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It
With, then the Seed of Wisdom did I sow, 

And with my hand labour*d it to grow»."

Omar Khayyam.



The importance of airborne salt deposition in limiting 
/Accacia regeneration on North Keppel island was first proposed 
lb:y Brennan (1986). Observations of Acacia distribution and 
Ihcealth tended to support this idea. In the salt exposed areas 
/Accacia species were severely stunted and displayed a phyllode 
t:ip necrosis.

Airborne salt deposition was monitored throughout the 
grassland and forest zone. "Seedling' development and symptoms 
'were recorded at the various degrees of salt exposure. It was 
islhown that actual salt deposition is a product of two 
interactive exposures, topographical and biological. 
'Topographical exposure being based on the proximity to the sea 
and the extent of natural barriers. Biological exposure 
involves the general plant community and the degree of 
isiheltering it offers. Acacia "seedling' development under 
tlhese parameters is significantly reduced in the 
topographically exposed hilltop sites. Within the less 
•exposed gully site, there is little evidence of airborne salt 
(disposition restricting regeneration success.

An investigation into other possible stresses was also 
(undertaken. It was shown that soil nutrients were an important 
limitation to development. However soil salinity was seen to 
be of minor importance.
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INTRODUCTION.

North Keppel Island is H o cated off the 1
1.), 7.5 kilometers west <■J -L Yeppoon (map
largest in the Keppel groiUp , the most no t a

Central Queensland Coast (map

Although the vast majority of North Keppel Island is National Park, free 
hold leases do exist.

Over the past hundred years the Island has been constantly grazed 
and exposed to considerable human impact. Feral grazing has been 
recently removed from the Island as a part of National Parks and 
Wildlife Service management policy. A study into the success of Acacia 
regeneration currently occurring, will give some indication of the 
impact of past management decisions. The development of future policies 
may benefit as a direct consequence.

The possibility that airborne salt deposition is controlling Acacia 
regeneration on North Keppel Island was first put forward by Brennan 
(1986). Although studies into airborne salt deposition are rare in 
Australia, considerable work has been carried out in Europe and America. 
Airborne salt has been shown to play a major role in the distribution 
and success of coastal vegetation ( Boyce 1954, Edward et al 1964, 
Goldsmith 1973 and Barbour 1978 ) .

Initial observations on the Island tended to highlight the 
possibility of airborne salt deposition stress. Acacia species were 
distributed along the margins of the grasslands (map three), existing 
almost exclusively on the sheltered side of the main ridge system. 
Those few Acacia which extend past, this zone are severely stunted in 
appearance (plate one). In the more topographically sheltered gully 
site Acacias are far less restricted. Seedling patches occur throughout 
the grassland with no evidence of plant stunting. The Acacia community 
is appears to be distributed where potential airborne salt deposition, 
would be expect to be reduced.

Acacia individuals in both the hilltop and gully grassland display 
distinct "wind shaping' (plate two). Parsons et al (1968) concluded that 
asymmetric growth was direct related chloride toxicity, created by 
airborne salt deposition, continuously destroying the windward and 
terminal apices. Plant growth is derived from the lateral apical buds
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Acacias occupying the grasslands and ecotonal areas wer
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and! Gill (1968) noted that tip necrosis symptoms were common in plants 
undiear airborne salt stress. Work by Goldsmith (1973) also suggested the
P o s s as i b i 1 i t y o: salinity created by salt spray.

There is appears to be considerable field evidence to support the 
conclusions put forward by Brennan (1986). However it would be naive to 
ignlcdi*e the possibility of other interactive stresses.

Soil type varies dramatically over the island, going from a loose 
texKttured black sjoil in the grassland to a compact clay in the forest. 
Acaaoia distribution may simply reflect differences in these soil type.

Fire and gracing should also be illustrated. Variation in fire 
chaairacteristics have been shown to significantly alter regeneration 
success (Floyd 1966). Although gracing has been removed from the 
is Hand, regeneration patterns visible today may be the product of 
selleective gracing in the past, Plate 5 and 6 illustrate eroded cones in 
thee gully site, possibly created by gracing pressures. Harrington (1979) 
repported that under gracing stress regeneration may be restricted and 
eveem totally removed.
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THE POSITION OP NORTH KEPPEL ISLAND. 

MAP. 1.

Stockyard Pi.
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MAP. 4. THE LOCATION OP THE STUDY SITES. (North Keppel)

Gull Rock,

Moke Point

ffhe study area.

Goat PointPumpkin Passage

Monkey Point

2 Kms
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MAP. 5. TIE STUDY SITES. (Forth Keppel)

* The Gully

ForestAcacia

* The hilltop 
Site*

Grassland

Two study sites were used, these vrere located in the hilltop and 
gully areas. These sites were chosen as they illustrated 
different geographical e:cposures. The gully site being the more 
sheltered of the two.
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CLIMATE.

TEMPERATÜRE.

Temperature and humidity values for Yeppocn (. the closest 
stat.ion ) are presented in table 1. January is the hottest 
reaclhing a mean daily maximum temperature of 29.4 c, July is the 
mentlh only reaching 21.8 c. Creighton (1984) reported that 
temperature changes were between 7 and 9 c with this range being 
i n tlh e s ummer mon th s .

weather 
month, 
coolest 
diurnal 
reduced

1.2 RAINFALL.

Rainfall patterns display a distinct seasonality, with the majority 
of the ram occurring in the summer months (table 2). September is the 
driest month, conceding only 2.5% of the yearly rainfall. January being 
the wettest month however, receives nearly 18.8% of the yearly rainfall. 
In «addition to this there is a marked spatial variation in rainfall 
throughout the region (Creighton 19S4). As Yeppoon is the closest 
weatiher station to the Island, it represents the most reliable data. 
However such spatial variation must be appreciated in the interpretation 

' of tihe meteorological information presented.

1.3 WIND.

T’he wind is mainly from the south east, representing 28% occurrence. 
Soutlhern winds are the next common contributing to 18% occurrence. Winds 
from the mainland ( south west and north west ) represent less than 8% 
of t]hs yearly exposure.

T’he wind is generally moderate to fresh in strength. Creighton (1934) 
repo rted that velocities generally exceed 20 km/hr for at least 50% of 
the time. A more detailed breakdown of wind velocity is given in figure 
1. Note that the most severe velocities correlate with those most 
commtonly experienced, that is the south easterly and easterly 
dire<ctions .

I t is believed that a strong seasonality of wind velocity and 
direction also exists. During the summer months wind was observed to be



It-

V. 1 1 T rrgciilfc;i. cliiy south eastern and eastern in direction. However in the
wiinter, wind velocities tended to be reduced originating mainly from th-
m a. i in land .
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TABLE 10 THE DAILY MAXIMUM AND MINIMUM TEMPERATURES
FOR YEPPOON STATION (°C).

( Supplied by The Bureau of Meteorology. 1986. )

STATION. YEPPOON Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Max. Temperature 29.4 28.8 28.0 26.3 23.7 21.8 21.0 22.2 23.9 26.2 28.2 29.0 25.7

Min. Temperature 23.0 22.8 21.9 18.9 15.3 11*9 10.6 11.8 14.7 18.6 20.6 22.1 17*7

j '

TABLE 2. THE RAINFALL AND HUMIDITY VALUES FOR 
YEPPOON STATION (ram).

Mean Rainfall Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Mean Rainfall 252 243 192 106 82 74 43 36 34 64 76 143 1344

Median Rainfall 175 179 137 72 57 42 27 21 20 41 51 112 1227

Mean No’s Raindays 11 11 11 8 6 5 4 4 4 5 6 8 83

Humidity 9 am* 73 76 77 75 78 73 73 71 67 70 70 70 73

Humidity 3pm 70 73 72 69 69 63 64 63 63 69 67 68 68

Rainfall data is based on 1891 to 1905° 
Supplied by the Bureau of Meteorology.

-
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TABLE

RAINFALL DATA FOR YEPQQN 1987

MONT!- year .

TOTAL 
Kh1 NFAL 
(mm)

NUMBER
OF

R AIN D A Y

jvt A Q I ! H i \

-4V. n

IH Y

167 !4,4

JUL

24.0 ! 42.0

AUG

NOTE; INFORMATION FOR AUGUST IS ONLY UP TO THE 19th.
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FIGURE . WIND DIRECTIOl'I AND VELOCITY. 
Yeppoon.

This figure demonstrates the relationship “between wind . 
velocity and wind direction.
Extracted from Brennan (19Ö6).
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North Keppel Island has a long history of human impact. Ganter (1985) 
suggested that a permanent aboriginal population had existed on the

least 400 years. Particularities in speech and customsisland -P y* at least 400
between Is 1a ri d and Maini
ig rounds Tj g s u s p e c t a m o r e
the a bej V* 9 o* ina1 peopie usu

P rdctica s ma
we ire in part

Early Eu
Captain Matt
visited 4- V.

maitive vegetation has been widely acknowledged. It is believed that such 
practices may have been undertaken on North Keppel Island, and that they 
we ire in part response for the existence of the grassland areas.

Early European exploration of the Capricorn coast was carried out by 
■v Flinders in 1802, although Captain James Cook had 

area in 1770. Sightings of the Island's grassland, were the 
first step in that would eventually be extensive grazing programs. Goat 
populations were initially introduced in the 1880's, with cattle and 
sheep in the 1920's.

In 1938 a large percentage of the Island was declared a National 
Pairk. Feral grazing continued, with large areas of the grasslands being 
stripped of all vegetation. Erosion finally became a significant problem 
in the steep slopes. In 1975 as a part of the Queensland National Parks 
and Wildlife management policy all feral goats were removed from the 
Island. However it wasn't until 1984 with the eradication of feral 
caittle that grazing was total elimated. Two years later (Aug 23 1986) a 
major wildfire occurred on the Island.
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To establish the importance of airborne salt deposition requires an 
understanding of ecological, physiological and biochemical processes. 
The individual and interactive complexity of which, must delimit the 
certainty of conclusions. To overcome such limitations airborne salt 
deposition must be questioned at each level. Although it is impossible 
for such a goal to be achieved within this thesis, confident conclusions 
can be derived within a less extensive framework.

By utilizing a multiple level analysis procedure it becomes 
monitoring to use several experiments. Although evidence concluded from 
each experiment may not be conclusive, in combination they form a self 
supporting argument.

ThE.M.ONITC r • -r x 7 ,-tX * da- Cm LEVELS

AIMS.,.

1. To investigate the actua1 salt deposition 1oad

2. To test if a relationship exists between Acacia distribution and 
salt deposition.

METHODS,,

The investigation of airborne salt deposition has been carried out 
thro ugh s e ve r a1 expertmen t a1 proce dur e s.

A. SALT TRAPS.

1.Design.
Airborne salt deposition was measured by exposing a filter paper disc to 
the prevailing wind, in a similar technique to that used by Oosting 
(1945), Boyce (1954) and Randall (1974).

A small nine centimeter disc was placed within a shallow open ended 
plastic tube, to protect against rainfall. On the under surface of the 
tube a series of large holes were made. This was necessary to maximize 
the airflow within the tube, and therefore achieve a more realistic
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expression o1 deposition (Grace 1977), Each tube was permanently 
attached to a wooden stake, position thirty centimeters above the grass 
or iorest canopy.

oalo craps were set up in a series of transect lines, all facing in 
a south easterly direction (uniformity of orientation to as. pointed out by 
Grace (1977) to be critica 1) . Each one of the eight transect 3.ines was 
further divided in to five sample points - exposed (the eastern facing 
ridge), hilltop (the ridge fop), sheltered (the western facing ridge), 
forest understorey and forest overstorey.

Salt traps were also randomly placed throughout the hilltop and 
gully sites. At each site four recording points were established, in an 
attempt to highlight deposition differences between the hilltop and 
gully.

Salt deposition was measured over two time periods, short term (2 
days) and long term (28 days). The short term monitoring of deposition 
was designed to highlight distribution differences. Long term monitoring 
however was aimed at investigating depositions! changes in respect to 
direc tion and L eight.

2.Analysis.
Exposed filter papers were analysed through electro-conductivity 

recordings, a technique used by both Goldsmith (1973) and Barbour 
(1978). Each filter paper was cut into small pieces and placed into 10 
milliliters of distilled and deionised water of known electro- 
conductivity. Each solution was covered and shaken regularly and after 2 
days conductivity readings were taken.These conductivity values were 
subtracted from the initial conductivity of the solution. Because there 
is also a possibility that the filter paper itself may contain salts, 
electro-conductivity was taken for a clean filter paper. The 
conductivity values of the exposed filter paper were then subtracted 
from this value. The resulting values can therefore be directly equated 
to salt deposition.
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FLAGS.

1.Design.
The use of flags as an indicator of "windiness' has been previously 

been used in experiments in Europe (Goldsmith 1973). By placing flags of 
known dimensions throughout the Island and monitoring the level of 
fraying, an indication of wind strength can be achieved. As salt 
deposition is proportional to wind velocity ( Costing 1945 , Clayton 
1972 and Barbour 1978 ) the more wind sheltered a site the lower the 
sa11 deposition potentia1.

The positioning of flags was the same as that outlined for the salt 
traps. This experiment however was set up as long term monitoring of 
wind, with flags being left on the island for six months
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Ans.
To investigate the importance of salt deposition 
on 'seedling'development in the field.

MS7H0DS.

A c a cia 'see d1ings' de ve1opmen t was monit ore d unde r n ormal, an d 
artificially modified exposure level. Plant response was determined 
through relative changes in height

A LOCATION OF PLOTS.
Field plots were set up in both the hilltop and gully sites ( see 

may 4 and 5 ). These two sites were chosen as they displayed potentially 
different deposition load.

The actual position of treatment within either site was 
predetermined. Randomisation was avoided because of the possibility of 
treatment interaction. The location of plots was based around two
coiditions.Firstly plots had to be in linear perpendicular series to 
the prevailing wind. By doing this, the possibility of a treatment 
altering the airborne environment of neighbouring plots is avoided. 
Secondly plots had to be set up perpendicular to the slope. Possible 
infraction created by run-on run-off can therefore also be 
avoided.These two conditions coupled with low" 'seedling' density
necessitated some form of compromise to be made. The ultimate plot 
positions are illustrated in the appendix. This experiment was
established as a short term monitoring of plant development, with
treatment applied over a six month period ( March to August ).

B. TREATMENT.

Tux.M
S AIT.DEPOSiTlON..

Four different treatment were established at each site, these being: 
sheltering, fertilised, cleared, and control. Treatments were contained 
within a 1.5 x 1.5 meter plot, including ten Acacia 'seedlings'. 
'Seedlings' were selected based on a predetermined height range. All
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Acacia "seedlings' were tagged and their position mapped. Treatment are 
cutlined beIow.

1. SHELTERED: The idea of the sheltered treatment was to exclude 
airborne salt deposition. To do this, the plots was totally screened off 
using a fine fly screen material supported by wooden posts. The screen 
was at least forty centimeters taller than the seedling heights.

2. FERTILIZER: A general N.F'.K. slow release fertiliser was applied to 
the base of each of the ten "seedlings'. Apart from an initial 
application, a second was applied three months later.

3. CLEARED: This treatment was designed to have the opposite to that 
of the sheltered treatment. All plants less the ten acacia "seedlings 
were removed from the plot. In doing so, biological sheltering is 
reduced a the potential for salt deposition increased.

4. Control: No treatment was applied.

Although the inclusion of the sheltered and cleared treatments is self 
evident, tne xertiiiser treatment, should be explained. 11 was initially 
hoped that results from this treatment could be compared to the nutrient 
experiment. However after the treatment was set up it was discovered 
that all "seedlings' were joined by a common root system. Different 
fertilizer treatment would therefore have no effect as deficiencies 
could easily be supplemented. This treatment was continued however to 
determine exactly what the plant response might be.
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To e£ tablish the occurrence, extent and distribution of 
A c a c i a t i p n e c r o sis.

METHODS.

Acacia's throughout the eastern 
e2assified in terms of age (girth), 
exposure. The degree of tip neeros 
Acacia individuals.

side ot the Island were mapped and 
height, topographical and biological 
is was assessed by randomly selecting

I f T.E-B N AL ;__GH L QE.1DJ

AIMS.

1. To determine whether there is a 
necrosis and internal chloride 
Do Acacia phyllodes in the more 
internal chloride concentration

relationship between tip 
concentration ?
exposed areas possess a higher
9

METHODS

Acacia phyllodes of various degrees of tip necrosis and plant 
exposures were collected from a variety of exposed and non exposed site 
on the Island. Chloride analysis was then carried out to determine the 
interna1 chioride concentration.

A. THE SELECTION OF PLANT MATERIAL.

Mature Acacia phyllodes were selected based on the degree of tip 
necrosis they displayed and the level of plant exposure.
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IP NECRO: 3: Five different levels of necrosis were used ( nil, 0-10%, 
10-40%, 40-50%, >50%j. These were based on the area of the 
phyllode displaying necrosis. Ten phyllodes were collected
for each class

EXPOSURE: Two different levels of exposure were observed,
topographical and biological. To test these, phyllodes 
were collected from hilltop and gully grassland sites, 
using both adult and seedling plants, Phyllodes were also 
collected from the forest zone to further the comparison.

The concept of topographical and biological exposure will be 
referred to fairly extensively in the text. For this reason their 
definition should be made clear.

1. TOPOGRAPHICAL EXPOSURE.
Goldsmith (1373) and Barbour (1978) both reported that topography was 

very important in the determination of airborne salt loads. The closer 
the proximity to the sea and the lower the geographical sheltering, the 
greater deposition will be. For example, if a plant existed on the 
eastern seaward facing siopes it wouId have high topographica1 exposure. 
Conversely, if it was present on the sheltered western ridge side it 
would have low topographical exposure.

2. BIOLOGICAL EXPOSURE.
The importance of biological exposure has also be widely accepted. 

B o y c e (1954) report e d tha t In coas t a1 communities, canopy s urface 
roughness was proportional to salt deposition. Those plant which project 
above the general plant canopy experience higher salt, deposition levels 
(Mailoch 1372). The greater the projected height the larger the actual 
salt deposition load (Grace 1977), For example, those plant within the 
plant canopy , be it grassland or forest, experience high biological 
sheltering. However if the plant protudes above the general canopy, 
deposition and therefore biological exposure will be increased.

2. ANALYSIS PROCEDURE.

Acacia phyllodes were washed in distilled water to remove external 
salt, then oven dried. 0.200 grams of dried material was then finely 
ground and added to 20 milliliters of distilled and deionised water. 
(When total phyllode dry weight was less than 0.200 grams, 0.100 grains



XI b

was used, all other treatments were reduced accordingly ). Two drops of 
1 m nitric acid was then added to aid cell breakdown. The solutions were 
the.i covered and left for two days, being shaken at regular intervals. 1. 
sample was then analysed using the Corning-eel model 320 chloride 
metsr, standard procedures as designated in the service manual were 
adopted. Each solution was analysed five times, with a mean value being 
recorded in each case.



- TO ESTABLISH THE RELATIVE SENSITIVITY OF ACACIA SPECIES TO 
AIRBORNE SALT DEPOSITION

Acacia. and Acacia leg
species , Qas..u.a.riaa aquise.tifolia
subjected to various treatments.

lapcostachya. , along with two comparison
and rep e ns. , were
Treatment involved applying salt-

solutions of various concentrations to the plant foliage. Monitoring of 
plant response was by means progressive mortality and final dry weight-.

1. EXPERIMENTAL COMPONEN'

A. PLANT SELECTION.
Two Acacia species were selected for this experiment, Acacia 

LSi-i.Q.S.aly.fc and Acacia leptcstachya• Both species occurred naturally on 
the Island, with Acacia, leiocalyx representing the main regenerating 
species. To establish if a sensitivity exists, a comparison of response 
with other species is essential. For this reason Rhynohe 1 ytrurn re.pens 
(a grass species from North Keppel) and Ca.s.uar.in..a ea!iiae.tfo.l.La (a salt 
tolerator) were included.

B. MATERIAL.
Each species was grown from seed and later transplanted into pots 

( R.repens though, was sown directly into pots). With the exception of 
Acacia leptostachya, all seed stock were obtained locally. Although it 
would have been more desirable to collect seed from the Island, this was 
impractical at the time.

G. PLANT REPLICATES.
Although numerous attempts were made to have a uniformity of 

replicates, poor seed viability and high seedling mortality made this 
difficult. Rhvnchelytrum mpeixs proved to be particularly troublesome. 
The result was a unfortunate replicate difference between species.
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c o n c e n t r a t i :> n 
(10 plants),

C ecp.i.ise.tifolia (10 plants), E repa.na (5 plants) .

D. GROWTH CONDITIONS.

A THE POTTING MEDIUM.
The potting medium consit> ted of a river sand and a brown loam

mixture (1:1 proportions). This combination was used for two reasons.
Firstly Pre-ex periment a1 trials with just the brown 1 c>am produced
surface crusting problems. Secondly the possibility of soil salinity 
couId minimized throug h improved soiI drainage.

Listed below are the final replicate values for each salt 
treatment: A. leptostachya (15 plants), A

B ENVIRONMENTAL CONDITIONS.
All species were grown under glasshouse conditions, with pot 

position being randomized every three weeks.

2. EXPERIMENTAL PROCEDURE.

Plants were subjected to one of six salt spray treatments (distilled 
water ccnfm.1, 25% sea water, 50% sea water, 75% sea water, 100% sea 
water, 200% sea water) where each treatment consisted of a different, sea 
water concentration, The salt solution was applied to the plant foliage 
through hand spray, until leaf wetness was achieved. This treatment was 
carried out twice weekly for just under four months. Throughout the 
experiment progressive recordings of plant mortality, and plant symptoms 
were taken.



TO ESTABLISH THE NUTRIENT STATUS OF THE ACACIA FOREST AND 
GRASSLAND SOIL, AND TO INVESTIGATE THE POSSIBLE INVOLVEMENT 
OF SOIL NUTRIENTS IN ACACIA DISTRIBUTION AND 
REGENERATION SUCCESS

ä.£.3c I .siocalxB. and Acadia were grown in several
different soil types collected from the Island. One of eight different 
rutrlent solution were applied to each of the soil types. After four 
months seedlings were harvested and plant response measured.

1. EXPERIMENTAL COMPONENTS.

A. PLANT SELECTION.
Both Acacia species occurred naturally on the Island, with Acacia 

laiocalyx representing the main regenerating species.

E. SOIL.

Soil was collected from four sites on the island., the gully grassland, 
tie gully forest, the hilltop grassland and the hilltop forest. The 
Position of these collection points were the same as that used in the 
field experiment ( see map 5 ), Within individual sites, soil was 
collected from a further ten sample points. In doing so, variation in 
soil type within a site could he minimised. Soil removed at each of 
these sample points consisted of the top two to three centimeters of the 
soil horizon.
Preparation,.

Soil from each site was dried and thoroughly mixed. All organic debri 
tes removed and the soil sieved such that a 1:3 ( 2mm:1mm ) particle 
ratio was produced. The sieving of the soil was seen as a necessary step 
ta uniform soil texture. Approximately 200 grams of soil was then placed 
iito small f oam pots .
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2. EXPERIMENTAL PROCEDURE.

Acaci.-\ seedlings were transplanted into pots two weeks after 
S e rm 1 n a t i o n . Th ree s e e d 1 i ng s we r e p 1 a c e d i n e ach po t w i th a t o t a 1 c f 
nine seedlings per individual nutrient solution. Eight different 
nutrient solutions were used, six lacking a specific element ( -N, -P, - 
K, -3, -Ilg, -Ca), one with all other elements removed ( -TRACE ) and a 
complete solution ( All on ), Treatment was initiated one week after 
transplanting and was maintained on a weekly basis. The delay in 
application allowed transplant mortality to be overcome and uniformity 
of replicates maintained. Each pot received 10 milliliters of the 
nutrient solution, the constituents and concentration of which are giver- 
in the appendix. The trial was run for fifteen weeks.

It was appreciated that given the time available, growth differences 
between treatments could be small .• To maximise potential ditrerences, 
attempts were made to reduce nutrient soil nutrient supply but at the 
same time increase nutrient demand. By using small soil volumes the 
natural nutrient supply could be easily reduced. Nutrient demand was. 
increased by optimising plant growth rate. To achieve this plants were 
grown under 13 hour illumination periods. Watering ( distilled water 
only ) was applied in small volumes on a daily basis. Pots were also 
randomised every three weeks.
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T a p r 17 a inDi-ill ft THE RESULTS OF THE SHORT TERM SALT 
TRAPS

! SITE i' 1 
• i

SALT DEPOSITION ; 
uMHO's |

WINDINESS 
(mm fraying)

! exposed grassland 13.53 : 3.2
! hilltop grassland ; 12,13 3.0! s h e 11e red gra s s 1 an d 9.63 \

o o

! forest overstorey j 14.69 : 2.4
! forest understorey 1 5,31 ! 3,6

\

The level of salt deposition appears to decrease with 
geographical sheltering. Statistical analysis however failed to 
demonstration any significant difference between these values. In the 
forest understorey there is a significant (P>0.05) reduction in the 
level of salt aeposition compared to the forest overstorey.

The monitoring of wind failed to illustrate any significant 
difference in wind exposure.



TABLE 5.

ä COMPARISON OF SALT DEPOSITION BETWEEN HILLTOP AND GULLY 

SHORT TERM SALT DEPOSITION.

SITE C A TyT
CONCENTRATION 

uMHO“s
S. D.

NUMBER
OF

SAMPLES
HILLTOP GRASSLAND 12.9500 7.5767 4
HILLTOP FOREST 7.5000 6.616 7 4
GULLY GRASSLAND 10.8500 12.8300 4
GULLY FOREST 7.2750 31.2692 4

There is no statistical difference between salt deposition values 
in the hilltop and gully sites. This appears to be created by the high 
variance in the gully. Within sites however, salt deposition is 
significantly lowest (F>Q.05) where biological sheltering is maximal . 
That is, the forest zone in both gully and hilltop sites have reduced 
salt deposition loads to that of the grasslands.

TABLE 6.

THE RESULTS OF THE FLAG EXPERIMENT EXPERIMENT.

LEVEL OF NUMBER
SITE MATERIAL S.D OF

FRAYING (mm) SAMPLES

HILLTOP GRASSLAND 3.00 0.50 5
HILLTOP FOREST 1.60 0.30 5
GULLY GRASSLAND 4.00 0.50 5
GULLY FOREST 1.80 1.70 5 "

Using this technique there is no statistical difference in wind 
characteristics between hilltop and gully sites. This situation is also 
supported by salt deposition levels. However grasslands in both 
hilltop and gully sites have significantly higher (P>0.05) levels of 
wind stress to that found in the forest. Although no distinction between 
wind velocity and the frequency of high wind frequency can be made, the 
grassland must be considered to have a higher salt deposition potential.
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INTERNAL CHLORIDE CONCENTRATION OF NON NECROTIC ACACIA PHYLLODES. 

TABLE 7.1 A COMPARISON BETWEEN SITES.

SITE
MEAN

CHLORIDE
CONCENTRATION

NUMBERn t?
SAMPLES

GULLY GRASSLAND 1.66 10
GULLY FOREST 1.53 10
HILLTOP GRASSLAND 2.56 10
HILLTOP FOREST 2.06 10

Chloride concentration is expressed in mEgCl/l.

Acacia present in the hilltop grassland site possess significantly 
(P>0.05) higher internal chloride concentration than those in the gully 
site. A11hough there is a1so a significant (P>0.01) difference between 
hilltop grassland and gully forest, differences between grassland and 
forest wi th a site are not statieally supported .

TABLE 7.2 A COMPARISON OF PLANT AGE.

MEAN NUMBER
SITE PLANT CHLORIDE OF

AGE CONCENTRATION SAMPLES
GULLY ADULT 1.66 10
GULLY YOUNG 1.43 10
HILLTOP ADULT 2.56 10
HILLTOP YOUNG 1.96 10

Chloride concentration is expressed in mEqC

Samples were only taken from the grassland.

Adult Acacia in the hilltop site possess significantly (p>0.01) higher 
internal chloride concentration than those in the gully site. For this 
to be the case salt deposition would have to be greater in the hilltop. 
In the hilltop plant age also has a important effect on internal 
chloride levels. Adult Acacia have significantly (P>0.10) higher 
internal chloride levels to that of the 'seedling". This difference, 
however is not statistical shown in the gully site.
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THE MONIT OF ING . OE ...ACACIA.ISESDLING.:.DEVELOPMENT.IN... THE.FIELD...

TABLE 8.

‘'SEEDLING' GROWTH IN RESPECT TO EXPOSURE TREATMENTS.

SITE TREATMENT MEAN % 
GROWTH

S.D. NUMBER OF 
SAMPLES

GULLY CONTROL 44.10 852.32 10
GULLY SHELTERED 51.00 293.33 10
GULLY FERTILIZED 59.40 858.48 10
GULLY CLEARED 49.60 1246.04 10
HILLTOP CONTROL 54.50 1496.72 10
HILLTOP SHELTERED 67.20 1123.95 10
HILLTOP FERTILIZED 56.00 555.77 10
HILLTOP CLEARED 25.70 60.90 10

Plant growth Is expressed as the percentage change between initial and 
final plant heights.

Acacia 'seedling' growth is unaffected by treatment in the gully- 
site. Within the hilltop site however, the cleared treatment causes a 
significant (P>0.05) reduction in plant growth rate. The standard 
deviation values for the clear treatment are noticeably reduced. This 
tends to further illustrate the uniformity of the stress. The fertilizer 
treatment had no significant effect on plant growth.
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THE. niHIEIMIim OF..

Distribution of Acacia, tip necrosis is difficult to interpret as of a 
consequences of exposure and age variability, Although adults tend t: 
display symptoms more severely, further analysis is required: I. 
overcome this, plant exposure was grouped into two categories, 
topographical and biological. These two exposures are then divided in it
two different intensities, that is, high and low. Field observations are- 
then classified according to which exposure class they correlate to.

The relative significance of airborne salt deposition is apparent 
through the distribution of Acacia, the density of Acacia populations 
and the occurrence of tip necrosis.

FIGURE.2
.. or.................. tip..rs.or.ooi s ,.
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EXPOSURE).
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ADULT PLANTS ONLY. 
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i ii ii ii t 300CM j
i ii i TO !i ii ii ii i

400CM !

i t
! 50CM ! 200CM ;
! TO ; TO !: loocM ;i it )

300CM !

LOW

(BIOLOGICAL 
EXPOSURE).

HIGH

The data incorporated into these three models are the product of 
general observations. They clearly demonstrate that variation in 
exposure influences plant success. Not only in terms the presences of 
necrosis, but also distribution and developmental.



To incorporate salt deposition values in to this model is much harder. 
The illustration of airborne salt distribution was established from 
several experiments, (salt trap experiment, wind monitoring and internal 
chloride analysis of Acacia phyllodes) each testing a different 
parameter. Figure 4 is a simple combination of results presented: It 
evident from the figure that salt deposition levels are compatible with 
plant responses shown in figure 2, 3, 4.

FIGURE 5. THE LEVEL OF SALT DEPOSITION..

(TOPOGRAPHICAL EXPOSURE)
HIGH LOW

1t
!

; STD:
■ ! FE :

' TCOG'
7.50 uMHo's
1.50 mm
9 flR 01 / I

A
Lx

A
X
X

: STD:
! FS :
; ICCS:
! ICCA:

( LOW )

7.23 uMHo's 
1.80 mm
1.53 mEqCl/1 
1.43 meqcl/1

11
\l

a ;
A ! 
Y 1

! ICOA: 1 i
1.96 mEqCl/1 X !1

\

! ( l HTGH ) ; (1 V. MODE.RATE ) \
\Ii1 C rPTi ,

, Ji ±J . 12.35 uMHo's B 1 CTTi .
, iJl J • 10.85 uMHo's B !

1 FE : 3.0 0 mm B ! FS : 4.00 mm B !i T nna
1 1 U '.j :J 2.56 mEqCl/1 X ! ICCS: 1.66 mSqCl/1 Y !
! ICCA11

2.56 mEqCl/1 Y 1 ICCA: 1.66 mEqCl/1 X !11

LOW

(BIOLOGICAL 
EXPOSURE),
HIGH

STD : Salt trap deposition.
FE : Flag experiment.
IOCS: Internal chloride analysis 
ICCA: Internal chloride analysis

(F rom table 5)
(F rom table 6)

(based on location). (F rom t ab le 7.1)
(based on age) . (F rom table 7.2)

The letter used in after each value indicates the relationship. Those 
values which have same letters ( within the same experiment ) are not 
statistically different. However where the letter differs a statistical 
difference does exists.
The salt deposition and flag experiments illustrate the importance of 
biological exposure, where as internal chloride analysis illustrate 
t opo gra phica1 ex posure.
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FIGURE 6.

THE DISTRIBUTION OF PHYLLODE TIP NECROSIS V/ITHIN 

A SINGLE ACACIA SEEDLING PATCH.

rERY LOV/ = LESS THAN 10$ OF THE 

PHYLLODSS AFFECTED. 

IILD = BETWEEN 10$ AND 30$ OF 

PHYLLODES AFFECTED. 

’»EVERE = GREATER THAN 30$ OF 

PHYLLODES AFFECTED.

SEVERE.
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FIGURE 6.

THE DISTRIBUTION OF TIF NECROSIS WITHIN A SINGLE ’SEEDLING' PATCH.

The level of tip necrosis was mapped in a seedling patch located in 
tne gully ecotone. Un the leeward side of the patch, seedlings were free 
from necrosis. However on the windward side necrosis was both severe and 
frequent.

-BE. DETERNI.HATION... .0.E.. INTERNAL .CHLORIDE  CONCENTRATION OF ACACIA
eiy.llod.es...... ..................................  ........... "...

TABLE 9. TIP NECROSIS VERSES INTERNAL CHLORIDE CONCENTRATION.

SITE
DEGREE

OF
NECROSIS

MEAN NUMBER
CHLORIDE OF

CONCENTEATION SAMPLE
GULLY CG). . NIL. . . . .....1.66 . ■ ■ 10GULLY CF) NIL 1.53 10
GULLY (G) 1-10% 2.94 10
GULLY CG) 10-40% o n o

O . \J 10GULLY (G) 40-50% 3.22 10GULLY CG) > 50% 3.79 10

Chloride concentration is expressed in mEqCl/1. 
(G)= The Grassland site.
(F)- The Forest Site

Acacia phyllodes which illustrate tip necrosis symptoms have 
significantly (P>0.01) higher internal chloride concentrations. Even 
ninor necrotic symptoms equate to appreciably higher chloride 
concentrations. However there does not appear to be any statistical 
correlation between the degree of tip necrosis and the absolute chloride 
co n c e n t r a t i o n.



TABLE 10.
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Ä COMPARISON OF INTERNAL CHLORIDE CONCENTRATIONS OF MAINLAND ACACIA 
WHICH LACK NECROTIC SYMPTOMS.

SITE MEAN
CHLORIDE

CONCENTRATION
S. D

NUMBER
OF

SAMPLES
APPROX 

DISTANCE 
FROM SEA.

BYFIELD 1.400 0.260 5 2 km
YEPPOON 1.240 0.028 r 2 Km
6KM 1.320 0.492 5 8 Km
MT JIM CROW 1.200 0.200 5 15 Km
ROCKHAMTON 1.080 0.012 5 40 Km

Chloride concentration is expressed in mEqCl/1.

The internal chloride concentration of Acacia phyllodes failed to show 
any statistical differences nor was there any evidence of tip necrosis. 
Internal chloride levels of Acacia present on the coastal areas were the 
same as those present in Acacia 10 kilometers inland. Using internal 
chloride concentrations of. the two most in inland sample points > some 
indication of the "normal' chloride levels can be established. The term 
"normal’ meaning internal chloride concentrations in the absence of 
airborne salt deposition. The mean chloride concentration of these was 
1.347 mEq.Cl/1.

OTHER PLANT RESPONSES.

Although tip necrosis was the most noticeable response to high 
internal chloride concentration, it is unlikely to be the only response. 
A comparison of phyllode dry weight was also undertaken to investigate 
the possibility of dry weight reductions.



0T3TTHER PLANT RESPONSES.

Although tip necrosis was the most noticeable response to high 
inimternal chloride concentration, it is unlikely to be the only response. 
A 1 comparison of phyllode dry weight was also undertaken to investigate 
ththhe possibility of dry weight reductions.

FFIIGURE. 7.

A A COMPARISON OF PHYLLODE DRY WEIGHT TO DEGREES OF TIP NECROSIS.

°*4 T
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I I I I I<1111o .1-10/ \o-c,oi 0,0‘S o/ >fo/.

DEGREES OF TIP NECROSIS ( % AREA )

There is a trend towards reduced phyllode dry weight as the percentage 
c area of necrosis increases. Although this overall trend is not 
i consistently supported by statistically analysis, such a visual trend 
i might be expected. As chloride concentration rises within the phyllode , 
the potential for plant development must be more restricted. It would be 

i misleading to suggest that phyllode dry weight is directly effected by 
internal chloride concentration. However it is hypothesis that such a 
relationship may be found with further investigation.
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T:E.ARTIFICIAL

FIGURE 3. THE ARTIFICIAL APPLICATION OF AIRBORNE SALT 
PLANT MORTALITY RATE.

These series of graphs illus t r a t e t h e p 1 a n t mortality resulting from
t};e application of various salt c on c e n t r a t i on solutions. Although it is
c lea r t h a t p 1 an t mortality is directly related to solution
ccncentration, it i s Impossible to determine differences in species
sensitivity.

FABLE 11. A COMPARISON OF SURVIVING PLANT DRY WEIGHTS

FRY WEIGHTS ARE EXPRESSED AS A PERCENTAGE DIFFERENCE TO THE CONTROL. THE 
CONTROL IN EACH CASE REPRESENTS 100% .

FABLE 11.1 , TOTAL DRY WEIGHT.

SPECIES 25% SALT SPRAY 
(GRAMS)

N 50% SALT SPRAY 
(GRAMS)

N

LEI GCAL'YX 121.5 10 69.2 10
\. LEPTOSTACHYA 117.6 14 86.3 10
FA3UARINA. epp 1 O v O’ 10 108.8 10
I PASS. spp 76.2 5 64.4 4

*N= The number of individuals surviving in each treatment.

The grass species is the only one to demonstrate a reduction of total 
iry weight in the lowest salt concentration. In the 50 % salt treatment 
*11 species, with the exception of Casuarina, are now displaying growth 
reductions. Growth responses of this nature tend to suggest that the 
grass species is the more salt sensitive, and that Casuarina species is 
the more salt tolerant. The two Acacia species appear to show moderate 
salt tolerance, existing between these two extremes. When the Acacia 
species are compared, there is little difference in their response. It 
oaybe considered then, that their share an ability to cope with airborne 
salt deposition stress.
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TABLE 11.2. . A COMPARISON OF SURVIVING PLANT DRY WEIGHTS.
EXPRESSED AS A PERCENTAGE DIFFERENCE TO THE 
CONTROL.

( SHOOT DRY WEIGHT ).

SPECIES (2

MEAN DRY
WEIGHT

5% SALT SPRAY) N

MEAN DRY 
WEIGHT

50% SALT SPRAY N

A. LEIOCALYX 130.5 10 64.3 10
A . LEPTOSTACHY A 117.2 14 83.4 10
CASPARINA. spp 121.2 10 104.9 10
GRASS. spp 87.2 5 66.1 4

A comparison of shoot dry weight displays the same trends as that 
Previous1y reported. Tha t is, Aeaeia are modera te salt to1erators, 
C .equise tifolia is a salt to 1 era tor, and the grass species is a salt, 
sensitive .

TABLE 11.3. .A COMPARISON OF SURVIVING PLANT DRY WEIGHTS.
EXPRESSED AS A PERCENTAGE DIFFERENCE TO THE 
CONTROL.

( ROOT DRY WEIGHT ).

MEAN DRY MEAN DRY
WEIGHT WEIGHT

SPECIES (25% SALT SPRAY) N 50% SALT SPRAY N

A LEIOCALYX 106.4 10 77.4 10
A LEPTOSTACHYA 118.3 14 92.3 10
CaSUARINA. spp 124.9 10 117,1 10
GRASS. spp 59.5 5 61.7 4

A comparison of root dry weight again supports the data presented in 
table 11.1. and table 11.2
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Percentage plant survival.
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Percentage plant survival.
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r THE GDETRACTIVE NUTRIENT EXPERIMENT.

FIGURE 9. THE SUBTRACTIVE NUTRIENT EXPERIMENT: ACACIA PHYLLODE AREA.

For each treatment phyllode area was recorded. The results are 
;graphically illustrated.

FIGURE 10. THE SUBTRACTIVE NUTRIENT EXPERIMENT: ACACIA TOTAL DRY 
WEIGHT.

Total dry weights were recorded for each treatment. The results are 
displayed in the same manner as that of Acacia phyllode area.

As these tables series investigate the same situation there will be 
commented on jointly.

Fach graph represents one of the four soil types used. All treatments 
dI'fe gra phi early illustrated m terms of the all on • ’ treatment. Only 
(..nose v a rues wnzen exceed the the lower L.S.I). (least significant 
difference) are statistically important. These va1ue are collective1y 
illustrated in table 11.

There are several treatment which exceed the upper L.S.I). value. This 
relationship tends to directly suggest that nutrient toxicity has 
occurred. However such a situation is unlikely. Excess response tends to 
demonstrate several trends: In A.leiocalyx it occurs more frequently in 
the forest site. In A.leptostachya it tends to occur more often in the 
grassland sites.

This situation clearly requires further investigation to determine 
whether these apparent patterns are real of the produce of a 
un1dentified experimenta1 error.
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FIGURE 9ao NUTRIENT EXPERIMENT: ACACIA PHYLIQIS AREA.

GULLY GRASSLAND SITE.

ACACIA LEIOCALYX. ACACIA LEPTOSTACHYA.
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Nutrient treatment.
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Nutrient treatment.

GULLY FOREST SITE.

ACACIA LEIOCAIYX. ACACIA LEPTOSTACHYA.
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A= The all on treatment. L= The least significant 
difference.
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FIGURE 9U. NUTRIENT SC? ER HEIT: ACACIA PHYLLCIE AREA«

HILLTOP GRASSLAND SITE.

ACACIA LEICCALYX. ACACIA LEPTOSTACHYA.
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Hutrient treatment.Nutrient treatment

HILLTOP FOREST SITE
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Nutrient treatment
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FIGURE lOa0 TTUTRISITT EXPERIMENT: TOTAL DRY WEIGHT.

GULLY GRASSLAND SITE.

ACACIA LEIOCALYX. ACACIA LBPTQSTACHYA.

Futrient treatment

& 0.60
« 0.40 -

0.20 -

Nutrient treatment

GULLY FOREST SITE.

ACACIA LEIOCALYX. ACACIA LEPTOSTACHYA.

0.80 -

-K -?

1.20 -

-0.20 -

nutrient treatmentnutrient treatment.

A= The all on treatment0 L-= The least significant 
difference.
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FIGURE 10t). NUTRIENT EXPERIN TOTAL TRY /EIGHT,

HILLTOP GRASSLAND SITSo

ACACIA LEIQCALYX. ACACIA IEPTQSTACHYA.
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HILLTOP FOREST SIT:

ACACIA LEPTOSTACHYA,ACACIA LEIQCALYX
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Nutrient treatment.

A= The all on treatment
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Nutrient treatment.

difference



T/AELS 12.

»“5t“

A \ SUMMARY OF NUTRIENT DEFICIENCIES.

The grassland sites in both gully and hilltop, demonstrate clearly 
nautrient deficiencies, In the forest however only phosphorus was seen to 
hoe deficient, and only in the hilltop site. Deficiencies are most 
colearly demonstrated in the dry weight analysis, phyllode area although 
a\ less effective form of detection correlated exactly.

F" I CURE 11.

A\ COMPARISON OF THE ALL ON TREATMENTS FOR THE FOUR SITES.

When 
eo vi dent 
suites . 
extent. 
it ho ugh

the "all on " treatments for e 
that total dry weight achieved, 

Phyllode area displays the same 
• Plant•development• is therefore 

several nutrient deficiencies have

a c h s i t e a r e c o in p a r e d , i t i s 
is far greater in the grassland 
general tend, hut to a lesser 
greater in the grassland even 
heen illustrated.



TAKLE *12,1 A SUIEIAHY 0? NUTRIENT DEFICIENCIES.

TABLE 12.1 ACACIA IEIOCALYX

SITE. PHYLLODE AREA TOTAL DRY HEIGHT

GULLY GRASSLAND. NIL -IT -P -TRACE

GULLY FOREST. NIL NIL

HILLTOP GRASSLAND. -IT -IT -Ca -TRACE

HILLTOP FORESTo -P -P

TA3L3 12.2 ACACIA LEPTQSTACHYA

SITE. PHYLLODE AREA TOTAL DRY HEIGHT

GULLY GRASSLAND. NIL NIL

GULLY FOREST. NIL NIL

HILLTOP GRASSLAND. -IT -IT

HILLTOP FOREST. -P -P

ITote. -TRACE is a collective term, absen 

are all untest elements.
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discussion.

CHAPTER..ONE^JljE...MONITORING OF...AmBORJ^SALJ..DEPGBrnOlxL

i . T h e E i d g e S y s t e m .

S a 11 d 0 p o s i. t i. o n a n d w i n d v e 1 o <::: i t i e s w e r e t h e s a m e i n b o t h e x p o b e d a n d
sheltered sides of the main ridge system (table 4). There is no
evidence to support the hypothesis that Acacia distribution along the 
r i d q e s y s t e m i s c o r r e 1 a t e d w i t h s a 11 d e p o s i t i o n s t r e s s „ S a 11 d e p o s i t i o n 
loads on the ridge system were highly variable. Similar observations 
h a v e a 1 s o b e e n m a d e i n E u r o p e ( B a r b o u r .1978 ) » T h i s v a r i a!:::«i 1 i t y i s
p r o b a b i. 1 i. t y c r e a t e d b y w i n d t u r b u 1 e n c e „ T h e s i. g n .1 f i. c a n t r e d u c t i. o n ( F' > 
0 . 0 5 ) o f s a 11 d e p o s i t i o n i n t h e A c a c .1. a u n d e r s t o r e y i s a p r o d u c t o f 
biological sheltering, The dense Acacia forest reduces internal wind 
velocities and therefore salt deposition potential. Individuals within 
t h e A c a c i a f o r e s t a r e e x p e r i e ni n g r e d u c e d s a 11 d e p o s i. t i o n t o t h o s e
e i s t i n g i. n t h e g r a s s 1 a n d s „

2, Hilltop Verses Gully.

h o w e v e r a s i. g n i f i. c a n t r e d u c t i. o n i. n
T l"i i s i s

B a s e d o n s a 11 d e p o s i t :i. o n (t a b 1 e 5 . ) a n d w i n d v e 1 o c i. t i. e s (t a b 1 e 6» } 
there is no evidence to suggest a difference in salt stress between 
h i 111 o p a n d g u 11 y s :i. t e s . T h e r e i s
salt deposition stress, going from grasslands to forest 
further evidence of the importance of biological sheltering.

When the internal chloride analysis of non necrotic Acacia phyllodes 
is considered (table 7.1), differences between hilltop and gully 
g r a s s 1 a n d s i t e s a r e h i g h 1 i g h t e d . A c a c i a s ' p r e s e n t i n t h e h i 1 11 o p s i t e 
have significantly (P>0«05) higher internal chloride levels to those in 
the gully site. It has been widely reported that in coastal systems 
internal chloride levels of leaves closely reflect their salt exposure 
(Boyce 1954, Parsons and Gill 1968 and Clifford et al 1979). It is 
concluded that for such differences to exist, Acacia in the hilltop must, 
e x p e r i e n c e h i g h e r s a 11 d e p o s i t i o n 1 o a d s . T h e r e f o r e g e o g r a p h i c a 11 y t h e 
h i 111 o p s i t e c a n b e c o n s i d e r e d t h e rn o r e s a 11 e x p o s e d hi a b i t a t „

A c o m p a r i s o n o f i n t e r n a 1 c h 1 o r i d e 1 e v e I s b e t w e e n a d u 11 a n d ' s e e d 1 i n g ' 
A c a c i a (t a b 1 e 7.2 ) i. n t h e g r a s s1 a n d s f u r t h e r d e m o n s t r a t e s t hi e i. m p o r t a n c e 
of biological sheltering. In the hilltop, adults which protrude above 
the general grass canopy, illustrate significantly higher (F’>0.10)



u-

i n t e r n a 1 c h 1 a r i. d e c o n c 0 n t r a t e s „ ' S e 0 d I i n g s ' 0 x i s t i n g w i t h i n t h 0 g r a 0 s
canopy, and therefore in a state of biological sheltering, demonstrated 
r e d u c 0 d i n 10 r n a 1 c h 1 o r i d 0 10 v 01 s »

The importance of biological exposure is correlated with geographical 
exposure (table 7). When biological sheltering is removed in the 1ess 
ex posed gully site, internal chloride levels of Acacia phyllodes remain 
statisticaly the same„ As overall salt deposition is reduced in the 
g u 11 y , v a r i a. t i o n s i n h i o 1 o g i c a 1 s h e 11 e r i n g a p p e a r t o b e 1 e s s i. m p o r t a n t. 
In the hilltop site (table 7-2), geographical exposure is higher and 
therefore the level of biological sheltering more important.

The seasonality of airborne salt deposition has been a overlooked 
p o s s i b i 1 i t. y , a n d c 1 e a r 1 y r e q u i r e? s f u r t h e r .i. n v e si. t i g a t i. o n „ B o y c e (19 b 4 ) 
reported that most of the vegetative damage created, correlated with 
infrequent coastal storms. On North Keppel Island such storms are 
restricted to the summer months. Art et al (.1974) however also 
acknowledged the importance of "dry fallout". The potential for this
being strongly correlated with wind velocity. "Dry fallout" would foe
expected to be more predominate in the autumn months. The seasonality of 
s a 11 d e p o s i t i o n , a n d i t s ' r e 1 a t i o n s h i p t o p 1 a n t g r o w t h p e r i. o d s c 1 e a r
r e q u i r e s f u r t h e r r e s e a r c:: h »

3 „ Summary

T h e 1 e v e 1 o f a i r b o r n e s a 11 d e p o s i t i o n ,i s b a s e d o n t w o f a c t o r s , t h a t
is, geographical and biological exposure. The actual salt deposition 
stress created, is a correlation of these two exposures. Salt deposition 
being more severe in the hilltop site (map 5.)»

CHAPTER TWO,THE SUCCESS OF.ACACIA.1 SEEDLINGS 1^,

1. DEVELOPMENT.

Normal Acacia 'seedlings' development is similar in both the hilltop 
and gully grassland sites (table 8.)» As 'seedlings' are at least 
partially confined to the grass canopy, biological sheltering appears to 
have removed salt deposition differences created by topography. When 
' s e e d 1 i n g s ' w e r e a r t i f i. c: i a 1 1 y s h e 11 e r e d , t h e r e w a s n o s1 a t i s t i c a 1 c hi a n g e 
in plant development. The efficiency of biological sheltering in 
reducing salt deposition is therefore very high. Once this biological
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s h 0110 r i. n g i s r 0 m cd v 0 d , ' 0 0 0 d .1.1 n g 0 ' w e r 0 j:D .1 a c 0 d u n d 0 r g 0 o g r a p h i c a 1
0 x p o 0 u r 0 1 i. m i. t a t. i. o n 0 . T h e s e v e r 0 q rw t h r 0t a r d a t i o n d 0 m o n 0t r a t. e c:i i. n t h 0
h i 111 o p 0 i 10 ( p I a t0 1 „ ) i 0 0 v i d 0 n c 0 o f 0 a 11 ci 0 p o 0 i t i o n d i f f 0 r 0 n c 0 0 
created by g0ographica 1 exposure» In t.h0 me:»re exposed hilltop site, the 
removal of biological sheltering, places 'seedlings' under high salt 
d 0 p o s i t i o n s t r e s s „ T h e g r o w t h r e t ax r d a t i. o n i 1 1 u 0. t r a 10 d (t a b 1 e 8 » ) , i s a 
r 0 s p o n 0 0 t o t ht i 0 f a c t,, H o w 0 v e r .1 n t h e g u 11 y 0 i t e g 0 o g r a p h i c a 1 0 x p o 0 u r e 
is reduced, with the removal of biological sheltering having no effect 
cd n d e v 01 o p m 0 n t „

I f b i. o 1 o g i. c a 1 0 h e 11 e r i n eg i 0 r 0 rn o v 0 d n a» t. u r a I 1 y , a s w o u 1 d b 0 t h 0 c a s e 
with growth, the same response is likely to occur» Plant retardation 
should be demonstrated in the hilltop site with little evidence in the 
gully site,, Field observations of plant stunting { fig 4 and 5») tend to 
0 u p p o r t. t h i s c o n c 1 u s i o n »

The potential stress c re a», tec! by the removal of biological 
sheltering, must also be considered in terms of plant height. The 
greater the canopy protrusion, the higher the salt deposition potential 
( Grace 1977 ). Differences in plant height ( stunting) created by
salt deposition can be expected to reduce this effect. Although plant 
s t u n t i n g i 0 a 01 r e 0 0 r e 0 p o n 0 e , i t m u 01 h a v e p o s i t i v e be n 0 f i 10 i n t e r m s 
o f f u r t h e r d e p o s i. t i cd n s t r e s s „

Acacia development is based on geographical and biological exposure. 
The relationship between the two act to restrict growth in the hilltop 
site (fig 3.).

. SYMPTOMS.

Previous studies have outlined a range of plant responses including, 
increased fresh weight to dry weight ratio (Parsons et al 1963), 
increased palisade cell size (Boyce 1954), reduced water content of the 
t i s s u e ( G a 10 0 1972 ) a n d 10 a f t i p n 0 c r o 0 i 0 ( P a. r 0 o n 01 a 1 1968 ) . A c a c i a s 
on the island frequently displayed the tip necrosis symptoms. Dry 
weight analysis of necrotic phyllodes further demonstrated a general 
r e c:l u c t i o n i. n w e i g h t w i t h i. n c r e a s e c:i d e g r e e s o f n e c r o si- i s ( f i. g 7 )

Although necrosis appears to be a 'classic' symptom of airborne salt 
deposition, it. may also be expressed as a consequence of other stresses. 
It is necessary then, to examine the relationship between necrosis and 
s a 11 d e p o s i t i o n .

2.1 T i p N 0 c r o 0 i 0 .
T I"'! e D i s t r i b u. t i o n cd f N e c r o t i. c A c a c i a P h y 11 o d e s „



A » H .113. i o p V e r s ® s G u 1 I y S i t e .
It is difficult to compare the incidence of tip necrosis between the 

t w o s i t e s b e c a u. s e o f d i f f e r e n c e s i n A c a c .i. a n u m b e r s „ A1t h o u g h n e c r o s i s 
is more severe towards the hilltop region, there are progressive!y fewer 
.1 n d i v i d u a 1 s t o m o n i t o r „ A s u m rn a r y p r e s e n t e d i n f i g u r e 2 t e n d s t o 
c o r r e 1 a t e n e c r o s i. s w i t h d e p o s i t i. o n s t r e s s „

B „ F o r e s t s V e r s e is G r a s s I a n d s „
Acacia present in the exposed grasslands displays necrosis more 

severely. Within the sheltered Acacia forest necrosis is reduced, 
r e s t r i c t e d t o o n 1 y t h e v e r y u p p e r c a n o p y ..

C. Adult Verses Young.
In the grasslands, adult Acacia readily display tip necrosis. 

However necrosis was never observed in 'seedlings' present within the 
grass canopy. This is a simple expression of biological sheltering, 
w h e r e ' s e e d 1 i n g s ' a r e n o t e >; p e r i e n c i n g s a 3. t s t r e s s a n d t h e r e f o r e c a n n o t 
c:i i s p 1 a y s y m p t o m s »

D . A S e e d 3. i n g i:::‘ a t c h ,
I n reference to figure 6 t. he d i s t r i b u t i c::< n o f A c a c i a ti P necrosis was

shown to be more severe on the windward side of a seed I ing pa tc h. The
further towards the leeward s i d e of the patch , the 1 ess severe the
incidence of necrosis „ This correlation with the wind direction is 
clear evidence of necrosis being created by airborne of salt deposition 
stress. However salt deposition must be expressed as 'potential' 
deposition. Although it is logical to assume such distribution of salt 
deposition, no experimental verification has been carried out.

E. Plant.
P1 a t e 3 i 11 u s t r a t e s t h a t p hi y 11 o d e s o n t h e w i n d w a r d s i d e o f t h e b r a n c h 

d i s p 1 a y n e c r o s i s- m o r e s e v e r e 1 y „ N e c r o s i s i s a 1 s o s hi o w n t o b e m o r e 
common in the older phy11ode, where the age is an expression of exposure 
time. At the plant level, the distribution of tip necrosis also 
c o r r e 1 a t e s w i. t h p o t e n t :i. a 1 a i. r b o r n e s a 11 d e p o s i t. i. o n .

Although tip necrosis may be created by various different forms of 
stress, it has been widely reported in terms of airborne salt deposition 
(Boyce .1954, Grace 1977). The degree of distributional correlation over 
t h e n u m e r o u s 1 e v e .1. s o f o h s e r v a t i. o n s t r o n g 1 y s u p p o r t a d .i r e c t
r e I a t i o n s h i p t o s a 3. t d e p o s i t i o n s t r e s s „

Artificial application of salt spray to Acacia seedlings also created
t h e p h y 11 o d e n e c r o s i s s y m p t o rn . I n v e s t i. g a t i n g n e o r o s i s f u r t h e r , i t w a s

phyllodes had significantly higher internale s t a h 1 i e;- hi e d t h a t n e c r o t i. c



c h 1 o r i d 0 10 v 01 s (t a b .1 e 9 ) , c o m p a r e d
(19 5 4 ) a n d W a i s e 3. { i 97 2 3 r e p r t e d
chlorid© concentration is a direct 
1 i 1110 d o u b t t h a t p h y 1 1 o c:l e t i. p n e c 
r 0 s p o n s 0 t q a i r b o r n e s a 3. t d e p o s i t i a n „

to non nec rot ic
that such a n i. n c r
c 0 n s e q u e n c e of sa
rosis is i n fac t

p h y 3.3. o d 0 s * B o y c e 
e a s e i n i. n 10 r n a 3. 
It spray. There is 
a d i r e c t s1 r 0 s s

B A C K 6 R 0 U N D S U M M A R Y „

When plants are subjected to airborne salt deposition., salt particles 
e n 10 r t h r a u g h t h 0 f o 1 i a g 0 ( B o y c 0 19 54 ) . E n 10 r i n g b e i n g 0 i t hi 0 r t h r o u g h
abrasions created in the deposition (Boyce 1954 5 Waise1 1972) or by
passive diffusion through cuticle, stomata1 pore and epidermal hairs 
(G r a c e 1977 ) » 0 n c e i n s i d e t h e 1 e a f s a 11 p a r t i. c 1 e s a c c u m u 3. a t e , r a i s i. n g
the internal chloride concentration. Once the chloride level exceeded 
5 o m e c r .11 i c: a 3. t o 1 e r a n c e v a 1 u e , n e c: r o t i. c s y m p t o m s a r 0 i. 11 u s t r a t e d .

2, PHYLLODE DRY WEIGHT.

Necrotic phyl lodes are shown to have a. significantly (P>0,05) reduced 
total dry weight. This is most likely a direct response to high 
internal chloride levels interfering with plant development. Further- 
research into plant responses may illustrate more subtle effects of 
airborne salt deposition. In doing so this will enhance the ability to 
p r 0 d i c t p h y s i o 1 o g i c a 1 r 0 s p a n s e s „

3 SUMMARY„

A c a c i a i. n d i. v .i d u a 1 s d .i s p 1 a y :i. n g s y m p t o m s c a n b e c a n s i. d e r e d t o h a v e a 
reduced state of health. The specific ecological consequence of this 
are unclear. Although a decrease in flower production was observed in 
these individuals, in the absence of further research it is impossible 
to correlate it with deposition stress.

11 i s h y p o t h e s i s e d t h a t i n d i v i d u a 1 s d e m o n s t r a t i n g s a 11 s y m p t o m s a r e 
less stress resilient. The more severe the symptoms the greater the 
c h a n c e o f p 1 a n t m o r t a I i t y . A s s y m p t o m s w e r e c o m m o n i n t h e h i 111 o p s i t e 
Acacia present in this zone would be more stressed. Regeneration
s u c c e s s , h a s e d o n ' s e e d I i n g " d e v e 1 o p m e n t a n d h e a 11 h , i s c o n s i d e r e d t o 
be highest in the gully site.

4 SPECIES SENSITIVITY„
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The ability to tolerate airborne salt deposition varies between 
species» It was concluded from table 1.1 that Acacia leioca 1 yx (the 
Pr inc i pa 1 regenerat ing sp*ec ies ) and Acac ia i eptostachya were modera te 
salt to1erator, C. equisetifolia the first comparison species was a high 
salt to1erator and R.« repens was salt sensitive.

It is interesting to note that R. re pens, a salt sensitive species 
c a n e x i s t o n t h e i s 1 a n d w i. t h o u t d i s p 1 a y i n g a n y s t r e s s s y m p t o m s » H o w e v e r 
when biological sheltering is considered, this is easily explained» 
Grass exists within a dense closed community structure , which has been 
shown (Grace 1977) to significantly reduce internal wind and therefore 
p o t e n t i a 1 s a 11 d e p o s i t i o n „ I n t h e g I a s s h o u s e e x p e r i m e n t, t h i s
biological sheltering was absent. The grass species can therefore exist 
i n t h e s a m e h a b i t a t a s A c a c i a s , I:::* e c a u s e o f t h e r e d u c i n g e f f e c t
biological sheltering has on actual salt deposition load»

Plant success appears to be based on the level of actual salt 
deposition experienced» Factors such as biological shel tering which
modify salt deposition load, play an important role in plant 
development. However salt deposition may also be affected by individual 
characteristics. Woodcock (.1953) illustrated that per unit leaf area, 
s a 11 c! e p o s i t i. o n w a s h i g h e s t o n 1 o n g n a. r r o w 1 e a v e s „ I n c r e a s e d s a 11
deposition has also be shown to foe created through leaf flexibility
(Grace 1977), cuticle characteristics (Boyce 1954, Winter et al 1981) 
and possibly leaf orientation. The position of the vegetative apex must 
also be considered, especially when comparing grass and woody dicot 
species»

Airborne salt, deposition is primarily based on geographical 
exposure. Biological sheltering created by the surrounding vegetation 
modify this deposition potential. Characteristics of the individual 
p 1 a n t f u r t h e r i n f 1 u e n c e s a 11 d e p o s i t i o n 1 o a d s e x p e r i e n c e d » P1 a n t s u c c e s s 
being determined by both genetic and structural characteristics

QHAEIlRjnHREE..OTHER.POSSIBILITIES.»..

.1, INTRODUCTION

T h e a b i. 1 i t y t o e x i. s t u n d e r a i r b o r n e s a 11 s t r e s s m a y a 1 s o h e 
c o n s i d e r e d t o b e t h e g e n e r a 1 p r o d u c t o f p 1 a n t h e a 11 h „ I f a p 1 a n t i s 
already under stress, then its ability to tolerate further stresses must



also be reduced» Sensitivity to airborne salt deposition expressed 
through distributional, habit and symptom responses may be the 
consequence of some unidentified stress» This hypothetical stress could
reduce plant health, allowing salt deposition symptoms to foe
d e m o n s t r a t e d » 1 f i t w a s r e m o v e d , p 1 a n t h e a 11 h w o u 1 <:.1 i n c r e a s e a nd s a 11
d e p o s i t i o n 1 i. m i. t a t i o n s w o u 1 d b e r e m o v e d „

The?re is also the possibility that distributional and developmental 
plant responses,, illustrated in the last chapter, is the product of 
u n k n o w n s t r e s s e s „ F i e 1 d o h s e r v a t i o n s h i g h 1 i g h t e d t h e p o s s i b .1.1 i t y o f 
w a t e r r e 1 a t i o n s a n d s o i 1 c: h a r a c:: t e r i s t i c s b e i n g i. n v o 1 v e d , a 11 h o u g h s o i. 1 
depth and salinity can not be over looked» Of these, soil 
c h a r a c t e r i s t i c s s p e c i f i c , s o i 1 n u t r i e n t s t a t u s a n d s a 1 i n ;i. t y w e r e 
examined. As work was not carried out on water relations this must be 
h e 1 d u n a c c o u n t e d a s p o s s i b i 1 i t y „

2 . SOIL NUTRIENT STATUS„

There appears to be a distinct difference in nutrient status between 
g r a s s 1 a n d s a n d f o r e s t s o i 1 s ( f i g 9 a n d .10 ) „ A11 h o u g h t h e A c a c i a f o r e s t 
tends to show only phosphorous deficiency (table 12),, grasslands were 
far more impoverished, demonstrating nitrogen, phosphorous, calcium and 
t r a c e d e f i c i e n c i. e s ., D e f i. c i e n c y r e s pi o n s e s o f t h i s t y p e t e n d t o s u g g e s t
that forest soils are far more favourable to Acacia development, however
t h i s i s n o t t h e c a s e „

The presence of grassland nutrient deficie?ncy are the product of 
uneven nutrient demand created by experimental conditions. The more 
rapid the growth is, the greater nutrient demand becomes. As soil
supply is finite, increased nutrient demand will quicken the
illustration of nutrient deficiencies. Acacias grown in grassland 
soils in the glasshouse, achieve the greatest total dry weight (fig 11) 
and therefore displaying the largest growth rate. As a consequences of 
t h i is., t h e y e x p e r i e n c e s n u t r i e n t d e f i c i. e n c i e s e a r 1 i e r ,, A c a c i a s g r o w n i n 
the forest soil are? restricted by some unknown soil condition, where 
plant growth and therefore nutrient demand are reduced. Natural soil 
n u t r i e n t s u p p 1 y r e n't a ;i. n e d a b o v e t h e p 1 a n t d e n i a n d „

A11h o u g h s o i 1 d e f i c i e n c i e s e x i s t, p 1 a n t d e v e 1 o p m e n t i s c 1 e a r 1 y m o r e 
limited by some? unknown condition,. Field observations tend to indicate 
s o i 1 s t r u c t u r e a s h e i n g a s t r o n g p o s s i b i 1 i t y » F o r e s t s o i 1 s w e r e 
p r i. m a r i 1 y c o m p a c t c 1 a y s , g r a s s 1 a n d s o i. 1 s h w e v e? r c o n s i s t e cl o f 1 o o s ei­
te x tu.red black earths. It is suspected that differences in resulting 
si- o i 1 t e x t u. r e „ t h r o u q h 1h e i r e? f f e c t o n s o i 1 a e r a t i o n a n d s o i 1 w a t e rand soil
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d r a i n a q e rn a y b e c r e a t i n g t h i. s d i f f e r e i"i c e . A1t h o u g h a 11 e m p t s w e r e m a d e 
to overcome this in the glasshouse experiment, differences in soil 
c o m p a c t i o n w e r e a 1 s o o h s e r v e d „

It is predicted that soil compaction created in the forest soil is 
responsible for plant growth retardation and that soil nutrients are of 
1 e s s i m i p o r t a n c e » A s p 1 a n t g r o w t hi i s hi i g hi e s t i. n t h e q r a s s 1 a n d s o i 1 s 
(fig 1.1) there is no reason to suspect that soil type is involved 
regeneration success. In fact soil characteristics present in the 
grasslands appear to be more beneficial to Acacia development»

There was however superficial evidence of increased plant sensitivity
to sa 11 deposition »
5 and 6) displayed i
ad j acent grassland»
throng hi soi 1 compac t
purely conj ec ture , :
she1 ter on salt de pi
Fur tiier research) is
possib1e existences
under 1 ining stresses.

3» SOIL SALINITY.

B o i 1 s a 1 i n i t y w a s o n 1 
v a 1 u e s w e r e c o n s i s t e n 11 y 
A c a c i a f o r e s t „ A11 hi o u g hi
by Go 1d smith (1973) the
importan t factor on the
this conc 1 us ion »

4» GRAZ I NG»

The d e t r imen ta1 elr f ec
w .1 d e 1 y reported (Harring
the Isi and (1973 to 198
zones being correlated
geograph i c a 1 ly sheltered
in severa 1 ways , thie
con sump t ion » However se 1
h a v e a n i m p o r t a n t a f f e c 
w i 1 1 r e d u c e b i. o 1 o g i c a 1

y m o n i. t o r e d v e r y s u. p e r f i c i. a 1 1 y „ H o w e v e r s a 1 i n i. t y 
I o w n w i t h t h e hi .1 g h e s t v a 1 u e s a p p e a r i n g i n t hi e 

s o i. I s a 1 i n i. t y r e s t. r i. <::: t i o n hi a v e h e e n u n d e r 1 i. n e d 
re is little reason to suspect that it is an 
Island» Further research! is necessary to verify

ts of grazing on Acacia regeneration have been 
ton .1979) » Comparison of aerial photographs of 
2 } c 1 e a r 1 y .11 1 u s t r a t e d a r e d u c t i. o n i. n g r a s s 1 a n d 
w i t h i t hi e r e m o v a 1 o f g r a z i n g , p a r t i c u 1 a r i n t h e 
areas» Grazing may affect, regeneration success 
m o s t o 1:3 v i o u s o f w h i c h i s d i r e c t s e e d 1 i n g 

ective consumption of the grass species may also 
t. Partial or total removal of the grass canopy 

s h e 11. e r i n g a n d t hi e r e f o r e i n c r e a s e d s a 11.



deposition potential. Grass removal may also lead to soil 
potential for which is highlighted by Island topography.

It is suggested that past Acacia regeneration was closeI 
b y g r a z i n g p r e s s u r e s „ T h e r e m o v a 1 o f g r a z i n g h a s i n c r e a s e d
a f A c a c i a r e g e n e r a t i o n » T h e c o n s e q u e n c e o f w h i c h , a p p e a r
i. n v a s i o n a n d u 11 i m a t e e x c 1 u s i o n o f a 1 1 g e o g r a p h .i c:: a 11
g r a s s 1 a n d z o n e s .

erosion, the

y contro11ed 
the success 
to be the 

y sheltered

FI RE

The importance of fire characteristics in shaping plant communities 
is well established (Gill 1981). However to determine the role of fire,
not only singularly but also interactively, is beyond the scope of this
p r a j e c t. A s s u c h , f i r e m u s t b e c o n s i d e r e d a n u n t e s t e d p o s s i b i 1 i t y . T h e
n e c e s s i t y f o r f u r t h e r r e s e a r c h b e i n g s t r o n g 1 y s t r e s s e d .

CHAPIER.FOUR„„.,„.CONCLUSION^

Airborne salt deposition is based on geographical and biological 
exposure. In combination they modify the salt deposition potential, 
U n d e r b i o 1 o g i c a 1 s h e 11 e r i. n g A c a c i. a ' s e e d 1 i n g ' d e v e 1 a p m e n t i. s u. n a f f e c t e d 
by salt deposition stress. However once biological sheltering is 
removed, plant development becomes a function of geographical exposure. 
Those Acacia in the exposed hilltop site being severely affected. Acacia 
d i s t r i. b u t i. o n , a n d r e g e n e r a t i o n s u c c e s s i n t. h i. s s i t e i s r es1 r i c t e d a s 
c o n s e q u e n c e . S u c c e s s f u 1 A c a c i a r e g e n e r a t i o n i s m o s t 1 i k e 1 y t o a c c u r i n 
t hi e s h e 11 e r e d g u 11 y s i t e .

Passed grazing pressure was suggested to have an appreciable impact 
o n A c a c i a d e v e 1 o p m e n t» T h e r e m o v a 1 o f t h i s s t r e s s w a s t h e f i r s t s t e p i n 
t h e e s t a b 1 i s hi m e n t o f s u c c e s s f u 1 A c a c i a r e g e n e r a t i o n .

The restriction to Acacia development created by airborne salt must 
also be considered in light of other stresses. Limitations created by 
s o i 1 c h a r a c t e r i s t i c s a n d w a t e r s u p p 1 y m a y i n t e r a c t t o e f f e c t A c a c i a s 
resilience. In doing so, they may be considered to represent underlying 
stresses, where the sensitivity to airborne salt deposition increased.
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PLATS. SOUR. ’Salt 'Trap Lesion’
The salt traps used in the monitoring of airborne 
salt deposition are displayed above.

'Pip Necrosis *
Phis Acacia demonstrates not 
only the existence of phyllcde 
necrosis, but also its’ 
relationship to age. The 
older phyllodes clearly 
illustrate necrosis more



7*>.

PLATE. FIVE. ‘The Gully Site’
This area was one of the two test sites used. The 
degree of Acacia invasion is demonstrated.

PLATEo SIX. ’The Gully Site'
Acacia regeneration in the gully site is 
of 'seedling' patches dispersed over the

by means 
grassland*



. K.

The western ridge is located between the hilltop and 
gully sites. The extent of ’seedling* patch regeneration 
is displayed above*


