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Abstract

The decline of floodplain vegetation along the Lower River Murray, South Australia, has evoked
recommendations for ‘environmental flows’ to restore and maintain the health of the ecosystem. To
assist managers to maximize benefits from environmental flows, this thesis considers the
significance of water for germination and recruitment in key floodplain plant species. Three dominant
species are considered, including two trees, river red gum (Eucalyptus camaldulensis) and black box
(E. largiflorens), and an understorey shrub, tangled lignum (Muehlenbeckia florulenta).

The soil seed bank was dominated by terrestrial annual native plants. Among 1400 seedlings, a
single river red gum was found, and no black box or lignum, suggesting that these species do not
contribute to the persistent soil seed bank and rely instead on aerial seed banks (serotiny). Sampling
of the soil seed bank was continued to determine when seed fall might coincide with appropriate soil
moisture conditions. Responses of the soil seed bank to varied water regimes were compared to
determine requirements for seedling survival. The results indicated that species richness, rapidity of
response and survival time were all promoted by sustained soil moisture.

Stands of eucalypts in various states of health (from very stressed to very healthy) were monitored to
identify seasonal patterns in bud crops, flowering, fresh leaves and volumes of seed released from
the aerial seed bank. Distinct seasonal phenological patterns were apparent, and suggested
alternating flowering among individual trees (biennial for red gum, bi-annual for black box), producing
an annual peak in summer. Peak seed rain occurred in summer (December-March) in healthy trees
for both red gum and black box, with light seed rain continuing throughout the year. Seed fall from
stressed trees was much reduced. Stressed trees responded after a second watering event, with
much more varied and extended annual seed fall patterns.

Lignum showed a spring peak in flowering and seed production. There was a prolific response of
flowering and seeding to rainfall, but few seedlings survived. Vigorous vegetative growth occurred in
existing plants in response to rainfall and watering but no new cloned plants were found during the
study. An investigation of chromosomes as a potential tool to appraise the balance between sexual
and asexual reproduction in lignum proved inconclusive, although a previous report of octoploidy in
lignum was confirmed.

Seeds from all three species and lignum cuttings were tested for their responses to varied watering
regimes, based on combinations of simulated rain and flood conditions. The optimal soil moisture for
continued growth and survival in all seeds and cuttings was 10-25%, with moisture values <10%
causing wilting and death. The results also suggested that red gum and black box seeds which
germinate in water under flooded conditions need to be stranded onto moist soil at the water's edge
within 10 days, for the seedling to continue to grow. It was also concluded that germination on rain-
moistened soil is a key supplementary mechanism for recruitment, particularly between irregular
flood events.

For greatest benefit, the timing of environmental flows should complement any seasonal rainfall and
irregular flooding that may occur. Extension of suitable soil moisture conditions (10-25%) for as long
as possible after >5 mm rainfall, or after over-bank flows, would increase chances for survival of
seedlings. December is the most likely month for maximal benefit from watering in the Lower Murray
Valley, for germination and recruitment, based on regional rainfall and flooding patterns.
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Figure 4.7 Soil seed bank sample in 1 L pot showing seedling growth in response to constant moisture.
4-10

Figure 4.8 Maximum mean species richness in weekly samples was associated with sustained soil
moisture. The total number of species in the long wetting was 16, in the control 14, with 9 in
the short wetting and 7 in the second ‘rain’ treatment. The species which comprised the
minimum totals in samples were common t0 all SItES. ... 4-10

Figure 4.9 Maximum mean weekly species richness was associated with locations subject to higher
flood frequencies. Data are presented at five transect locations across the flood runner from
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the lowest point (0 m) to the higher runner edge (100 m), with elevation increasing by
approximately 2.5 m (see transect profile in Figure 4.3). Most species germinated in the 0-
40m interval, i.e. at lower elevations and higher flood frequencies.............cccovvvvrririene, 4-11
Figure 5.1 Phenology of nine river red gum (left) and nine black box trees (right) during October 2004 to
December 2006 (2004, 2006 indicated by shading), showing relative volumes of production
(average rank 0-4) for buds, flowers, immature fruit, closed mature fruit and fresh leaves.
Data are shown as means with standard error. ... 5-5-4
Figure 6.1 Mean (standard error) monthly measurements from October 2004 to March 2007 of viable
seed in seed rain for sample river red gum groups (black bars) and reference trees (white
bars) at healthy sites and stressed sites. Note that seed rain is reduced 20 times in stressed
trees at Clarks Floodplain, compared to healthy trees. Sites are shown in descending order
of seed rain volumes (note that vertical scales are not equivalent, owing to the wide
AIVETGENCE N VAIUES). ...viiiicieie s -
6-6
Figure 6.2 Mean (standard error) monthly measurements of viable seed in seed rain (0-900 seeds m-2
Y-axis) for stressed black box trees (white bars) and healthy reference tree (black bars) at
Banrock Station. Note that seed rain is reduced 10-20 times in stressed trees, compared to
the healthy refereNCe trEE...........ovoii e 6-7
Figure 6.3 Mean (standard error) monthly measurements of viable seed in seed rain (0-3000 seeds m-2
Y-axis) for a healthy black box tree at Pilby Creek Floodplain. Note that seed rain peaks

annually in summer months for thiS tre€...........ccoviriiie s 6-8
Figure 6.4 Monthly seed rain measured at healthy individual trees at Clarks Floodplain from Oct 2004 to
March 2007, showing no significant seed rain in summer 2006. ..........cccooverererererereriririnenns 6-9

Figure 6.5 Monthly seed rain measured at stressed individual trees at Clarks Floodplain from Oct 2004
to March 2007, showing significantly reduced seed rain compared to healthy trees (Figure
B.4). 1ttt ettt
6-9
Figure 6.6 Monthly seed rain measured at stressed individual trees at Clarks Floodplain from Oct 2004
to March 2007, drawn at a larger scale to show highly variable and extended seed rain
pattern, compared to healthy trees (FIQUre 6.4) ... 6-9
Figure 6.7 Ordination showing that immature operculae (aborted flowering), immature fruit and mature
fruit are the key factors discriminating between samples (r2= 0.87 Axis 1 = 23.5%, Axis 2 =
23.7%, AXIS 3 = 40.7%0). ...ttt s 6-10
Figure 6.8 Ordination data partitioned as spring, summer and autumn-winter trimesters. Data for the
summer and autumn-winter trimesters are negatively correlated with most variables, as most
reproductive activity occurs in spring (r2=0.85, Axis 1 = 28.3%, Axis 2 = 25.4%, Axis 3 =

Figure 6.9 Phenological patterns for material collected in seed traps from Pipeclay Lagoon sample trees
(T1-T3 along riparian zone of wetland, T ref 50 m from water body at slightly higher
elevation) showing clear seasonal Patterns. ........covevevvveivieiiceccce e 6-13

Figure 6.10  Ordination of Banrock Station sieved materials shows that numbers of mature open fruit
(seed already shed), leaves and mature buds explain most of the distribution of samples, in
association with tree health (health scale: H=6 is excellent, H=2 is poor). ..........ccccceveueee. 6-14

Figure 6.11 At Clarks Floodplain, samples separate according to seasonal trimesters, with rain 21-25
days prior to sampling most influential in the hotter summer months, and rain 6-10 days prior
to sampling more influential in cooler autumn-spring MONtNS. ........ccoovvrrnnnnrrce, 6-15

Figure 6.12  Initial germination of 360 river red gum seedlings (lower line) along the Monoman
Billabong strandline rapidly declined from July 2004 due to grazing by sheep and
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desiccation. Average soil hardness (unconfined compressive strength (kg m-2); top line) was

generally inverse to SOIl MOISTUIE. ...........cviiiririre e 6-17

Figure 6.13 Set of three eed traps in north-east quadrant of canopy under sample tree T1 at Werta Wert
Lagoon. The red colour is a small plant of the samphire group growing on the moist wetland

bed as it dried after watering. A small amount of water remains in the centre of the lagoon.

6-24
Figure 7.1 Male (left) and female (right) flowers of lignum, showing the distinctive extruding anthers of
the male flower and star-shaped, low-set female flower (automontage images). .............. 7-2

Figure 7.2 Aerial view of Racecourse Lagoon looking south, with main Brenda Park lagoon to right and
River Murray to left of picture. Lines of river red gums parallel the south-east bank of
Racecourse Lagoon, where they have grown on old irrigation contour banks. Sampling at
this site included lignum bushes in the wetland, bushes along the eastern riparian zone,
and bushes on a higher contour east of the lagoon (arrow). (Photo supplied by Elise Byrne
Of Overland VINEYAITS). .........cvoviviiriieeieieess ettt

7-3

Figure 7.3 Lignum seeds germinating in a petri dish (left), alongside a lignum cutting which has
sprouted roots from the first node and shoots from the second node. Two single seedlings
appear top right, with the upper seedling still retaining the seed coat on the left shoot. .... 7-4

Figure 7.4  Lignum in blossom in response to spring rains on Chowilla Floodplain. ..............ccccevevnene. 7-6

Figure 7.5 Lignum at Banrock Station remained relatively dormant throughout the study period, apart
from a growth response to inundation at the base of the plants in November 2005. The

Figure 7.6  Soil hardness at Banrock Station lignum site from January 2005 to March 2007 indicates
elevated soil moisture levels in July and very low levels in February, but local rainfall events
can increase soil moisture at any time (eg March 2005, November 2006). The rainfall trace
(maximum 80mm) indicates monthly rainfall recorded at Renmark, 40 km east of Banrock

Station (data from Bureau of MEteorology). ........ccovvieererrnieesisreeeessseeeeeses 7-7
Figure 7.7 Lignum achenes collected from the soil surface beneath lignum bushes at Banrock Station
had been ripped open by insect predators (probably ants) and the seeds removed.......... 7-8

Figure 7.8 Initial ordination results for the influence of environmental factors on the distribution of
sample points for lignum growth and environmental parameters at the Brenda Park site
indicate that distance from the wetland (inundated throughout the period of monitoring) and
amount of cover on the soil surface under lignum canopies were the most significant
environmental parameters, with days with no rain and rainfall 16-20 days prior of lower
significance (r2= 0.98, Axis 1 = 20%, Axis 2 = 70%). The responses of male and female
plants are clearly separated. Monthly data were recorded from February 2005 to October

Figure 7.9 NMS ordination results for 21 lignum plants over 24 months at Brenda Park, covering wet,
riparian and dry zones, gave a 3D solution with 1% stress (1-2 axes). The separation of
male and female plants was less clear than in the initial analysis (Figure 7.8), although the
female plants are still relatively closely clustered. The separation of samples is associated
with increasing soil hardness and decreasing depth of water. ............cccoevvvvicceveien, 7-9

Figure 7.10 NMS ordination results for 21 lignum plants over 24 months at Brenda Park, covering
inundated, riparian and dry terrace zones, gave a 3D solution with 1% stress (1-2 axes).
The separation of plants across the three habitat zones was relatively clear. The separation
of samples is again associated with increasing soil hardness and decreasing depth of
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Figure 7.11 NMS ordination results for 10 lignum plants over 18 months at Banrock Station, including
inundation in November 2005 and residual moist conditions in December 2005, gave a 2D
solution with 3% stress which explained 99% of the pattern. The separation of samples was
closely associated with the increased soil moisture generated by the local inundation event.
The separation of samples is associated with increasing width and height measurements of
DUSRIES .t

Figure 7.12 NMS ordination results for 9 lignum plants over 28 months at Chowilla Floodplain, covering
inundated, riparian and dry terrace zones, gave a 2D solution with 1% stress. The
separation of plants between sites (25-30 = Pilby Creek Floodplain, 31-33 = Pipeclay
Lagoon) was relatively clear across the abscissa, with drier sites further to the right side of
B PIOL.. e 7-11

Figure 8.1 Soil samples at commencement of experiment, showing dry soil samples spread with 200
um river red gum seeds prior to application of water (left) and lignum seed samples after
watering, with colour coded stickers to indicate randomised application of water regimes

Figure 8.2 Glasshouse conditions for the soil moisture experiment over 12 weeks, showing minimum
(range 6-14°C, white bars, left Y-axis) and maximum temperatures (range 21-35°C, black
bars) and relative humidity (range 51-84%, line, right Y-axis). .......cccccocovvvrririsisinnnnane, 8-5
Figure 8.3 Response of large river red gum seeds (>500um) to rain, flood, rain/flood, flood/rain and
control treatments, showing the highest number of seedlings in response to rain, but not
surviving drying below 10% soil moisture. Note second germinations from the same seed
source following a second wetting event (rain, flood/rain). There is a high number of
seedlings in response to constant moisture, but insignificant germination under flooded
CONILIONS. ...ttt 8-7
Figure 8.4 Response of black box seeds to rain, flood, flood/rain, rain/flood, and control treatments,
showing the highest number of seedlings in response to rain, but not surviving drying below
10% soil moisture. Note second and third germinations from the same seed source
following subsequent wetting events (flood, flood/rain). There is a higher number of black
box seedlings in response to constant moisture, compared to red gum...........cccocevvvrvnne. 8-8
Figure 8.5 Response of lignum seeds to rain, flood, flood/rain, to rain/flood and control treatments,
showing the higher number of seedlings in response to flood, but not surviving drying below
10% soil moisture. Note second germinations from the same seed source following
subsequent wetting events (rain/flood, rain, flood/rain). Seedlings germinating under
flooded conditions float until the flood recedes. The highest number of seedlings
germinated in response to CONStANT MOISTUIE...........ccvvrrriirereirirreeeieie e 8-9
Figure 8.6 Response of lignum cuttings to rain, flood, flood/rain, rain/flood and control treatments,
showing the higher number of shoots in response to rain, but not surviving flood or drying
below 10% soil moisture. Note recovery of health and shoot production from apparently
dead cuttings following exposure to air as sample reduced to below 20% moisture
(flood/rain). The highest number of shoots emerged or were maintained in response to
CONSEANT MOISTUIE. ...ttt 8-10
Figure 8.7 Comparison of % soil moisture content (Y-axis) and visual soil moisture ratings (0-5, X-axis)
indicates that dry conditions (rating=0) occur at <5% soil moisture content, drying soil (1) 5-
10%, moist soil (3) 15-25%, water-logged conditions (4) occur in the range 30-40% and
inundated conditions (5) 40-55%. The shaded band at 10-25% indicates the soil moisture

zone where best growth responses Were reCorded. .........ov s 8-11
Figure 9.1 Generalised 2 year wetting and drying cycle suitable for Lower Murray wetlands which had
been kept permanently inundated due to river regulation (Jensen, 20023, b)..........c.cc.c....... 3
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Figure 9.2 Watering events can be timed to value-add on local rainfall events, and to support
development of bud crops in healthy trees. The key timing is around December (red arrow),
when it is most likely that soil moisture levels will begin to decline following seasonal rain
and/or flood inundation. Watering should be timed to maintain soil moisture for germinating
seedlings for as long as possible as conditions dry out OVEr SUMMET.........ccccverrereeneeenns 5
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