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Aerial and Below Ground Biomass Production of

Acacia as Influenced by Organic Waste Substrates

During Nursery-Stage Seedling Growth

M.A. KADER, M.A. OMARI & B.I. HATTAR

Abstract: The influence of growing substrates, primarily organic waste, was determined in
a greenhouse experiment on four Acacia species. The effect of digested sewage sludge, pine
litter, oak litter and perlite on aerial and below ground biomass production was evaluated
in 3 substrate volumes. Sewage sludge induced significantly greater biomass production and
enhanced growth of A. aneura, A. farnesiana, A. saligna and A. victoriae over all other media
in all measured parameters. The sewage sludge substrate of 25% quartz sand, 25% silty clay soil
and 50% digested, dried sewage sludge (v/v) had higher mineral content and water retention
rates than all other media. It was superior in dry biomass production of roots and shoots.
Results also indicated inhibited growth in oak (Quercus coccifera) litter as plant development
progressed. It was concluded that (a) digested sewage sludge can be used as part of the
growth substrate to enhance Acacia seedling growth, and (b) that organic waste substrates
could partly replace more expensive nitrogen sources in nursery-stage Acacia production. The
physical, chemical and biochemical characteristics of sewage sludge in relation to plant growth

are discussed.
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INTRODUCTION

Differences or similarities among plant species
in their requirements for successful germination
and establishment have important implications
for the maintenance of species diversity. The
genus Acacia contains diverse growth forms in-
cluding freestanding trees, shrubs and highly
tolerant bushes (Gutteridge 1992, Miller and
Bayer 2001). These are used as a source of
firewood, animal nutrition, building materials
and for medicinal purposes (Hall 1972, Press-
land 1975, Sheikh 1988, Tiedman and Johnson
1992).

Patterns of germination and establishment
can be impacted by the overall characteristics
of the different habitats in which Acacia grows
(Doran et al. 1983, Vellend et al. 2000). How-
ever, a common factor that impacts successful
establishment is the early growth phase from
emergence to the end of the first year of seedling
growth (Stout 1935, Oliver 1971, Starr 1983,
Al-Mudaris et al. 1998). This stage can be

characterised by slow, stagnated growth. Al-
though there is considerable variation in Aca-
cta response to nursery-stage practices, in many
cases growth is enhanced by the addition of or-
ganic material to the growth substrate (Fox and
Leeuwen 1985). Given the significance of Acacia
in afforestation and reforestation efforts in arid
and semi-arid savanas in North Africa and the
Middle East (Blunt 1926, Whibley 1980, Sim-
mons 1987), it is important to determine the
degree to which locally occurring organic sub-
strates could be used to enhance the growth of
Acacia. The basis for use of organic wastes in
plant growth substrates has been an interesting
topic for recent studies (Schumann and Sumner
2000, Garling and Boehm 2001).

Comparative studies of varying growth me-
dia may be particularly informative because po-
tentially significant growth gains may be made;
thus shortening the nursery stage and improv-
ing stand establishment, both important factors
in Acacia production (Simmons 1988).
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18 KADER et al.

To examine the interactive effects of local or-
ganic waste media, Acacia species and substrate
volume, we grew Acacia seedlings in a split-
split block design experiment. Our objectives
were to determine whether growth in organic
wastes, including sewage sludge and leaf lit-
ter, improved above and below ground biomass
production relative to conventional nursery me-
dia, and whether these effects were modified
by species and/or substrate volume. Factors
controlling biomass allocation, nutrient impacts
on growth and physical substrate characteristics
were also evaluated.

MATERIALS AND METHODS

Plant Material

Seeds of Acacia aneura, A. farnesiana, A.
saligna and A. wvictoriae were obtained from
the Australian Tree Seed Centre in Canberra,
Australia. These were treated via acid scar-
ification (sulphuric acid) following Al-Mudaris
et al. (1998) (soaked for 45 minutes in HoSO4
at room temperature and rinsed in distilled
water) and sown into Rootainer cells (Hum-
mert International, USA) (Maherali and De Lu-
cia 2000). Three-week-old seedlings were ran-
domly plucked and used for this experiment. All
seedlings had healthy roots and initial leaf for-
mation.

Measurements were taken from the tip of
the root to the tip of the apical meristem, from
the crown to the apical meristem and from the
crown to the tip of the root. These were taken to
be the initial length of above and below ground
biomass and the complete plant on initiation of
the experiment.

Organic Waste Substrates

The three sources of organic waste chosen
to substitute traditional, more expensive peat
moss-based growth media were digested sewage
sludge, pine forest litter and oak forest litter. In
addition, perlite was used as a non-organic, in-
ert substrate to improve air-filled porosity and

stability of the media.

Digested, dried sewage sludge was obtained
from Al-Salt sewage treatment plant, 7 kilome-
tres to the north of Salt City, Amman, Jordan.
The plant is situated at a longitude of 35.73,
latitude of 32.03 and altitude of 796 m. It pro-
cesses 3800 cubic meters of sewage a day. The
local area has a population of 57000, an annual
precipitation rate of 557 mm and an average air
temperature of 18°C, reaching over 40°C in the
hot summer months.

The sewage sludge had been bacteria-
digested, spread and dried for 2 months prior
to being used in this investigation. Biochemical
and nutrient analyses were conducted on sewage
samples following Olsen and Dean (1965).

Pine and Oak Litter

A local forest, the Scandinavia, with an 80 to
200 year-old stand of pine (Pinus halepensis)
and oak (Quercus coccifera) was used as the col-
lection site for litter. The forest receives annual
precipitation of 500 to 534 mm with slopes of
10-60%. Covering litter and the top 8—10cm of
soil, mostly organic matter, was taken from un-
der the canopy of 40 random trees of pine and
oak. A composite sample was obtained by mix-
ing the 40 litter /soil collections, sieving through
a 3mm screen and spreading in a 5-cm thick
layer. All samples were air-dried in the sun for
10 days.

Standard Growth Media

Perlite, an inert, commercial substrate, was pur-
chased from a local manufacturer (Dawood, Jor-
dan). Sand and nursery-grade silty clay soil
were obtained from a nursery supplier (Al-Ain,
Jordan).

Analyses

All media components and mixtures were anal-
ysed for chemical and physical characteris-
tics. Nitrogen was analysed using the Kjeldahl
method (Bremner 1965), phosphorous, potas-
sium, iron, zinc, copper, cadmium and organic
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BIOMASS PRODUCTION 19

matter were analysed following Olsen and Dean
(1965). Bulk density, texture (pipette method)
and water retention (ceramic plate method)
were also determined (Olsen and Dean 1965).

Polybags

In order to evaluate the impact of substrate vol-
ume on Acacia biomass production three poly-
bag sizes were used to grow seedlings over the
12-month experimental trial period. These were
12L, 8.2L and 6 L. These were made of Grade
1 polythene and purchased from a local stockist
(Ahram Plastic, Jordan).

Substrate Components

Four treatments and a control were used to
evaluate media impact on growth and biomass
production. These were Control, oak litter,
pine litter, perlite and digested sewage sludge.
The Control was composed of 50% sand and
50% silty clay soil. Oak litter was mixed with
sand and silty clay at a ratio of 50:25:25%
(volume basis), respectively (hereafter termed
Oak). Pine forest litter (Pine), perlite (Perlite)
and sewage sludge (Sludge) were mixed with
sand and silty clay at the same ratios.

All growth substrates were weighed into
polybags and Acacia seedlings transferred
into them after irrigation with 350mL wa-
ter. Thereafter, seedlings were irrigated with
300mL/week. Samples of the irrigation water
were taken monthly and analysed for pH and
electrical conductivity (EC). No fertiliser appli-
cations were made, and weed management was
performed manually as required. Whilst fer-
tilizer application is standard practice in most
nursery production facilities today, it is not al-
ways the case in local Jordanian seedling pro-
duction. It should be noted that the lack of
fertilizer application was taken to be the worst
case scenario of local Jordanian Acacia seedling
production.

Temperature and relative humidity mea-
surements were taken daily using a Jules,
Richard and Pekly" thermohygrograph (JR&P,

UK). Growth substrate temperatures were mea-
sured twice daily at 7Tam and 3pm using an elec-
trode thermometer (Hereaus, Germany).

Statistical Analysis

The experiment was performed as a Ran-
domised Complete Block Design (RCBD) with
a split-split block arrangement. Each treat-
ment was replicated 5 times for every species
and polybag size totalling 300 experimental
units. The General Linear Model ANOVA was
performed (Barrilleaux and Grace 2000) with
mean separation at 5% using Duncan’s Multi-
ple Range Test.

Plant Growth Measurement and
Biomass Production

Measurements were taken twice a month for
12 months and included plant height (from the
crown area to the tip of the apical meristem)
and stem diameter. The latter was measured
using a GibbonsU gauge (Gibbons, UK) mi-
crometer at 2cm above the crown region.

At 12 months of age, seedlings were har-
vested, cleaned and weighed. From these mea-
surements, the fresh mass of shoot (FMS) (rep-
resenting total aerial biomass) and fresh mass
of root (FMR) were obtained. Shoots and roots
were separated and dried in an airflow cabinet
(Conviron Industries, Canada) at 70°C for 3
days or until sample weight stabilised. Dry sam-
ples were weighed and placed in dry storage.
These measurements produced the dry mass of
root (DMR) and dry mass of shoot (DMS). For
brevity, only growth data at 2, 6, 9 and 12
months will be shown in addition to final above
and below ground biomass production.

RESULTS AND DISCUSSION

Treatments

Aerial and below ground biomass production
revealed significant differences between treat-
ments, indicating substantial growth enhance-
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ment or suppression. We found Pine, Per- Stem diameter demonstrated a slightly de-

lite and Sludge to induce higher growth just 2
months after initial transfer to growth media
over Control- and Qak-grown plants (Table 1).
By the end of the 6 month, a further sig-
nificant difference appeared among these treat-
ments with Sludge-grown plants clearly out-
performing Pine and Perlite counterparts by 1.3
times (calculated from Table 1). No significant
differences were detected between Control and
Oak plants. This pattern of growth continued
until month 9 with Sludge significantly outper-
forming all other treatments. After 12 months
of growth, Acacia seedlings grown in Sludge
reached a height of 116.1 cm followed by 69.5 cm
for Pine and 64.6 cm for Perlite. This difference
was statistically significant as was the difference
between Control (56.5cm) and Oak (42.7cm).
Sludge plants were 1.6 times higher than Pine
and double the height of Control plants.

layed differentiation in Sludge with significantly
higher stem diameter values appearing after 9
months of growth, but not earlier (Table 1).
Oak produced shorter and thinner seedlings
than even the Control. In fact, at 12 months
of age Oak-grown seedlings only had 0.6 the
stem diameter of Control and 0.4 that of Sludge.
Oak exhibited a clear degree of suppression in
seedling growth.

Analysis of biomass production revealed a
positive correlation with plant height and di-
ameter, where Sludge produced the highest
biomass in terms of FSM, DSM, FRM and DRM
(Table 2). There was no variation in the alloca-
tion of biomass between shoot and root as shoot:
root ratios for all treatments ranged from 1.8 to
1.5 (data not shown). This indicates that treat-
ments did not alter the ratio of allocation of
biomass.

Substrate 2 months 6 months 9 months 12 months

Height (cm)

Control 2.3Db 13.1¢ 30.1c¢ 56.5 d
Oak 3.1b 13.8 ¢ 26.9 ¢ 42.7d
Pine 4.1a 19.3 b 40.8 b 69.5 b
Perlite 4.5 a 194 b 38.1b 64.6 c
Sludge 4.4 a 27.1 a 59.1 a 116.1 a
Diameter (mm)
Control 2.2¢ 59b 9.1c¢ 10.6 ¢
Oak 3.1 bc 49 c 6.1d 7.2d
Pine 3.8 a 7.3 a 12.1 Db 140b
Perlite 34D 6.8 a 10.7 b 13.0b
Sludge 3.3 bc 74 a 139 a 171 a

Table 1. Effect of growth substrate on stem height and diameter in Acacia over a 12-month period
under greenhouse conditions.

Mean values within columns are not significantly different at p< 0.05 if sharing the same letter/s
within the same parameter (height or width). Mean separation conducted using Duncan’s Multiple
Range Test.
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Substrate FSM (gm) DSM (gm) FRM (gm) DSM (gm)
Control 30.6 be 16.1 be 16.4 cd 89c¢

Oak 21.5b 123 ¢ 124 d 7.5 ¢

Pine 39.7b 21.7b 223 b 13.1b
Perlite 35.1b 19.3 be 19.3 be 10.7 be
Sludge 81.8 a 425 a 48.1 a 278 a

Table 2. Effect of growth substrate on aerial and below ground biomass production in Acacia after

12 months of growth.

FSM: Fresh Shoot Mass, DSM: Dry Shoot Mass, FRM: Fresh Root Mass, and DRM: Dry Root
Mass. Mean values within columns are not significantly different at p< 0.05 if sharing the same
letter /s. Mean separation conducted using Duncan’s Multiple Range Test.

Polybag

Polybag size, and hence substrate volume, only
induced significant differences in plant growth,
averaged over all treatments, after 6 months
of growth. The 12L polybag showed higher
biomass values in terms of plant height, stem
diameter, FMS, DMS, FMR and DMR over the
other 2 sizes.

Species

Acacia farnesiana exhibited significantly higher
growth and biomass production in all media and
polybags, followed by A. saligna, in comparison
to the other 2 species (data not shown). This
difference was apparent across the four growth
phases at 2 months, 6 months, 9 months and
12 months. A. aneura and A. victoriae were
similar in their growth patterns, each growing
to 0.8 the height and stem width of A. farne-
siana. The same applied to FMS, DMS, FMR
and DMR over all four growth phases.

Interactions

Interactive analyses revealed similar results
(data not shown) where Sludge out-performed
all other treatments and no preference for a par-
ticular species or polybag existed. Similarly,
all species responded favourably to Sludge and
large polybags, and all polybag sizes responded
favourably to Sludge. Oak clearly inhibited
growth in all species and polybag sizes. The

highest overall biomass allocation in all mea-
sured parameters was attained in A. farnesiana
grown in Sludge in 12L polybags.

The most notable result of these experi-
ments was the positive aerial and below ground
biomass allocation in Sludge-grown plants.
These results were evidenced by substantial in-
creases in seedling mass, stem growth and root
growth in plants exposed to Sludge treatment.

Digested, dried sewage sludge/organic waste
has been shown to release nitrogen and phos-
phorous at rates significantly impacting plant
growth (Williams and Whitcombe 1988, Egh-
ball 2000). Indeed, in this study, chemical anal-
ysis revealed substantially higher N content in
Sludge compared to other treatments. Specif-
ically, Sludge had 1.5 and 3.5 times higher N
content than Pine and Oak, respectively, and
4 times more N content than Control and Per-
lite. The same applied to P, Fe and Zn. As
an example, whilst Control had a P content of
3.3 ppm, Sludge had 49.7 ppm. Sludge also had
39.0ppm Fe compared to 0.9ppm in Control.
Overall, Oak, Pine and Sludge had higher or-
ganic matter (5.9, 6.0 and 7.2%, respectively)
content than Control or Perlite.

Bulk density was similar for all treat-
ments ranging from 1.4gcm~3 for Control to
1.06 g cm 3 for Perlite. However, an interesting
difference was observed in pH and EC levels of
Sludge compared to other treatments. Whilst
the pH for all other treatments averaged 8, that
of Sludge was 6.9. It was more acidic than the
other treatments. Sludge also had higher salt
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content as it reached 1.90dSm™—! compared to
an average of 0.40dSm~! for all other treat-
ments. This points to an altered mineral bal-
ance in Sludge with higher N content being bal-
anced by high Na, Cl and Mg content (Kader,
unpublished data), which has been shown to af-
fect growth (Glenn and Brown 1998, Houle et
al. 2001). Irrigation water pH and EC over 1
year averaged 6.7 and 0.8dSm™!, respectively.

The higher salt content may reach levels
high enough to induce stress (Williams et al.
1998) or alter physiological responses (Howard
and Mendelssohn 1999) and growth (Meiners et
al. 2002). In this case it appears that Sludge
mineral content was sufficient to cause improved
growth without any toxicity damage as reported
in previous studies for other species (Glenn and
Brown 1998).

An additional interesting characteristic of
Sludge was its high moisture retention capac-
ity at high-tension levels (lower moisture). At
0.1bar, Control, Pine, Perlite and Oak aver-
aged a moisture content of 41% (gravimetric)
compared to 46% for Sludge. As tension in-
creased to 0.5 bar, this dropped to 29 and 39%,
respectively; and to 9.5 and 20%, respectively at
5.0bar. The largest difference was observed at
10bar (the permanent wilting point of plants is
15bar). Here, sludge retained 15% of the mois-
ture content compared to an average of 4% for
all other media. This would have a large impact
on the solubility of nutrients and movement up
the plant roots, thus impacting growth, regener-
ation (Swagel et al. 1997) and root distribution
(Clark et al. 1999).

We observed higher average temperatures in
Sludge over all other media across all months
of the year and all growth phases. Despite
the fact that the sludge used was digested,
it revealed significantly higher microbial activ-
ity and respiration rates over all other media
(Kader et al. unpublished data). The aver-
age temperature 8 cm inside the growth medium
was 21.2°C across all substrates (excluding
Sludge), months, species and polybags. The
comparable temperature of Sludge was 26.5°C.
Higher substrate temperatures have been found

to induce greater nutrient mobilisation rates
(Wang and Roberts 1983), higher sink effective-
ness and higher associated growth rates (Bailey
and Jones 1941) and substrate nutrient release
(Giardina et al. 2000). Other changes in sub-
strate temperature and composition may have
an impact on phosphorus (Garcia-Montiel et al.
2000), but seedlings may adapt to these situa-
tions (Williams et al. 1998, Boorse et al. 1998).

Oak, as a medium, did not induce Aca-
cta growth despite its high organic matter con-
tent, nitrogen level and good water retention
characteristics. This is in line with previous
work in this laboratory, which may suggest
an inhibitory effect of Quercus on other plant
species (Kader et al. unpublished data, von
Renesse, personal communication) despite the
physical enhancement of substrate characteris-
tics (Niklas 1999).

Polyphenols, terpenes and allelopathy have
been suggested as causal factors behind reduced
growth (Karabourniotis et al. 1998, Llusia and
Penuelas 2000, Gordon and Rice 2000). Recent
research has shown effects ranging from reduced
growth (Kamara, 1998) to inhibition of seedling
survival (Nilsen et al. 1999) through chemical
(Rice 1979) and other (Gopal and Goel 1993)
factors in oak (Abrams 1992).

One of the potential limitations of sewage
sludge is the possible toxic effect from high lev-
els of heavy metals it is associated with. Anal-
yses in this laboratory have shown Fe, Zn, Cu
and Cd levels of 300, 42, 79 and 37 ppm, re-
spectively. These are sufficiently high enough
to cause toxicity to plants and accumulation in
plant parts (Hinesly et al. 1978) and has been
identified as a health risk, especially in plants
of an annual nature (Jensen and Lesperance,
1971). However, there appears to be limited risk
associated with plants grown in sewage sludge
at the nursery stage, where there is limited like-
lihood of grazing. Acacia seedlings also accu-
mulate less Fe, Zn, Cu and Cd with progressive
growth, as analyses in this experiment (Omari
et al. unpublished data, Hattar et al. unpub-
lished data) and other time-dependent studies
(Wallis et al. 1984, O’Conor 1991) have shown.
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A more pressing constraint on sludge utili-
sation would appear to be the direct health risk
associated with the microbiological content of
sludge. The sludge used in this experiment con-
tained 108 colony forming units (CFU)g~!. It
contained both aerobic and anaerobic bacteria
in addition to a positive mycological reading.
This is in line with previous work (Hamparian
et al. 1985) and points to a need for well-defined
nursery operations management to accompany
such utilisation. The present high microbio-
logical activity would have increased respira-
tion rates inside the substrate and consequently
raised it’s temperature leading to the observed
temperature measurements in Sludge compared
to the other substrates. It is of relevance to
point out that in New South Wales (Australia),
there is a set of guidelines that control the use
and application of biosolids issued by the NSW
Environmental Protection Authority. These im-
pact the application of sewage sludge in agricul-
tural, horticultural and other areas and may be
referred to for guidelines (EPA, 1997).

The fact that Acacia growth was signifi-
cantly higher in 12 L polybags compared to
the smaller sizes may be attributed to the need
for larger root growth space from 6 months
onwards. Samples of bags cut open at this
stage revealed a tighter spiralling of roots in
the smaller sized bags compared to a better-
distributed root system in large bags. This ap-
peared to be the case for all species in all growth
media, but was most pronounced in Sludge,
where root growth proceeded at a higher rate. A
slight departure from this trend was observed in
Perlite where roots penetrated the Perlite par-
ticle and appeared to circumvent it, creating
knot-like root systems.

Perlite is derived from siliceous volcanic
rock. It contains some 2-5% moisture and,
when crushed and heated to about 1000°C, ex-
pands to form a lightweight perlite particle with
a closed cellular structure (Verdonck 1983). It is
chemically inert and serves as a substrate aer-
ation medium, which enhances root growth in
heavier substrates (Paul and Lee 1976). Earlier
reports have shown enhanced nitrate, soluble

phosphorous, potassium and magnesium uptake
due to this aeration (Shanks and Laurie 1949).
The aerating effect was also achieved in Pine, as
it’s bulk density was 0.7 that of the Control. It
also had 3.2 times more organic matter. This ef-
fect has been found to enhance root elongation
and nitrogen intake (Batier et al. 1943, Huck
1970) as well as higher availability of nutrients,
due to leaching from tree litter in the substrate.
Based on the results of the present study, di-
gested sewage sludge mixed with sand and soil
at a ratio of 25:25:50% (v/v) appears to enhance
aerial and below ground biomass production as-
sociated with faster growth in Acacia seedlings.
It is notable that under Australian nursery prac-
tices, soil is no longer used in potting mixes, but
continues to be used in Jordanian nurseries. Al-
though the results revealed high levels of heavy
metal and microbial content in sewage sludge,
they suggest higher substrate temperatures and
mineral content enhanced early seedling growth
in A. aneura, A. farnesiana, A. saligna and A.
victoriae. Based on the inhibited growth in Pine
(Quercus coccifera) litter, it is proposed that
this medium not be used in potting substrates
in Acacia. Aeration by way of using Perlite in
the growth medium enhances Acacia growth.

CONCLUSIONS

It is concluded that sewage sludge in dried, pow-
der format may be used as an alternative pot-
ting substrate for Acacia seedlings. It produced
enhanced aerial and below ground biomass for
all Acacia species studied and may act as an or-
ganic compound of significant practical value in
shortening nursery growth periods.

REFERENCES

Abrams, M., 1992. Fire and the development of
oak forests. BioScience, 42, 346-353.

Al-Mudaris, M., Omari, M. and Hattar, B.,
1998. Enhancing germination of four Aus-
tralian Acacia species through seed treat-
ments overcoming coat-imposed dormancy.

“Main”
2002/8/
page 23

@



“Main”
2002/8/
page 24

@

24 KADER et al.

Journal of Agriculture in the Tropics and
Subtropics, 100, 147-156.

Bailey, J. and Jones, L., 1941. The effect of soil
temperature on the growth of cultivated Blue-
berry bushes. Proceedings of the American
Society for Horticultural Science, 38, 462—
464.

Barrilleaux, T. and Grace, J., 2000. Growth
and invasive potential of Sapium sebiferum
(Euphorbiaceae) within the coastal prairie re-
gion: The effects of soil and moisture regime.
American Journal of Botany, 87, 1099-1106.

Batier, L., Mangness, J. and Regeimbal, L.,
1943. Nitrogen intake of dormant apple trees
at low temperature. Proceedings of the Amer-
ican Society for Horticultural Science, 42, 69—
73.

Blunt, H., 1926. GUEM ARABIC WITH SPECIAL
REFERENCE TO ITS PRODUCTION IN THE SU-
DAN, London Press, London.

Boorse, G., Ewers, F. and Davis, S., 1998.
Response of chaparral shrubs to below-
freezing temperatures: acclimation, ecotypes,
seedlings vs adults. American Journal of
Botany, 85, 1224-1230.

Bremner, J., 1965. Nitrogen, In, Black, C.
METHODS OF SOIL ANALYSIS, Part 2 Chemi-
cal and Microbiological Properties. American
Society of Agronomy Inc., Madison, USA.

Clark, J., Beckage, B., Camill, P., Cleveland,
B., HilleResLambers, J., Lichter, J., Mc
Lachan, J., Mohan, J. and Wyckoff, P., 1999.
Interpreting recruitment limitation in forests.
American Journal of Botany, 86, 1-16.

Doran, J., Turnbull, J., Boland, D. and Gunn,
B., 1983. HANDBOOK ON SEEDS OF DRY-
ZONE AcAcia’s. FAO, Rome

Eghball, B., 2000. Nitrogen mineralisation from
field-applied beef cattle feedlot manure or
compost. Soil Science Society of America
Journal, 64, 2024-2030.

Environmental Protection Authority EPA

NSW, 1997. Environmental Guidelines: Use
and disposal of biosolids Products, 1-5.

Fox, J. and Leeuwen, S., 1985. Observations
on the germination and early development of
Pilbara species in relation to environmental
variables. Mulga Research Centre Journal, 8,
93-100.

Garcia-Montiel, D., Neill, C., Melillo, J.,
Thomas, S., Steudler, P. and Cerri, C., 2000.
Soil phosphorous transformations following
forest clearing for pasture in the Brazilian
amazon. Soil Science Society of America
Journal, 64, 1792-1804.

Garling, D. and Boehm, M., 2001. Temporal
effects of compost and fertilizer applications
on nitrogen fertility of golf course turfgrass.
Agronomy Journal, 93, 548-555.

Giardina, C., Sanford, R. and Dockersmith, I.,
2000. Changes in soil phosphorous and nitro-
gen during slash-and-burn clearing of a dry
tropical forest. Soil Science Society of Amer-
ica Journal, 64, 399—405.

Glenn, E. and Brown, J., 1998. Effects of
soil salt levels on the growth and water use
efficiency of Atriplex canescens (Chenopo-
diaceae) variants in drying soil. American
Journal of Botany, 85, 10-15.

Gopal, B. and Goel, U., 1993. Competition
and allelopathy in aquatic plant communities.
Botanical Review, 59, 155-165.

Gordon, D. and Rice, K., 2000. Competitive
suppression of Quercus douglasii (Fagaceae)
seedling emergence and growth. American
Journal of Botany, 87, 986-994.

Gutteridge, R., 1992. Evaluation of the leaf of a
range of tree legumes as a source of nitrogen
for crop growth. FEzperimental Agriculture,
28, 195-202.

Hall, N., 1972. THE USE OF TREES AND
SHRUBS IN THE DRY COUNTRY OF AUS-
TRALIA. Australian Government Publishing
Services, Canberra.



BIOMASS PRODUCTION 25

Hamparian, V., Ottolenghi, A. and Hughes, J.,
1985. Enterviruses in sludge: Multiyear expe-
rience with four wastewater treatment plants.
Applied and Environmental Microbiology, 50,
280-286.

Hinesly, T., Alexander, D., Ziegler, E. and Bar-
rett, G., 1978. Zinc and Cd accumulation by
corn inbreds grown on sludge-amended soil.
Agronomy Journal, 70, 425-428.

Houle, G., Morel, L., Reynolds, C. and Sigel, J.,
2001. The effect of salinity on different devel-
opmental stages of an endemic annual plant,
Aster laurentianus (Asteraceae). American
Journal of Botany, 88, 62—67.

Howard, R. and Mendelssohn, 1., 1999. Salin-
ity as a constraint on growth of oligoaline
marsh macrophytes. II. Salt pulses and recov-

ery potential. American Journal of Botany,
86, 795-866.

Huck, M., 1970. Variation in taproot elongation
rate as influenced by composition of the soil
air. Agronomy Journal, 62, 815-820.

Jensen, E. and Lesperance, A., 1971. Molybde-
num accumulation by forage plants. Agron-
omy Journal, 63, 201-204.

Kamara, A., 1998. Investigations into the
effects of some selected multipurpose trees
on weeds and growth of maize (Zea mais
(L.)) and cowpea ( Vigna unguiculata (L.)) in
south-western Nigeria. Journal of Agriculture
in the Tropics and Subtropics, 65, 1-26.

Karabourniotis, G., Kofidis, G., Fasseas, C.,
Liakoura, V. and Drossopoulos, I., 1998.
Polyphenol deposition in leaf hairs of Olea
europaea (Oleaceae) and Quercus ilex (Fa-
gaceae). American Journal of Botany, 85,
1007-1012.

Llusia, J. and Penuelas, J., 2000. Seasonal pat-
terns of terpene content and emission from
seven Mediterranean woody species in field
conditions. American Journal of Botany, 87,
133-140.

Mabherali, H. and De Lucia, E., 2000. Interac-
tive effects of elevated CO5 and temperature
on water transport in ponderosa pine. Amer-
ican Journal of Botany, 87, 243-249.

Meiners, S., Pickett, S. and Handel, S., 2002.
Probability of tree seedling establishment
changes across a forest-old field edge gradient.
American Journal of Botany, 89, 466-471.

Miller, J. and Bayer, R., 2001. Molecular phy-
logenetics of Acacia (Fabacea: Mimosoideae)
based on the chloroplast matK coding se-
quence and flanking ¢rnK intron spacer re-

gions. American Journal Botany, 88, 697—
705.

Niklas, K., 1999. The mechanical role of bark.
American Journal of Botany, 86, 465-469.

Nilsen, E., Walker, J., Miller, O., Semones,
S., Lei, T. and Clinton, B., 1999. Inhibi-
tion of seedling survival under Rhododendron
mazimum (Ericaceae): could allelopathy be

a cause? American Journal of Botany, 86,
1597-1605.

O’Conor, G., 1991. Sludge organics in plants,
In, Ware, G., REVIEWS OF ENVIRONMENTAL
CONTAMINATION AND ToOXICOLOGY, 131-
141 Springer-Verlag Inc., New York.

Oliver, D., 1971. FLORA OF TROPICAL
AFRICA, Vol. 2, Reeve and Co., London.

Olsen, S. and Dean, A., 1965. Phosphorous,
In, Black, C. METHODS OF SOIL ANALYSIS,
Part 2 Chemical and Microbiological Prop-
erties. American Society of Agronomy Inc.,
Madison, USA.

Paul, J. and Lee, C., 1976. Relation be-
tween growth of chrysanthemums and aera-
tion of various container media. Journal of
the American Society for Horticultural Sci-
ence, 101, 500-503.

Pressland, A., 1975. Productivity and manage-
ment of Mulga in south-western Queensland
in relation to tree structure and density. Aus-
tralian Journal of Botany, 23, 965-976.

“Main”
2002/8/
page 25

@



“Main”

2002/8/

page 26
RO,

26 KADER et al.

Rice, E., 1979. Allelopathy, an update. Botan-
ical Review, 45, 15-109.

Schumann, A. and Sumner, M., 2000. Chemi-
cal evaluation of nutrient supply from fly ash-
biosolids mixtures. Soil Science Society of
America Journal, 64, 419-426.

Shanks, J. and Laurie, A., 1949. Rose root stud-
ies: Some effects of soil temperature. Proceed-
ings of the American Society for Horticultural
Science, 54, 465—499.

Sheikh, M., 1988. New species for afforesta-
tion in semi-arid lands. Pakistan Journal of
Forestry, 38, 249-254.

Simmons, J., 1987. GROWING AcCAciAS. Kan-
garoo Press, Australia.

Simmons, M., 1988. ACACIAS OF AUSTRALIAN
RINGWOOD. Victoria Press, Australia

Starr, G., 1983. Australian Acacia’s used for
landscaping in Arizona. Desert Plants, 5, 72—
75.

Stout, M., 1935. GARDENING FOR EGYPT AND
ALLIED CLIMATES, Unwin Brothers Limited,
London.

Swagel, E., van Bernhard, A. and Ellmore,
G., 1997. Substrate water potential con-
straints on germination of the strangler fig,
Ficus aurea (Moraceae). American Journal
of Botany, 84, 716-722.

Tiedman, J. and Johnson, D., 1992. Acacia
cyanophylla for forage and fuelwoods in north
Africa. Agroforestry systems, 17, 169-180.

Vellend, M., Lechowicz, M. and Waterway, M.,
2000. Germination and establishment of for-
est sedges (Carer, Cyperaceae): Tests for
home-site advantage and effects of leaf litter.
American Journal of Botany, 87, 1517-1525.

Verdonck, I., 1983. New development in the use
of graded perlite in horticultural substrates.
Acta Horticulturae, 159, 575-581.

Wallis, P., Lehman, D., Macmillan, D. and
Buchanan-Mapping, J., 1984. Sludge appli-
cation to land compared with a pasture and
a hayfield: Reduction in biological health
hazard over time. Journal of Environmental
Quality, 13, 645—-650.

Wang, Y. and Roberts, A., 1983. Influence of
air and soil temperatures on the growth and
development of Lilium longiflorum Thunb.
during different growth phases. Journal of

the American Society for Horticultural Sci-
ence, 108, 810-815.

Whibley, D., 1980. ACACIAS OF SOUTH AUS-
TRALIA. Adelaide Government Publishing
House, Australia.

Williams, E. and Whitcombe, C., 1988. Ef-
fects of growing media and container design
on growth of tree seedlings. Seed and Nursery
Trader, 78, 25-27.

Williams, K., Meads, M. and Sauerbrey, D.,
1998. The roles of seedling salt tolerance
and resprouting in forest zonation on the west

coast of Florida, USA. American Journal of
Botany, 85, 1745-1752.

M.A. Kader*, M.A. Omari** and B.I. Hattar***

*Author for correspondence. Director, Consul-
tica Worldwide, PO Box 3089 Tamarama NSW
2026 Australia m.kader@mbox.com.au
**Faculty of Agriculture, Department of Plant
Production; and ***Department of Soil Science,
University of Jordan, Amman, Jordan

(Manuscript received 28.5.2002)



