harvest for plants grown m
different soil matenals. * denotes values significantly different (p < 0.05), berween
fertilizer treamments,

Marenal 1 2 3 4 3

Fernlizer - + - + - + - + - +

A, ancistrocarpa 25 37 76 9 4 9 54 33 -

A. aneura - - - - - - - - 4 14

A, citrinoviridis 24 35 66 7 - - - - - -

A. coriaceae - - - - - - - 5 9

A. hamersleyensis 18 *43 7 8 4 6 27 28 - -

A. pachyacra - - - - 5 7 - - 1 i

A. tenuissima 11 *27 6 76 4 5 16 28 4 9

A.tetragonophylla - - - - 13 22 20 45 17 80

A, victoriae 36 44 4 16 - - 28 50 - -

E. leucophloia 6 *9 82 105 9 13 - - - -

E. striaticalyx 6 *12 78 9 6 9 - - 5 9

E, patellaris 8.5 *125 10 13 9 12 5 7 6 10

TABLE 10. Mean length of shoots (mm)} of plants growing in different matenals at final harvest.
* denotes values sigruficantly different (p < 0.05) between ferulizer treatments.

Ranking 1 2 3 4 5
Ferulizer + - + - + - + - +
A. ancistrocarpa 44 *74 40 47 26 *68 64 *81 - -
A. aneura - - - - - - - - 41 53
A.citrinoviridis 62 *113 63 15 - - - - - -
A, coriaceae - - - - - - - . 59 63
A.hamersieyensis 36 *52 24 23 10 *18 36 43 23 28
A. pachyacra - - - . 16 24 - - 35 36
A. tenuissima 28 *71 23 22 15 20 39 a4 31 33
A.tetragonophyila - - - - 40 *98 67 84 63 138
A. victoriae 38 *59 44 43 - - 42 *51 - -
E. leucophioia 23 *4( 2 3% 34 %65 - - - -
E. striaticalyx [9 *57 46 53 25 *39 - - 32 39
E. patellaris 38 46 43 *76 40 59 29 36 24 51




Conclusions

With the excepnon of A. citrinoviridis and A. victoriae,
all fernlized piants produced significantly better growth i
teems  of dry weight than unfernlized plants. Relanve
growth rates, leaf numbers and shoot heights were also
greater in fernlized plants. However, there were no clear
relanonships between dry weight values, relatve growth
rate values, leaf numbers and shoot heights.

In rerms of dry matter production, best growth occurred in
matenal no. 3 (row 5, no. 18, shale) and in material 5 (row
10, no. 4, yellow clay). A. ancistrocarpa, E. leucophloia,
E. patellaris, A. hamersleyensis and A. tetragonophylla
grew parncularly well in the ferrilized shale; A.
hamersleyensis, A. tetragonophylla and E. patellaris
grew best in the ferulized clay. The gravelly mudsione 4
(row 12, no. 4, overburden) generally produced least
growth even when ferulized, probably becaunse of toxicity
induced by the high level of manganese in this marterial.
Removal of gravel from this matenal is unlikely o have
enhanced toxicity. When unamended, material 2 (row 5,
no. 4, shale) produced the best growth in most species.
However afier fertilization, when all soils were equally
amended, matenal 2 no longer promoted best growth
except 1n A, citrinoviridis and A. victoriae, If these rwo
species were grown in material 2, fertlizer of the level
tested would not be advantageous: dry weights were not
significantly increased in amended soils. If material 2
were t0 be used as surface dressing then some meamment
may be required to break up the coarser fragments.  Once
soll numient levels have been adequately provided by
fertlization other factors - physical or microbial may
determine the degree of growth.
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