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I propose to explain in detail one type of graft—root grafting—a
very old method but from the point of ‘‘propagation’’, very much
neglected. It is simple and works well with all apple, cherry, plum,
peach, nectarine, and pear cultivars. Many ornamentals may also
be propagated by this method—rhododendrons, camellias,
wisterias, and some difficult conifers not easily produced by
cuttings. Figure 1 illustrates the various type of root grafts that I
will describe.

This type of graft can be made using a whole root or pieces of
roots. For a whole root graft, it is advantageous that both scion and
root be of the same size.

Usually the whip and tongue method is used but also the wedge
or saddle graft can be used. The length of the root should be not
less than half the length of the scion. If both are the same length,
even better. This will depend a lot on the internode length of each
cultivar or species, availability of material, and the depth to which
the graft is to be planted.

If scion or root are not of the same size they will have to be
matched on one side and possibly with the top bud of the scion in
line with the matched side. Pencil-sized root and scion are ideal for
this type of graft. Roots of larger diameter may be devoid of fibrous
roots, depending on the species, and thus be more difficult to
“take.”’

Due to the poor quality of the larger sized roots, most root grafts
are done using piece roots, from 2 to 8 mm 1n diameter and 40 to
80 mm long. The diameter of the scion may vary from 3 to 20 mm
with the same length as mentioned for the whole-root graft. I
personally have grafted thousands of apple trees in the past using
root pieces, with excellent results.

The scionis split at the bottom by starting through the bud (apple,
cherry, etc.)or node, e.g. camellia, conifers Thisis very important:
the scion is then divided into two halves of equal consistency
(degree of density). If this operation is done properly, very often
there 1s no need to bind the graft.

The best of one or two root pieces is wedge-shaped and slightly
angled (8 to 15 mm long) and inserted into the split cutting on the
bud side or node.

The second and smaller root on the opposite side is shaped in a
stmtlar fashion. For two root piece grafts a cutting needs to be at
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least 6 mm or above in diameter. For smaller cuttings one root piece
is more suitable.

Always remember to maintain the polarity of the roots in all the
grafts. The best way to do it is to cut the top part of the root
horizontally and the bottom on a slant. If this procedure is always
adopted no mistakes will be made.
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Figure 1. Several types of root grafts
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For securing the graft,  have used, with good results, a 15 to 18
cm long piece of thread obtained from hessian, sugar bag, or burlap.
Thismaterial will decompose very easily and will not constrict the
graft. I do not recommend budding rubbers.

Planting out for deciduous trees depends a lot on the climatic
conditions. For subtropical Western Australia, grafts may be
planted any time of year as soon as they are ready.

For colder areas, early winter grafts canbe stored at 5to 8°C and
planted out 4 to 10 weeks later. Store the grafts in a mixture of clean
sand, perlite, and peat moss, which is reasonably moist. Plants
susceptible to crown gall may be dipped in a solution of *‘No Gall.”
(fruit trees).

[ prefer to see all these grafts planted deeply so that only two buds
are exposed. Evergreen stock will have to be provided with a
controlled environment to obtain a good ‘‘take.”

With today’s facilities—fog, mist, and temperature control—the
success of this type of grafted cutting has improved greatly.

I have noted over the years, that cuttings of some plants, however
reluctant to provide themselves with their own roots, will do so if
a small root-piece is inserted at the bottom of the cutting. In this
case, wounding and application of a rooting hormone will also help.

Other cuttings will produce roots better only on succulent
successive young growth. Plant the graft at soil level and, as the
young growth starts, cover it with more soil so that young roots can
develop on the new growth. In this case the graft becomes a " ‘nurse
graft’’. Eventually the initial root from the graft may completely
disappear. When you are sure that this will occur on a particular
plant, then you can use a rubber tie; this will constrict the initial
root and allow the young plants to develop their own roots.

As you can see, this system of grafting may be useful when
conventional cuttings are not successful.
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WEED CONTROL IN AUSTRALIAN NATIVE PLANTS AND
SOUTH AFRICAN PROTEAS

M. G. WEBB

Western Australian Department of Agriculture
Baron Hay Court

South Perth, Western Australia

INTRODUCTION

The flora of Western Australia is diverse and unusual, ranging
from the spectacular to the seemingly mundane. Sandplain and
forest areas north and south of Perth, respectively, support over
8000 plant species, with perhaps another 1000 yet to be described.

Commercial plantings of Australian native plants in a row crop
situation began in the early 1980°’s mainly in response to increasing
export demand for species not widely distributed in the bush. In
Western Australia, the area of native plants under cultivation has
increased from 20 ha in 1980 to approximately 1080 ha in 1988 (9).

The area of South African proteas planted in Western Austraha
has also increased substantially, from virtually nil in 1983 to over
200 ha in 1988 (9).

Weed control in cultivated native plants and proteas is essential
for optimum plant growth and flower yield. Weed controlin native
plants was not required when the flowers and foliage were being
harvested from the bush. However, successful intensive cultivation
on both virgin and established farm land is dependent on effective

weed control.

WEED CONTROL METHODS

Weeds in native plants and proteas can be controlled using one
or more of the following methods:

Soil fumigation. Soil fumigation can be used pre-planting to
control early weed growth in perennial plants but the cost can
exceed A$4000 ha™! (6). Soil fumigation has not yet been used 1n
Western Australia to provide weed control for field grown native

plants or proteas.

Synthetic mulch. Synthetic mulch has been used onlessthan 10
ha 1In Western Australia to provide weed control in proteas
Synthetic mulch has also been used on some large plantings of
native plants and proteas in eastern Australia The cost of synthetic
mulch ranges from A$1000 to A$12,000 ha™!, depending upon
mulch type and row width. Synthetic mulch cannot be used for
Anigozanthos spp. where the tops are burnt each year to reduce
the incidence of leat diseases
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Inter-row weed control. Inter-row weed control can be
achieved either by mechanical means, or by using non-selective
herbicides. Mechanical weed control can generally only be used on
young plants before they grow into the row and make tractor
movement difficult. A modified sod management system has been
adopted by some growers where the inter-row weed strip is kept
mown over winter and weeds along the row are controlled by
careful application of a non-selective herbicide. Although the
mown strip dies off in late spring, the weed residue helps hold the
soil together and reduces plant damage caused by strong winds and
sand blasting. On some native plants, like Chamelaucium
uncrnatum or Banksia hookeriana, where the lower growth is
removed by pruning, non-selective herbicides like diquat and

paraquat can be sprayed at low pressures right up to the base of
mature plants without causing any damage.

Hand weeding. Hand weeding is very expensive, costing up to
A$10,000 ha™!, depending upon the severity of the weed infestation
(6). Hand weeding 1s not really an option in most plantings except
for large, easily-removed weeds.

Chemical weed control. Weed control using selective pre- and
post-emergent herbicides presents an economic alternative to other
forms of weed control. This will be examined in more detail below.

CHEMICAL WEED CONTROL

There 1s a lack of information on pre- and post-emergent
herbicides used for weed control in Australian native plants and

South African proteas grown for cut flower and foliage production.
In Western Australia, the only selective herbicides registered for
use in ornamental crops are chloroxuron, oxadiazon, fluazifop-
butyl, and chlorthal dimethyl.

Although there is a paucity of information on herbicides
registered for use in native plants and proteas, there is considerable
information on herbicides tested on native plant species used for
revegetation and timber production.

Pre-emergent herbicides successfully tested on various
Fucalyptus spp. include oryzalin (3), oxadiazon (3, 5), terbuthyl-
azine and terbumeton (11), simazine (1,4) and nitrofen (10).

Pre-emergent herbicides successfully tested on other native plant
species like Acacia saligna and Casuarina cunninghamiana
include oxadiazon and propyzamide (5).

Pre-emergent herbicides successfully tested on Protea neriifolia,
Leucadendron ‘Safari Sunset’, Leucospermum cordifolium and
Banksia menziesii include oxadiazon, oryzalin and oxyfluorfen (2).
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Post-emergent herbicides successfully tested on various native
plant species include fluazifop-butyl (5, 8), propazine (5), and
sethoxydim (8).

Fluazifop-butyl has also been successfully tested against a range
of Banksia spp., Protea spp. and Leucospermum cordifolium (2).

Table 1. Plant species tested by herbicide. Number 1s maximum b kgha'a.l. applied with
nil or very slight damage.
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HERBICIDE EXPERIMENTS IN WESTERN AUSTRALIA

Three pot experiments were conducted in Western Australia
from 1988 to 1990 to examine the effects of 21 pre- and post-
emergent herbicides on a range of Australian native plant species
and three protea species. A summary of the maximum herbicide
rate tolerated by a range of plant species is provided 1n Table 1.

Field research on Australian native plants is being conducted in
1990 to further examine promising herbicides identified in the
Initial pot experiments.
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ROOT FORMATION IN MALUS PUMILA ‘NORTHERN SPY’
CUTTINGS USING ETIOLATION

THOMAS D. DEERING

Horticultural Research Institute, Knoxfield
Department of Agriculture and Rural Affairs
P O Box 174
Ferntree Gully, Victoria 3156

There has been a renewed interest in the use of etiolation as a
technique for aiding propagation of difficult to root plants.
Etiolation occurs when plants or shoots are grown in the absence
of light and wasreported in the 19th century to be of assistance in
propagation (9). Reid (8) studied etiolation in relation to propagation
of camphor cuttings and an anatomical study suggested, among
other things, that etiolated shoots were less lignified and had
decreased cell wall thickness. Many people over the years have
Investigated etiolation (1, 5) but the mechanism whereby etiolation
promotes rootingis still poorly understood. Delargy and Wright (1)
have shown the benefit of etiolation on the apples, ‘Bramley’s
Seedling’ and ‘Malling Merton III'.

Severe pruning and proximity to roots are known to influence the
rooting potential of shoots (5) and stool beds have been used to
provide a source of apple shoots that result from both very severe
pruning and a close proximity to roots (7).

The experiments reported here investigated the effects of
etiolation and auxins on the rooting of stool bed cuttings of the
apple, ‘Northern Spy’, which is widely used as a clonal rootstock
in the Austrahan apple industry.

MATERIALS AND METHODS

Pre and post harvest treatments were applied to cuttings
produced on a 9-year-old Northern Spy stool bed. The main
treatments for etiolation and IBA are shown in Table 1. The
combinations of treatment factors are shown in Table 2. These
treatments were applied in spring, 1987, and repeated in spring,
1988.

Etiolation was achieved by covering the stool-bed with a tunnel
750 mm high and covered with a sheet of 0.152 mm black polythene
plus an outer hessian cover. The bed was sprayed with Benlate prior

to placing the cover in situ when shoots were 7 to 10 mm high.
Daytime temperatures under the cover were on average 9°C above

ambient. However, to prevent possible heat damage, an additional
white plastic cover was added on days when ambient temperature
reached 23° C. This hmited the temperature in the tunnel to a
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maximum of 29°C. After 4 weeks, when shoots had grown 120 to
150 mm, etiolation was halted by removing the light-proof covers
and replacing them with 50% black shade cloth to prevent damage
caused by rapid exposure of etiolated shoots to full sunlight. This

shading remained in place until cuttings were harvested (10 to 15
days).

I

Table 1. Main effects of etiolation and IBA treatment on root parameters

Treatment Rooting Root Root
percentage number length (mm)

Etiolation - 26 2 20 24 5
+ 64 1 84 51.1

LSD 5% 17 7 3 4 20 6
IBA - 34 2 3 1 43 6
+ 68 8 95 40 9

LSD 5% 16 7 3 2 NS

On the day etiolation was halted, approximately one-third of the
shoots were banded to maintain a localized area of etiolation.
Banding was achieved by covering the stem in the region 20 to 70
mm above soil level with black Velcro strips as described by
Maynard et al. (6).

Semi-hardwood cuttings (six weeks old) 100 to 120 mm with soft
tips removed, taken from the stool beds, and with proximal ends
cut to a node, were propagated in tubes (25 mm x 75 mm), and
Irrigated by intermittent mist in a glasshouse. Banded cuttings were
trimmed to a node within the continuously etiolated area.
Propagation medium consisted of equal parts by volume peat,
perlite, and coarse granite sand (particle size 2-6 mm). The rooting
medium was heated to ensure a minimum temperature of 21° C,
and 50% black shade cloth was placed 500 mm over the cuttings.
The maximum and minimum air temperatures in the glasshouse
during the rooting period were 28 °C and 18°C, respectively. When
auxins were used, idolebutryic acid (IBA) 2500 mg/1 (509 aqueous
acetone) was applied to the basal 8 mm via the concentrated quick-
dip method as described by Howard et al. (5).

After 4 to 6 weeks in the propagation bed cuttings were examined
to determine the number of rooted cuttings per treatment. Root
number and root length were also recorded.

With the exception of two treatments (see Table 2) the number
of cuttings per treatment was 20 Results were analyzed by analysis
of variance using years as blocks. The statistical package used for
analysis was Genstat 9.
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RESULTS

The main treatment effects for etiolation and IBA are given in
Table 1 and show that etiolation significantly increased percent
rooting, root number, and root length, whereas IBA increased
percent rooting and root number but did not significantly alter root
length.

Individual treatment effects are shown in Table 2. IBA increased
rooting but the effect was greatest when cuttings had not received
any prior etiolation. When cuttings had been etiolated and banded,
the increase caused by IBA failed to reach statistical significance.
The percentage of rooted cuttings was higher on banded cuttings
but in neilther case did the difference between banded and
equivalent non-banded treatment reach significance.

Either IBA or etiolation appeared to stimulate root number but
data clearly shows that the largest and only statistically significant
effect results from the combination of etiolation, banding, and IBA
treatment. Differences among treatments with respect to root
length were not statistically significant.

Table 2. Individual treatment effects on root parameters®

Treatment

Rooting Root Root.
Etiolation  Banding IBA Percentage number length (mm)

- - 50 05 10 2

- - + 47 5 3 5 38 7

+ - - 37 5 37 57 1

+ - + 75 0 b4 47 5

+ + - 60.0! 5 0 63 5

+ + + 84 .02 19 7 36 5

L.SD 5% 29 0 b5 NS

—

X The number of cuttings per treatment was 20 except these indicated 1=15 cuttings
in 1988, 2=17 cuttings 1n 1988

DISCUSSION

IBA or etiolation increased rooting but the increase was greater
where cuttings receilved both treatments and the maximum response
was obtained if localized etiolation was maintained until cuttings
were harvested. These results are in close agreement with those
reported (2) for ‘M-9’ cuttings produced on hedge rows. However, the
relative increase caused by IBA alone was greater for ‘Northern Spy’
than for ‘M-9’.

Maintenance of localized etiolation by banding did increase the
number of rooted cuttings but the effect was not statistically
significant. Thas is in contrast to the results of Delargy and Wright
(1) who showed that continued local etiolation was critical for rooting.
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However, they harvested cuttings almost twelve months after
initial etiolation and presumably any root promoting effect due to
only a short-term initial etiolation had been lost by extended
exposure to light.

The strong effect of continued etiolation plus IBA on root
numbers has not previously been reported for apples. Delargy and
Wright (1) also obtained maximum root numbers with the same
treatment combination but the relative increase over treatments
receiving either continued etiolation or IBA was not as great.

These results show that ‘Northern Spy’ can be propagated from
semi-hardwood cuttings produced on stool beds. In the short-term,
beds could produce both summer cuttings and a winter harvest of
rooted shoots but it is not known whether a bed could sustain dual
production over a number of years.

Acknowledgements, The author wishes gratefully to acknowledge Mr Bill
Thompson, Mr Graeme Thomson, and Mrs Pauline Nichols for their valuable
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PROPAGATION OF WESTERN AUSTRALIAN
TERRESTRIAL ORCHIDS

MARGARET COLLINS

Kings Park and Botanic Garden West
Perth, Western Australia 6005

INTRODUCTION

Western Australia has over 350 species of native orchids (1) and
all are terrestrial with the exception of two epiphytic species, found
only in the Kimberly area. The majority of these 350 species are
found in the southwest corner of the state. The flowers of terrestrial
orchids are usually smaller and more delicate than those of the more
commonly cultivated exotic epiphytes, but have a wide variety of
form and colour. Many, such as the Thelymitra, Diuris and
Caladenia, would make attractive horticultural subjects. Unlike
the epiphytic orchids, which are an important part of the
floriculture industry, terrestrial orchids have not been
commerclally exploited to any significant degree. Potential growers
have probably been discouraged by both the lack of efficient
propagation methods and the long dormancy period.

In order to survive hot, dry summers terrestrial orchids have
evolved a deciduous growth cycles (Figure 1) and spend 4 to 6
months of the driest part of the year as a dormant subterranean
tuber. The single exception is Cryptostylus ovata, the only orchid
of the southwest to retain its leaves all year round. Following the
first consistent autumn rains (usually in March) the terrestrial
orchid begins to grow and develop shoots and roots. As the plant
develops it forms a symbiotic association with a specific mycorrhizal
fungus found in the surrounding soil. This fungus breaks down
complex carbohydrates from organic material in the soil to simple
sugars that can be readily utilised by the orchid (2), and is also
thought to protect the orchid from infection by pathogenic fungi.
Once the shoot has extended and become green the plant becomes
photosynthetic and the orchid begins to put down a new
replacement tuber for the next season. The orchid may then, if
conditions are suitable, flower and produce seed. The vegetative
parts of the plant then senesce and the process is repeated the
following year.

The presence of a species specific mycorrhizal tungus is thought
to be necessary to initiate seed germination (3). In the wild, seed
germination occurs during the cool, damp conditions of autumn and
correlates with a peak of mycorrhizal fungus growth. Those
seedlings which survive the winter put down tubers in the spring
as days become warmer and drier. The first flowering of these
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Figure 1. Growth cycle of a Western Australan terrestrial orchad.
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new orchids does not normally occur for at least 2 to 3 flowering
Seasons.

METHODS OF PROPAGATION

At present terrestrial orchids are propagated by orchid growers
primarily by vegetative means and through seed germination. The
first of these methods relies on the natural propensity of certain
species to produce more than one replacement tuber each year. By
carefully removing the new tuber from the plant after it has
formed, the orchid can be induced to produce another new tuber.
This can be repeated so as to produce several new tubers in one
growing season (4).

Germination of orchid seed under natural circumstances requires
the presence of a species specific mycorrhizal fungus; this presence
may be assured by sprinkling orchid seed around the base of the
parent plant in autumn. A few of these many thousands of seeds
will germinate and produce seedlings, some of which will survive
to produce adult plants. Greater efficiency in seed germination and
production of seedlings can be achieved through the use of 1n vitro
techniques.

In vitro propagation of terrestrial orchids has been achieved
through the following techniques:

1) symbiotic germination—co-cultivation of seed with a species
of specific mycorrhizal fungus,

i) asymbiotic germination—germination under sterile conditions,
and

iii)tissue culture—micropropagation from the vegetative parts of
the orchid.

SYMBIOTIC SEED GERMINATION

The first step in propagating from seed is the isolation of the
specific mycorrhizal fungus from each orchid species to be
pruopagated (Figure 2). The infected parts of the orchid, usually the
roots, leaf collar or the underground stem, are collected from the
wild during the full flush of vegetative growth (5). The plant tissue
is surface sterilized, the intracellular fungal coils or pelotons
removed with a very find glass needle and placed on fungal isolation
medium (6). Alternatively the infected section of tissue can be cut
into small cubes and placed on a fungal isolation medium; the
fungus will then grow out of the plant tissue into the surrounding
medium. The fungus is then subcultured to obtain a pure culture
and tested for mycorrhizal efficacy through its ability to stimulate
germination and growth of orchid seed. Mycorrhizal agents for each
orchid species are then maintained in cold storage for future use.
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Once an effective mycorrhizal fungus has been isolated it is used
to germinate seed. Surface sterilized orchid seed is spread thinly
over a sterile filter paper on low nutrient medium (0.25% oatmeal
agar). Several small cubes of mycorrhizal fungus on potato dextrose
agar (PDA) are then placed on the edge of the filter paper, the plate
sealed and incubated at RT in the dark. The seed will usually
germinate within 4 to 6 weeks at 20° C.

ASYMBIOTIC SEED GERMINATION

If a suitable mycorrhizal fungi 1s unavailable, as i1s the case for
many Thelymitra species, orchid seed can be germinated
asymbiotically on a complete nutrient media. Various complex
media including Knudson C, Vacin and Went, Fast, and modified
Burgeff’s Pab, (7, 8) have been used. The orchid seed is surface
sterilized, spread thinly over the nutrient agar then the plate sealed
and stored 1n the dark at 20° C until germination occurs. This
process 1s considerably slower than symbiotic germination,
commonly taking 2 to 4 months, with some species taking 8 months
or more.

In both procedures, once seeds have germinated and protocorms
formed they are subcultured onto the appropriate medium and
placed under lights at 20° C. When symbiotically germinated
seedlings have grown to about 10mm and begun to form droppers
they are deflasked into pasteurised perlite: sheoak (Allocasuarina
fraseriana) mulch, under fog and 1n 70% shade.

Asymbiotically germinated seedlings are not deflasked until
droppers are well formed and tubers have begun to develop. After
4 to 6 weeks under fog the seedlings are transferred to mist and 70%
shade where they remain for several months. Dormancy is induced
at the beginning of summer by gradually drying out the trays of
seedlings. The tubers that form are then collected and repotted in
a well draining potting mix with 2 to 3 cm of sheoak mulch on the

surface.

TISSUE CULTURE

The micropropagation of epiphytic orchids has been achieved
from most vegetative parts of the plant: shoot and protocorm
apices, flower stalk nodes, root and leaf tips (9). Terrestrial orchid
species however produce very little vegetative growth on each
plant that is suitable for explants. The underground parts, the
primary shoot (produced underground), the underground stem, and
the roots are heavily infected with symbiotic bacteria and fungi,
making sterilization of this tissue extremely difficult. Leaf material
is also often heavily contaminated as terrestrial orchids are affected

D2



{
Sterilization
<
T 0
ey ® \
Infected Underground \4
Stem Dissection of Infected

Cortex

Removal of Pelotons

T .
f*__'q“-»._ \
1 Seed Germwnaton . _ ( o -
2 Storage of Fung

AN

Subcutture of Fungus Plating of Tissue
and Pelotons

Figure 2. Isolation of mycorrhizal fungus

03



by rusts and prone to insect damage. As a result very little work
has been done in this area and only two Western Australian
terrestrial species, Diuris longifolia and Thelymitra crinita have
been successfully tissue-cultured (8).

Protocorm apices from asymbiotically germinated seed and
flower spikes of Thelymitra crinita, and flower spikes of Diuris
longifolia were used as explants. The slices of tissue were placed
on modified asymbiotic germination medium (Burgeff Pab)
containing added vitamins and the cytokinin, benzyladenine. The
formation of protocorm-like bodies (plb’s) and multiple shoots
occurred within 50 days from protocorm apices. Flower stalks
proved to be less productive, as neither stem nodes nor stem slices
formed callus or multiple shoot cultures. A few nodes cut from the
base of very immature flower buds have however produced plb’s
for both T. crinita and D. longifolia. Larger shoots and plb’s have
been subcultured onto Burgeff’s Pa5 to induce root production. No
T crinita and only a few D. longifolia have produced roots in vitro,
but no plants have been deflasked.

CONCLUSIONS

Although there have been significant developments in techniques
for propagation of terrestrial orchids, at present these procedures
are still slow and inefficient at producing large numbers of viable
adult plants. Although efficient seed germination has been
achieved with a number of species, the mycorrhizal fungi have not
been 1solated from many other species and some of these will not
germinate asymbiotically. As a result some of the most
horticulturally desirable plants are unavailable by any means.

Additionally, there have proved to be considerable problems with
deflasking. Most terrestrial species suffer large losses on deflasking:
for instance, with the genus Thelymitra, roughly 75% of seedlings
fail to produce tubers, while for the Caladenia this is closer to 95%.
Also those plants which do survive their first year often do not
survive the following year. Losses over the second season have
proven to be equally large (approximately 75°%). As a result there
1S a need for a considerable amount of research into optimising
media and techniques before an efficient propagation procedure
has been developed.
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PHOSPHORUS AND IRON EFFECTS ON THE EARLY
GROWTH OF SOME AUSTRALIAN NATIVE PLANTS

KEVIN A. HANDRECK

CSIRO Drivision of Soils
Private Bag No. 2
Glen Osmond, South Australia 5064

Abstract. Seeds of 61 native Austrahan species of the genera Acacia, Banksiq,
Grevillea, and Hakea were germinated and grown-on 1n a pine bark based medium
which had been amended with two levels of Fe, added as ferrous sulfate, and five
levels of P, added as single superphosphate The species were ranked 1n groups
according to the severity of foliar symptoms

In a second experiment, Banksia ericifolia seedlings were grown 1n a pine
bark/peat mix amended with seven levels of Fe, added as ferrous sulfate, and seven
levels of P, added as single superphosphate Shoots at 12 weeks ranged 1n colour
from dark green at the highest levels of Fe combined with the lowest levels of P,
to yellow and/or dead at the lowest levels of Fe combined with the highest levels of P

Guidelines for interpretation of analytical data for potting media to be used for
growing ‘‘P-sensitive’’ plants are given

INTRODUCTION

A number of plants native to Australia and Southern Africa,
particularly in Proteaceae and Mimosaceae, have been reported to
show foliar symptoms ranging from necrosis and premature
senescence of old leaves and chlorosis of whole shoots to general
unthriftiness when supplied with even quite modest levels of
soluble phosphorus (P). This phenomenon has been observed 1n the
field on sandy soils amended with superphosphate (5), in solution
culture (6) and 1n soilless potting media (2, 4). The observed
symptoms have been attributed to uptake by the plants of P 1n
excess of the amounts commonly available to them in natural
ecosystems.

The experiments reported here were designed to widen the range
of species tested and to investigate the role of iron (Fe) in the
response to P in sollless potting media.

MATERIAL AND METHODS

Experiment 1. Seeds of 61 species (Table 1), were germinated
1n undrained pots of a soilless potting medium comprised of ground
Pinus radiata bark, German peat (Eurotorf), and siliceous sand
(6:3:1). All nutrients except P and Fe had been added in adequate
amounts. Half of the medium was amended with sufficient
FeSO,-7TH,0 to give about 19 mg/L Fe (actual 18.6 to 21.2) in a
1:1.52 mM DTPA extract(1). Sufficient was added to the other halt
to give about 34 mg/L Fe (actual 31.8 to 37.8). These concentrations
have been found to be insufficient and sufficient, respectively, for
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a wide range of plants (1). Single superphosphate was added to five
subsamples of each of these media to give 3 to 27 mg/L P 1in 2 mM
DTPA extracts. The pH throughout was about 5.5 (water). Foliar
symptoms were assessed at ap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>