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INTRODUCTION

In this paper I give preliminary results from experiments
on two aspects of potting mixes. Not all of the relevant analyt-
ical data are yet available, nevertheless, the results so far are
so clear cut that I am confident that further data will not alter
the broad conclusions.

SULFUR

In 1983 | examined (4) the properties of 73 potting mixes
bought from retail shops around Australia. They were ana-
lysed chemically for their ability to supply nutrients. Plants
were grown in them, with Aquasol® being used as a source of
nutrients for halt of the pots. After the experiment had been
terminated, it became clear that the combination of a low level
of S in the Aquasol feed (ca. 1 ppm) and low levels in at least
some mixes probably limited growth in those mixes. The S
levels in 1:1% volume aqueous extracts of the mixes (1) ranged
from 0.6 to 712 ppm (mean 133.6 +156.9). At the time, I had no
means of interpreting these extraction figures. The experiment
described here was designed to provide this interpretation.

Bare-rooted young plants of Matthiola incana (cv. Austral
stock), Brassica oleracea (cv. Lion Heart cabbage), Tradescantia
fluminensis (wandering jew) and Brachycome multifida (rock
daisy) were transplanted on January 21, 1985 into 175 mm pots
of a mix comprising ground Pinus radiata bark and acid-
washed quartz sand (3:1 by volume). The mix contained (in g/
L) KH,PO, (0.5), NH,NO,(0.5), Ca(NO,),-2H,0(0.75), KNO,(0.3),
MgCl,.6H,0(0.3), FeEDTA(0.03), MnCl,.4H,0(0.02), CuCl,.
2H,0(0.004), Na,B,0,.10H,0(0.002), (NH,); Mo,0,,-4H,0 (0.00002),
ZnCL(0.01) and GU-49 (Embecon Corp. — a slow-release
source of Fe (0.5). The pH of the mix was 5.3 {1:1% volume in
water), and air-filled porosity was 22%.

Eight pots of each species were assigned at random to each
of seven levels of sulfur addition, with the sulfur being added
via liquid feeds containing 250 ppm N and 150 ppm K, sup-
plied by ammonium nitrate and potassium nitrate. Levels of 0,
1, 2.5, 5, 10, 15 and 30 ppm S were produced by replacing
varying proportions of the ammonium nitrate used with am-
monium sulfate. The pots were housed in a shaded, evapora-
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tively cooled greenhouse and watered as required with the
appropriate solutions.

Samples of mix were taken from the pots on day 16 and
days 32-43 (at harvest) and extracted with water (1:1% by
volume [1]) and 0.01 M Ca(H,PO,), (1:5 by volume, 24 hr shake
[2]). Sulfur levels in the calcium phosphate extracts were not
correlated with treatments or growth so nothing further will
be said about this extractant.

RESULTS AND DISCUSSION

As shown in Figure 1 and Table 1, growth was negligible
for all species at the three lowest levels of sulfur application.
The data in Figure 3 suggest that for B.multifida there must be
at least 5 ppm S in a 1:1% volume extract and for T.fluminen-
sis at least 3 ppm S. The relatively large rooted cuttings of
T.fluminensis used would have brought with them much S, so
lessening the need for S from the liquid feed. For maximum
growth of these two species, pot drainage water should contain
at least 16 ppm S (Figure 4). If a liquid feed is the sole source
of S, it should contain at least 20 ppm S.

Figure 1. Some of the cabbage plants at harvest. From left to right, the
levels of sulfur in the liquid feeds applied were 0, 1, 2.5, 5, 10,
15, and 30 ppm.

Neither the M.incana nor the B.oleracea plants reached
maximum growth rates at the top level of S supplied. A fur-
ther experiment is in progress to check on the response of
these species to higher applications of S, but in the meantime
a tentative conclusion for them might be that there should be
more than 8 ppm S in a 1:1% volume extract and 25 ppm S in
drainage water. For these minimum levels to be maintained, a
liquid feed as sole source of S would need to contain about 35
ppm S.
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Table 1. Top growth of test plants as affected by sulfur supply.

Dry weight of tops

(8/pot)
S concentration

in liquid feed Brassica Matthiola  Brachycome Tradescantia
(ppm) oleracea incana multifida  fluminensis

"0 0.97 £0.46 0.29£0.09 0.92+0.17 3.92+1.44

1 1.00x0.48 0.36 x0.11 0.97 +£0.25 4.27 £0.93

2.5 1.18 £0.33 0.35x0.09 1.02+0.19 5.03 £0.65

D 1.441+0.34 0.84+0.32 1.16 +0.24 7.69+1.95

10 4.13+0.88 2.96x0.40 2.31+0.24 10.30x2.05

15 .77 £0.99 4.25+0.39 3.09+0.82 11.26+1.41

30 6.75*x1.75 6.48+1.10 3.59+0.39 11.63+0.81

J

The species used here may or may not represent the full
range of S requirements in plants likely to be grown in pots. If
they do, then a liquid teed used as a sole source of S should
contain about 40 ppm S, but it could contain rather less if an
adequate level of slow-release source of S (e.g. gypsum or a
coated fertilizer) is included in the mix — and replenished as
needed. Further analysis of the data indicates that 1:1.5 vol-
ume extracts should contain at least 6 ppm S, drainage waters
at least 16 ppm S, and liquid feeds as sole source of S about 30

ppm.
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Figure 2. Relationships between sulfur in 1:1% volume extracts of the
growing media and sulfur in the liquid feeds used. The solid line
gives the concentrations in extracts expected given that the mix
contained water equivalent to 40 % of its volume when drainage
had stopped.
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Some simple arithmetic is helptul here. A common rate of
use of gypsum is 0.75 g/L (from about 1.5 g/L superphos-
phate). If drainage water is saturated with respect to gypsum
(2.41 g/L}) and if 30 mL of water per L of mix drains from the
pot at each watering, then the gypsum could all be lost in 11
days. A more realistic figure is 60 to 90 days, because of the
slow rate ot dissolution of gypsum.
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Figure 3. Relationships between dry weights of tops and the concentrations
of sulfur in 1:1% volume extracts of the growing media.

Clearly, if the only fertilizer used is a liquid feed contain-
ing substantially less than 35 ppm S, sultfur deficiency is possi-
ble within a “few” months. Just how long the “few” is will
depend on local conditions. I am currently attempting to deter-
mine the range more precisely.

[ now believe that the preference of many home gardeners
for products such as Nitrosol® and Phostrogen® is due as much
to their sulfur contents (122 and 22 ppm in the applied liquid,
respectively) as to any other difference between them and
competing products such as Thrive® and Aquasol® (~1 ppm S).
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Figure 4. Relationships between dry weights of the tops and the concentra-
tions of sulfur in pot drainage waters.

- VERMICOMPOSTS

I come to the second part of my presentation. We all know
that earthworms are good for soils. Organic gardeners have for
some time extolled the virtues of earthworm castings (vermis-
compost). I once thought that vermicompost would be a useful
component of potting mixes. [ am now less enthusiastic, as you
will see.

In late 1984 I acquired samples of 7 vermicomposts pro-
duced from materials as listed in Table 2. The sieved (<3 mm)
vermicomposts were mixed at a rate of 30% by volume into a
base potting mix consisting of ground Pinus radiata bark and
quartz sand (4:1 by volume) to which had been added Aqua
Soil Wetter® wetting agent and MgSO,.7H,0 at 0.375 g/L. The
pH values of the mixtures were adjusted to ca. 5.6 as required
with dilute sulfuric acid. Thirty-two equal lots (approx. 900
mL) of each mixture were weighed into plastic bags. Aliquots
of solutions supplying N (1.35 g NH,NO,/bag), P (0.68 g Ca
(H,PO,),), K(0.26 g KCI) and trace elements (0.03 g FeEDTA,
0.675 g GU-49, 0.02 g MnCl,.4H,0, 0.01 g ZnCl,, 0.004 g
CuCl,.2H,0, 0.002 g Na,B,0,.10H,0 and 0.00002 g (NH,);Mo,)
0,,.4H,0) were added to the bags in all 16 possible combina-
tions (O, N, P, K, NP; NK, PK, NPK, and these plus trace
elements), so giving two bags ot each combination. After thor-

40



ough mixing, the total contents of a bag was transferred to a
125 mm nursery pot. The pots were randomised on individual
saucers on benches in a shaded, evaporatively cooled glass-
house. There were two series of control pots: one received a
full complement of nutrients; the other received all major
nutrients but no trace elements.

Sufficient distilled water was applied to each pot to give at
least some drainage. For those mixes whose salinities were
above an acceptable level, about half a pot volume of water
was added and the leachate retained in a separate container.
This leachate was returned to the pots in small aliquots over
the first few weeks of the growing period. In this way the
young plants were not deprived of any of the soluble nutrients
in the vermicompost.

On January 25, 1985 one bare-rooted seedling of Matthiola
incana (cv. Austral stocks) was planted into each pot. For the
first week, watering was with distilled water but subsequently
watering was with either distilled water or solutions contain-
ing 150 ppm N (as NH,NO,) and/or 100 ppm K (as K,SO,), as
indicated by treatment. The only P and trace elements applied
were those given before potting.

After 2 weeks it was clear that most plants in pots receiv-
ing no N were deficient in N. This deficiency intensified in all
pots except V6 (which contained residual meatmeal). There
seemed little point in retaining the saucers so they were re-
moved on day 27. All subsequent watering was with enough of
the appropriate solution to give a small amount of drainage.

The visual appearance of the plants was scored on a 0-10
scale on days 20 and 50. This scoring, examples of which are
given in Figure 5, and the data for final dry weights of the
tops, have been interpreted as given below. Future statistical
analysis and chemical analysis of the tops will enable this
interpretation to be refined.

Unless modified, the vermicomposts were inadequate for

plant growth for the following seasons:

V1 high pH; deficiencies - N (severe), S (slight)

V2 high pH; deficiencies - N (severe), P (mild), trace elements
(slight), S (slight)

V3 high pH,; deficiencies - N (severe), P and K and trace
elements (slight), S (slight}

V4 high pH; deficiencies - N (severe), K (mild); suspected
toxicities - Zn (severe), Cu (7)

V5 deficiencies - N (severe), S (severe), trace elements

V6 high pH; deficiencies - P {slight), S (slight)

V8 deficiencies - N (medium), P and trace elements (possibly
induced by high Zn and/or Cu), S (slight)
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Figure 5. Control plant and plants grown in the vermicompost mixes which
received (above) no added nutrients, and (below) all nutrients.

On the basis of these results I conclude that vermicom-
posts are extremely variable in composition. Assessing their
quality will be diftficult, and must be on a better basis than
appearance. When used as a component of mixes based on
pine bark or sawdust, supplemental N must be used from
potting. In this experiment the use of sulturic acid to acidity
five mixes obscured S deficiency in them. A later check
showed that plants became deficient in S in all pots within
two months of potting. The most troublesome problem could
be coping with trace element problems ranging from deficien-
cy to severe toxicity. One would usually expect vermicom-
posts based on animal manures to have adequate levels of
trace elements but the results for V8 show that this is not
always so. The severe toxicity of V4 shows the need for care
when producing vermicomposts from domestic (and munici-
pal?) wastes.

Vermicomposts do impart a rich-humus appearance to a
potting mix and will increase cation exchange and butfer capa-
cities. These benetfits have to be weighed against possible nu-
tritional problems and decrease air-filled porosity as the level
of addition goes over 30 percent by volume.

Acknowledgements. I thank Barbara Graham for dedicated
technical help, Adrian Beech for most of the analyses, Ray
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Table 2. Some properties of the potting mixes containing vermicomposts.

87

Water extract {ppm)* DTPA extract (ppm)* RA z;jr;é;lilteyd Una;)rlx_lle;fded EC®
Vermicompost N P K Ca Mg S Fe Zn Cu Mn (ppm) (Vol %}  vermicompost (mS/cm)]
Vi 0 43 70 45 21 36 7.4 18 3.6 7.1 0.2 20.5 6.9 0.68
([sheep)
V2 45 ob 274 31 26 59 21.5 20 1.5 13.3 < 0.1 13.6 6.7 1.95
(cow)
V3 0 45 74 44 18 29 5.9 28 0.7 8.2 <0.1 18.9 6.7 (.60
(poultry)
V4 0 93 350 27 19 60 10.3 77 5.8 6.3 0.1 17.1 7.8 1.47
(domestic)
V5 0O 22 99 28 12 39 20.6 20 0.7 6.7 <0.1 18.2 2.9 0.69
(kitchen)
V6 500 80 429 57 43 36 9.1 38 1.9 9.5 <0.1 20.7 b.6 2.49
(domestic)
V8 50 101 126 60 45 H2 10.7 63 25 7.1 <0.1 11.1 5.8 - 1.07
(pig)
Control 1 450 70 190 109 140 40 21.1 3.8 1.8 21.1 0.1 21.8 - 2.62
Control 2 400 87 160 94 134 39 4.9 1.6 0.4 4.9 < 0.1 21.8 - 2.46

* _1:1% volume; ppm in the extract

+ 10 g and 20 mL extractant [5]; ppm on dry weight basis

A In mannitol/CaCl, extract [3]

o

1:1% volume (before acidification)



Correll for advice on experimental design, and Dan Pogson,
Jim Williams, Alan McKay, Jim Harmon, John Sabine, Victori-
an Prisons Industries, Brian Ferrier and John Jenkins for gifts
of vermicomposts, and Falgs Nurseries for bedding plant seed-
lings.
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The banana is one of the most important fruit crops in
Queensland with a gross annual value of $45M in 1984. Ac-
cording to Simmonds (20) all current banana cultivars have
been derived from two species. They are Musa acuminata,
which is the source of the “A” genome, and Musa balbisiana,
which is the source of the “B” genome. Commercial cultivars
are usually seedless triploids and tetraploids comprising var-
ious combinations of these two genomes.

Panama disease, also known as fusarium wilt, is caused by
Fusarium oxysporum Schlecht ex Fr. f. sp. cubense (E.F.
Smith) Snyd. & Hans. This disease has been known for a long
time in Queensland where it is the major limiting factor in the
production of the ‘Lady Finger’ (AAB group) banana.
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The first world recording of fusarium wilt in bananas was:
made by Bancroft in Queensland in 1874 (1). He found the
disease to be prevalent in the Brisbane district and noted that
the ‘Sugar’ (AAB group) banana was most susceptible and the
‘Dwarf Cavendish’ was not affected. Tryon (26) when describ-
ing wilt of ‘Sugar’ and ‘Gros Michel’ (AAA group) (the latter
being introduced into Queensland in 1910) stated that the
Cavendish banana either “escapes its onslaught altogether” or
is highly resistant. Subsequently ‘Lady Finger’ was found to be
much less susceptible than ‘Sugar’ (Purss, unpublished); how-
ever, the disease has been devastating in ‘Lady Finger’ and has
forced many growers to replant with resistant ‘Cavendish’
(AAA group) cultivars.

Purss (18) found a disease resembling Panama disease on
three ‘Williams’ (‘Giant Cavendish’) plants at Woongoolba in
southern Queensland. An unidentified Fusarium sp. was iso-
lated and proved to be pathogenic to ‘Lady Finger’ and ‘Wil-
liams’ but, in the same experiment, Purss found that F. oxy-
sporum f. sp. cubense, isolated from ‘Lady Finger’, did not
attack ‘Williams’ but produced symptoms typical of Panama
disease in ‘Lady Finger’ plants.

In a field experiment at Nambour in southern Queensland
(17) a number of cultivars were planted into a site where ‘Lady
Finger’ plants had been devastated by Panama disease. ‘Lady
Finger’, ‘Mysore’ (AAB group), and ‘IC2’ (AAAA group) were
susceptible, but ‘Mons Mari’ (‘Giant Cavendish’), ‘2390-2’
(AAAA group), and ‘Bodles Altatfort’ (AAAA group) were not
atfected.

During 1976, symptoms resembling Panama disease were
detected in ‘Mons Mari’ plants growing at Wamuran in south-
ern (QQueensland. In 1977 Peterson ({(pers. comm.} isolated F.
oxysporum from these plants and found, in limited pathogeni-
city tests using suckers, that the isolate did not attack ‘Wil-
liams’ bananas. He concluded that a new race of the fungus
had not evolved and suggested that the resistance in the ‘Mons
Mari’ plants had broken down under unfavourable soil condi-
tions. During 1981, Mayers (pers. comm.) provided conclusive
evidence that a new race of F. oxysporum {. sp. cubense,
capable of attacking Cavendish cultivars, had evolved in
Queensland. Fusarium wilt of these cultivars has now ap-
peared in fifty plantations between Caboolture and Eumundi
in southern Queensland. As Cavendish cultivars represent the
majority of commercial plantings in Australia, it now appears
that the Australian banana industry is threatened by Panama
disease. There are reports of Cavendish cultivars succumbing
to tusarium wilt in Canary Islands, Taiwan, Natal, Jamaica,
and Central America (21, 22, 27), but these outbreaks were
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considered to be due to adverse growing conditions or exces-
sively high inoculum levels in the soil overcoming host resis-
tance, rather than a new race of Fusarium. However, the out-
break of Panama disease in Cavendish cultivars in southern
Taiwan has subsequently been attributed to Race 4 of F. oxy-
sporum f. sp. cubense (23). There are also indications that a
new race capable of attacking Cavendish cultivars has evolved
in South Africa (B.Q. Manicom, pers. comm.) and Philippines
(D. Littman, pers. comm.) Four races of the pathogen have
been defined. Race 1 attacks AAA triploids such as ‘Gros
Michel’; race 2 is pathogenic to certain ABB triploids such as
'‘Bluggoe’; race 3 causes wilt of Heliconia spp.; and race 4
attacks Cavendish cultivars.

Thus there is a need to produce Cavendish cultivars that
are resistant to the new race ot fusarium wilt. As plant breed-
ing is limited by the scarcity of seeds in edible bananas (13)
we are studying the potential of tissue culture for the produc-
tion of natural and induced variation, and subsequent selec-
tion of disease-resistant plants.

There have been a number of reports on tissue culture ot
banana and successful regeneration of plantlets. Berg and Bus-
tamante (2) and Bower and Fraser (3) have described tech-
niques for meristem culture of lateral bud apices for removal
of pathogens from Cavendish cultivars. The first report of
rapid multiplication of banana cultivars using tissue culture
was that of Ma and Shii (11, 12). They cultured shoot apices
from suckers on both agar-based media and liquid media.
Subsequently, various techniques and media -for the rapid
multiplication of bananas via shoot-tip culture from suckers
have been described by de Gusman and Tolentino (7), Cron-
auer and Krikorian (5), Hwang, Chen, Lin and Lin (10) and
Swamy, Sriniv and Chacko (24). Hwang et al. (10) reported the
production of one million pathogen-free plants in 1983 to pre-
vent the spread of fusarium wilt in commercial plantations in

Taiwan.

Callus cultures have been produced from sections of ba-
nana fruit (6, 15, 25); however there have been no reports of
organogenesis or production of plants tfrom this callus. Cron-
auer and Krikorian (4) have reported somatic embryogenesis
using 2,4,5-T in their growth medium.

Genetic variability has been observed in banana plants
produced by rapid multiplication of shoot-tip cultures in vitro.
Reuveni, Israeli, Degani and Eshdat (19) noted three common
mutants in Israel. They were dwarfed plants; plants with thick
curled leaves with streaks similar to mosaic virus infection:
and a mutant characterised by reddish colour of the leaves
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and petioles. In plantings of ‘Grand Naine’, 7.2% of plants were
identified as off-types and, with the cultivar ‘Williams’, 9.3%
of the plants were mutants. In Taiwan, where multiplication is
via culture of shoot apices of banana suckers, 3% of plants in
field plantings have been identified as off-types (28). In Alston-
ville, Australia, plants were produced from inflorescence-sec-
tion cultures. Ten percent of the resultant plants were ob-
served as off-types in large field plantings (Turner, pers.
comm.). Off-types observed were variations in leaf type and
thickness, variegated and chlorophyll deficient leaves, and
dwart plants.

There have been some reports on the use of mutagenic
agents to produce variability in bananas. Menéndez (14) used
ethyl methane sulphonate on seeds of M. acuminata. De Guz-
man, Decena and Ubalde (8) treated shoot-tip explants of ‘La-
catan’ with gamma radiation. Low dosage (1.0 Kr/hr) was stim-
ulatory to bud formation and high dosage (10.0 kr/hr) was
lethal. A highly proliferating tissue strain was isolated from a
culture of an irradiated explant. Epp (pers. comm.) has added
fusaric acid and fungal filtrates to tissue cultures of Cavendish
clones in an attempt to distinguish levels of resistance be-
tween clones.

We are using plant tissue culture in an attempt to produce
Cavendish clones resistant to race 4 Fusarium wilt. This in-
volves the development of screening techniques to identify
resistant clones. We are also assessing other banana cultivars
for possible sources of resistance to Panama disease. Our ap-
proach to this work is presented in the summaries below.

Multiplication of Shoots from Cultures of Apical Tips of
Inflorescences in Cavendish Clones. Explants were taken from
inflorescences because similar cultures produced more vari-
ation in field-grown plants than those cultured from sucker
explants in Alstonville (Turner pers. comm.). Initial explants
consisted of apical tips from inflorescences of cultivar ‘New
Guinea Cavendish’, removed when the fruits were mature
green and ready for harvest. Apical tips (1 cm in length), with
bracts and flowers removed, were cultured in 250 ml Erlen-
meyer flasks on a horizontal orbital shaker at 120 rpm. They
were transferred monthly into a fresh solution containing
Murashige and Skoog (MS) salts and vitamins (1972} plus (per
litre) 5 mg BAP and 20 g sucrose. After six months, the ex-
plants had doubled in size and had developed small lateral
buds. At this stage,.they were bisected longitudinally and
placed either into liquid medium on a roller drum at 4 rpm or
onto agar-based medium (8 g/1) of similar composition as used
previously.
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Multiplication rates were higher in the liquid medium
than on agar-based medium. For the next 18 months, resultant
multiplying shoots were sub-cultured monthly onto fresh me-
dium. Rooted plantlets were then produced on a medium con-
taining MS salts, 0.1% activated carbon, and (per litre) 20 g
sucrose and 8 g agar, before being transferred to a steam-
sterilized potting mix of peat and perlite.

Of the first 800 plants produced 8 have survived two root
dip inoculations in race 4 Fusarium at an inoculum density of
1 million conidia per ml. These, and other surviving plants,
will be planted in a field where outbreaks of race 4 Fusarium
have occurred.

This work is now being repeated with cultivar ‘Williams’
(Figure 1).

Figure 1. Rooted plantlets of ‘Williams’ bananas on a medium containing
M.S. salts and vitamins plus (per litre) 20g sucrose and 8g agar.
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In vitro Propagation of Other Banana Cultivars from-
Suckers. Twenty-two cultivars representing six genomic types
have been cultured from shoot tips isolated from suckers on a
modified de Guzman, et al. (8) medium containing (per litre) 5
mg BAP and 0.1 mg IBA: The survival rate for these explants
in culture was much higher (with all cultivars) when the
apical dome was not removed. Cultivars varied widely in their
response to different growth regulators in terms of multiplica-
tion rates, shoot elongation, root growth and development.
These results have been discussed more fully in a paper by
Wong (in press).

Plantlets of the diploid SH-3362 and the tetraploid SH-
3436 have been obtained from Dr. P. Rowe in Honduras and
are being multiplied in tissue culture. SH-3142, the parent ot
both these cultivars, is reported to be resistant to race 4 Fusar-
ium and we are hopeful that this resistance will be found in
1ts progeny.

All these cultivars are being screened for resistance to
Fusarium.

Callus Culture of Banana. Callused leaves and stems were
produced on banana shoots when 2uM 2,4-D was added to the
multiplication medium of freshly sub-cultured shoots of culti-
var ‘New Guinea Cavendish’, (Figure 2). Sections of callused
“leaf and stem were removed and grown on a number of media.
Mineral formulations (B5 and M5) of Gamborg (1982) have
been compared with MS and half-strength MS salts. Various
concentrations of BAP, kinetin, and 2,4-D have been used in
- these media. Best growth of this tissue has been obtained on a
- medium containing MS salts and vitamins plus (per litre) 20
uM BAP and 2 uM 2,4-D. Over 6 to 12 weeks, these cultures
produced compact nodular masses of tissue, (Figure 3). A ma-
jor limiting factor to the growth of this tissue was the produc-
tion of a black phenolic exudate which often prevented growth
after a few weeks. A number of additives have been used in
an attempt to overcome this problem. Best results have been
obtained with citric acid (75 mg/1) and ascorbic acid (50 mg/l),
PVP (0.01%) and activated charcoal (0.5%);, however, only a
partial reduction of exudate has been achieved. Further reduc-
tions of exudate have been achieved when the tissue has been
emersed in stationary liquid culture medium, and when the
cultures have been incubated in darkness. .

Small green nodules which subsequently developed into
shoots have been formed on this tissue when placed on a
roller drum at 4 rpm in solution containing MS salts and
vitamins and 20 g/l sucrose. Rapid initiation and growth of
roots has occurred in these cultures with shoots when 0.5%
activated carbon has been added to the solution.
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Figure 2. Callused leat of ‘New Guinea Cavendish’ produced when 2uM
2,4-1) was added to the multiplication medium.

Figure 3. Compact nodular masses of tissue on medium containing M.S.
salts and vitamins plus (per litre) 2uM 2,4-D and 20uM BAP.
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The Use of Culture Filtrates and Gamma Radiation. Fusar-
ium oxysporum f. sp cubense was cultured on liquid medium
and its metabolites (principally fusaric acid) used in vitro to
select for resistance to these toxins. The supernatant trom
fungal filtrates was passed through a millipore filter and was
then incorporated in or used to flood the multiplication medi-
~um. Surviving plants were grown for three generations on the
toxin-amended multiplication medium prior to being tested in
the glasshouse and field. More than 95% of adventitious buds
which were developed from a ‘Williams’ plantlet, died when
cultured on this medium. Although we do not have any evi-
dence that Fusarium overcomes host resistance through the
actions of these toxins on host tissue, and very weak evidence
that toxins contribute to the fusarium wilt syndrome, we are
hopeful that surviving plants will be resistant to the wilt path-
ogen.

Multiplying shoot cultures have been treated with low
dose gamma radiation in an attempt to produce useful off-

types.

Screening Techniques. In banana, F. oxysporum {. sp cu-
bense gains entry into the xylem elements of the adventitious
roots. It then spreads into the rhizome stele and invades the
elements of the pseudostem. In resistant banana cultivars the
infection is checked within the roots or rootlets or at the root
bases. With tissue-culture plantlets the juvenile roots are un-
able to preclude the fungus from the rhizome stele and any
defence reaction has to take place in the rhizome. This may
not occur if undifferentiated vascular elements are present in
the rhizome. Therefore, with these plantlets inoculum density
greatly influences symptom development. Theoretically these
plantlets should be able to express resistance if a very low
inoculum density is used. In our experiments we have been
using a density of 300,000 conidia per ml, but we plan to
experiment with a series of inoculum dilutions. Research
workers in other countries believe that Panama disease resis-
tance testing can be done only in the field and that glasshouse
testing does not give a true indication. In field screening, a
susceptible cultivar is usually grown for a full growth cycle on
the trial site as a means of building up the inoculum level in
the soil, to fully test plants for resistance. Thus we intend to
use a disease nursery to field test any plants which survive
initial screening in the glasshouse.
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PROPAGATION OF ORNAMENTAL RAINFOREST PLANTS
F.D. HOCKINGS

41 Oxford St.
Wavell Heights, Queensland 4012

Any discussion about rainforest plants generally leads to
some disagreement about which plants are truly rainforest
species and which are not. The distinction is not as clear as
one might imagine because some species, for instance Lophos-
temon confertus (better known as Tristania conferta), are
prominent in some rainforests and can be equally prominent
in some eucalypt forests.

The “Language of Botany” defines rainforest as “a closed.
community dominated by trees which form a two or more
layered dense canopy in which lianes and epiphytes are usual-

ly conspicuous with a lower sparse assemblage of small trees,
shrubs and herbs, including ferns”.

Other definitions also include orchids, palms, wide-leaved
forbs such as philodendron relatives, ginger relatives and ba-
nanas, special plant modifications such as trunk buttresses and
leat drip tips, and an absence of grasses, annual herbs, euca-
lypts, and acacias.

Rainforests are widespread in tropical and sub-tropical
lands or parts of those lands which receive a fairly continuous
and high rainfall. Rainfall is more important to the develop-
ment of rainforest than soil type or soil fertility, although good
soil drainage is usually an important factor. Provided topogra-
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phy is favourable, areas receiving an annual rainfall of 1,275 to
1,500 mm or more (50 to 60 inches or more), develop rainfor-
ests, irrespective of whether the soil is basalt, andesite, gran-
ite, phyllite, slate, or beach sand.

At lower rainfalls, down to about 900 mm (36 inches), soil
fertility is more important and dry softwood or vine scrub,
which is a depauperate type ot rainforest, develops on richer
soils. Topography is important though, and patches of rainfor-
est are usually developed where some geological feature helps
to trap moist air.

The rainforests comprise an incredible diversity of plant
life, not only in numbers of species but also in plant form.
There are upper canopy trees and lower canopy trees; there
are small trees and shrubs that do not enter into the competi-
tion for light but grow well as understory plants in low light.
Some climbing plants scramble up to light in the same way as
some epiphytes grow on the upper part of trees in strong light.
Others of both groups grow on the lower trunks or rock faces.

The soil carries large-leaved forbs such as Alocasia, Al-
pinia or native banana. In addition there is a tremendous
variety of ferns, from the most delicate and tiny filmy ferns to
giants such as Angiopteris evecta which may have tfronds up to
9 or 10 metres long, and from the soil and rock dwelling ferns
to the epiphytic species in the tops of the trees.

In each of these categories of plant form there are many
species with attractive flowers, fruit, or foliage — species with
the potential to become valuable additions to the already im-
mense array of commercial ornamental plants. I propose now
to illustrate some examples of these various plant forms.

While many rainforest trees have inconspicuous flowers,
others are quite spectacular. Qutstanding tlowering trees in-
clude Baklva syringifolia, Brachychiton discolor, Buckinghamia
celsissima, Darlingia ferruginea, Deplanchea tetraphylla, Dory- .
phora sassafrassa, Elaeocarpus bancroftii, Oreocallis wickhamii,
Sloanea australis and Xanthostemon chrysanthus.

Smaller flowering trees and large shrubs are Backhousia
anisata, Cerbera manghas, Dillenia alata, Phaleria cleroden-
dron, Pilidiostigma glabra, Pithecellobium grandiflorum, Quin-
tinia sieberi, Turraea brownii and Zanthoxylum brachya-
canthum.

Other trees are notable for their fruit and include Cupan-
iopsis serrata, Diploglottis cunninghamii, Dysoxylum fraser-
anum, Hicksbeachia pinnatifida, Ochrosia elliptica, Podocarpus
elatus, Syzygium hodgkinsoniae, but there are many more. The
foliage of others is attractive, particularly in the juvenile
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stages; Geissois biagiana and Macaranga tanarius are exam-
ples.

The understory trees and shrubs include some with re-
markable foliage or unusual flowers or fruit. Besides having
potential for shaded gardens some may also prove useful in-
doors. They include Alyxia ilicifolia, Anopterus macleayanus
foliage and ftlowers, Eupomatia bennettii, Fagraea racemosa,
Fissistigma stenopetala, Pavetta: australis, Randia chartaceae,
Randia hirsuta and Triunia youngiana.

Light-seeking climbers include: Agapetes meiniana,
Aphanopetalum resinosum, Faradaya splendida, Hoya macgil-
livrayi, Millettia megasperma, and Tylophora grandifiora.
Shade-loving climbers include Capparis sarmentosa, Elaeagnus
latifolia, Fieldia australis, Freycinetia excelsa, and we have
several Raphidophora such as R. australasius and R. pachy-
phylla.

The large-leafed herbs or forbs are represented by Aloca-
sia macrorrhiza, Alpinia caerulea, Cordyline canniaefolia, Dra-
caena angustifolia, Orthothylax glaberrimus and Tapeinochei-
los queenslandiae. Other plants growing in the same situation
are Bowenia serrulata and Lepidozamia hopei.

Ground and rock covering plants include Boea hygrosco-
pica, Drymophila moorei, Kreyssigia multiflora and Peperomia

spp.
Ferns are many and varied — from the Platycerium spp. to
the tassel ferns and tree ferns.

The rainforest is not a particularly good place to look at
rainforest trees if you have cultivation in mind. You will be
impressed by the tall trunks and more than impressed by the
height of the trees. From a cultural point of view the most
interesting place to see rainforest plants is in regrowth country
where regeneration is taking place. Most rainforest trees when
grown in the open are shorter with spreading crowns and
tlower more regularly and profusely.

The cultivation of rainforest trees is by no means a new
concept and, in fact, many species were collected and distrib-
uted during the very early settlement of Moreton Bay. Some of
these specimens are still growing in southern capitals and in
overseas gardens because rainforest plants are the easiest to
grow and most adaptable section of our native Australian flora.

Much is said at times about developing our rainforest
plants as indoor plants. However, to gain acceptance in this
well-supplied area our natives will have to be just a little

better than or distinctly different from the established exotics
because, in general, they lack leaf colours other than green
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and they have long internodes.

Australian rainforest plants may be propagated by the
same general methods as for other plants, namely from seeds
or by vegetative means such as cuttings, grafting, and by tissue
culture. There are a few with viviparous habits such as Lo-
mandra spicata which, besides producing seeds, may also pro-
duce plantlets on the flower spikes. The rainforest Pandanus
monticola may drop small aerial rooting shoots and Remusatia
vivipara produces small burr-like bulbils on sterile stems. The
seeds of some plants such as Cordyline may germinate on the
plant.

Seeds of most rainforest plants are short-lived although
some are remarkably slow in germinating. They do not dry-
store but need to be kept moist in plastic where they will
germinate.

Some seeds are light and windblown such as those of
Doryphora, Calducluvia, and Alstonia. Many species have
fleshy fruit and relatively large seeds that are eaten by casso-
waries and wild pigs. The cassowaries pass the seeds and are
important distributors as well as efficient collectors of seeds.

The slow germination of some large seeds is an interesting
phenomenon. They need to be planted fairly quickly to retain
viability but take up to 4 years to germinate. In my limited
experience these include Aceratium ferrugineum, some of the
Lauraceae, and possibly Syzygium gustavioides.

Other rainforest seeds have a strong tendency to rot if
buried in the normal manner of planting seeds. They germi-
nate on a moist surface, and, in nature, would be amongst a
mulch of fallen leaves. These include Bowenia, Lepidozamia,
and possibly the slow-germinating species mentioned earlier.
Some growers have best success in germinating seeds of these
species in plastic bags with slightly moist peatmoss.

Cutting propagation utilizes the standard tip and stem cut-
ting methods and use of rooting hormones. Rainforest plants
are high humidity plants and the best methods should be used
to maintain high humidity over cuttings. Old, thicker stems
seem to be most successful for Tecomanthe hillii and Pandorea
baileyana; basal trunk suckers should be tried for species such
as Aceratium ferrugineum.

Root cuttings are successful for Pentaceras australis, the
Austromyrtus acmenioides and A. bidwillii. Surface roots of
pencil to finger thickness, cut to 15 to 25 cm lengths are laid
down horizontally in propagation mix. When the suckers that
arise produce their own roots they can be potted individually.

Tissue culture has been successful with some native
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plants and I am sure it could be used just as successfully with
rainforest species.

A large number of rainforest plants have the potential to
become important ornamentals. Propagation should not pre-
sent any serious problems. The main limitations are in knowl-
edge of the species and availability of propagation material.

COMMERCIAL PRODUCTION OF KANGAROO PAWS
G.M. LAWSON and P.B. GOODWIN

Department of Agronomy and Horticultural Science
University of Sydney
Sydney, New South Wales 2006

INTRODUCTION

There has been a rapid expansion of interest in the devel-
opment and production of Australian native plants. One genus
which has received a great deal of attention is Anigozanthos
(kangaroo paws). Kangaroo paws blooms, originally all bush-
picked, are currently available from commercial plantings.
Now, the potential of kangaroo paws as “potted colour” is
about to be realised.

Extensive work has already been done with Anigozanthos
in areas such as taxonomy, ecology, evolution, hybridisation,
plant selection, micropropagation, field cultivation, pathology,
and flower production. However, much of the horticultural
information has been published for the gardening fraternity or
as a result of scientific investigations into the biology of the
genus. With the introduction of kangaroo paws as cultivated
cutflowers, information relevant to tield production has been
gathered by workers in Western Australia. Other information
is less easily available as it originates from the experience and
observations of gardening enthusiasts, plant breeding experts,
and unpublished research work.

At the University of Sydney, work is aimed at the produc-
tion and utilisation of new hybrids of Anigozanthos as contain-
erised plants.

PLANT IMPROVEMENT

Many species of Anigozanthos are not well-suited to field
cropping or nursery production methods. Anigozanthos flavi-
dus is the most vigorous, reliable, and long-lived of the species
but produces flower stems which are up to three metres in
height and are generally unspectacular. A. manglesii, the red
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and green kangaroo paw, Western Australia’s tloral emblem,
produces stunning single terminal inflorescences but is highly
susceptible to two major fungal diseases — rust (Puccinia hae-
modori) and ink disease (leaf blackening). Other species such
as A. rufus, A. humilis, A. preissii, and A. onycis produce
magnificent flower colour and form, with a dwarf habit, but
are relatively short-lived.

Considerable etfort has been put into the hybridisation
and selection of new cultivars of the popular kangaroo paws.
The work by S. Hopper and K. Oliver in Western Australia,
and M. Turner in Victoria is particularly noteworthy. Hopper
(9) undertook studies on the evolution, ecology, and natural
hybridisation of Anigozanthos species in Western Australia
and produced many [, interspecific hybrids, four of which
found their way into the nursery industry. These were A.
preissii X A. flavidus, A. onycis X A. flavidus, A. rufus X A.
flavidus and A. manglesii X A. flavidus. Selections from the
first three are now widely known as ‘Regal Claw’, ‘Dwarf
Delight’, and ‘Red Cross’, respectively. These studies provide
valuable information on reproductive biology, pollination, seed
set, germination rates and phenotypic heritability (10,11,12,13).

Oliver (18) initiated breeding and selection work aimed at
synthesising new hybrids of significant horticultural value and
has succeeded in producing a range of selections of complex
parentages, over several ploidy levels, which are currently
being released commercially. Turner has established an exten-
sive and systematic breeding programme aimed at drawing on
the full potential of the genus for floral characteristics, growth
habit, and disease resistance. His selections for cut flower
production have drawn considerable attention to the crop in
the U.S.A. (19). Other cultivars are aimed at the containerised
plant market (Turner, pers. comm.).

The University of Sydney has been involved in the hybri-
disation of kangaroo paws since 1981. Cross-pollination of se-
lected species has resulted in a range of exciting new hybrids
which are proof of the great potential of kangaroo paws as a
flowering pot plant crop. However, with the impending release
of these and other new cultivars for nursery production, re-
search is concentrating on the means by which flowering can
be manipulated to ensure the ability to produce a flowering
crop to meet market demands.

PROPAGATION

The first area of concern is the method by which this crop
can be produced in sufficient quantity for commercial produc-
tion. Seed supplies are often scarce, particularly for the more
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unusual species (26). Germination rates of available seed are
usually low and variable for many species, although slightly
improved with hot water and chemical pre-treatments. Some
hybrids are sterile and do not set seed at all (10). Development
of the seedling to flowering is slow, taking nine to eighteen
months (10), and variability in flower quality and productivity
is well-established (3). Rhizome division has been an alterna-
tive method of propagation but the rate of multiplication of
material still remains low, as well as unreliable. It cannot
realistically be considered for large-scale production.

The most effective means of commercial propagation of
kangaroo paws is through the use of tissue culture techniques.
Establishment of A. flavidus in culture media was first docu-
mented at Canberra Botanic Gardens (17). Ellyard (2) success-
fully induced the formation of multiple shoots of A. manglesii,
A. flavidus, and Macropidia fuliginosa, and successfully re-
established plantlets in soil. McComb and Newton (16) report-
ed surprisingly high survival rates of tissue-cultured plants re-
established in potting mix, and they recorded flowering in less
than four months after removal from 5 cm tubes.

In recent years, micropropagation of kangaroo paws has
moved from the scientific research laboratory to commercial
tissue culture establishments. New plant selections can now
be established in culture and rapidly multiplied to large num-
bers. Experience with nutrient media, culture conditions, and
transplantation procedures for kangaroo paws exists in the
commercial sector because of the large-scale production of the
Hopper hybrids in vitro. This, in fact, has been a major con-
tributing factor to the wide distribution of these hybrids as
representatives of Anigozanthos in retail nurseries and pro-
vides evidence for the potential of this method of propagation.
Despite risks of induced phenotypic variation and latent mi-
crobial contamination, of major concern to research and com-
mercial laboratories alike, micropropagation offers the best
method for the rapid multiplication of kangaroo paws.

GROWTH REQUIREMENTS

Transplantation from Tissue Culture. Little is known of
the optimum conditions for growth in the early stages of crop
development of kangaroo paws from tissue culture. Kangaroo
paws is relatively easy to re-establish in soil in comparison to
some species, for example Grevillea cv. Robyn Gordon (15)
Survival rates of 80% were obtained by McComb and Newton
(16) and increased to 95% when an anti-transpirant spray of
Acropol® 1% (v/v) was applied to plantlets.

Rapid adaptation of tissue-cultured plantlets to the exter-
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nal environment demands the initiation of photoautotrophic
growth and development of functional roots after transplanta-
tion. Initiation of root primordia using indole-3-butyric acid
(IBA) in the final stage of subculturing enhances rooting on
transfer from culture to potting media (16). It is the author’s
experience that rooting of individual shoots in culture leads to
reliable plant survival, early establishment, and uniform crop
growth after transplantation. Material can also be transterred
directly from multiplication media into soil but an etfective
means of initiating roots soon after removal from culture is
essential. Hughes (14) found that 250 ppm IBA applied as a
quick-dip — with mist — promoted early root initiation and

development.

High humidity is an important environmental factor used
to maintain plant turgidity until growth begins. However, care
must be taken to ensure that over-wet conditions do not devel-
op. Excessive wetting of the leaves and waterlogging of the
growing media can cause black leaf spots, poor growth, and/or
survival. It is recommended that newly transplanted material
be placed in a protected environment designed to maintain
high relative humidity until growth is apparent.

The growing medium should provide good drainage and
aeration for young plants. A mixture used successfully at the
University of Sydney is 1:1, peat:sand, moistened and drained
prior to planting. This mixture retains adequate soil moisture
under a humidity tent for initial root development. The nutri-
ent requirements of newly transplanted kangaroo paws have
yet to be investigated.

Even, moderate temperatures between 20°C and 27°C are
generally recommended when transplanting tissue-cultured
plants (1). Exposure of A. manglesii seedlings to low tempera-
tures, 12° to 15°C, early in development has been reported to
favour plant growth and floral initiation (7, 24). However, the
vegetative growth of A. manglesii and A. flavidus plantlets
from culture was found to be optimal at 24°C (day) and 19°C
(night} (14).

The survival and subsequent growth of transplants may be
enhanced by the initial use of low light and the gradual intro-
duction of high light intensities. However, a 50% reduction in
light showed no beneficial effect on the growth of A. manglesii
and A. flavidus (14). -

Growing on Potted Plants. It has been found that kangaroo
paws will not tolerate very wet or alkaline soil conditions,
which induce iron deficiency. They do best in well-drained,
moderately acidic, sandy soils, in full sun (25,26). At the Uni-
versity of Sydney, mixtures of German peat and coarse quarry
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sand provide adequate growing media for potted plants. How-
ever, the identification of a better mixture to decrease net
weight, while maintaining good drainage, would certainly be
beneficial to commercial growers.

Favourable growth responses of Kangaroo paws to high
“nutrient levels have been reported. In pot trials, A. flavidus
showed increased plant height and lateral shoot production
with high levels of phosphorus, potassium, and nitrogen (4).
Growth of a range of Anigozanthos species and hybrids, under
hydroponic conditions at Knoxfield in Victoria, was found to
be very vigorous, and plants flowered outside their normal
season (8).

Watering has been found to be critical when flower buds
are developing. The combination of a limited medium volume,
rapid root growth, good drainage, and warm temperatures may
lead to the wilting of young flower stems. Older flower stems
tend to retain their rigidity better under water stress. It is
desirable to keep the foliage as dry as possible since constant
wetting by overhead irrigation increases plant susceptibility to
foliar fungal diseases.

CONTROL OF FLOWERING

Temperature is the single most important environmental
factor affecting flower production in Anigozanthos. Grieve and
Marchant (6) reported the work of Went (1956) in which tem-
peratures of 17°C (day) and 11.5°C (night) were said to produce
the best growth and flower colour in A. manglesii. No details
of the experiment are available. The conclusion was drawn
that flowers in this species only form under low temperatures
and that this is the reason for spring flowering after flower
formation in winter. This conclusion has been investigated in
recent studies at the University of Sydney.

Van de Krogt and Noordegraaf (24) showed that tempera-
tures of 15°C (day) and 12°C (night) resulted in a greater num-
ber of tlower stems in the first flowering season than other
temperature regimes. However, in a subsequent study (22),
higher temperatures were found to induce a high flower yield
in the second flowering season. These results suggest that cold
temperatures favour tloral initiation but that flower evocation
is hastened by higher temperatures.

Hagiladi (7) found that pre-cooling A. manglesii seedlings
at 10°C enhanced growth at 25°C and hence, lateral shoot
production and flower yield were increased. The best growth
of seedlings was obtained at 20°C (day) and 12°C (night). It is
suggested that vegetative growth is initiated when night tem-
peratures are 12°C to 15°C and that maximum lateral shoot
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production should be obtained before night temperatures are
lowered to 10°C. At this temperature, tloral initiation is said to
take place. Floral evocation is reported to be directly related to
temperature. With increased temperatures, more flowers ap-
pear.

Work at the University of Sydney has investigated the
pattern of flower development under natural conditions. It is
found that floral initiation in field-grown kangaroo paws oc-
curs in the autumn, tlower bud development is slow through
the winter months, and as temperatures increase in spring, the
flower stems appear (Motum and Goodwin, unpub.). Thus flo-
ral initiation occurs earlier than previously suggested by
Grieve and Marchant (6).

The use of micropropagation is a new strategy in kangaroo
paw production. However, interesting effects have been ob-
served. Flowering of plants from seed occurs in 9 to 18 months
(10). McComb and Newton (16) reported flowering of plants
from tissue culture in less than 4 months after removal from
tubes. Current studies on tissue-cultured plants of A. humilis
X A. flavidus at 21°/16°C indicate that tloral initiation is evi-
dent soon after deflasking. The control of floral induction,
synchronisation, and uniformity of flower production within a
crop is now a major area of research.

Studies so far have revealed that, although transplantation
from tissue culture is best done under controlled conditions,
complete plant development under glasshouse conditions may
prove problematic. Temperature studies indicate that high
temperatures encourage flower induction but flower colour
tends to fade. Temperatures of 30°/25°C produced stunted and
aborted flowers without pigmentation (Motum and Goodwin,
unpub.). Low temperatures maintain strong flower colour but
slow flower induction (Motum and Goodwin, unpub.). Flower
colour is associated with anthocyanins present in the branched
hairs covering the racemes. The intensity and shade of colour
of the flowers may vary with changes in pH due to their ionic
character (5). Flower colour of kangaroo paws under controlled
conditions may be manipulated with the use of acid or alka-
line solutions, but techniques have yet to be investigated.

Photoperiodic studies suggest that responses to long and
short days may be variable in Kangaroo paws. Van de Krogt
(24) and Hagiladi (7) reported little or no etfect of day length
on flower formation. However, long days (16 hrs day/8 hrs
night) have been reported to hasten flowering in A. flavidus,
while short days (8 hrs day/16 hrs night) encourage tlowering
in A. manglesii and A. rufus (Motum and Goodwin, unpub.).
The degree of response may depend on the species or cultivar
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receiving attention.

DISEASES

The most serious problem of kangaroo paws is disease
control. Kangaroo paws have been found to be susceptible to
two major fungal diseases. Ink spot disease, or leaf blackening,
has always been associated with field cultivated Kangaroo
paws, but is particularly significant in the production of per-
fectly formed potted plants. It is reported to be caused by
Alternaria alternata (21). However, the plants themselves also
produce chemicals which are seen as a blue/black ink in
tissue culture media and show blackening with tip senescence,
even in sterile conditions, suggesting that the situation may be
more complex. Harsh chemical sprays can also be instrumental
in causing leaf blackening.

The second foliar disease is rust, caused by Puccinia hae-
modori (20). Until recently, this disease had only been record-
ed on Kangaroo paws in Western Australia. It is now known
that this disease may be a threat in the eastern states. Moist
conditions favour these diseases although some measure of
control has been reported with the fungicide Mancozeb®
(3,26). Breeding and selection of Kangaroo paws looks to be the
most effective means of limiting these problems at present.
Work at the University of Sydney has been undertaken to
collect further information on these problems.

CONCLUSIONS

It is evident that kangaroo paws have been the subject of
extensive study. In addition to their use as cut flowers, they
will soon be available as containerised plants. With exciting
new cultivars being produced by plant breeders, further infor-
mation on propagation, growth requirements, control of
llowering, and disease problems of Anigozanthos will be need-
ed by commercial growers.

Micropropagation offers the most effective means of rapid
‘multiplication of new plant selections. Problems associated
with tissue culture production remain the subject of ongoing
research. As Kangaroo paws is new to cultivation as container-
ised plants, information on optimum growth requirements in
this context is limited. However, knowledge is expanding. The
control of flowering remains a problem, although a practical
approach to programming flowering pot plant production is
being developed at the University of Sydney. The basis for the
successful production of Kangaroo paws as a commercial crop
is the effort put into plant improvement and selection for
~disease resistance. Further research is now needed in critical
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areas of commercial production to do justice to these new
selections.
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Redlynch, Queensland 4872

INTRODUCTION

Tropical fruit tree propagation as referred to in this paper
is largely confined to those species of tropical or subtropical
origin which are not major industries in northern Australia.
However a few more established crops (e.g. mango and lychee)
are included in the context of developments and problems
~associated with plant quarantine introduction and propagation.

There has been little innovative research in propagation of
the “emerging” tropical tree fruits in terms of support from
government institutions in Australia. This is perhaps justitied
in the order of research priorities. However, as varietal screen-
ing and market development proceed, the few fruits with sus-
tained market prospects will be identified.

Developments in propagation techniques to date have
largely arisen from the initiatives of individual nurserymen,
and trial and error in quarantine facilities where problems in

establishing importations have arisen.
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For most species, relevant propagation techniques have
been developed overseas (particularly in Asia). However, in
Australia problems have arisen due to climatic ditferences,
shortage of parent stock (stock and scions), and operation costs.
We have nursery stock costs which, at the purchaser level, are
currently limiting industry development. In-vitro culture and
juvenile stock propagation are desirable prospects for the fu-
ture despite the fact that for most species such development
appears difficult at this stage.

HISTORICAL ASPECTS OF NORTHERN AUSTRALIA TREE
FRUIT INTRODUCTION

Queensland already has an enormous diversity of decidu-
ous, subtropical, and tropical fruit tree species. Efforts to in-
crease the range have been prompted by collectors (South
America and Asia in particular), exotic fruit study groups (e.g.
R.F.C.), and grower interest in supplying domestic, ethnic, and
export markets.

In the 1890’s Kamerunga was established as the State’s
tropical crop introduction station. In addition to sugarcane,
rubber, coffee, cocoa, palm oil, and most standard tropical
fruits, the introductions also included mangosteen, rambutan,
lychee, longan, wampi, etc. Many of the tropical exotics did
not thrive due to inadequate irrigation and lack of manage-
ment understanding. Further, all material was of seedling ori-
gin and resultant crops were often of poor quality.

In the early 1970’s renewed interest in tropical fruit spe-
cies arose and importation of clonal material of tropical fruit
tree species started in earnest. The Horticulture branch of the
Queensland Department of Primary Industries has been a ma-
jor importer. Importation through quarantine reached a peak
between 1978 and 1982 and has now tapered off due to the

shortage of new cultivars.

Table 1 summarises the species and number of cultivars
successfully brought through Kamerunga since 1970, and, the
grafting techniques used both in quarantine and nurseries.

PRINCIPAL GRAFTING TECHNIQUES

Side Veneer. Of all techniques this has been the most
useful in quarantine. This is probably due to the capacity to
handle material which has been in transit for a long period, or
has been collected in an indiftferent condition at source.

Scions should ‘preferably be pre-cinctured — although un-
necessary for carambola and casimiroa. Mamey sapote, on the
other hand, requires a 2 to 3 month cincture period for best
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Table 1. Clonal introduction through Kamerunga Research Station and
grafting techniques found successful.

IN % GS.V.We/M.WeF.B.A.L. B.G.

Artocarpus heterophyllus (jackfruit) 3 — + (+) + - 4
A. polyphema (chempedak) 1 - + (+) + - 4+
A. heteropyllus X A. polythema

(hybrid jackfruit) 1 - + + 4+ -+
Averrhoa carambola (carambola) 25 100 (+) (+) + -
Bouea macrophylla (maprang) 4 - + o+
Casimiroa edulis {casimiroa) 29 100 (+) (+)
Chrysophyllum cainito (caimito) 4 50 (+) + +-
Clausena lansium (wampee) 2 - [(+) + (+)
Diospyros digyna (black persimmon) 2 — + (+)
D. discolor (mabolo) 1 - + +
Durio zibethinus {durian) 16 80 (+) (+) + +
Euphoria longan {longan) 15 70 + (+) (+) (+)
Lansium domesticum (langsat.duku) 16 70 (+) (+) + —+
Litchi chinensis (lychee) 30 40 + + +  {+)
Mammea americana (mammea) 1 100 + +
Mangifera indica (mango) 75 90 + (+) +  +
Manilkara zapota (sapodilla) 22 85 (+) (+) +  +
Matisia cordata (matisia) 5 100 + +
Mvrciaria cauliflora (jaboticaba) 1 100 +
Nephelium lappaceum {rambutan) 52 85 (+)
N. mutabile (pulasan) 6 65 (+)
Pouteria campechiana (canistel) 4 50 (+) +
P. sapota (mamey sapote) 5 80 (+) +
Sandoricum koetjape (santol) 3 80 (+) +
Syzygium cumini {(jambolan) 1 -
S. malaccense (Malay apple) 3 - + (+)
S. samarangense (wax jambu] 3 - 4+ (+)
Tamarindus indica (tamarind) 7 - (+) +
Ziziphus jujuba (Chinese jujube) 2 - +
Z. mauritiana (Indian jujube) 2 - 4+ +
Key
IN = Number of cultivars imported through Kamerunga.
% G = Percentage grafted in quarantine (balance introduced as rooted

trees).

Grafting Techniques Used Successfully
S.V. = Side veneer graft
We /M. We = Wedge or modified wedge graft.
F.B. = Modified Forkert bud graft.
A L. = Air layer
B.G. = Bottle graft
+ = graft successful
(+) = grafts most commonly used commercially

— = not feasible

No annotation = either uncommonly used, or low percentage success.

results. All grafts are either PVC taped, bagged following graft
tying, or placed in high humidity chambers.

Wedge or Modified Wedge. Stocks must be extremely vi-
gorous and scions preferably terminal in a “hard”, near-to-bud-
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burst condition. The Fitzroy technique has been particularly
successful, even for Artocarpus species (which have troubled
most northern nurserymen). The criteria are “hard” scions,
with all leaves or at least 50% of leaves {cut) retained. Stocks
must be young, vigorous, and the graft made high so as to
retain at least 50% of original leaf area on the stock. The scion
match should be nodal — and with near equal diameter for
stock and scion. The leaf on the stock nodal joint should
preferably be left intact. The critical factor in the Fitzroy
technique is to enclose completed grafts in an environment
with zero air movement. In practical application this requires
PVC, glass, or mylar cabinets. Stock vigour is essential and
may necessitate bottom heat for some species — even in north

Queensland. Extremely hot, dry periods (October — Decem-
ber) should be avoided.

The modified wedge is a simple technique for “easier”
specles, such as mango, carambola, casimiroa, etc. Only -one
face of the wedge is cut on the scion and it is particularly
useful for small diameter scion/large stock combinations since
cambium match location is simplified.

Modified Forkert Budgraft. This technique was borrowed
from Asia and is an essential method for propagating rambutan
and pulasan. However, in Malaysia it is also used for a wide
range of species -— including carambola, durian, jackfruit,
chempedak, sapodilla, etc. In practice it is a simple procedure
but requires considerable experience.

The rootstock patch flap can be subtended from either top
or bottom, but the flap must be cut so that it does not overlay
the scion bud initial(s). Critical factors are: vigorous rootstock,
and obtaining, scion sticks from vigorous, upright branches on
the donor tree. On completion buds must be tightly, but not
heavily, taped. Good light exposure is essential. Taking of
budwood and budding is best attempted only on bright, sunny
days.

In addition, the modified forkert bud technique has been
valuable in quarantine for difficult species, such as lychee and
longan, and for other species when graftwood is extremely
limited.

Chip Budding. This is seldom used on tropical species
since in all except a few, e.g. casimiroa, wampi, it is not as
reliable as the aforementioned techniques. The same comment
applies to T-budding.

Punch Budding. There has been very little research with
this technique for tropical exotic fruit trees. Whilst it does
work for rambutan it is generally not as reliable as the modi-
fied forkert. It appears that success is most likely with species
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which have a relatively thick cortex and show a good carbohy-
drate build-up after cincturing.

Cuttings. Garner, et al. devate considerable discussion and
tabling of trial data to point out the merits of cutting propaga-
tion. In practical application, however, there is very little use
of it in nursery production of tropical fruit species. The prob-
lems are essentially reliability and the length of time required.
FFor most sapotaceous species 1t 1s even necessary to remaove
initial callus formation in order to stimulate rooting. However,
for some of the tropicals, e.g. durian, rambutan, there has been
little definitive research — particularly that concerned with
comparison in variation of juvenility, nutrient status, carbohy-
drate induced accumulation, controlled bed temperature, hor-
monal stimulation, misting, incident light exposure, etiolation,
and orientation of the cutting in the medium.

With low cost reliable propagation as the ideal (assuming
eventual tree growth and longevity satistactory) cutting re-
search is warranted.

Approach Grafting. Whilst relatively common in Asia this
technique is not used significantly in Queensland principally
because of the shortage of stock trees. It is, however, very
reliable for any species if the prescribed procedures are fol-
lowed. These are: vigorous stock and scion branches, grafting
with semi-mature (green/brown) stem combinations, and prop-
er attention to the scion weaning process are adhered to.

The technique has been particularly useful in quarantine
for ensuring the survival of cultivars which have established
poorly from rooted tree introductions — and, for multiplica-
tion of single survivals to a level of security. For field grafting
on stock trees the grafting period is best restricted to the wet
season.

Bottle Graft. The Thais have developed this technique
with remarkable success, particularly for mango, durian, ta-
marind, and artocarpus species. Seed are bed-sown and seed-
lings pulled when 3 to 4 months old, then transferred into
small, clear poly bags with the roots balled in coconut fibre.
The seedlings are then decapitated, tied up to an appropriate
branch of the scion tree and approach grafted (side veneer
graft) into a suitable shoot. After 4 to 6 weeks the scion branch
is cut at a level near the roots of the seedling. Following
potting, the scion base usually develops roots and a double
root system is provided. The technique works best during the
summer monsoon season and whilst not practised widely in
north Queensland it is a practical technique for more difficult
species, such as durian and jackfruit. Table 2 lists a summary
of propagation techniques for selected fruit tree species in
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Table 2. Summary of propagation techniques for selected species in north Queensland.

Rootstock Scion
Grafting Min. Stock Pre-cincture Defoliate+ Special notes
Mango Best mths. R’stock age weeks before weeks before
1-12 Ht. (mm) (mths)
We. /M. We 10 -3 500 - 1000 6-24 N/N 2-4+ Selection of plump buds is
S.V. 11 -3 500 - 1000 6-24 N/N 2-4 critical for good “takes”.
F.B. 10 - 3 300 - 1000 9-24 N/A N/A
Sapodilla
S.V. 8-11 500 - 800 15 - 24 3-5 3-5 After 4 to 6 weeks remove
4-5 callus from cuttings base.
We /M. We 8-11 500 - 800 15 - 24 3-5 3-5 Cuttings very slow to root.
A.L. 9-3 N/A large branch N/A N/A
F.B. 9-12 400 - 800 12 - 24 N/A 3.5
C 4 -9 N/A 3-5 N/A
Carambola
S.V. 8-12 1000 5-12 N/N* 1-3+ Air layers and cuttings very
4 -6 difticult.
We/M.We §-12 1000 5-12 N /N* 1-3+
F.B. g-12 1000 5 - 12 N/A 1-3+
Rambutan |
I'.B. 10 -12 1000 12 - 24 N/A only lower Air layers not reliable.
4-5 leaves 1-2 Average only 50% survival.
Wedge and side veneer grafts are possible but much less
reliable.
A.L. 10 - 4 N/A N/A
Durian
5.V, g-1 700 plus 12 - 18 2-3 N/A Use of scions with protruding
We/M/We 9-1 200 - 800 3-18 2 -3 N/A undamaged buds essential for
F.B. 9-12 700 plus 12 - 18 N/A N/A Forkert method.
A.L. 9-3 N/A N/A N/A N/A
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Lychee and Longan

S.V. 8-11 500 - 1000 12 - 20 3-4 N/A Side veneer preferred for
We /M. We 8-11 500 - 1000 12 - 30 3-4 N/A lychee.-growth slow for
F.B. 10-12 500 - 1000 12 - 20 N/A only lower leaves cuttings.

2 -3
A.L. 9-3 N/A N/A N/A N/A A.L. the normal commercial
C 4 -8 N/A N/A 2 -4 N/A method.
N.B.

1. Preferred graft methods at top of each list.

2. For mango and sapodilla, terminal scions preferred for wedge, modified wedge and side veneer.

3. S.V. =side veneer; We = wedge graft; M.We. = modified wedge graft; F.B. = modified Forkert bud; A.L. = airlayer; C = cuttings; N/N = not
necessary; N/N* = not necessary if use scion from drooping branches.

. Bottom heat preferred for all cuttings with best results during winter.

. Some nurserymen prefer leaving 6 to 8 terminal leaves (often cut in half) on the scion when gratting.

. Approach grafting not listed — but can use for any species with good success.

. + defoliate — but prefer to leave 6 to 8 terminal leaves intact.
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north Queensland.

Rootstock Compatability and Tree Performance Uniform-
ity in tree growth of the emerging tropical exotics has been
compromised due to the “anything and all” approach by nur-
serymen in regard to access to numbers of rootstocks. Unfortu-
nately, the same approach is often adopted in Asia and thus
there are few guides to rootstock selection.

We have witnessed overgrowth of rambutan scions on
some rootstock cultivars, incompatability with some lychee
cultivars (particularly Amboina and Kwai May Red} on Tai So
seedling rootstocks, and poor performance of Thai longan cul-
tivars grown on Chinese cultivar rootstocks (and vice versa).
Whilst some of these problems have been overcome (for exam-
ple using Wai Chee or Bengal seedling rootstocks for lychee
cultivars), obviously many more will arise particularly because
there are varying incompatabilities at the cultivar level within
species.

The Future Whilst there. has been little organised and
documented “emerging” tree fruit species propagation research
in northern Australia, there has been a considerable body ot
knowledge built up (and is still being developed) by a number
of innovative nurserymen.

What is essentially lacking is a coordinated approach to
the gleaning of trial and error information right through to the
field planting and cropping stage. Of major concern for the
various crops is that rootstock (or own roots) choice be such as
to achievé and maintain maximum productivity.

Tissue culture research should be pursued for the most
promising of the exotics. Success in this area has been largely
complicated by contamination and the difficulty in formulating
the callus medium. Once achieved we still require field re-
search on long term growth of own-rooted trees.

BUDDING OF EUROPEAN (SPANISH) CHESTNUT
(CASTANEA SATIVA MILL.)

HENRY HILTON

Nightingale Orchards
Stanley, Victoria 3747

The European (Spanish) chestnut is a relatively new tree
fruit crop in Australia, especially for production in commercial
orchards. The trees are grown for the shiny brown nuts which
are produced in prickly seed cases or burrs. The starchy,
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edible nuts are very popular in parts of Europe and it is from
these connections that a substantial market has developed in
Australia. Chestnuts (Castanea), oak (Quercus) and beech (Fa-
gus) are all genera in the family FAGACEAE — the cup-bearing
trees. Chestnut burrs are vegetative structures with a similar
function to the cups which carry oak acorns.

Thirteen species of chestnut are now listed and the most
important one in Australia at the present time is the European
or Spanish chestnut, C. sativa Mill. The name indicates that
this species is a native of southern Europe and it is also widely
distributed in the Asia Minor countries. The European or
Spanish chestnut.is similar to the American chestnut, C. den-
tata (Marsh.) Borkh. with both species having long leaves with
coarsely toothed margins. However, the leaves of the Ameri-
can chestnut are wedge-shaped at the base and do not have
hairs on the undersurface. Shoot growth of the European or
Spanish chestnut is stouter and the buds are larger than other
chestnut species.

Little has been done with the selection and development
of chestnut cultivars and, at present, nurserymen select propa-
gation materials from the better strains from within their own
areas. In northeastern Victoria there are probably some 12
different strains. The best ones have the following characteris-
fics: _

- large, dark brown, shiny nuts.

- easy release of nuts from the burr.

- moderate to heavy and regular (annual) cropping.

- burrs full of nuts. (Some strains develop only one nut out
of a possible three.)

All non-cultivated chestnut trees have developed trom
seed and, therefore, there is a tremendous amount of variabil-
ity. Care must be taken from the very start with the commer-
cial production of chestnut trees. I have not read any research
findings on the subject but, in my experience, less incompata-
bility occurs when chestnut wood is grafted onto seedlings
produced from the same tree. This may not be totally desir-
able, of course, since the rootstocks may need to be selected
for characteristics which are different from those of the scion,
e.g. tolerance to root diseases, vigour, etc. The same incompa-
tability has not been experienced with chip-budded stocks so
this method of chestnut propagation seems to allow the normal
range of stock and scion selection criteria to be used.

Throughout the world where European or Spanish chest-
nuts are grown for nut production most nursery stock is graft-
ed. In northeastern Victoria I have found chip budding to be

just as successful as nursery grafting and quite a lot better
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than T-budding. It is thought that budding of chestnuts is not
widely practised because the wood is fluted, or grooved, and
the cambial layers of the bud and stock do not join uniformly.

Budding in northeastern Victoria is carried out in late
summer (first 2 weeks of February) when, in a normal growing
season with rainfall supplemented by irrigation, the rootstocks
should be in ideal condition. The highest summer tempera-
tures should have abated, daylight hours shortened, and hu-
midity increased as a result of “dewy” nights starting to occur.
Budding in early February allows sufficient time for callusing
to take place before temperatures fall further and growth
ceases. Once callusing has occurred it is possible to remove
the bud ties before winter.

Selection of bud sticks. This is of great importance due to
the nature of the wood. The current season’s growth should be
selected and should be firm, mature, and bearing healthy
buds. With chestnut many of the basal buds on the current
season’s growth tend to be missing and this should be taken
into account when deciding how much budwood to collect.
The diameter of the bud sticks should be similar to or slightly
less than that of the stock.

Preparing bud sticks. All leaves should be removed as
soon as the bud sticks are cut from the parent tree. For chip
budding the leaf petiole should be cut as close to the bud as
possible. Once the leaves have been removed it is essential to
prevent the bud sticks from drying out by wrapping them in a
damp towel or some other material. Remember the importance
of labelling all material, especially when bud sticks are collect-
ed from more than one source.

The budding operation. Remove leaves from the rootstock
up to a height of 300 mm from the ground. The first cut is
made downwards into the side of the stock at an angle of
about 20°. Ensure that the knife is held horizontally to leave
the base of the cut level (Fig 1A). A second cut is then made
downwards to meet the first (Fig 1B). The piece of stock is
removed and thrown away. A similar operation is performed
on the bud stick to produce a chip bud {C) which ftits into the
prepared stock. The bud conveniently sits on the downward-
sloping bottom cut until it can be tied in place (D). Chip.
budding is easier it the rootstock and bud stick are the same
thickness so that a perfect match can be made (E). Chip buds
which are slightly smaller than the prepared cut should be
placed centrally. Sometimes budwood may be in such short
supply that very thin material must be used. Chip buds from
this material are small and must be placed on one side of the
cut to ensure good cambial contact (F).
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Figure 1. The chip budding operation.

[t is then important to tie the chip firmly in place with
plastic tape. The whole bud is covered over to prevent any
drying out or insect damage. Within 14 days the tape can be
removed to allow inspection of the bud. Should the bud have
‘not taken then, providing the conditions are still suitable,
another attempt can be made. The stock should not be cut
back until the following spring when growth recommences.

Comparing chip budding with traditional T-budding, my
results have shown that the chip budding method for chestnut
produces a consistent 96% “take”, whereas T-budding is much
less reliable with takes ranging from 50 to 85%. [ believe the
single most important factor in the success of chip budding for
chestnuts is a relatively large area of direct cambial contact.
Chip budding also succeeds under conditions which are not
quite perfect due to the tact that callus growth does not have
to be as prolific as with T-budding.

The results of budding chestnuts in Australia are better
than those observed in North America or Europe. Possible
reasons for this are:

- more days of consistent warmer temperatures, enhancing
callus growth.

- variation between night and day temperatures are not as
great.
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- during February (Southern Hemisphere) we have more
sunlight hours than are usually recorded in August in the
Northern Hemisphere.

Chip budding chestnuts onto selected seedling rootstocks
allows growers to produce uniform, desirable trees. Orchards,
or groves, of such trees should provide the grower with early,
substantial yields of high quality nuts.

REFERENCES

Garner, R.]. 1979 The Grafters Handbook. Faber and Faber. London and
Boston. pp 319.

Jaynes, R.A. ed. 1979. Nut Tree Culture in North America. Northern Nut
Growers Association. Connecticut, USA. pp 466.

Woodroof, J.G. Tree Nuts. AVI Publishing Co. Westport, Connecticut, USA.
pp 731.

1984 — A YEAR OF PROBLEMS FOR TREE FERNS —
SOME GENERAL OBSERVATIONS

A. G. SONTER

Sonter’s Fern Nurseries
240 Singles Ridge Road
Winmalee, New South Wales, 2777

Out nursery has been producing the tree fern, Sphaerop-
teris cooperi [syn. Cyathea cooperii], from spores tor more than
ten years.

Quite suddenly in 1984, although the spores germinated as
usual, the prothalli degenerated and production dropped to
almost zero. The same phenomenon occurred simultaneously
in nurseries in Perth and Sydney.

About the same time, enquiries began to flood in from tree
fern growers around Australia whose production from spores
had failed. Within a period of two months growers had con-
tacted us from Darwin, Cairns, Brisbane, Adelaide, Melbourne,
and a host of other areas all around Australia, all with the
same story — their spore production had failed. Buyers in-
formed us there was an Australia-wide shortage of tree ferns.

Over the next four months we increased our spore sowing
tenfold and for the next three months I spent my time trying
to solve the production problems.

The following things were tried:

1. Spores were collected from many remote areas around
Australia from natural tree fern populations — from Bedford
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in Western Australia to Atherton in Queensland.
2. Spores were sterilized.

3. A wide range of sowing media were tried, including
peat moss, sawdust, pine bark, perlite, vermiculite, and a
range of combinations of these.

4. The pH was varied from 4.0 to 8.0

5. The daylength was varied from 8 to 24 hours.

6. The humidity was varied.

7. A wide variety of fungicides were tried.
Results were no better — the crop still failed.

Numerous samples of prothalli were tested by laboratories
around Australia who constantly diagnosed: “no diseases or no
pests — it must be an environmental problem”.

Suddenly at the end of 1984 most of the prothalli in our
trials stopped degenerating and grew beautifully, irrespective
of media, light, temperature, etc. The only failures were in the
widest ranges of the trials.

[t should be noted that prior to 1984 we were producing
over 100,000 tree ferns a month from spores, covering a range
of about thirty different cultivars, and there were no problems
of degenerating prothalli.

By the end of March, 1985, after three months of success-
ful production, most of our grower customers had cancelled
their orders because their own production was now “doing
nicely”. This is being written in May, 1985, and there are tree
ferns everywhere.

Our nursery has produced many millions of ferns from
spores and we have been very conscious that many cultivars
can be destroyed by a single factor being out of line, at any
time.

It is my considered opinion that the minute, delicate
Cyathea cooperi spores which are responsive to the most mi-
nuscule of variations in the complex balance of environment,
media, and nutrients have, during this period of 1984, been
indicating to us in a very real way, a change in the earth’s
total environmental balance. We do not know what changed
— perhaps radiation, atmospheric gases, or a host of factars,
but we do know that something did happen, and the tree fern
spores in their own way told us about it.

Incidentally, we have since sown more of each batch of
spores collected around Australia in 1984, and they have all
grown successfully, with only normal losses.
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NEW PLANT GROWTH REGULATORS FOR CUTTINGS AND
FOR TISSUE CULTURE

PAUL E. READ, CYNTHIA D. FELLMAN, and
ELIZABETH ZIMMERMAN

Department of Horticultural Science and Landscape Architecture
University of Minnesota, St. Paul, Minnesota 55108

INTRODUCTION and LITERATURE REVIEW

For centuries propagators have sought ways to enhance -
the rooting of cuttings that rooted with difficulty, to cause
non-rooting cuttings to root, to hasten healing of grafts and, in
general, to cause ease and speed of propagability to be im-
proved. In the early 1930’s, a marvelous breakthrough oc-
curred for cutting propagation when Thimann and Went (19)
and their coworkers {18) discovered that a root-promoting sub-
stance, indoleacetic acid {IAA) was found in many higher
plants. This substance, dubbed “auxin” or IAA, when applied
to the base of cuttings could be used to hasten the rooting of
cuttings of many species and cause rooting in others previous-
ly ditficult or impossible to root. Even better rooting results
were found for analogs of 1AA, such as indolebutyric acid
(IBA) and naphthaleneacetic acid (NAA). Today, these latter
compounds are the active principles in numerous commercial-
ly available rooting compounds. Because IAA breaks down in
light and IBA and NAA are essentially non-labile in light, IBA
and NAA are more commonly included in such formulations.

Although much research was conducted in ensuing years,
no additional economically feasible chemical treatments were
found until recently. Hess’” work with rooting cofactors is per-
haps the most notable of such attempts to find additional root
stimulating compounds (6). He successtully demonstrated that
extracts of juvenile Hedera helix (English ivy) could interact
synergistically with [AA to increase rooting in the mung bean
rooting bioassay. However, no commercial applications utiliz-
ing rooting cofactors have taken place, although the principles
demonstrated by the work of Hess and others should stimulate
further investigations along this line of research.

Gibberellins, first discovered in 1939 in Japan, are now
known to be a large group of naturally occurring compounds
that cause internode elongation and numerous other plant re-
sponses. Their discovery led to a flurry of research with these
compounds in the 1950’s and later, including attempts to uti-
lize them in improving propagation success. However, gibber-
ellins had little effect on rooting ot cuttings, or frequently
were even inhibitory (1,13).

The work of Folke Skoog and associates in Wisconsin led
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to the discovery of another important class of active plant
growth regulating chemicals, the cytokinins (16). Cytokinins
are involved in division, growth, and differentiation of plant
cells. In tissue culture systems, such as callus derived from
tobacco pith, it has been demonstrated that cytokinins func-
tion in balance with auxin to induce shoots or buds. This
knowledge has greatly enhanced our ability to propagate nu-
merous species through tissue culture (micropropagation).
This subject will be addressed further in the discussion of the
application of new compounds to in vitro culture.

Certain fungicides have also been demonstrated to en-
hance rooting of. cuttings. In some cases, as reported for cut-
tings treated with captan, enhancement of rooting was in ex-
cess of the response expected if the fungicide had been merely
controlling pathogens (20). Benomyl, another fungicide, has
also been suggested as a possible enhancer of shoot multiplica-
tion in tissue culture systems, since it is reported to have
cytokinin-like qualities.

Research in our laboratory in the 1960’s and 1970’s illus-
trated that compounds generally employed as growth retar-
dants, notably daminozide (SADH, B-Nine) and chlormequat
(CCC, Cycocel) can profoundly influence propagation success.
Tuberous root formation in dahlia was greatly increased under
normally non-inductive photoperiods (long-days) by whole-
plant sprays of 2500 to 5000 ppm daminozide or 1000 to 2500
ppm of chlormequat (9). Cuttings taken from such daminozide-
sprayed plants rooted more readily than did those from the
control plants, but rooting was depressed for cuttings taken
from plants sprayed with chlormequat. Cuttings of several
herbaceous species were also found to root more quickly than
non-treated cuttings when the cutting bases were dipped for
short periods of time (15 to 60 seconds) in 1000 to 5000 ppm
daminozide solutions (12). Such daminozide-induced rooting
was consistent for chrysanthemum, carnation, dahlia, poinset-
tia, geranium ({Pelargonium), and other herbaceous species
(6,12,13). It was also effective for cuttings of several woody
species, especilally Juniperus spp.

Chlormequat, on the other hand, inhibited formation of
adventitious roots to a level less than that produced by the
non-treated cuttings. In spite of the observation by Read and
Bryan (8) that daminozide sprays could alleviate chlorosis
caused by chlormequat, stimulation of rooting by chlormequat
freatment has been inconsistent, suggesting that further re-
search is required.

A controlled-release method of delivery of growth regula-
tors was explored in the early 1970’s, in which a polymer-
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encapsulated formulation of chlormequat was incorporated
into the growing medium for height control and into the root-
ing medium for stimulation of early rooting (10,11). However,
when geranium cuttings were rooted in a medium containing
controlled-release chlormequat, subsequent root development
was greatly retarded. Carpenter and Carlson (2} also noted
poinsettia root stimulation when incorporating chlormequat in
a potting medium for stock plants, but Shanks (15) experienced
mixed results when rooting cuttings from stock plants that had
been sprayed with ethephon (Ethrel).

From the foregoing research reports (and the work of nu-
merous other researchers), it becomes readily apparent that
opportunities abound for further research with new growth
regulating chemicals and new approaches with known chemi-
cals.

NEW CHEMICALS

Several new chemicals have been developed by chemical
companies and research laboratories in recent years. This re-
port will focus briefly on three of them: triacontenol, conjugat-
ed auxins, and substituted phenyl urea derivatives.

MATERIALS AND METHODS

Tissue cultures of hardy deciduous azaleas from the Uni-
versity of Minnesota woody ornamental breeding program (led
by Dr. Harold Pellett), and Typha glauca callus cultures were
employed as the test units. Methods for producing the azalea
cultures (U. of Minnesota Accession 800112) were those de-
scribed by Economou and Read (3] and Fellman (4}, while the
Typha callus method was described by Zimmermann (21). The
tissues cultured by these methods were subsequently placed
on the appropriate test media, in which the chemicals being
evaluated had been incorporated at various levels.

RESULTS AND DISCUSSION

Triacontanol. Table 1 shows the mean number of shoots
produced by a hybrid deciduous azalea cultured on Economou
and Read medium containing various levels of triacontanol. In
contrast to reports by Ries’ group (14), no significant differ-
ences were found in shoot or root formation. However, as also
found with two other experiments, there appeared to be a
trend toward an increase in root production, but this increase
was considerably less than one would anticipate had an auxin
been used (e.g. NAA, IAA). It is apparent that further studies
are required to clarify potential uses for triacontanol in propa-
gation schemes.
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Table 1. Effect of different triacontanol concentrations on root and shoot
formation from azalea accession 800112 after 4 weeks culture In

VIHiro.
Triacontanol . Mean number of:
concentration
(mg/liter) shoots roots
0.001 0 0.67
0.01 | 0 1.67
0.05 0 1.35
0.1 0 1.33
1.0 0 2.01
Control (0 level} 0 1.20

IAA-Conjugates. IAA-conjugate (D,L-alanine)’ was tested
on a Typha callus bioassay, with the expectation that because
it was in a conjugated form it would resist degradation and
thus remain more active. -However, the mean callus rating
(Table 2) was similar to that for NAA, but inferior to the
stronger auxin-like compounds: picloram and 2,4-D. Note that
more roots were produced by NAA than by the IAA-conjugate,
but no roots were produced by the best callus stimulating
treatments. These preliminary findings are considered incon-
clusive at this time, but suggest a level of activity worthy of
further investigation.

Table 2. Callus and root production on Typha glauca female spike segments
cultured in vitro on media containing different growth regulating

chemicals.
Plant growth Mean callus? No. explantsy
regulator rating producing roots
10 mg/1 2,4-D 1.65 0
10 mg/l picloram 1.91 0
10 mg/l NAA 1.00 16
10 mg/l IAA conjugate 1.00 4

z rated on a 4 point scale, where 1 = no callus, 4 = excellent callus.
v 23 explants per treatment.

Substituted Phenyl Ureas. Perhaps the most promising
new group of chemicals for propagators to consider, N-(2-
chloro-4-pyridyl)-N'-phenylurea derivatives (4PUs), have been
reported to have cytokinin-like properties by Takahashi, et al,
(16) when employed in the tobacco callus bioassay. They indi-
cated that 4PU-30 (or 4PU-C]), which has a chlorine in the 2-
position of the pyridyl ring, had activity 100 times that of
benzyladenine. Since little research had been reported on the
effects ot 4PU-Cl for propagation purposes, we decided to in-

1 Supplied by Norman Good, Dept, of Botany and Plant Pathology, Mmhlgan
State University, East Lansing, Michigan.

81.



vestigate its shoot-forming potential, using Typha callus cul-
tures and hardy deciduous azalea microcutting explants. In the
Typha callus bioassays, 4PU-1080, which has two chlorine
substituents on the pyridyl ring, was also tested.

Typha Callus Experiments. Rates of 100 mg/l of both
4PU-C] and 4PU-1080 caused death of the explants. However,
1 mg/l 4PU-Cl caused prolific production of green roots by
calli derived from a medium containing picloram. This was
similar to the response caused by BA at 5 mg/l. However, 1
mg/] 4PU-1080 stimulated an even more prolific production of
green roots than the other treatments. In no case were buds or
shoots produced in the 8 week-duration of these experiments.

A much greater responsiveness to 4PU compounds was
observed for the hardy deciduous azalea tissue cultures (4).
Table 3 illustrates that relatively low concentrations of 4PU-CJ
(0.05M) resulted in dramatic increases in shoot numbers. This
response was consistent between trials involving media con-
taining 0.6M [AA, or no auxin in the medium. In other experi-
ments comparing the influence of different cytokinins on aza-
lea shoot production in vitro, significantly greater shoot
numbers were produced by azalea cultures with 0.05M 4PU-Cl
than by cultures containing 0.05M zeatin or 2iP. Both zeatin
and 2iP are commonly used for azalea shoot proliferation, but
at higher concentrations. This would suggest that 4PU-CIl may
have a stronger cytokinin-like activity than zeatin and 2iP. In
addition, tiny bud-like protuberances appeared on the leaves
of the microshoots produced on media containing 0.5M 4PU-Cl
after 10 weeks in culture, further suggesting a strong cytokinin
effect. Anatomical studies showed that these structures had a
somewhat bud-like character and developed from trichomes
situated over vascular tissue. Although they did not grow into
shoots, they did acquire a meristematic dome-like structure

and one or more leaf primordia.

Table 3. Production of shoots by azalea accession 800112 after culture for
10 weeks on media containing different 4PU-Cl concentrations.
Means are for 20 cultures per treatment.

4PU-CI Mean No. of Shoots
Concentration ( M) per culture

0 1.0 ab’
(.0005 : 1.0 ab
0.005 1.4 b
0.05 2.3 b
0.5 5.1 C
5.0 0.2 a

50.0 0.1 a

1 Values followed by the same letter are not significantly different at the 5%
level.
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Additional studies are required to determine optimum lev-

els for 4PU derivatives used in tissue culture of azaleas and to

‘stimulate and monitor development of the bud-like protuber-
ances. Applications of these compounds for other species and
other propagation methods (e.g. cuttings) should be investigat-
ed, since they are obviously extremely active plant growth
regulating chemicals. As more is learned about the physiologi-
cal effects of these and other compounds and how they inter-
act with known growth regulators such as auxins, gibberellins,
and cytokinins, additional strides in the world of plant propa-
gation are highly probable.

10.

11.

12.

13.
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Abstract.Our research has demonstrated that the stock plant (mother or
source plant} has profound influence on subsequent success of explants
cultured in vitro. Extremely different in vitro performance results from
different levels of mineral nutrition, plant growth regulator applications,
light quality, and photoperiod treatments of the stock plant. Cultivar differ-
ences have been demonstrated also, even for species which are easy to
culture. Further, preculture treatments of the explant with cytokinins can
increase microshoot yield equivalent to that produced by incorporating the
same cytokinin into the medium. When established cultures are treated as
stock material {microstocks), light intensity and light quality can be manip-
ulated to improve number of microshoots produced and the subsequent
rootability of such microshoots. Forcing solutions have also shown promise
as a delivery system for incorporating plant growth regulators into softwood
growth of forced deciduous woody species. Pertinent literature is reviewed
and possible relationships to endogenous hormone levels are discussed.

Propagators and researchers have known for some time
that treatments applied to the stock plant (mother plant,
source plant), and to the environment under which the stock
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plant is grown, have a profound effect on subsequent propaga-
tion. Such effects may include production of larger or more
cuttings, and improved root regeneration by cuttings taken
from such stock plants. Nutrition, light, temperature, genotype,
- plant growth regulator applications, physical manipulations,
and season have all been reported to influence propagation
efforts.

LITERATURE REVIEW

There are numerous references linking stock plant nutri-
tion with rooting of cuttings. The classic work of Kraus and
Kraybill (26) is a notable example in which they demonstrated
that carbohydrate-nitrogen ratio affected rooting of tomato cut-
tings. Other nutrient levels including boron (41) have also
been considered important factors in the rooting of cuttings.

Reduced light intensities have been reported to enhance
rooting of Forsythia and Weigela (27) and Dahlia (4). Extreme
light reduction leading to etiolation also has frequently been
reported to improve rooting (14,25). Several workers have re-
ported that reduced stock plant light intensities can lead to
better rooting (1,24,30). An increased level of endogenous
auxin is generally thought to occur under reduced light, thus
enhancing rooting (29).

Whalley {(42) has reviewed literature on photoperiod ef-
fects on rooting of various ornamentals. Bhella and Roberts (3)
reported that rooting of Douglas fir cuttings was increased by
long days (LD). Others have also shown an effect of stock plant
photoperiod on rooting of cuttings (2, 21). Night interruption or
day extension with supplemental lighting has been utilized to
provide a continuous supply of cuttings and explants for cul-
ture in vitro (19,35,36). Light quality has also been shown to
affect cutting production and rooting (19). Red light increased
axillary bud activity while far-red caused better rooting, simi-
lar to reported effects for in vitro culture of petunia leaf seg-
ments {34). In the latter work, a 30-min. day extension with
red light nearly tripled microshoot production. Stock plant
temperature regime, growth retardant treatments, cultivar, and
girdling have all been implicated as possible factors influenc-
ing subsequent rooting of cuttings (17,37,38].

A greater yield of haploid plants resulted from in vitro
culture of anthers from tobacco plants grown under short days
of high light intensity (9), but Hughes, et al. (23) produced high
yvields of protoplasts from barley plants grown under short
days with low light intensities. Begonia leat cultures were
posilively affected by long days applied to the stock plants
(18), and Paterson and Rost (31) showed that jade plant (Cras-
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sula argentea) leaves regenerated better if stock plants had
been held in the dark or under short days. Cheng and Smith
(6) for tobacco tissue cultures, and Read, et al. (34) for petunia
leaf segment cultures, demonstrated dramatic differences in
productivity among different genomes or cultivars.

Although the atorementioned reports and others exist in
the literature, early literature on the influence of the stock
plant on micropropagation is still somewhat limited. It seemed
apparent that an organized approach to stock plant investiga-
tions was required, since the stock plant clearly has a pro-
found influence on propagation success. For the past several
vears we have therefore concentrated our research on the
stock plant as a means of modifying in vitro responses and
increasing micropropagation success. This specialization may
be grouped into four categories:

1. Treatments applied to the intact stock plant.

2. Treatments applied to the detached explant prior to
culture. |

3. Treatments applied to the tissue while subjected to con-
tinuous or repeated culture. This, in essence, treats the
tissue as a miniature stock plant, or “microstock”.

4, Treatments applied to cut deciduous branches in a
“forcing solution”.

Intact Stock Plant Treatments. Conventional greenhouse
or growth chamber methods (13,15,36) were employed for
growing the stock plants and in vitro culture techniques were
those described by Read et al. (36), Gavinlertvatana et al. (16),
and Economou and Read (13). Nutrition of the stock plant was
shown to profoundly influence shoot proliferation in tomatoes
(36). However, in Salix (15), little difference was seen in in
vitro shoot production, even though macrocuttings were affect-
ed by levels of N, P, and K provided to the same stock plants
as those used for in vitro tests. More strikingly different shoot
multiplication in vitro was observed among the eleven Salix
clones tested. This was consistent with observations with Petu-
nia (34), Alnus (35), and azalea (10) in which shoot production
varied greatly among cultivars and clones.

Treatment of the stock plant with growth regulating
chemicals can also strongly affect shoot and callus formation
in vitro. Chlormequat sprays applied to tomato stock plants led
to greater shoot numbers produced by culture of leaf segments
taken from such stock plants (36). This is consistent with
results of de Lange and de Bruijne (7). Increases in callus
production of Dahlia resulted when leaf segments from plants
sprayed with daminozide were cultured in vitro (16). An inter-
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action with stock plant photoperiod was also observed, with
short day treatments combining with daminozide to cause
greater callus formation and ethylene production in the flask
atmosphere. More recently we have found that 2000 ppm da-
minozide sprays applied to Petunia stock plants 8 days prior to
leaf segment culture resulted in greater shoot proliferation
than for leaf segments from water-sprayed stock plants. Fur-
ther research with this approach is required, since rates of
application and time elapsed after chemical application can
modify explant response. As with cuttings, physiological stage
can also have an effect on in vitro performance, since shoot
proliferation is less from leaf explants taken from plants in the
flowering stage than those in an actively growing vegetative
state (36).

Explant Pre-culture Treatments. A practical method of ap-
plying “stock plant” treatments is by utilizing the explant as
the subject to be treated rather than the intact stock plant.
Petunia leaf segments have been treated with cytokinins prior
to culture on a cytokinin-free medium, resulting in shoot pro-
liferation similar to that achieved when the cytokinin is incor-
porated into the medium (12,13,36). Dipping the entire leaf or
the leaf segment for 3 minutes in 400 ppm benzyladenine (BA)
was mos!t effective. Further research in which in vitro-derived
microshoots were dipped in N°(A’*-isopentenyl)-adenine (2iP)
or N-(2-chloro-4-pyridyl)-N'-phenylurea (4PU-CI) caused shoot
proliferation similar to that reported with 2iP incorporated in
the proliferation medium (10,11). This method of growth regu-
lator treatment offers promise for further gains in micropropa-
gation efficiency. Rates and timing require further study, as
well as consideration of this method for utilizing compounds
which are expensive or difficult to readily incorporate into the
medium. It is also feasible to employ this technique as a
means of micronutrient, growth substance, or other chemical
pulsing to briefly stimulate the tissue. These approaches are
currently under investigation in our laboratory.

Treatments Applied to the Culture Tissue (Microstock).
Hughes (22) has reviewed the exogenous factors atfecting
growth and morphogenesis in plant tissue culture systems, but
little emphasis has been placed on treating the culture tissue
as a miniature stock plant, or microstock. However, because of
the efficiencies of space utilization, study of this approach is
deemed useful, since the elimination of large stock plant in-
ventories would be possible and light intensity, photoperiod,
light quality, and temperature can be readily manipulated.
These factors can often be easily modified to improve micro-
propagation success, as well as to enable studies of their phys-
iological effects.
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Low light intensities (10 or 30 Em™* sec™') applied to mi-

crostock cultures of azalea increased number of cuttings pro-
duced in vitro and improved their rootability when compared
with microstocks cultured under higher light intensities
(10,32). A possible reason for the improved root formation of
cuttings from low light may be related to the presence of a
greater.level of root-promoting substances, such as indoleace-
tic acid (IAA), since TAA is known to be reduced under high
light levels (29). Rooting of microcuttings was also promoted.
when microstocks were cultured for 2 weeks under red (R)
light following 2 weeks of far-red (FR) prior to placing the
microcuttings in a rooting medium (10,32). Photoperiodic ef-
fects have also been studied in our laboratory, but no consis-
tent relationships have been established, in spite of the earlier
mentioned reports (9,23,31). Similarly, no distinct temperature
influences have been delineated, although like Heide (18}, we
have seen an apparent interaction of temperature with other
culture environmental factors.

Another area of concern in the study of microstocks is the
problems inherent in the typical culture environment, particu-
larly as they influence leaf anatomy and subsequent plantlet
establishment. Sutter and Langhans (39) and others (5,8) have
indicated that epicuticular wax formation is lacking or greatly
reduced, and that leaf anatomy and stomatal behavior are
abnormal. These factors result in difficulty in acclimating
plantlets to ambient conditions of low humidity and high light
normally encountered in the greenhouse or field. Methods
usually suggested for circumventing this difficulty most often
involve gradually reducing relative humidity and providing
heavy shade at first to keep light levels low. These can then be
gradually increased by sequentially reducing the amount of
shading material used. However, our work (33) illustrates that
a greatly reduced light level is not requisite for successful
direct rooting of microcuttings in a controlled environment
rooting facility (CERF) in the greenhouse. The CERF provided
high relative humidity, but much higher light levels than in
the systems usually employed for direct rooting or acclimation.
This higher light intensity probably contributed to the fact that
erowth rate of hardy deciduous azalea (Rhododendron spp.)
microcuttings was superior to microcuttings rooted in more
conventional low light systems. Also, acclimation to green-
house conditions was achieved up to 2 weeks faster. Such
rapid acclimation is highly desirable and argues for further
study to determine optimum combinations of humidity and
light for the most acceptable rooting and acclimation of in
vitro-derived plants.

Forcing Solution Treatments. Research with numerous de-
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ciduous tree and shrub species has demonstrated that new
softwood growth can be “forced” from buds of quiescent stems
(after “dormancy” or cold requirement has been met). Such
softwood growth can sometimes be rooted as softwood cut-
tings, but it is more frequently an excellent source of clean
explant material for tissue culture use. The optimum forcing
solution for chestnut (Castanea spp.) and several other woody
species is similar to those used as floral preservatives, i.e. it
contains 200 ppm 8-hydroxyquinoline citrate and 2% sucrose.
We have subsequently demonstrated that such forcing solu-
tions can be effectively used as “delivery systems” for plant
growth regulating chemicals such as gibberellins and cytokin-
ins. GA, applied in this tashion has been used to stimulate
extension or elongation of the softwood shoots, although it
may later lead to retardation of in vitro development. Con-
versely, cytokinins such as benzyladenine can be metered into
the tissues via the “forcing solution” and subsequently may
increase shoot production in vitro.

DISCUSSION /FUTURE RESEARCH

Changes in endogenous hormone levels resulting from
stock plant treatments need to be further documented. Limited
studies with leat segment culture of Petunia stock plant treat-
ments of R and FR light from germination to explant excision
have indicated a correlation between endogenous hormone
levels and such light treatments (36). It is therefore logical that
further investigation of endogenous hormonal changes result-
ing from stock plant treatments is required. Repeated culture
of azaleas in vitro has led to a state of “habituation” with
improved microshoot production and rooting (11), but recent
work with Alnus has shown opposite results it cytokinin is
discontinued as a culture medium constituent (28). In addition,
recent work with leatherleaf fern {Rumohra adiantiformis) sug-
gests that anatomical studies may lead to a better understand-
ing of in vitro responses to stock plant treatments. From these
initial studies, it seems clear that stock plants offer a conve-
nient vehicle to expand our knowledge and effectiveness in
propagation, as well as facilitating more effective physiological
research.

The technical assistance of Mary A. Hosier is gratefully
acknowledged.
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VIRUS-TESTED PROPAGATING MATERIAL AND THE FRUIT
VARIETY FOUNDATION

R.E. BARKE'

Queensland Department of Primary Industries

G.P.O. Box 46
Brisbane, Queensland 4001

INTRODUCTION

Research in Australia and overseas has confirmed that the
quality of planting material used in orchard establishment has
far-reaching etfects on subsequent plant vigour, fruit produc-
tion and quality, and other crop characteristics.

Of prime importance in determining the potential produc-
tivity of planting material in many fruit crops is freedom from
harmful virus diseases. These viruses may result in reduced
vigour, vield, fruit quality, and orchard life. A list of some
deleterious virus diseases of fruit crops is given in Table 1.

Table 1. Some deleterious Viruses ot Fruit Crops

CITRUS

Exocortis Xyloporosis

Tristeza Citrus stubborn

Psorosis Citrus greening

STONE FRUITS

Prunus necrotic ringspot Plum pox

Prune dwart Western X

Peach vellow bud mosaic Peach yvellow bud mosaic
APPLES

Apple mosaic Apple ringspot

Apple proliferation Apple russet ring

Apple green crinkle Spy epinasty and decline
GRAPES

L.eafroll Fanleat

Yellow speckle Asteroid mosaic

Corky bark

AVOCADO

Sunblotch

Most orchard crops are propagated vegetatively, either by
budding or grafting, and these techniques allow the transmis-
sion of viruses from generation to generation. Most viruses are
not seed-borne and therefore a similar virus transter does not
normally occur in crops propagated by seed.

Techniques such as meristem culture and heat treatment
are available to remove viruses from vegetative material. Hor-
ticulturists, plant pathologists, and virologists are, theretore,

1 Assistant Director of Horticulture (Research)
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able to work together to produce fruit crop vegetative propa-
gating material free ot known deleterious viruses. The materi-
al is then termed virus-tested rather than virus-free because it
is only checked to ensure that harmful viruses have been
removed and il is possible that other relatively unimportant
viruses are still present.

Once virus-tested propagating material has been produced,
it is important to maintain a nucleus of clean stock, to test it
for horticultural trueness, and to develop multiplication sys-
tems which will allow the industry to take advantage of its
improved vigour and cropping potential.

THE AUSTRALIAN FRUIT VARIETY FOUNDATION (fvf)

The Fruit Variety Foundation (fvf) was brought into being
by a decision of the Australian Agricultural Council in 1971.
The responsibilities of fvf chiefly relate to the maintenance of
virus-tested mother stock of a range of fruit cultivars in special
foundation plantings. However the influence of fvt is far
wider; for example, it assists in the coordination of the impor-
tation of new fruit cultivars into Australia and, at the other
end of the system, provides coordination and assistance to
State budwood multiplication schemes.

Finance for the development and maintenance of the
foundation plantings is provided on a 50:50 Commonwealth/
State Government basis with States contributing in proportion
to their number of producing orchard trees of the crops in-
volved. A total of four professional staff are employed by tvf in
Victoria, New South Wales, and Tasmania to manage the foun-
dation plantings and conduct related activities.

The foundation plantings are administered on a day to day
basis by the local State Department of Agriculture, but a co-
ordinating committee meets annually to review the functions
and operations of the scheme. The committee contains a repre-
senlative from each State Department of Agriculture, one from
CSIRO Division of Horticulture, and one from the Common-
weaith Department of Primary Industries (Plant Quarantine). It
is comprised of both horticulturists and virologists and is the
chief guiding hand of fvf.

The foundation plantings are principally in fenced blocks
on Government research stations, but in crops where viruses
can be pollen transmitted from one tree to another, the virus-
tested mother plants are maintained in glasshouses. A listing

of the crops currently in fvf and the location of the foundation
plantings are shown in Table 2.

The mother stock maintained in the foundation plantings
is reguiarly reindexed by protessional statf to ensure that the
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Table 1. Crops in fvf and Location of Foundation Plantings.

CCRQOP FOUNDATION PLANTING SITE
Apples Gove, Tasmania

Pears Gove, Tasmania

Avocados Somersby, New South Wales
(Cherries Rydalmere, New South Wales
Almonds Rydalmere, New South Wales
Prunes Rydalmere, New South Wales
Citrus Dareton, New South Wales
Grapevines [rymple, Victoria

Peaches Burnley, Victoria

Nectarines Burnley, Victoria

Apricot Burnley, Victoria

material remains free from deleterious viruses.

SUBMISSION OF FRUIT CULTIVARS TO FOUNDATION
PLANTINGS

[t is the responsibility of the State Department of Agricul-
tlure and CSIRO Division of Horticulture to clean-up virus-
infected material of important fruit cultivars and to propose
them for incorporation in the foundation plantings. The tvt
committee controls the entry of new cultivars to the founda-
tion plantings and regularly reviews the need to maintain
existing cultivars. Candidates for submission must be justified
on horticuliural importance to the fruit industries as well as
having freedom from deleterious viruses.

HORTICULTURAL MERIT OF CULTIVARS IN fvt

[t is a firm policy of fvf that the foundation plantings are
nol genetic resource collections. Cultivars which do not have
conlinued commercial relevance to the horticultural industries
of Australia are removed. This is to keep the size of the
foundation plantings manageable and to control the costs of
running the scheme. However, new overseas fruit cultivars
with good prospects for industry use may be incorporated.

To ensure that the virus-tested cultivars maintained in the
fvi foundation plantings are horticulturally true-to-type, horti-
culturists check the cullivars from time to time and provide
descriptions of cultivar characteristics.

This is a difficult area with stone fruit because the mother
plants are maintained in glasshouses and are not allowed to
flower or fruit. As previously explained, this is because in
these crops some deleterious viruses are pollen-transmitied
from tree to tree. In these cases special virus-tested trees need
to be planted and grown to determine horticultural character-
istics. Alternatively, observations are made in existing trials or
- plantings on research stations which have used the virus-
tested budwood.
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ROOTSTOCK /SCION CONSIDERATIONS

[t would obviously be unwise to graft virus-tested bud-
wood onto virus-infected stock. For this reason tvf maintains
virus-tested material of both stock and scion cultivars. Where
seed is used to produce rootstocks, then virus-tested trees are
maintained of these cultivars.

STATE MULTIPLICATION SCHEMES

[t is the responsibility of the State Departments of Agricul-
ture to arrange multiplication and distribution schemes to en-
sure that virus-tested budwood is available for industry use.

The first stage in the development of a virus-tested bud-
wood scheme is the establishment of nuclear plantings. These
are established with budwood (or seed as appropriate) ob-
tained directly from the professional officer in charge of the
relevant foundation planting. Nuclear plantings are usually
located on State Government research stations. They act as a
local source of budwood for the establishment of multiplica-
tion blocks to supply the quantity of budwood required by
industry. In some cases there is no need for a nuclear planting
and multiplication blocks are established directly. In other
situations where only relatively small quantities of budwood
are required, the nuclear planting may also serve as the multi-
plication block.

[t is obviously vital that the State Multiplication Schemes
are so organized and managed that re-infection with harmful
viruses does not occur. To this end nuclear areas are usually
fenced and grown in some isolation, stone fruit trees are de-
blossomed to prevent infection with pollen-borne viruses, and
trees are reindexed from time to time to ensure continued

freedom from harmful viruses.
In the production of peach seed for rootstocks the trees

must obviously be allowed to flower and fruit, and to ensure
against re-contamination with pollen-borne viruses the trees
are grown 1in isolation and re-indexed at regular intervals.

The distribution of budwood to industry is often con-
trolled by grower organized committees with technical support
from State Departments.

Queensland currently has fvf multiplication schemes for
apples, stone fruit, grapes, citrus, and avocados.

THE FUTURE OF fvf

Governments have continued to support the need for the
fvt scheme. However a comprehensive review of the scheme is
currently in progress and some changes may occur.
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Australia with its fvt scheme, together with the Interre-
gional Research Project (IR-2) scheme of USA, and the EMLA
scheme of the United Kingdom, has been at the forefront in
establishing germplasm banks of virus-tested, horticulturally
important fruit cultivars. Interchange of material between
these schemes allows for much faster introduction of new fruit
cultivars through quarantine and speeds up their incorporation
into virus-tested foundation plantings.

The benefits of the scheme are now becoming increasingly
apparent in the Aust<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>