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INTRODUCTION
Cuttings need external conditions that will minimise stress, if they are to survive

and form roots (Elliot and Jones, 1980). These conditions involve water, tempera-
ture, light and oxygen. Protecting the cutting from water stress is usually
achieved by misting or fogging. Temperature is often regulated so that the
rooting medium is 5 to 10C warmer than the aerial temperature. High light
intensity can result in overheating of the cutting and consequently shading is
preferable, particularly under glass. Oxygen i1s essential for root formation
(Zimmerman, 1930) and poor aeration conditions due to waterlogging will lead
to death of cuttings. Factors such as the use of rooting hormones (auxins)
(Thomas, 1982) and slow-release fertiliser in the rooting medium (Carter, 1985)
can promote quicker rooting of cuttings.

Boland and Hanger first described the concept of hydroponic propagation (Boland
and Hanger, 1991). The system potentially overcame water stress by standing the
cuttings in aerated recycling water. The solution could be heated to create a warm
rooting zone and the inclusion of a low concentration of IBA in the water for an
optimal penod accelerated early root development.

This paper describes a series of studies using the hydropropagation methods. The
aims were to study a range of test plants:

1) Determine the effects of auxin type, concentration, and exposure time.

2) Determine any benefit of low concentration nutrients being added to the
recycling water.

3) Show that hydropropagated cuttings established well in standard potting mix.

4) Determine whether fogging could improve rooting.

MATERIALS AND METHODS
The hydropropagation modules consisted of galvanised powder-coated channels
2.3 mlong, 100 mm wide, and 40 mm deep, filled with black polypropylene beads,
approximately 4 mm by 3 mm in size. Channels were supported on galvanised
iron benches that had a slope of 1: 11. At the lower end the beads were retained
by a wad of foam that allowed water to drain back to the reservoir.

Submersible pumps were used to pump the solutions from 42-litre plastic drums
through 13-mm tubes to the upper ends of the channels where plastic jets delivered
the solution at approximately 500 ml/min. Solution depth depends on the degree of
incline and flow rate but was generally approximately 15 mm. The system was
located in a heated glasshouse (minimum air temperature 16 to 18C) that was
covered with 60% shade cloth and contained a fogging system that on occasion was
used to maintain relative humidity at a minimum of 75%.

When required, solution temperature was raised by heat exchange from coiled 15-
mm black irrigation tubing in each reservoir. Water heated to 35C was circulated



42 Combined Proceedings International Plant Propagators' Society, Volume 43, 1993

through the tubing and the flow was controlled by solenoid valves linked to
Datataker" and Iopack® control units. Details of the combination of treatments for
each species are shown in Table 1.

With some species a second batch of cuttings was propagated in a heated mist bed
with bottom heat set at 21C and 8 sec misting at 8 to 10 min intervals. The medium
used was 1 sterilized washed sand : 1 perlite : 1 sieved peat moss (by volume). Results
obtained in the mist bed could not be compared statistically with hydropropagation

but did indicate differences or similarities between the two systems.

Table 1. Summary of hydropropagation treatments, environment, and test plants.

Plant Swainsona Daphne Rosa  Eucalyptus Banksia Melaleuca
formosus  odora banksiae ficifolia ericifolia gibbosa
var. banksiae

Commenced 13Jan 3lJan 13 Mar 6duly 17 Dec 21 Dec
Duration (weeks) 4 4 6 8 6 4
Hormone:

Auxin

(potassium salts) IBA or NAA IBA IBA IBA Nil IBA

Concentration (ppm) 10 10 5 0.2 or5 “ 2 or 10

Exposure time (days) 14 14 12 7 or cont. “ 7
Nutrient:

Strength Nil 0.5 0.25 Nil Nil Nil

Start @ day “ 16 5 or 10 “ “ “

Renewal (days) “ 14 14 “ “ N
Recycling solution:

Continuous flow 4 v v v - v

Pulsed flow - - - - v -
Temperature °C:

Setpoint 21 - - 22 23 -

Ambient - v v - - v
Medium:

Beads (only) v v v v v v

Beads:peat - - - - v -
Light (ntEm-2 s-1 PAR) 390 390 390 860 960 960
Fog (75% RH) - - - - v /-
Cutting:

Length (cm) 8-14 10-12 6 15 8 7

Node number 2-3 2-3 2-3 2or4 50 75

Number (per treatment) 46 45 39 24 45 51

L Full strength 2 ds/m; composition after Cooper (1979).
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RESULTS

Sturt’s Desert Pea (Swainsona formosus). Sturt’s desert pea terminal
cuttings were easy to root using the hydropropagation technique (Table 2a). NAA
was toxic when applied at a rate of 10 mg/litre for 14 days. IBA did not increase
percentage strike but did promote a larger root mass than cuttings which
received no auxin. NAA and IBA used as quick dips (2500 mg/litre for 5 sec) were
both beneficial to rooting in the mist bed (Table 2b).

Table 2a. Effect of auxin type on rooting of Sturt’s desert pea and the presence of
Botrytis sp. after 4 weeks hydropropagation.

Hormone Rating (%) Botrytis (%) Strike (%)
Control (zero hormone) 3.08 0 92.9
IBA 3.48 0 98.9
NAA 1.44 0 36
LSD 0.05 0.37 ns 17.9
LSD 0.01 0.49 ns 23.5

Table 2b. Effect of auxin type on the rooting of Sturt’s desert pea and on the
incidence of Botrytis sp. after 4 weeks mist bed propagation.

Hormone Rating (%) Botrytis (%) Strike (%)
Control (zero hormone) 2.52 85.3 77.7
IBA 2.90 59.8 88.8
NAA 3.19 66.3 93.2
LSD 0.05 0.28 20.9 7.8
LSD 0.01 0.37 29.3 11.0

In the hydropropagation system noBotrytis was present whereas a high incidence
of Botrytis was present on cuttings propagated in the mist bed.Fusarium oxysporum
was isolated from the roots, symptoms being root rot (browning) and wilting of the
cutting.

Melaleuca gibbosa. Results in Table 3 show that either 2 ppm or 10 ppm IBA
stimulated rooting. However the lower IBA concentration appeared to be the better
treatment under nil-fog conditions. The number of roots produced was also greater

in the absence of fog.

Rosa banksiae var. banksiae. Incorporating IBA into the recycling solution
was toxic toRosa banksiaevar. banksiae [syn.R. banksiae‘Alba’] and all cuttings
died when IBA was present at a concentration of 5 ppm. Cuttings that were not
treated with IBA rooted successfully and the early introduction of quarter-
strength nutrient at day 5 to the hydropropagation recycling solution was
beneficial to early root development. Cuttings receiving nutrients had increased
root number and length compared to nil nutrients after 3 weeks and this was later
reflected at week 6, with improved early shoot development (Table 4).
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Table 3. Effect of auxin concentration on the rooting of Melaleuca gibbosa after 4
weeks hydropropagation in a fogged or nil-fogged environment.

Environment Hormone Strike (%) Root length Total
(per liter) maximum root
cm. number

Nil-fog Control(zero IBA) 28 0.4 6.3
IBA 2 mg 87 4.4 41.6

IBA 10 mg 61 4.0 20.0

LSD 0.05 - 1.4 9.4

LSD 0.01 - 3.3 12.4

Fog Control (zero 1BA) 4 0.1 0.2
IBA 2 mg 65 2.2 6.7

IBA 10 mg 67 4.1 8.4

LSD 0.05 - 1.2 3.9

LSD 0.01 - 1.6 5.1

Table 4. Effect of nutrient timing during propagation on root and shoot
developement of Rosa banksiae var. banksiae.

Nutrients started Root Shoot
number length number length
maximum total
(cm) (cm)
3 weeks 6 weeks
None ~ 0.2 3.9 0.9 2
Day 6 1.8 21.4 1.3 7
Day 10 1.1 9.8 1.7 3
LSD 0.05 0.8 10.1 0.5 2

Cuttings from each treatment were grown on in a standard pine-bark-based
potting media and were assessed after 5 and 15 weeks. There was no significant
carryover effect of the early nutrient introduction during propagation but
hydropropagated cuttings did grow faster than mist-bed propagated cuttings.

Banksia ericifolia. Cuttings of this species swelled at the base, but did not root,
when they were placed in plastic beads with continuously recycling water.
Intermittent recycling (15 min on/15 min off) did not improve the result. When
cuttings were placed in a medium consisting of 5 plastic beads : 1 peat moss
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(approximately v/v) 62% rooting was achieved in 6 weeks without recycling
water. The rooting increased to 82% when intermittent recycling was used in
combination with the beads/peat medium (Table 5).

Table 5. Effect of support medium and solution pulsing on the rooting of Banksia
ericifolia using hydropropagation grown in a fogged environment.

Medium Flow Strike (%) Callused or Dead (%)
swelling (%)
4 6 4 6 4 6

weeks weeks weeks weeks weeks weeks

Beads Pulsed 0 0 6 84 0 8
Beads Continuous 0 0 19 90 0 10
Beads

& Peat Pulsed 60 82 0 15 0 4

Daphne odora. Daphne odora is considered to be of moderate difficulty to strike
by conventional propagation. Incorporating IBA into the recycling solution at a
concentration 10 mg/litre for a period of 14 days significantly advanced root
development (Table 6a); 98% of cuttings were struck in 4 weeks compared to 71%
for cuttings which received no auxin. Root number, maximum length, and root
dry weight were all significantly increased. Incorporating nutrients into the
solution at day 16 did not significantly increase root or shoot growth over the next
12 days.

By comparison, cuttings propagated in the mist bed were inferior in development
after 4 weeks with only 37% of cuttings struck, fewer roots, and less growth (Table
6b). IBA (2,500 mg/litre for 5 sec) did not significantly improve rooting under mist-
bed conditions.

Table 6a. Effect of hydropropagation on root development of Daphne odora after 4

weeks.
Treatment Strike (%) Root Dry weight (g)
Number Length  Shoot Root
(max.)
(cm)
Control (zero IBA) 70.5 (50.5) 17.8 17.5 16.0 1.3
IBA 98.7 (88.3) 51.7 39.3 14.6 8.5

IBA + Nutrients 97.3 (80.7) 53.3 38.1 15.9 11.3
LSD 0.01 7.9 (15.4) 13.8 7.7 NS 5.1
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Table 6b. Effect of mist bed propagation on root development of Daphne odora after 4

weeks.

Hormone Strike (%) Root

Number Length
(max.)(cm)

Control

(zero IBA) 37 (16) 5.3 1.0

IBA 36 (16) 6.0 0.9

LSD 0.05 ns ns ns ns

Note: () Percentage of quality cuttings having >10 roots and the shortest root was >1.5
cm.

Grevillea Species and Hybrids. Only limited success was achieved with
Grevilleas. Cuttings of ‘Poorinda Peter’ developed basal callus but had not
formed roots within 6 weeks. Nine per cent of Ivanhoe cuttings rooted after
treatment with 2 ppm IBA for 7 days. However, if concentration of IBA was
increased to 10 ppm, 84% of cuttings died within 6 weeks.

Under fog conditions 23% of G. rosmarinifolia cuttings rooted within 6 weeks and
this increased to 63% if cuttings were exposed to 2 ppm IBA for 7 days. However,
if cuttings were not maintained under fog conditions the IBA was toxic even at the
low concentration of 2 ppm.

FEucalyptus ficifolia. The hydropropagation technique did not promote roots on
cuttings of adult Fucalyptus ficifolia.

Hydropropagation did however stimulate the production of callus which had root-
like appearance but lacked organised meristems. This callus developed on approxi-
mately 50% of two-leaf cuttings, and cuttings potted into a pine-bark media and held
in a fogged environment have remained alive for approximately 11 months and
developed new shoot growth up to 4 cm long.

CONCLUSION

For some plantse.g.,D. odora, incorporating auxin at low concentration for short
exposure time (2 to 14 days) can advance root initiation at optimal concentration
and promote a high quality root development. However, auxin is not always
necessary, and in some cases (e.g. G. rosmarinifolia) can be toxic even at low
concentrations (2 ppm). The importance of hormone type and toxicity was
highlighted by S. formosus.

The early addition of low-strength nutrients can be beneficial to advance early root
and shoot development. Hydropropagated cuttings (e.g.,R. bankstae var. banksiae)
can be successfully grown on using standard pine-based potting media.

The failure of cuttings to root using hydropropagation may, in some instances, be
due to inadequate aeration of the recycling solution. The use of aeration stones or
intermittent recycling on a short time interval may be beneficial.
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Using peat in the recycling solution was beneficial in promoting rooting as shown
withB. ericifolia. Therefore, investigation of whether this was a pH effect or caused
by other factors may prove useful.

Fogging in combination with hydropropagation can be mutually root enhancing
for some plants, e.g.,G. rosmarinifolia but may not be always necessary if the house
relative humidity is maintained at a high level. However, fogging delays or reduces
the risk of hormone toxacity.

Hydropropagation has potential but requires further experimentation before it
could be commercially viable.
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Protea Stock Plant Nutrition

Andrew Mathews
Proteaflora Enterprises Pty. Ltd., PO Box 252, Monbulk, Victoria 3793

INTRODUCTION

This paper describes some of the trials carried out at Proteaflora in Monbulk,
Victoria. The general aim of the trials was to achieve consistent production of
good quality cutting material. The work described in this paper concentrates on
the importance of nitrogen and phosphorusin the rooting and subsequent growth
of cuttings.

In previous experiments we established that nitrogen and phosphorus were the
most critical elements in the fertilization of our stock plants.

In the trial described here two clonal cultivars wereused:Telopea ‘Shady Lady’ red
and Leucospermum cordifolium #27.

THE TRIAL
The stock plants under consideration were potted into 15-cm pots in standard
Debco potting mix (pine bark and sand) without nitrogen, phosphorus, or
potassium, but including those elements added to the bark during composting.
The plants were liquid fed twice weekly. Potassium, iron, calcium, and magnesium
were applied equally to all plants. Nitrogen (applied as ammonium nitrate) and
phosphorus (applied asmonosodium phosphate) were applied at one of the following
levels:

NO = O ppm of nitrogen

N1 = 50 ppm of nitrogen

N2 = 100 ppm of nitrogen
N3 = 160 ppm of nitrogen

PO = O ppm of phosphorus
P1 = 4.5 ppm of phosphorus
P2 = 7.0 ppm of phosphorus
P3 = 9.0 ppm of phosphorus
P4 = 14.0 ppm of phosphorus

After 12 months, 10 cuttings were taken from each group of plants at each fertilizer
level. The cuttings were placed under normal propagation conditions (media: peat
and perlite; environment: mist, igloo).

At the appropriate time assessments were made of:

m Strike rate

B Quality of the roots

m Vigour of cutting

B Subsequent growth of the cutting
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Figure 1. Growth of Telopea *‘Shadv Lady’ red stock plants in response to applications
of N and P.

RESULTS AND DISCUSSION

Telopea ‘Shady Lady’ red. Response of the stock plants to the various fertilizer
levels is seen in Fig. 1. The stock plants responded to higher fertilizer levels, and
generally the higher the level (within the range tested) the greater the number
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Figure 2. Percentage strike of Telopea ‘Shadyv Lady’ red as affected bv N and P
fertilization.
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of cuttings that were available. As phosphorus was increased at the N2 and N3

levels of nitrogen, plant growth increased.
Strike rate was generally good at most levels of fertilizer (Fig. 2), but the number
of buds increased with increasing fertilizer level (Fig. 3).
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Figure 3. Percent of Telopea cuttings with growth buds.
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Figure 4. Root rating of Telopea cuttings (0 = worst; 4 = best).
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A greater difference between the cuttings is seen when we examine the root
development (Fig. 4). As phosphorus was increased at the N2 level of nitrogen both
the roots and shoots of the cuttings improved.

The plants that grew on frorm the cuttings initially showed great differences in
vigour but after 10 months they had all reached similar heights (Fig. 5).
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Figure 5. Height of Telopea plants 10 months after taking the cuttings.
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Figure 6. Mean number of branches on Telopea plants 10 months after taking the
cuttings.
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The total number of branches on the plants was clearly influenced by higher
fertilzer levels of the stock plants (Fig. 6).
After considering all the factors we aim for a fertilizer level of N3P3.
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Figure 7. Growth of Leucospermum cordifolium #27 stock plants as affected by
applications of N and P.

Leucospermum cordifolium #27. We restricted the fertilizer levels on the
stock plants compared with the Telopea because earlier trials had indicated that
N2P3 was the highest level at which the plants survived. Responsein the current
trial 1s shown 1n Fig. 7.

Karly striking of cuttings (6 weeks) was enhanced at the N2P2 level, but the
eventual strike rate (after 12 weeks) was similar at various levels (Fig. 8). Whilst
the NOPO level produced a good strike rate, the number of cuttings available per
stock plant was very limited.

Root development was enhanced by increased phosphorus levels in the N1 range
of nitrogen (Fig.9). The N2 range was alsobeneficial until the phosphorus level was
too high (N2P3). Good root development was noted also on the zero fertilizer
cuttings.

The height at 10 months of plants arising from the propagation trial generally
increased in relation to fertilizer level (Fig. 10). However the zero fertilizer level
cuttings performed well. A possible explanation for this may be that a low nutrient
level in the cutting encouraged the formation of proteoid roots which are very
efficient feeding roots. The branchiness of the plants (Fig. 11) followed a similar
pattern to the height.
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Figure 8. Strike rate of Leucospermum cordifolium cuttings at 6 and 12 weeks.
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Figure 9. Root rating of Leucospermum cordifolium cuttings as affected by stock plant
fertilization (0 = worst, 10 = best)
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CONCLUSIONS

The nutritional balance in a stock plant intluences the subsequent growth of
cuttings taken from the plant. Optimum levels of fertilization have to be
determined for each cultivar grown. To record strike rate alone as a measure of
propagation success is only looking at half the story.
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Figure 10. Height of Leucospermum cordifolium plants 10 months after propagation.
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after propagation.
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Inspecting a Plant for Problems: What to Look For

Rosemary E. Madden
Larkman Nurseries, 7 Jurat Rd., Lilydale, 3140

When one is presented with a problem during plant propagation or cultivation,
the cause(s) may be known and the problem rectified. Under other circumstances,
for example, through lack of knowledge of the environment in which you're
working or the plant which you are producing, a remedy may not be as straight-
forward.

Early diagnosis and the adoption of a holistic attitude to the growing of any crop
or line are paramount. Over time, if records are maintained one may learn to predict
outbreaks of disease, pests, or other problems, and take precautions against
recurrences.

DIAGNOSIS

Obvious Diagnosis. Frequently, the cause of a problem is known—or at least
anticipated or prevented (e.g., Hebe is susceptible to scale, Jacaranda spp. are
frost tender when juvenile).

Not-So-Obvious Diagnosis. Pride and professional arrogance are the downfall
of many workplaces. It’s better to acknowledge that there is a problem and go
from there, than to think, “maybe it’ll go away”, or, “it’s my fault so I have to deal
with it...even if I don’t know what it is.” It’s better to mention it to someone than
pour through libraries of books trying to find an answer.

Within any business there is usually someone who has already done that, or
merely has a heightened awareness of the plant or environment and its history.

Haven’t Got a Clue. Sometimes the answers are notreadily available. Sometimes
the perceived or recommended solutionisn’t successful. Thisis when a methodical
approach is required.

Inspecting a Plant for Problems. Regular inspection of plants and propagules
is a must. Accept that any individual may not be superhuman. We can all miss
the obvious. Encourage a team approach in the workplace. If someone notices a
problem they should mention it. It’s far better that the person ultimately
responsible is told about something ad nauseam than that a plague infests the
entire site. Complacency will only heighten a problem.

Assuming that there are obvious symptoms, grab a pest and disease book; look at
the pictures, read what the author has to say. Often a $5.00 magazine or your old
edition of Yates Garden Guide will supply the answers. If they're of no use, and you
have ready access to texts published specifically for commercial growers, have a
quick browse.

The following table may be of assistance with diagnosis. Remember that time is
of the essence. If you spend a week trying to discover a remedy, it may be too late.
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Table 1. Diagnosis of plant disorders.

Symptom Possible causes Treatment

Spindly growth Low light (i.e., shade), Improve light, cut watering,
excess water, high reduce night temperature in
temperatures, plants too greenhouse by cooling or ven-
close together tilation, reduce feeding, in-

creasespacing between plants

Growth reduced Insufficient nutrients, Feed more often, water more
and/or water often

Old or lower leaves Nitrogen deficiency Increase proportion of nitro-

yellowing gen 1n your solution; change

the form of nitrogen being
used to a form which is easier
to be taken in by the plant;
check solubility of nitrogen
in your formula; check pH
(this can aftect nutrient
availability);and adjust if

needed
Young leaves yellowing  Iron deficiency Spray or drench with iron
between veins
Purple leaves Phosphorus deficiency Apply superphosphate; in

crease concentration of phos-
phorus in fertilizer

Root tips burnt or Excess fertilizer or salts, Leach thoroughly to wash

discoloured toxic chemicals in medium away excess nutrient or
(sometimes occurs when toxin; check levels with an
medium is fresh) EC meter

Woody growth Plants overhardened Increase feeding, if problem
(1.e., exposed to tough 1S excessive, also prune

conditions), or slow growing

Stems very wet and Damping off disease caused Thin out plants, apply
decaying at base of by dirty conditions, high fungicide

the plant humidity and/or overcrowding

Algae, moss, or liverwort Excess moisture and Reduce watering, increase

on surface of the medium nutrient on surface; doesn’t ventilation, use better drain-
harm plant initially but can ing medium; some chemicals

impair flow of nutrient (such as ferrous sulphate) can

solution in the long term be used tokill algae and moss
Poor root growth Excess nitrogen, poor Determine which of these is

aeration or drainage in the problem and act accord-

medium, low temperature  ingly
in medium, toxic chemicals
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The above disorders will often weaken a plant and increase its susceptibility to a
range of more serious disorders. More often than not, more than one factor is
involved in a plant’s ultimate lack of vigour. Beginning at a base level, potential
problems can be systematically considered and a solution will be forthcoming.

Thefollowing procedure, as published by The Australian Horticultural Correspon-
dence School is a straightforward checklist for diagnosis.

FIRST
Systematically examine the plant and take note of any abnormalities.

1) Look at the leaves.
B Are there abnormal markings, swellings, distorted shapes, etc.
B Is there any discolouration
B Are there dead patches or holes

2) Look at the fruit and flowers.
B Are the flowers and fruit developing well
B ]s there any fruit drop
B Is fruit undersized (this indicates weakness)

3) Look at the stems/branches.

B Arethegrowth tips lush and growing fast (a healthy plant will have
lush, growing tips. If other parts are damaged but the tips are lush,
this can indicate that the plant is recovering from a previous
problem)

B Are there any abnormalities on the stems

4) Look at the roots.
B Are the root tips lush and healthy or black and rotting
B Are the roots strong or is the plant loose in the ground
B Areroots coming out of the surface of the ground (this may indicate
soilis frequently infertile or dry deep down—roots are comingup for
water and nutrients; or soil has been eroded away)

5) What parts of the plant are most damaged—the parts which are most exposed
to the problem will be most affected.
B Frost damage occurs more on parts most exposed to frost
B Sunburn occurs more on parts exposed more to the sun
B Fruit rots may occur on branches close to the ground where disease
spores can splash up from the soil
B Small animals tend to eat lush growth in preference to older tough
foliage, while grazing animals will eat lower growth on shrubs and
trees that is within their reach

SECOND

Examine the surroundings and note anything which relates to abnormalities
noticed when you examined the plant.

1) Soil.
B Isit wet or dry
B [sit well drained
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2) Surrounding plants.
B Are they healthy or not
B Do they have similar symptoms

3) Environment.
B (Consider exposure to wind, frost, sun, etc.
B Hasanything been changed since the problem arose (e.g., a building
or large tree which provided protection may have been removed)
B Js the plant at the bottom of a hill or slope? Could something have
washed down from further up the hill (e.g., herbicide, disease from
another plant, etc.)

THIRD

B Decide which group the main problem comes from—pest, disease,
nutrition, environment, or weed; decide whether it is likely that
there is more than one major problem

B Decide which of the five main groups the problem is most likely to
come from

B EKliminate the groups you can

B Jdentify the groups you consider possible, and those you are sure of

FOURTH

Consult a text, or contact an entomologist, nematologist, field extension officer,
or colleague with your deductions/eliminations in mind. Alternatively, cross-
reference the genus, species, or cultivar of plant, using a reliable reference with
the most likely disorder.

If you are still unsure of an accurate diagnosis, make an educated guess and devise
a treatment which could be used. Apply the treatment and monitor the results
according to whether or not the plant responds.

Remember that lack of vigour, chlorosis, or necrosis can be the result of more than
just ‘pests’ or ‘diseases’. Problems that can be encountered can include:

1) PESTS—ranging from the microscopic to dogs or rabbits

2) DISEASES—commonly fungi, viruses, or bacteria

3) ENVIRONMENTAL DISORDERS—including pollutants, soils, and climatic
considerations

4) NUTRITIONAL EXTREMES—in relation to the plant’s needs

5) WEEDS: which often harbour pests and diseases and will compete with the
desirable plant for its requirements

6) INSECTS—frequently the most common pests experienced. If you conclude
that an insect is the causative agent consider the following list, which includes
the most common insect pests.
m INSECTS (and other pests) WHICH CHEW ABOVE GROUND:
ants, armyworm, bugs, beetles, caterpillars, crickets, cutworm,
earwig, flea beetle, grasshopper, leafminer, leafroller, leaf
skeletonizer,sawily, slug, snail, springtail, and weevil.
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m INSECTS (and other pests) WHICH SUCK PLANT PARTS
ABOVEGROUND: aphid, harlequin bug, lace bug, leathopper,
mealy bug, mite, psyllid, scale, squash bug, thrip, tree hopper, and
whitefly.

m INSECTS (and other pests) WHICH FEED BELOW GROUND:

root aphid, root nematodes, root borer, rootworm, root weevil, wooly
aphid, wireworm, and beetle larvae.

B BORERS (including into fruit): codling moth, bark beetle, corn
earworm, white pine weevil, melon worm, longicon beetle, European
apple sawtly, etc.

(Given that we are all concerned with our health, and that of our staff and families,
and money-cum-financial constraints, the remedy you decide to adopt should bear
at least these factors in mind. Opt for the least dangerous treatment; it will
frequently be the most successful and cheapest!

Research the life cycle of a disease or pest and consider the implementation of
biocontrols or integrated pest management techniques. Dare to consult organic or
biodynamic growers. It may be that something can be effectively lured from your
growing area, and subsequently prevented or at least reduced in its impact.

Consider the overall environment in which your production occurs, and the
conditions under which your plants are growing. How closely do they emulate the
indigenous environment of the species?

Remember that prevention IS better than cure.
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The Propagation of Australian Native Plants from
Cuttings at the Australian National Botanic Gardens
(ANBQG)

Paul Carmen
Australian National Botanic Gardens, GPO Box 1777, Canberra ACT 2601

INTRODUCTION

The Australian National Botanic Gardens (ANBG) is a major scientific and
educational resource, and has the world’s most comprehensive display of living
Australian native plants.

The ANBG occupies 90 ha on the lower slopes of Black Mountain in Canberra,
together with 80 ha at Jervis Bay (Jervis Bay Botanic Gardens). There are
approximately 91,000 plants, representing more than 5,900 taxa, growing at the
ANBG. These plants are held in open-ground plantings, permanent pot collections
and in glasshouses.

Theobjectivesof the ANBG are to grow, study, and promote Australia’sindigenous
flora and vegetative propagation plays a major role in the achievement of these
objectives.

VEGETATIVE PROPAGATION

A significant function of the ANBG’s study and display of the Australian flora is
the correct identification of plants. The maintenance of this attribute is guaran-
teed by vegetative or clonal propagation.

The preferred method of propagationis by the use of cuttings because they are easy
to prepare, and are successful with a wide range of species. Grafts have been used
when plants have either shown a susceptibility toroot fungior are difficult; however,
for long-term clonal continuity, vegetative propagation is essential.

The nursery at the ANBG propagates approximately 500 plant species from
cuttings each year and produces more than 12,000 plants.

COLLECTION OF CUTTING MATERIAL

Field Collection. Most of the plant material entering the gardens is collected on
field trips, by staff or other authorised collectors.

After collection, cutting material is wrapped in wet newspaper and then placed in
plastic bags and kept cool either in an esky or a portable refrigerator. Plant material
prepared in this way will keep fresh for several days; this allows time for collection
from remote locations.

Collection within the Gardens. Repropagation of existing collections is
carried out throughout the year. Lists of the plants required are prepared and
staff use reference maps to locate particular stock plants. Clear plastic bags are
used to store cutting material, which is collected in the morning to minimise stress.
Bags are kept out of direct sunlight whenever possible and a small amount of water
is sprayed over cutting material. When the plant material reaches the nursery the
bags are placed in a refrigerator and kept at approximately 4C.
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PREPARATION OF CUTTING MATERIAL

The cutting material selected is usually semi-firm new growth and cuttings are
taken initially at alength of about 150 mm when possible. Preparation involves
the retention of two to three sets of leaves at the apical end of the cutting. The
other leaves are stripped away, taking care to make sure that the stem is not
damaged. The cuttings are then held between the thumb and index finger which
are lined up with either the first or second node below the bottom set of leaves.
The basal ends of the cuttings are then cut just below the fingers and immediately
dipped in the hormone solution for a maximum of 5 sec depending on the softness
of the plant material. The purpose of this procedure is:

1) To limit the length of the cutting—especially the distance between where the
roots will form and the bottom leaves. This will mean that the cutting will not
become top heavy later and be difficult to prune.

2) To make a fresh cut on the cuttings—the removal of at least 3 cm of the stem
opens thetranspiration stream and allows the cutting totakeup the liquid hormone.

3) To make all cuttings the same length so they can be dipped to give uniform
uptake of the hormone.

After dipping, the cuttings are put to one side for a minute or two to allow excess
liquid to evaporate. They are then placed in punnets of cutting mix so that the
bottom leaves of each cutting are just above the surface. The cuttings are then gently
firmed down and watered before placing in the propagation house. All cuttings are
drenched with an eradicant, systemic fungicide and this is repeated on a weekly
basis.

MEDIUM

The cutting propagation medium used at the ANBG is 5 perlite : 1 peat (v/v),
which is mixed before being steam sterilised for 15 min. With an air-filled
porosity of about 35%, this mix has excellent drainage and supports healthy root
growth. It has a number of advantages:

1) Roots formn uniformly throughout the mix because the air space is uniformly
distributed throughout the mix.

2) It is easy to check whether cuttings are rooted by giving a gentle tug. (Mixes
which contain sand tend to be come compacted and tight around the cuttings,
making it difficult to tell whether they are rooted or not.)

3) Rooted cuttings are easy to extract without damage—this is especially relevant
for cuttings with brittle roots, for example some Grevillea spp., Hakea spp., and
Acacia spp.

PROPAGATION STRUCTURE

The ANBG propagation glasshouse uses a fogging system with the fog produced
by the compressed air method. This method gives a droplet size of between 10 and
20 microns. Controls are set for 90% relative humidity throughout the year.

The glasshouseis covered with shade cloth which provides a 50% reduction of light.
Propagation benches have electric cables for heating and the temperature is
maintained at 24C for most of the year but is reduced to 15C during the hotter
months.
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SELECTION OF TREATMENT

Selection of treatment or hormone i1s made by the analysis of information
provided by the ANBG computer data base (IBIS - Integrated Botanical Informa-
tion System). This system allows data input and processing for all aspects of the
ANBG’s operations including the living collections, herbarium, and research.

It 1s an easily accessible source of information about all plants that have been
collected and propagated in the gardens. Propagation history includes the range of
hormones used, date of application, number of cuttings made, strike rates, and
present location of cuttings or plants.

When propagation has been difficult, unsuccessful, or a new species is being tried,
1t 1s treated as a mini trial with 2 or more hormone treatments used. This procedure
1s continued until all feasible variations are tried or plants are successtully
propagated. Analysis of the information stored by IBIS allows accurate assessment
of propagation history and the elimination of repetitious treatments.

HORMONES AND OTHER TREATMENTS

Auxins. Indole-3-butyric acid (IBA) has been found to be the most effective
rooting hormone for a wide range of Australian native plants at the ANBG.
However, combinations of IBA and NAA (naphthaleneacetic acid) are also
effective for many taxa. All rooting hormones used at the ANBG are liquid
(Ellyard, 1981a) and are made by dissolving pure hormone in a 50% ethanol/
water solution. The hormones are stored in light-excluding bottles in a refrigerator
and when used, a small quantity 1s poured into a petrie dish. The petrie dish is
kept covered whennot in use tominimise evaporation and possible contamination.
At the end of each day all used hormone 1s poured into a jar and kept for safe
disposal.

Theresponse to rooting hormone treatments may vary from species to species and
at different times of the year. In many cases, cuttings will strike without the use of

hormones; however, hormones frequently speed up the process, improve root
systems, and provide more uniform results. The list below indicates some treat-
ments which have been found to be consistently successful for the families and

genera indicated.

1) 500 ppm IBA / 500 ppm NAA
Asteraceae: Brachyscome, Cassinia, Helichrysum, Senecio

Chenopodiaceae: Maireana, Rhagodia, Atriplex
Cunoniaceae: Bauera, Ceratopetalum

Epacridaceae: Epacris
Goodeniaceae: Dampiera, Goodenia, Lechenaultia, Scaevola

Fabaceae: Dillwynia, Hardenbergia, Pultenaea
Myrtaceae: Calytrix, Darwinia, Kunzea, Leptospermum
Rutaceae: Boronia, Crowea, Zieria

2) 1,000 ppm IBA /250 ppm NAA
Rutaceae: Boronia, Zieria

3) 2,000 ppm IBA
Cunoniaceae: Bauera, Ceratopetalum
Dilleniaceae: Hibbertia
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Fabaceae: Pultenaea

Goodeniaceae: Scaevola

Lamiaceae: Prostanthera, Westringia, Hemigenia
Myrtaceae: Melaleuca, Baeckea, Darwinia, Kunzea
Rutaceae: Eriostemon

Sapindaceae: Dodonaea

Thymelaeaceae: Pimelea

4) 4,000 ppm IBA
Araliaceae: Astrotricha
Fabaceae: Bossiaea
Myrtaceae: Callistemon, Calothamnus, Eremaea
Proteaceae: Telopea, Lambertia, Grevillea, Adenanthos, fsopogon, Petrophile
Rhamnaceae: Pomaderris

5) 4,000 ppm IBA /2,000 ppm NAA
Rutaceae: Eriostemon

6) 6,000 ppm IBA
Mimosaceae: Acacia
Proteaceae: Hakea, Banksia, Persoonia

7) 1,000 ppm IBA /200 ppm NAA /200 ppm 2,4-D (Ellyard, 1981b)
Proteaceae: Persoonia

Cytokinins. Some trials have been carried out on those Acacia species which
have compound leaves and other taxa thathave a tendency to drop leaves quickly
after cutting. Soaking the basal ends of cuttings in a solution containing kinetin

before dippingin an IBA solution has given some encouraging results. (Richmond
and Lang, 1957; Mothes and Englebrecht, 1961).

CONCLUSIONS

The propagation system used at the ANBG has produced good results given the
wide range of taxa being attempted. Using the methods and the computerised
recording techniques outlined above, we are succeeding 1n propagating difficult
and hitherto untried taxa.
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Introduction to Growing Perennials from Seed

William L Ashburner
Digger’'s Garden Company, 105 Latrobe Parade, Dromana. 3936

INTRODUCTION

Perennials in the last decade have enjoyed enormous success amongst the
gardening public. The movement to a more free-form and care-free style of
gardening, and in particular the “cottage gardening” trend has buoyed sales of
perennials. They now account for a sizeable but undocumented market share.
Nursery persons unfamiliar with perennials have found it necessary to grow
them to maintain sales. This has resulted in some cases with inappropriate
propagation techniques and has resulted in plants being produced below the
growers’ usual standard.

WHAT IS A PERENNIAL?

Botanically a perennial is any plant that lives from year to year. Horticulturally
the definition is a little stricter and generally refers to any plant that lives for
more than a year and is herbaceous. This excludes all woody plants, although
some plants with secondary thickening are considered as perennials because of
their horticultural use. Examples would includeArtemisia arborescens, Romneya
coulteri, and the native Parahebe perfoliata. Echinacea purpurea, Thalictrum
delavayt, and Delphinium are examples of deciduous perennials which become
completely dormant in winter. Others such as Campanula trachelium,Anemone
x hybrida, and Achillea ‘Moonshine’ have flowering stems which are deciduous
in winter but in our climate have basal growth which is maintained. Evergreen
groundcovers such as Dianthus ‘Doris’, Anthemis tinctoria, and Aurina saxatilis
are often categorised as perennials.

PROPAGATION METHODS
The full range of propagating techniques can be applied to perennials. Vegetative

propagation is carried out to maintain named cultivars. Softwood tip cuttings are
a commonly used method and are the most desirable because itis easy to produce
an uniform crop. Other methodsinclude the use of root cuttings and the division
of the crown in winter. More recently some genera, Astilbe and Hosta, are being
propagated in tissue culture.

Seed propagationis by far the cheapest method. There isno need to maintain large
numbers of stock plants and the actual production of the plant requires fewer labour
units per plant. With careful selection of seed sources, variation inherent in
propagation by seed can be minimised. Some cultivars come true from seed soevenly
that they have been accorded cultivar names, examples would include Rudbeckia
fulgida var. sullivantii ‘Goldsturm’, Aubretia ‘Novalis Blue’, and Lobelia x speciosa
‘Compliment’.

CHALLENGES

Production of perennials from seed ofters some challenges compared to that of
annual plant cultivars. Generally the germination rates vary widely between
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cultivars, and careful year-to-year monitoring is necessary so that enough seed
is sown to produce the required number of plants for sale. Not as much work has
gone into optimising seed germination as has been carried out on the high volume
annual cultivars such as petunias and marigolds.

Germination in genera such as Campanula and Gunnera can be erratic and
uneven. Sometimes it can take 8 weeks from first germination to optimum
emergence. This makes production scheduling difficult because the tray may need
to be gone over a number of times to obtain the required number of plants. These
difficult types should be noted and in subsequent years they should be oversown so
that pricking out need only be carried out once.

As a generalisation, the seedlings of perennials tend to be smaller and they are
certainly softer than those of woody plants. Techniques need tobe modified so asnot
to damage or check the growth of the resulting plants. Seedlings should be handled
only by the cotyledons. This minimises damage to soft stem tissues. It is best to
transplant seedlings as soon as practical so growth is not checked, and because
transplanting then is fastest. This creates challenges when working with genera
such as Digitalis and Trachelium which have very fine seed. The most skilled
transplanter should be used and the seedlings should be inserted into media sieved
finer than normal.

TIPS AND TECHNIQUES

Some perennial plants require specialised treatment to ensure germination. The
commonest treatment is stratification, designed to replicate the cold or freezing
winters of the areas of origin of genera such as Dicentra or Paeonia. The seed
trays are be placed in the refrigerator for usually 8 weeks. There are very few
places in Australia where plants that require this treatment will thrive. If seed
doesn’t germinate when sown in autumn and subjected to your normal winters
then it isn’t an appropriate species to grow in your area. A good example would
be Helleborus which germinates readily in spring after an autumn sowing in
southern climates, but is progressively more difficult the further north you go.

The exact management techniques are not particularly important as long as they
work for you, encompass the basics of propagation and have been modified for the
peculiarities of the plants grown. I aim to obtain 1000 seedlings per standard
nursery flat. The medium is composed of approximately 4 pounded pine bark: 1 fine
sand (v/v), has an air-filled porosity of about 15% and no fertiliser added. This
sowing density and low nutrient content is acceptable if the seedlings are trans-
planted young and pushed on quickly.

Attention to hygiene is important because many perennials are susceptible to
damping off diseases. Standard nursery practice of clean media and containers
should be sufficient to prevent most infections. I prefer not to incorporate a dry
fungicide with the soil medium, or to drench trays after sowing. I now only drench
when aninfection is apparent. Germination results seem to beimproved, which may
be due to other reasons, but certainly results are no worse.

Producing a saleable perennial in a pot can take a great deal of skill. Timing of
sowing, potting, and stopping are critical in producing a compact flowering plant.
An understanding of a plant’s life cycle and flowering times is essential. Careful
recording of your observations and experimentation will give you the information
needed to add new perennials to your nursery plan.
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SEED SOURCES

Perennial seed can be obtained from the major Australian and New Zealand seed
suppliers. They don’t list in their catalogues all the perennials that they can
obtain so an enquiry is worthwhile for particular requirements. Some seed
merchants in Holland and Germany will handle small orders from nurseries and
are reliable suppliers of a wide range of fresh seed.

Specialist overseas garden societies can be rewarding sources of new and unusual
perennial plants to those who join them. Many of them have a free seed exchange
to which members can subscribe and obtain small packets of seeds. The larger
societies can have up to 6000 taxa listed.

One source of seed that should not be 1ignored is collecting your own. A few plants
can provide enough seed for your sowing requirements. Taxa in similar genera
should be isolated to prevent any hybridisation. For example, Digitalis is very
promiscuous. Plant seed stock plants in a place where they are regularly visited
because some seed ripens suddenly and then is shed, for example Kuphorbia and
Geranium, and protect them from tidy gardeners with secateurs.

CONCLUSION

Attention to detail will result in the successful production of perennials from
seed.
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The Future—Computer Applications

Brian Collins
D4 Data, P.O.Box 26, Ringwood, Victoria, 3136

INTRODUCTION

In my view, the future will see the use of computer systems within nurseries
extending beyond the administrative functions to cover production and opera-
tional functions. The question facing nursery managers will change from “What
can computers be used for?” to “What should computers be used for?” Table 1 lists
some typical computer applications.

Table 1. Typical computer applications.

Market Function Application

Horizontal Word processing Price lists, correspondence,

market stock lists, instructions

software
Spread sheets Budgets, production schedules, cash flow

projections

Data bases Mailing lists, plant lists, sales prospects
Accounting Accounts receivable, general ledger, cash

book bank reconciliation, accounts pay-
able, payroll, finished goods stock

Project management Major landscape developments
Point of sale Retail stock, management communica-

tions, customer stock lists, purchasing,
supplier stock lists

Vertical Production stock Future stock availability, order fulfill-
market ment
software
Planning, scheduling Cost efficiency, quality control
Production costing Inventory reduction, profitable pricing,

market specialisation

In the future businesses will move down through the table (Table 1) of applica-
tions. Applications at the lower end of the Table 1 have quite different characteris-
tics from those at the top.

The applications can be broadly categorized as horizontal market software and
vertical market software.
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Horizontal market software is developed as single products designed to meet the
needs of all industries. The software is often sold through retail stores, the priceis
relatively low, and training can be obtained from a wide variety of institutions.

Vertical market software is developed by small specialist firms selling direct to the
end user. The software 1s designed to meet the specific needs of a single industry.
The cost of the software is much higher. Training is often only available from the
developer.

Other changes occur as we move down the table: the users become increasingly
dependent upon the computer system, the computers are generally larger with
multiple terminals, and the installation requires a greater commitment from all
staff to ensure the efficient operation of the system.

One of the keys to business success, in general, is to differentiate the products and
services offered by the business from competitors products and services. The
applications at the lower end of the table must therefore be capable of adapting to
the unique characteristics of the business.

The applications will often require “tailor made” modifications to suit each
individual user’s needs. The software must be capable of continued modification as
the business changes in response tonew market opportunities. At the top of the table
the business must adapt to the software; at the lower end of the table the software
must adapt to the business.

Applications at the lower end can achieve much greater returnsfor the user. These
applications can identify the profitable operations within a business and the
software itself will often make new customer services possible and open new market
opportunities. By achieving more efticient operations these applications have the
potential to release large amounts of working capital.

MAKING INVESTMENT DECISIONS
Making decisions about new computer applications can often appear daunting.
As with all investment decisions, a methodical and detailed analysis of the
advantages and disadvantages is required.

Table 2 lists some of the possible advantages and disadvantages that could flow
from a particular installation.

Table 2. Advantages and disadvantages of computer systems.

Advantages of computer systems

Advantage Typical application
Provide new skills Word processing
Volume processing Invoicing
Improved management decisions Credit control
Detailed interrogation of data Sales analysis
Reduced operating expenses Order processing
Reduced capital investment Stock, debtors
Smaller stock range Detailed costing

Communication Product stock lists
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Table 2 (Continued). Advantages and disadvantages of computer systems.

Disadvantages of computer systems

New skills to be learned
Investment of time and money
New expenses

Less social contact

Increased vulnerability

In the longrun, the only reason to install a computer is to increase the profitability
of your business.

Table 3 can be used to determine the initial economic evaluation of a computer
system.

Table 3. Economic evaluation chart for proposed computer installation.

Capital costs:

A. Total cost of equipment and installation
B. Total cost of staff training

C. Total cost of all software and installation

D. Cost of entering initial data
E. (A+B+C+D)

Capital savings:

F'. Reduction in stock value

G. Reduction in total value of debtors
H. (E-F-G) Proceed if negative

J. (H/100)

New Revenue:

K. Increase in weekly sales

L. % profit on sales
M. (K*L/100)

Expense savings:

N. Number of man hours saved each week
P. Hourly total cost of labour

R. (N*P)

S. Other weekly cost savings

T. (M+R+S)

New expenses:

U. Cost of software maintenance per week
V. (T-U-J) weekly savings, proceed if positive
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FUTURE CHANGES IN COMPUTER TECHNOLOGY
The following is a list of some of the recent technological developments that
should find useful applications within horticulture over the coming decade.

B Increasing use of communications between computer systems,
both suppliers with customers and customers with suppliers.

B New techniques for data collection and data entry, including bar
code scanners, voice recognition, touch screens, and hand-write
tablets.

m Application of problem-solving software for plant identification,
disease diagnosis, and for the selection of plants for specific
environments.

m Integration of computer technology with video disks to aid plant
identification, disease diagnosis, and plant selection by end users.

SUMMARY

The horticulture industry has been rather slow to accept computer technology to
date. This has been in part due to the lack of applications specifically designed
to meet the needs of the industry an in part to a natural conservatism within the
industry. The future will see a much wider acceptance as new applications and
new technology are adapted to the needs of the industry.

Banks and airlines would not be competitive today without their extensive use of
computer systems. In a few years time the same may well be said of plant nurseries.
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New Alpine Plants to Propagate

Jill Dawson
Snowline Landscapes Pty Ltd, Australian Alpine Wildflower Nursery, PO Box 236, Falls

Creek, Victoria, 3699

INTRODUCTION

At the Snowline Landscapes Australian alpine wildflower nursery, we have over
100 species in cultivation. Many have perfumed flowers or foliage and most have
not been introduced to the horticulture industry.

The nursery i1s in Alpine Ash Forest at 1000 m altitude, 9 km northwest of Falls
Creek, Victoria andisregularly covered by up to 1 m of snow in winter. It covers 1200
m” and includes a solar- and gas-powered greenhouse and automatic-watering
system.

When the nursery was established in 1983, little was known of the growth patterns
of these plants. Initially, plants were collected from the wild and their growth
observed. Those species which flourished were selected for propagation and the
remainder are at the experimental stage.

Plants are propagated from wild stock by seed, cuttings, or division. Plants are
potted 1into a standard commercially available mix then grown on in polystyrene
boxes to protect the roots from freezing.

Many species have a germination success rate of more than 70% with no
treatment. Some species require stratification, as do those in the Leguminosae
family.

It hasbeen found (Maclurcan, 1992) that most Australian plants have mycorrhizal
associations. These improve plant growth and resistance to drought and disease.
Inoculation is achieved by incorporating a small quantity of alpine soil into the seed
raising mix.

Suitable cutting material is difficult to obtain in the wild as plant growth form
varies according to aspect and exposure. Plants propagated by cuttings generally
have short, woody branches with little distance between leaf nodes.

Many ground cover type species are easily propagated by division and have a high
growth rate.

The native conditions in which a species flourishes must be considered when
attempting to cultivate these plants for the horticulture industry.

Plant communities vary according to soil type, aspect or exposure, altitude, and
water.

Bogong High Plains is an old uplifted plain with well-weathered, gently undulat-
ing landscape. Sphagnum moss beds are found in the base of the saucer-like land
form, surrounded by grasslands, then increasingly taller woody shrubs until there
are trees at the apex of the small hills. This pattern arises largely from the effect of
‘frost hollows’ where colder air sinks to the lowest point of the landscape.

Soils are very shallow, stony, sandy, or organic loams that are fine, porous, highly
organic, acidic (pH 5.5 in grasslands, 3.5 in mossbeds), strongly leached, and have
low availability of nitrogen, calcium, and phosphorus. Mean annual temperature is
5C and mean annual precipitation is 2250 mm, of which 30% to 50% is from snow.
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Plant growth is rapid with species found in the relatively deep, well-watered soils
of the grasslands. Craspedia spp. and Gentianella diemensis sprout from tuberous-
typeroots to flowerin 6 to 10 weeks. Where plants must contend with shallow, stony
solls and exposure to cold, desiccating winds, growth is slow and often produces
bonsai forms with plant age estimated in hundreds of years.

IMPLICATIONS FOR HORTICULTURE INDUSTRY

These alpine plants are “new” and many are easy to propagate. However, little
is known about them.

An 1mportant consideration is their ability to survive or, preferably, thrive in
environments other than alpine. A few species have been available within the
horticulture trade for some years e.g.,Scleranthus biflorus, Wahlenbergia gloriosa,
Helipterum anthemoides (hybrid form marketed as baby’s breath), Prostanthera
cuneata, Brachycome rigidula, and Hovea montana.

Over the last 10 years we have tested some species in Victorian environments
ranging from coastal to city suburban and inland with mixed results. These informal
experiments have indicated that with well-drained soil that is mulched to keep the
plant roots cool, alpine plants can do well.

The most common problem in both propagation and growing on has been the
tendency for roots and plants to rot, presumably from fungal invasion due to
excessive water.

Experimentation with propagation methods has been curtailed by lack of avail-
able time and reliability of propagation equipment at the nursery.

For those with the resources and interest toimprove propagation methods and test
plant performance in a variety of environments, here is an opportunity to introduce
a range of new plants to the horticulture industry.

Thereis currently a proposal being discussed to establish an alpinebotanic garden
in the north east of Victoria. This garden would be part of a national network of
Regional Botanic Gardens and would incorporate facilities for botanical research
and support the development of the Australian horticultural industry by introduc-
ing appropriate native species to cultivation.

LITERATURE CITED
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Propagation of Mint (Mentha)

Fred E. Bienvenu
Department of Agriculture, Victoria, Ovens Research Station, Myrtleford, 3738

An essential oil industry based on production of high value peppermint oil for
export 1s emerging in the upper reaches of the river valleys of northeast Victoria.
Research into essential o1l production at the Ovens Research Station (ORS) by
the Department of Agriculture, Victoria, commenced in 1976. This paper gives an
overview of the production process, including methods of propagation.

TAXONOMY

The genusMentha,in the family Labiatae, contains alarge number of species and
has a geographic distribution over most continents. Most species are herbs and
aromatic. The mints have been known over the centuries for their use in herbal
treatments and oil extraction. The first references to the use of mint leaves date
from the time of the Pharaohs.

The Mentha genus is divided into two subgenera Pulegium and Menthastrum.
Pulegium is characterised by poorly developed stolons, reclining habit, and axillary
flower spikes. The subgenusMenthastrum typically has well developed stolons and
1S mostly perennial. Mentha species most commonly used in steam distilled
essential oil extraction in today’s essential o1l industry are derived from the
subgenus Menthastrum.

Native Spearmint. Mentha spicata (2n=48) which i1s possibly a hybrid of M.
longifolia (2n=24) X M. suaveolens [syn: M. rotundifolia] (2n=24).

Scotch Spearmint. Mentha cardiaca (2n=72) a name recently changed to M. x
gracilis. The major spearmint components are carvone (55% to 65%) and
limonene (13% to 20%). Spearmints are most often found in chewing gums and
other confectionery lines.

Peppermint. Mentha x piperita (2n=72) is believed by some to be derived from
a triple cross between M. aquatica (2n=96) and M. spicata (2n=48) (itself a
possible hybrid). It isimportant to note that M. x piperita is sterile. Peppermint
oil typically contains menthol (43% to 50%), menthone (15% to 25%), and
menthylacetate (2% to 7%) and is the true peppermint of commerce. Main uses
for peppermint include confectionery, food flavouring, and pharmaceutical

products.

Corn Mint. Mentha arvensis (2n=96) produces an oil containing many compounds
in common with peppermint oil but with menthol levels much higher at 85%. The
oil produced is inferior to peppermint oil but is used in mixtures with peppermint
oil to produce a cheaper oil.

COMMERCIAL PRODUCTION

This discussion will focus on peppermint because its value and production is by
far the largest of the four species listed above. Peppermint oil production has
historically been situated in the USA with the main producing states Wisconsin,
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Michigan, Washington, Oregon, and Idaho. These states have a latitude above
40°N. This fact provides an insight into one of the conditions necessary to produce
high quality peppermint oil. The peppermint plant uses daylength to determine
its flowering time and hence foliage maturity. Broadly speaking, oil quality can
be tied to the flowering stage of the plant.

Anotherdeterminant which controls o1l quality is diurnal temperature fluctuation
in the month preceding harvest (January-February in Australia). In Australia the
production of peppermint is restricted to two regions: Tasmania, which offers
daylengths similar to production areas in the U.S.A.; and the upper reaches of the
river valleys in north eastern Victoria, which have clear hot days and clear cool
nights, due to their proximity to mountain ranges.

If either of the two above conditions are not met, it 1s virtually impossible to
produce an oil which has the correct balance of components. The normal chemical
pathway involves the reduction of pulegone to menthyl acetate, through the
intermediates menthone and menthol. Production of menthofuran, an undesirable
compound, from pulegone occurs in plants which are not grown under the proper
climatic conditions.

PRODUCTION CYCLE

Planting. The peppermint plant being a sterile hybrid must be propagated
vegetatively. This has a negative side because the entire commercial crop in a
region could possess the same genotype. Such a monoculture has inherent
problems with disease susceptibility.

Field propagation of peppermint is relatively easy due to the stoloniferous habit
of the peppermint plant. Stolons can be broken up and spread over the ground in
spring or (for best results) in autumn, lightly incorporated and then irrigated.
Commercial planting equipment achieves a multiplication ratio of approximately
1 : 7. This equipment consists of modified double-row potato digger which lifts the
plants or stolons into either a truck or directly into a mint root planter. The planter
flails or strips the stolons into short segments containing both roots and leaves. The
segments are then dropped down hoppers into furrows opened and closed by tines.
A roller follows to smooth out the soil layer. Irrigation is applied as soon as possible
following completion of planting.

A less sophisticated but satisfactory method involves the use of a converted
spinning-disc fertiliser spreader to evenly apply the mint stolons, followed by light

discing and irrigation.

Growing Stages. Following autumn sowing of mint stolons and proper weed
control,themintshoots appearin September and October. Attention to nutrition,
weed, pest, and disease control as well as irrigation are the growers’ main
activities until harvest approachesin late January to mid February. By this time
the plants are approximately 1 m tall and fill all the available space in a field.

Harvest and Distillation. The mint field is mown and windrowed to allow
wilting for a 1/2 to 1 day. Wilting provides a means of cost reduction as less water
in the plants means-lower transport costs and lower fuel costs at distillation time.

The mint herbage is then forage harvested into large enclosed tubs which hold
about eight tonnes of herbage and may hold the crop from 1/3 ha. These tubs are
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transported to the boiler site and become part of the still when steam is connected
to one end and a condenser to the other. Peppermint oil is collected in a receiving
can. The expected yield of peppermint oil is approximately 70 kg/ha.

New Cultivar Breeding. Gamma-rayirradiation toinduced artificial mutations
is the main method used to produce new cultivars. Several new strains have been
developed using this technique.

The main cultivar released in Victoria is Todd’s Mitcham, a cultivar with some
tolerance to a specific type of verticillium wilt (Verticillium dahliae var. menthae)—
not identified to date in Australia. This root disease has altered the way mint is
growninthe U.S.A. Itis spread by soil and water movement and stolon transfer. Soil
disturbance has been reduced to a minimum for fear of spreading the disease across
fields. Planting material is now produced in certified nurseries geographically
remote for the production centres.

MICROPROPAGATION OF MENTHA SPECIES

Micropropagation of peppermintis a simple technique using conventional tissue
culture methods. Firstly, shoot and shoot tip culture was undertaken using
excised plant material imported in tissue culture from the National Clonal
Germplasm Repository (NCGR) in Corvallis, Oregon, U.S.A.

Shoot tips are placed on Murashige and Skoog (MS) medium which is commonly
used in the micropropagation of herbaceous plants. MS medium contains macro-
and micronutrients, vitamins, sucrose, and agar. Other additives can be used but
for peppermint propagation the basic MS medium was found to be satisfactory
except for several difficult lines requiring added hormones.

The flasks contain 30 ml of medium which provides sufticient nutrient to last the
plantlet forup to 6 weeks. In the case of peppermint, turn around time is 3 to 5 weeks
between subculturing. Subculturing at 4 weeks typically produces a multiplication
rate of four (four new plants from one plant every 4 weeks). NCGR in Oregon uses
a very similar protocol with similar results.

Import Procedure. The Department of Agriculture had initial importation
problems because of Australia’s quarantine regulations relating to the type of
container used to maintain sterile conditions. In an attempt to reduce container
damage and limit the risk of contamination these regulations state that plants
imported via tissue culture must be sent in rigid, clear plastic containers
preferably with screw top lids/seals. Unfortunately, the NCGR only sends tissue
cultured plants in soft, clear, heat-sealed, plastic containers called STAR-PAK.
STAR-PAK is a more suitable method of transportation as it possesses some
flexibility and occupies a smaller volume.

Storage. Peppermint plantlets store and travel very well for periods of up to a
year under refrigeration at 2 to 4C. Although they can still be successfully
propagated after extended storage, some cultivars do show a loss of vigour after
such an extended period.

Media. In an attempt to better use the plant material received, and to reduce
plant loss in the initial propagation phases, basic research was undertaken into

the use of hormones in propagation media. The cytokinin, benzylaminopurine
(BAP), was used to increase shoot multiplication from the limited plant material
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available. A suitable rate for Mentha species was found to be 0.1 uM. The auxin,
indole-3-butyric acid (IBA), was used at different rates to induce root initiation
of plants ditficult to propagate. Treatments of 0.1, 1 and 10 uM were tried with
1.0uM found to be most suitable. With the addition of these hormones the general
multiplication rate was 4 X.

Once in culture the peppermint plants were grown under similar regimes of
temperature and daylength as most other herbaceous plants. Temperatures of 20
to 24C and a daylength of 16 h were found to be best for peppermint multiplication.

CONCLUSION

The preceding comments have outlined the growing and propagating require-
ments for the emerging peppermint oil industry in north east Victoria. The
industry is now in its fourth year of exporting to the flavour and fragrance houses
around the world. It is anticipated that the industry will continue to evolve and
produce a wider range of essential oils and to take its place on the world scene as
a producer of essential oil of the highest quality.
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Hop Propagation in Australia

Peter J. Hamilton
Australian Hop Marketers, Hop Research Station, RMB 6040 Myrtleford, Victoria, 3737

INTRODUCTION
The hop, Humulus lupulus, is a dioecious, perennial, climbing vine used as a

flavouring in beer. The female hop “cone” contains resins and essential oils that
give beer its bitterness and contribute the hop flavour (Neve, 1991).

Hops were originally introduced to Australia by the early settlers and was grown
around Sydney. Sydney’s climate did not enable the production of high yielding,
good quality crops, and hop production soon moved to Victoria and Tasmania where
climatic conditions were more favourable (Pearce, 1976).

The Australian hop industry of today is located in north east Victoria and
Tasmania. The total commercial area in Australia is at present 1160 hectares, with
Victoria growing 330 ha, and Tasmania 830 ha. This area produces annually 3000
tonnes, with a gross value of A $16 million. Australia exports approximately two-
thirds of the hop crop to a range of overseas countries. The other third is sold to the
Australian domestic breweries. Australian Hop Marketers (A.H.M.), the largest
hop grower in Australia, grows 60% of the Australian crop, and markets 80%.

HOP PROPAGATION

Seed. Hops are easily propagated from seed. However, this method is not
suitable for commercial purposes, but is used in hop breeding. Hop is a dioecious
plant, and seeds produce males and females—usually one third male and two
thirds female. Male plants produce no cones, and are of no commercial value.
Seedlings lack uniformity, with manyhavinginferior commercial characteristics.
Also a seedling takes longer to reach maturity than do plants produced by other
methods. Therefore, in order to ensure uniformity of the commercial characteristics
like yield and brewing quality, hop plants are always produced by vegetative
propagation. A hop field is planted with clonal material of one cultivar (Burgess,

1964).

Strap Cuttings. In Australia the traditional method of propagation is to cover
the base of the hop vine with earth towards the middle of the season. This process
is called hilling up because the earth mounds look like small hills. Hilling causes
the covered bases of the vines to thicken and develop perennial buds. In winter
these thickened vine bases are cut oft to produce what is called a strap cutting.
These are either planted straight into the hop garden, two to three cuttings per
hole, or into cool storage for planting at a later date.

Sometimes these strap cuttings are placed into a nursery for one year to produce
a “bedded set” or “yearling.” Yearlings establish more quickly and have a greater
strike rate (Neve, 1991). Hilling is limited by the number of vines produced in the
previous season. Hence, the number of strap cuttings produced is low, and the rate
of multiplication by this method of hop propagation is slow (Burgess, 1964). The
traditional method of hilling up is still used by some growers who just want small
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amounts of planting material to replace missing plants in existing gardens. Due to
theincreased demand forlarge quantities of planting material by the larger growers
like A.H.M., new methods of propagation have been developed.

Ground Layering. Ground layering 1s a quick method of achieving large
quantities of planting material. This method can take place in a commercial field
but, due to the large loss in yield, this method usually occurs in a nursery. Strap
cuttings are planted and grown on for one year to produce nursery yearlings. In
the second year, instead of hilling up these hops or removing the yearlings, the
whole vine is laid along the ground. The lowered vine is then covered with soil,
leaving only the tip exposed. This tipis trained up a string. During the season the
covered vine thickens, producing perennial buds and roots at each node along the
vine. In winter the thickened vine is dug and cut into single-node sections.
Ground layering is an ideal method of producing large quantities of identical
clonal hop planting material.

Aerial Layering. An alternative to ground layering is aerial layering. This
technique consists of wrapping the lower portion of a vine with black polythene,
or a fertiliser bag, and filling this sleeve with either potting mix, soil, or
sphagnum moss. The covered section of the vine thickens to produce perennial
buds and roots at each node. In winter the sleeve and soil medium are removed
to reveal the thickened hop vines. These are cut into single-node sections ready
for planting. The advantage of aerial layering is that layering is easily performed
in a commercial hop field because only the bottom section of the vine is covered.
In aerial layering the top section is harvested as normal and the hop cones
collected.

Softwood Cuttings. A more rapid and intensive method of hop propagation is
via softwood cuttings. As a mature hop plant grows it produces more than enough
shoots needed for commercial hop production. Each year, only nine of the
strongest shoots or runners are trained up three strings. This leaves a large
amount of unused vegetative material readily available for propagation. Each
shoot contains a number of nodes with each node having two axil buds. These
extra shoots are collected from the field and cut into single-node cuttings. Each
cutting consists of two leaves and two axil buds with a short length of stem 3 to
4 cminlength. The cuttings are stuck into a soilless medium on a mistbench, with
the axil buds and the two leaves pointing upwards. After 10 to 14 days the
cuttings have rooted and are removed from the bench. They are then potted,
hardened off, and allowed to grow for 2 weeks. The whole process takes a
minimum of 4 weeks and one hop plant can produce about 200 rooted cuttings in
that period. This is a great improvement on the other slower hop propagation
techniques.

The advantage of this form of rapid multiplication is that new cultivars can be
multiplied quickly for large scale planting. Only a very small initial nuclear stock
is required to commence the process each season. It is possible to ensure that each
new hop plant is true to type and, more importantly, free from viruses. Due to the
large number of parent stock in the older methods of hop propagation, there is no
check on the virus status of the propagated material, and viruses easily spread

(Neve, 1991).
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A minor variation on cutting propagation is used in some countries for hop
propagation. Hop cuttings are collected, cut up as in mist propagation, and planted
into a soilless medium. Instead of mist, the cuttings are covered with plastic
sheeting to control wilting. After two weeks the propagated cuttings haverooted and

the buds have started to grow (Legrand, 1988).

Tissue Culture. Another method of rapid propagation is tissue culture. This has
not been adopted in Australia, but it has been used in other countries, e.g., South
Africa. Tissue culture offers little advantage with hops, because hops can be
propagated rapidly and successfully by mist propagation. Shoot-tip culture is
used in the United States, and in Australia to a smaller extent, to eliminate
viruses from new and old hop cultivars, but only on parent material (Probasco,

1986).

COMMERCIAL HOP PROPAGATION

A.H.M. last year propagated 240,000 hops—mainly new cultivars for its four
company farms—by mist propagation. The Victorian Hop Research Station uses
the mist propagation technique. Shoots are collected from mother plants in the
field, orin pots, and placed into water. Each shoot is cut into single-node sections,
with each cutting having one to two leaves and two axillary buds. The cuttings
are dipped into a phosphorous acid fungicide to help control fungal outbreaks.
After the fungicide dip, the hop cuttings are stuck into Jiffy 517 peat pots. The
peat pot contains a soilless medium (peatmoss, fine gravel, lime, and slow-release
fertiliser [15N, 4.8P, 10.8K, 1.2Mg, plus trace elements]) which is drenched with
a phosphorous acid fungicide. The cuttings are placed under mist for 10 to 14
days. During winter and early spring propagation benches are maintained at 18
to 21C, air temperature at 21C, and daylength 16 h. Summer and late spring
propagation occur in two poly tunnels with automatic misting systems. After 14
days, the mistis turned off and the cuttings are hardened. At this stage the shoots
are actively growing and the roots are starting to extend out of the peat pot wall.
Depending on the use for the new rooted hop cuttings, they will either be planted
in a nursery or potted. Rooted cuttings for the nursery are planted close together
and the new shoots trained up strings. These are left to grow for one year to
develop into yearlings. Yearlings will be left in the nursery for either more
propagation (i.e., layering), or planted into the hop garden. The potted cuttings
are for planting into the hop garden in the same year that they are propagated.
The potting mix used is 3 composted pine bark : 1 coarse sand : 1 peatmoss (by
volume) to which lime, and slow-release fertiliser (15N, 4.8P, 10.8K, 1.2Mg, plus
trace elements) hasbeenadded. The cuttings are potted into 5-in. plastic pots and
allowed to grow for 2 weeks before they are available for planting.

The other hop propagation techniques, such as hilling and layering, are used
commercially topropagate smaller amounts. This materialis mainlyused toreplace
missing and weak plants in the hop garden. These techniques are sometimes used
topropagate small quantities of new culitvars. Hillingand layering are popular with
many growers, because no special equipment is needed and these methods are
cheaper than mist propagation. Prices vary according to the cultivar propagated.
Some cultivars are difficult to propagate, because of susceptiblilty to fugal infection.
The following prices outline the costs involved in propagating a strong triploid hop:



80 Combined Proceedings International Plant Propagators' Society, Volume 43, 1993

Type of hop cutting Cost each
Layered cuttings from a nursery 15¢
Strap cutting from nursery yearlings 20¢
Misted cuttings not potted 40 ¢
Misted cuttings potted and grown on 60¢
Nursery yearlings 05¢

Propagation by seed is used in hop breeding to develop new cultivars. Female hop
plants are selected for their desirable characteristics, including high yield and
quality. A paper sleeve is placed over the female flowers to stop open pollination.
Selected male pollen 1s added to the sleeves around early January. At harvest in
March the sleeves are collected and the seeds extracted from the cones. The collected
seed is labelled and stored in a refrigerator for 8 weeks to overcome dormancy. The
seeds are then chemically sterilised and planted into the same soilless medium used
for mist propagation. An air temperature of 21 to 23C and a daylength of 16 h are
maintained during germination. The seeds quickly germinate and grow into small
seedlings. At this stage the seedlings are potted and grown on for planting into a
breeding garden. Each year approximately 5000 seeds are sown. About 3000
seedlings are selected and planted into the breeding garden at the Hop Research
Station. Hop breedingis a slow process, and anew cultivartakeson average 10 years
to develop.

CONCLUSION

Hop propagation is only a small part of the hop industry, but it is essential to the
development of high-quality and high-yielding crops. Mist propagation is essen-
tial in the production of virus free planting material. Good propagation tech-
niques develop true-to-type, virus-free planting material which gives the Austra-
lian hop industry an edge over its competitors.
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Timber Species Propagation

Hans Porada
Forestry Commission of NSW, Tumut, NSW, 2720

INTRODUCTION

The propagation of tree species for timber production is governed by the same
basic principles and objectives that govern the propagation of tree species for
horticultural use. Furthermore, the same methods of propagation are also used.
What will vary, however, is the emphasis placed by a nursery on the number of
species to be propagated. Forestry nurseries often focus on only one or two
species. As timber production enterprises are usually large-scale programs over
long rotations, the propagation of a timber species not only must be cost efficient,
but at a scale capable of consistently producing large numbers of uniform, high
quality propagules able to survive and grow under field conditions.

What, then, arethe techniques used to propagate timber species? In abroad sense,
they can be grouped under two headings:

1) Natural (or in situ) methods from seed in the soil, seed trees, or direct seeding;
and coppice

2) Artificial methods, all of which require transplanting propagules into the field,
include: grafting, seedling production, cutting propagation, and micropropagation

While it 1s important to recognise that extensive forest areas are still established
by natural means, this paper will focus only on the artificial methods identified
above. Species relevant to Australia and New Zealand will be used as examples
wherever possible, with only brief reference being made to other important timber
species.

GRAFTING

Although used infrequently as a method of propagation for timber production per
se, grafts continue to be used almost exclusively for the production of clonal seed
orchards. The major advantage of using grafts in establishing clonal seed
orchards is that they can be successfully produced from relatively old parent
trees. Often, trees selected for further breeding or seed orchard purposes are so
old (often greater than 15 to 20 years) that the production of rooted cuttings is
either impossible, or much more costly than the production of grafts. While graft
incompatibility can at times be a serious problem, and even a barrier in the
production of grafted stock for some species, it remains a quick, straight-forward,
and cost effective way of establishing seed orchards where graft incompatibility
1s not a serious problem.

In Australia, grafted stock has been used for the establishment of seed orchards
for radiata pine (Pinus radiata), hoop pine (Araucaria cunninghamii), slash pine (P.
elliottii), and Caribbean pine (P. caribaea var. hondurensis). A number of eucalypt
species, including Fucalyptus nitens and E. globulus, also have been successfully
orafted to establish clonal seed orchards.
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SEED PROPAGATION

The use of seed to produce nursery-grown plants is still the major method for
propagating timber species, and remains the simplest and most cost-effective
way of providing large numbers of uniform seedlings (Menzies and Arnott, 1992;
Ritchie, 1991). Vincent (1991) maintains that seed has the advantage of being
well proven to perform predictably under a wide range of conditions. Importantly,
major efficiencies have been achieved through mechanisation, beginning with
seed bed preparation, through tending and physiological conditioning to lifting,
packaging, and transporting the seedling crop (Duryea and Landis, 1984; Trewin
and Cullen, 1985).

There are three plant production systems used to produce seedlings. These are
bare-root, container, and transplant systems, thelatter being a combination of both
containerised and bare-root systems (Menzies and Arnott, 1992). The use of any one
of these depends on the species to be propagated and its inherent growth rate, the
climate and length of growing season, the size and pre-sowing requirements of the
seed, the morphological criteria placed on the crop, and the number of seedlings
required.

In Australia and New Zealand, radiata pine is the major plantation species grown.
Although rooted cuttings are often used, the production of radiata pine as bare-
rooted seedlings continues to be the preferred method of propagation.

The propagation of eucalypt species for timber production in Australia and New
Zealand is also predominantly from seed. But, unlike radiata pine, this is often as
containerised, rather than bare-rooted stock. The reason for this is twofold. Firstly,
the survival of outplanted containerised seedlings i1s often higher than for bare-
rooted seedlings. Secondly, eucalypt seed is very small and expensive to obtain and
seed 1s commonly sown onto germination trays; the seedlings are subsequently
pricked out using tweezers and transferred into containers while still at the
cotyledon stage.

For the northern hemisphere, propagation of timber species from seed using bare-
root, containerised, or transplant production systems is very much dominated by
location and species. This is due to the large number of species used, the large
differences 1n environmental conditions, and the variation in facilities available.

Excellent reviews on seedling production of both bare-rooted and containerised
stock include those by Duryea and Landis (1984), Scarratt et al. (1982), and Tinus
and MacDonald (1979).

CUTTING PROPAGATION
The last 15 years have seen a dramatic rise in the use of vegetative propagation
for timber species. According to Ritchie (1991), prior to 1974 only three programs
existed where more than 100,000 rooted cuttings per year had been produced: in
Japan which produced 120 million rooted cuttings of sugi (Cryptomeria japonica)
in 1966/1967, and in Finland and Lower Saxony where 150,000 and 1 million
rooted cuttings respectively of Norway spruce (Picea abies) were produced in
1973.

The three reasons most responsible for focusing attention on vegetative propaga-
tion since 1974 were:

1) An overall shortage of seed for many commercial plantation species due to the
rapid expansion of forest plantations;
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2) The limited production of seed orchard seed from superior genotypes identified
in breeding programs (Mason, 1989); and

3) The interest in clonal forestry (Carson, 1986; Libby, 1983).

Rooted cuttings have been successfully produced from root sections, for example
the black locust (Robinia pseudoacacia) (Keresztesi, 1988), from leaf sections in
eucalypts, and from needle fascicles in radiata pine.

However, lateral and terminal shoots from stool and hedge plants, and from
seedlings remain the most commonly used vegetative material.

In Australia and New Zealand, plantation conifer species including radiata pine,
slash pine, Caribbean pine, slash pine X Caribbean pine hybrids, and hoop pine are
commonly propagated vegetatively. A number of eucalypt species also are being
propagated vegetatively, including E. nitens, E. globulus, and E. nitens X E.
globulus hybrids.

However, while the interest in and use of vegetative propagation continues to
increase, its success remains limited. This is because the importance of the
physiological age of the donor plant has resulted in the almost exclusive use of
juvenile donor plants for cutting production (Ritchie, 1991). In order to overcomethe
problems of poor root formation and seedling growth loss that commonly arise due
to maturation of the donor plant, plants with a physiological age less than 4 to 5
years are generally used. Two methods that have had some success in maintaining
physiological juvenility are the hedging of seedlings and taking cuttings from
cuttings (serial propagation). While the latter method is more successful in
arresting maturation, it 1s both costly and laborious. So long as the problem of
assessing and maintaining juvenility in donor plants remains unresolved, the use
of vegetative propagation will be used mainly to multiply up cuttings from limited
amounts of control pollinated seed.

Leaving aside the problem of maintaining juvenility, the cost of producing rooted
cuttings can be two to three times greater than for seedlings (Menzies and Arnott,
1992), due largely to the labour intensive nature of collecting and setting cuttings.
For the use of vegetative propagation to gain a wider acceptance, production costs
will have toapproachthose achieved in seedlings systems. But for this to occur, most
of the labour-intensive steps will need to become automated.

MICROPROPAGATION

The use of micropropagation by organogenesis (tissue culture) and embryogen-
esis 1s gaining widespread interest as a method for propagating commercially
important timber species. Two reasons in particular make it attractive. Firstly,
it allows the maximisation of genetic gain from breeding programs using both
juvenile and mature trees. Secondly, it provides a very rapid means of propagat-
ing scarce genetic material. This opens up the potential for clonal forestry.
Aitken-Christie and Connett (1992) and Dunstan (1988) have reviewed
micropropagation of forest trees, viewing it as a delivery system for the clonal
propagation of genetically superior and possibly genetically transformed trees.

When considering the use of micropropagation, the differences between organo-
genesis and embryogenesis need to be understood. In organogenesis adventitious
shoots are developed first while roots develop later to form complete plantlets. In
embryogenesis, however, somatic embryos (complete with cotyledons and root axes)
are formed and these “germinate” to form plantlets (Aitken-Christie and Connett,
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1992). Although still in its infancy, embryogenesis does open up the possibility of
producing “artificial” seed to further propagate superior genotypes.

Although the use of micropropagation is still largely in the research and develop-
ment phase, at least one New Zealand forestry company is using organogenesis at
an operational scale to establish clonal forests of radiata pine, producing 1.5 million
tissue culture seedlings in 1991, and increasing this to 2.5 million in 1992 (Darling,
1991).In both Australia and New Zealand, organogenesis also has been successfully
used to propagate a number of eucalypt species and their hybrids, including E.
nitens, E. globulus and E. regnans.

However, while delivery systems have been greatly streamlined and automated,
production costs of tissue-cultured seedlings remain considerably higher than for
seedlings or rooted cuttings. Still, Menzies and Arnott (1992) consider that somatic
embryogenesis offers the potential for higher multiplication rates and lower costs
relative to organogenesis. While the use of embryogenesis as a method of propagat-
ing timber species is still relatively new, somatic seedlings of important timber
species have already been planted in field trials, including Norway spruce, Douglas
fir (Pseudotsuga menziesii), and radiata pine (Aitken-Christie and Connett, 1992;
Menzies and Arnott, 1992).

Research into the use of artificial seed as a delivery system for somatic embryos
is also under way. However, before embryogenesis is used for the large-scale
production of forest trees, considerably more work is required to evaluate the field
performance of somatic seedlings, particularly with regard to production costs.

CONCLUSION

For forestry to continue as a sustainable and cost efficient industry, new and
harvested forests must be replanted. Because of the need to maximise productiv-
ity per unit area of land, relying on the least expensive method of propagation is
no longer sufficient. While the production of seedlings from seed of genetically
superior genotypes will continue to be the most attractive and cost etficient
method of providing planting stock, the use of vegetative propagation as well as
micropropagation will increase. This will be inevitable if the gains from tree
breeding and genetic engineering are to be realised.
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Crop Scheduling: A Business Practice or a Customer
Service?

Clive R. Larkman
Larkman Nurseries, PO Box 567, Lilydale, 3140

To many of us crop scheduling means rotation between a wheat crop, a lucerne
hay crop, a barley crop, or something of that nature. In reality it just means
planned and/or organised production of your crop.

Youare probably aware that in most businesses, whether they are producing nuts,
bolts, cars, or aeroplanes, the production is done according to schedule. They work
to a plani.e., a certain number of a certain product is produced at a predetermined
time of the year. If you produce suntan lotion then your production is greater just
prior to summer. Well, plants are no different—their production also has to be
preplanned.

I’ll digress a little bit here and talk about customers. One of the current buzz words,
favoured by business consultants and financial advisers, is “trading partners.” The
trading partners are a pair or a set of businesses whose success, productivity, and
profit depends on each other. It basically means you the seller depend on your
buyer’s successful business for your business to be successful and conversely for
them to be successful they require you to be successful and have a good efficient
business. If you take this to its logical conclusion or to its nth degree, trading
partners are not just two businesses. They are a chain, much like in a food chain.
In our business there is a primary producer (the plant propagator), a wholesale
nursery, a retail nursery, and the end user or consumer—the gardening public.

Now 1ts not hard to see that if the gardening public is happy with the plant then
the propagator benefits. This can be illustrated as follows: Ceanothus papillosus
var. roweanus ‘Blue Pacific’ 1s an attractive green shrub with prolific blue flowers
in spring. At the right time of year 1tis an extremely eye catching plant. If the plant
1s potted up too early or held toolongin a pot, thedark green lustre of the leaves goes
and you are left with a yellow tinge and a leggy sparse plant which 1s not only very
unattractive but is actually very hard to sell. So lets take the case of Mr. & Mrs. Joe
Bloggs who walk into Fred Smith’s retail garden centre. They don’t know what they
want to buy and in fact they may not even have in mind a particular spot in the
garden. They see a group of 20 or 30 Ceanothus ‘Blue Pacific’ all in full flower—a
magnificent sight—and they buy one. During the day a whole group of Mr. & Mrs.
Bloggs come and buy all the Ceanothus ‘Blue Pacific’.

In one Saturday morning the retailer sells his entire stock of 30 Ceanothus ‘Blue
Pacific’ and so on Monday morning he 1s on the phone to his wholesale supplier
saying: “Those Ceanothus ‘Blue Pacific’ you delivered on Friday were great, they're
all gone. I'll have another 50 of them next Friday, thanks.”

Hereceives these plants on Friday and once again they have all gone by lunch time
on Saturday—that’s what business 1s about, buying and selling plants, turning
them over quickly and efficiently. He is happy and so1s the wholesaler, who has just
sold another 50 plants, which in these hard times i1s a good sale.

The wholesaler 1s feeling pleased with himselt. The Ceanothus tubes were only
bought in April. A 5-month turn around over winter is pretty good. In fact he



Crop Scheduling. A Business Practice or a Customer Service? 87

probably couldn’t have grown them on any quicker and still had them up to size and
looking good. So he looks back in his records to find out from whom and when he
bought them. He then rings Mr. & Mrs. Jones Propagation Nursery and orders
another 1000 for the following April.

So what we have got here is a happy consumer, a happy retailer, a happy
wholesaler, and a happy propagator. This is where crop scheduling comes in. Mr.
Jim Jones now has an order for 1,000 Ceanothus that have to be ready for April. So
he looks back in his books and sees that in the previous year he propagated those
in December. He then opens his diary to October (or notes on his computerised
production schedule) and inserts a reminder to cut back and fertilize the mother
stock plants to stimulate growth so they can be cut in December and ready for tubing
in February. By April they will be ready for sale to the wholesaler who can then grow
them on to sell in September.

In essence the above sequence 1s what crop scheduling is all about—getting your
plants propagated and potted up at the right time so they can be ready for selling
in their peak selling condition or when they are wanted. This doesn’t sound too
difficult, and isn’t, when dealing with only one or two taxa. Where it becomes
complicated is when you have a broad range of plants. If you have 1000 taxa, crop
scheduling not only becomes harder but it also becomes more than just a matter of
customer service.

To do crop scheduling efficiently you need detailed, accurate knowledge of the
plant and its growth habits, your customer, their customers, your business, and
your production methods. All of these are necessary for successful crop scheduling
and business management. To do those things efficiently requires records—
accurate detailed records on everything you do, from propagation to sale. It also
really requires that you go out and talk with your customers—not just send them
a list every month, take an order by fax, send them the plants, post them the bill,
and take the cheque. That is not really doing business; it is just paper shufiling.

Many of you probably go to a variety of different seminars during the year and just
about every seminar has someone talking on business practices, business trends,
how to make your business more efficient, etc. At the ones I've been to, two things
come through strongly: the first is customer service and the second is information
technology. These two areas are what I believe are the most important aspects of
business management. They are also the fundamentals of crop scheduling.

With crop scheduling what you are aiming to do is have your plant ready when 1t
1s wanted by your customer. This may not sound too profound but for many years
the attitude in our industry seems to have been: you will have it when it is ready.
With some plants it is a simple procedure to have a plant ready at any given time.
It only requires some basic knowledge: when it is wanted, percentage strike rate,
time to put on roots, and time to fill the pot. With this information you can calculate
when to propagate and how many in excess of what is ordered. You have got to make
allowances for external factors, such as the weather. Some people work on a
variance of amonth either side, others on two weeks either side. I have actually come
across some customers who specify the day they want their plants delivered. Even
though this level of accuracy is generally for accounting purposes rather than for
growing purposes, it does give some idea of how organised some nurseries are. These
are the ones you have to cater for because they are the nurseries that are going to
be successful, and most likely able to weather the hard times.
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However, there are some plants that have a very narrow window for propagation.
This can be due to a plant’s physiology or perhaps there have to be certain weather
conditions. A classic example is Daphne odora. The old story is that it should be
propagated on Boxing Day, with the tubes generally being ready in late April. This
is a problem for customers who want there tubes 1n January so that they can get
some growth on before the winter cold sets in. What the propagator needs to do is
to let the customer know that the best time for daphnesis April. If the customer still
wants them in January he may have to pay more and they may be slightly over
grown. Another choice i1s a compromise. The customer may be able to take them in
September, after the cold of winter has passed. Whatever happens, the propagator
should make it the customer’s choice. Too often the propagator tells the wholesaler
that the plants will be available in April, take it or leave it.

Currently, there are a large number of newcomers in the nursery industry. There
are also many nurseries trying new plants. Therefore, I often find that I also have
to do a degree of crop scheduling on behalf of my customers. This gets back to my
earlier reference to trading partners. It is no good 1f my customer buys my tubes at
a time when they will either die or not be ready for sale when the public wants them.
If they do this too often they will go out of business and I will have lost a customer.

So far I have only talked about crop scheduling for the purpose of customer
satisfaction. KEfficient business procedure i1s another reason for crop scheduling.
There are many propagators who seem never to plan—they just propagate what
they think of each day. If you only have a small facility or only do a limited range
this method will sufhce. If your range is extensive and you do not have a good
schedule you will soon find your production in a mess—I speak from experience—
and many customers missing out on their orders. You will also find yourself with
excess tubes or plants that may have to be disposed of.

Planning for business efficiency involves working out the practicalities. You don't
want to get to the stage where your tubers have no work to do, or where thereis far
too much tubing. It is a matter of mixing slow-striking species with quick-striking
ones. Another point to consider is that of propagating difficulty. Our staft are paid
a bonus based on production rates. They get a bit upset if they get all hard-to-
propagate or unpleasant plants, or if they get lots of small runs. So we plan each
week in consultation with one staff member and create an even mix of short and long
runs, and easy and difticult plants.

In summary, crop scheduling is a complicated process, although it is not one that
requires vast amounts of expertise or intelligence. To do it successfully all that is
needed is the desire and information. Information on:

B The plants: strike rates, rooting time, growth rates, flowering time,
etc. |

B The customer: their customers, growing methods, e.g., machine or
hand pot, their general weather patterns, etc.

B Sales: when and how many of each plant, forward orders, etc.

B Production: your staff, your own weather patterns, staff holidays,
training, etc.

Finally I urge everyone to try and preschedule their plant production. Don’t be
discouraged if it doesn’t seem to work the first time. It is a continual learning process
and no two years will be the same.
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The Use of Composted Tree Chippings as a Potting
Medium

John Rayner
V C.A H. - Burnley, Swan Street, Richmond, Victoria, 3121

Colin Arnold
Box Hitl City Council, Town Hall, Whitehorse Road, Box Hill, Victoria, 3124

INTRODUCTION
Wood wastes are extensively used in potting media, with pine bark and sawdust

dominating most types of container mixes in Australia. However, there are other
wastes and by-products that, with appropriate treatment, could also be used as
media components. In the United States there is a great range of composts
available for container mixes, some being derived from construction wood wastes
and sewage sludge (Mecklenberg, 1993). This paper discusses the use of one of
these materials—composted tree chippings. It looks at both the production and
current use of the material, as well as trials to compare and evaluate its
performance as a medium.

Currently the Box Hill City Council nursery uses this material extensively in
different mixes used in the production of a wide range of species. Its use forms part
of an overall strategy at the nursery to minimize the use of non-renewable resources
and reduce the use of horticultural chemicals.

The research component of this paper was undertaken during 1992 and 1993 as
part of a project conducted by the senior author at the Victorian College of
Agriculture and Horticulture, Burnley Campus (V.C.A.H.-Burnley).

PRODUCTION OF COMPOSTED TREE CHIPPINGS

Tree chippings are a relatively plentiful resource within the Box Hill City Council
as a result of the council’s tree maintenance activities. The fresh chips are held
in heaps at the rear of the nursery, then are laid out as a mulch over the ground
surface in outdoor pot standing areas and on glasshouse tloors.

The chips are effective as a weed suppressant, and assist in drainage of all outdoor
areas. They are spread to a depth of between 150 to 200 mm, with 40 m® of material
covering approximately 200 m®.

The chips remain as a surface mulch in the standing areas for a minimum of 12
months. Following this period on the ground the chips have undergone considerable
decomposition and are much changed. The now dark coloured “compost” ranges
from fine particles to larger woody pieces, and has a rich, loamy texture. The
material is lifted and placed into heaps for its use as a potting medium. The compost
may sit for between 2 to 4 months, depending on potting requirements. Prior to its
incorporation into a mix the compost is passed through a mixer with a 10-mm sieve
ensuring removal of the larger woody pieces. The sieved compost is then mixed with
various aggregates and fertilizers to achieve the composition required. The compost
is normally used in the proportion of approximately 80% of each mix by volume.
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The most common component additions to the mixes include coir fibre dust, rice
hulls, recycled plastic, and polystyrene. Propagation, indoor, and general mixes are
all produced at the nursery using the compost as a major component. The range of
plants grown at the nursery includes exoticornamentals, display specimens, potted
colour, indigenous plants, and advanced containerized trees.

MATERIALS AND METHODS

Trial # 1. A compost-based mix used at Box Hill Council nursery was compared
with two commercial mixes. All three media contained similar supplementary
fertilizers, with the nitrogen amount standardised in each mix. In addition, a

fortnightly liquid feed of 192N-34P-162K mg/litre was applied to the pots over the
first eight weeks. The components of each mix were as follows (per m®):

Mix A (commercial mix)

Pine bark (medium) 2 parts
Pine bark (medium/fine blend) 2 parts
Sand 0.5 parts
Osmocote (3/4 month 18N-4.8P-9.1K) 2 kg
Micromax 1 kg
IBDU 800 g
Gypsum 450 g
Dolomite 1 kg

Mix B (commercial mix)

Pine bark (medium) 7.5 parts
Sand (coarse) 1.5 parts
Rice hulls (sterilized) 0.5 parts
Peat moss 0.5 parts
Osmocote (3-4 months 18N/4.8P/9.1K) 2 kg
Micromax 1 kg
IBDU 800 g

Compost mix

Composted chippings 8 parts
Plastic pellets (hard) 1 part
Polystyrene 2 parts
Coir fibre dust 1 part
Iron (GU49) 1 kg
Osmocote (3/4 month 18N-2.6P-10K) 2 kg
Micromax 1 kg
IBDU 800 g
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Tubestock of Cytisus x racemosus (Syn. Genista sp.), Escallonia laevis [syn. E.
organensis], Brachycome multifida fine-leaf form, and Argyranthemum frutescens
were potted into 140-mm containers of the mixes on the 9 October 1992. There were
10 replicates of each treatment (species/medium). The pots were randomized in
outdoor growing areas at the campus nursery, under overhead sprinkler irrigation.
The plants were destructively harvested on 10 January 1993 approximately 13
weeks after the commencement date. The stems, shoots, and leaves of each plant
were removed at the base, dried at 80C and weighed.

Trial # 2. In this trial, a medium of pure sieved compost and supplementary
fertilisers was compared with acommercially produced pine-bark-based medium.
Both mixes had similar levels of supplementary fertilizers, with the nitrogen
component standardised in each mix. All pots received a fortnightly liquid feed,
as in Trial # 1. The mix components per cubic metre were:

Mix X (commercial mix)

Pine bark (medium) 2 parts
Pine bark (medium/fine blend) 2 parts
Sand (coarse) 0.5 parts
Nutricote (3/4 month 16N-4.4P-8.3K) 2 kg
Micromax 1 kg
Iron (slow-release) 1 kg
IBDU 800 g
Dolomite 1 kg
Gypsum 450 g

Compost mix

Compost (sieved) 1 m3
Nutricote (3/4 month 16N-4.4P-8.3K)) 2 kg
Micromax 1 kg
Iron (slow-release) 1 kg
IBDU 800 g
Gypsum 450 g

Tubestock of Correa ‘Dusky Bells’ and Verbena x hybrida were used. There were
two watering regimes—overhead sprinklers in the outdoor growing area, and
capillary sandbed irrigation—with 10 replicates of each treatment (species /mix /
irrigation) in a randomized block design.

The trial commenced on 11 March 1993, when the tubes were potted into 140 mm
containers of each mix. The trial concluded on 23rd April, 1993, some 6 weeks later,
when the plants were destructively harvested as in trial #1.

Selected physical and chemical properties of the media were determined at potting
and at harvest. The pH and electrical conductivity (EC) of the media were assessed
by the 1 : 1.5 volume method. Measurements of air-filled porosity (AFP) and bulk
density (BD) of the media were also taken. The methods used are described in the
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Australian Standard for Potting Mixes (Standards Australia, 1989). The harvested
plant tops were dried at 80°C and weighed.

RESULTS

Table 1. Some properties of the media in Trial # 1.

pH EC (us/cm) AFP (%) BD (g/cm3)

Pot. Har. Pot. Har. Pot. Har. Pot. Har.

Mix A 5.7 5.6 197 103 14 - 0.36 0.30
Mix B 5.7 5.6 355 142 18 - 0.37 0.30
Compost Mix 6.0 6.0 410 281 24 - 0.19 0.18

Table 2. Some properties of the media in Trial # 2.

pH EC (us/cm) AFP (%) BD (g/cm3)

Pot. Har. Pot. Har. Pot. Har. Pot. Har.

Mix X 6.0 6.0 937 193 14 - 0.32  0.39
Compost Mix 6.2 6.0 796 615 18 - 0.20 0.25

Table 3. Shoot dry weights (g/pot) - Trial # 1.

Mix A Mix B Compost mix
Cytisus x racemosus 27.9 28.4 21.6
Escallonia laevis 24.3 20.6 17.4
Brachycome multifida 23.6 23.0 18.0
Argyranthemum frutescens 8.8 9.7 6.8

Table 4. Shoot dry weights (g/pot)—Trial # 2.

Capillary sandbed Overhead irrigation
Mix X Compost mix Mix X Compost mix
Correa ‘Dusky Bells’ 4.4 4.1 4.0 3.4

Verbena x hybrida 4.5 5.4 5.5 7.2
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DISCUSSION
Properties of the Media (Tables 1 and 2).

pH. The pH values of the compost media fell within the range of suitability for
most plant species. There were no high pH values recorded, as has been the case
with some other wood waste composts (Mecklenberg, 1993). However, for some
plants the pH may be too high and adjustment necessary.

Electrical Conductivity. The EC values fell well within the range of being
suitable for container growing.

Air-Filled Porosity. This proved to be a problem with the first trial where the
AFP of the compost mix was considerably higher compared to the two pine-bark-
based mixes. This slightly disadvantaged the compost mix, particularly when
coupled with overhead irrigation difficulties as the trial continued into the
Christmas / New Year period. The greater pore space of the compost mix in
relation the two commercial mixes under the same irrigation frequency meant
that the compost mix was drying out more between irrigations, thus placing the
plants under greater stress. More frequent irrigation may have reduced the
differences between the mixes, however media with similar initial AFP would
have been preferable.

Bulk Density. The lower bulk densities of the compost media could be both a
benefit and a problem. In some situations it may be necessary to add some ballast
to the mix (e.g., sand) to provide some pot stability. However in other situations,
such as transport, the comparative lightness of the mix would be a bonus.

Volume Drop. Decomposition of the compost mix caused some shrinkage in the
mix volume during trial #1. This was observed to be between 10 to 20 mm from
theinitial potting height in the container. This was not observed in trial #2. This
has been noted as a problem with other wood waste composts (Mecklenberg,

1993).

Variability of the Compost. The compost will always have alevel of variability
in its composition. This is due to a number of factors including the different
species and pruning undertaken, the type and quality of the chipper used to make
the chips, and the composting process itself. This variability helps to explain
some of the features observed. This may restrict its role in some situations (i.e.,
specialized propagation mixes). More effective composting of the chips, as is
undertaken with pine bark and sawdust, (Bunt, 1988) will reduce variability.

Dry Weight Measurements (Tables 3 and 4). In trial # 1 shoot dry weights of
all species were significantly lower for plants in the compost mix than of those in
the two commercial mixes (Table 3). Results were different for trial #2. Verbena
shoot dry weights were significantly higher in the compost mix compared to the
commercial mix, whilst Correa shoot dry weights were not significantly different
in either medium (Table 4).

Itisdifficult tototally explainthese difteringresults. Thelongertrial # 1 (13 weeks)
produced poorer results for the compost medium than in trial # 2 (6 weeks). The
higher air-filled porosity (AFP) of the compost mix in the first trial was certainly a
factor in these results. In the second trial the AFP of mixes was much the same.
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Perhaps a more significant factor involved was nitrogen draw-down of the compost
mix, particularly over the latter 5 weeksin trial # 1 when there wereno applications
of liquid nitrogen fertilizer. Nitrogen draw-down is common to many low-nitrogen
organic materials used 1n potting media, such as barks and sawdusts. Composting
of the material and/or the addition of nitrogen fertilizers must be used before some
materials can be usedin potting mixes (Handreck and Black, 1991). It has also been
noted as a problem with other wood waste composts produced in the United States
(Gouin, 1992). No assessment of nitrogen draw-down of the compost or other mixes
was made during the trials. However the levels of nitrogen in pre-plant and liquid
fertilizers applied during both trials were greater in comparison to nitrogen levels
in fertilizer “recipes” referenced elsewhere (Handreck and Black, 1991). More
effective composting of the chips prior to their incorporation into potting mixes
would reduce the problems of nitrogen draw-down.

CONCLUSION
Based on the healthy plants produced at Box Hill Council nursery and the

experimental results, composted tree chippings are an effective medium for
container crops. With greater compost development and manipulation of ingre-
dients it may prove to be a material that can meet the needs of many growers.
Alternatively, there may be a place for production and sale of the compost for the
nursery industry. This has proven to be the case in the United States, where
patented composts are marketed widely (Gouin, 1992), particularly where the
compost has proven benefits to the grower. One of these benefits which has not
been discussed in this paper is the ability of composts to biologically suppress
pathogensin potting mixes (Mecklenberg, 1993; Handreck and Black, 1991). This
feature has certainly been noted at Box Hill Council Nursery, and well docu-
mented by others. Given that research on the use of pine bark as a potting
material was undertaken over a long period of time (Aaron, 1991), further study
on the use and applications of this material would be desirable.

There i1s increasing concern in the wider community about the use of non-
renewable resources and the need to look towards alternatives which are more
environmentally friendly. In particular in the nursery industry, where the use of
alternatives to peat moss are being evaluated for their eftectiveness (Pryce, 1991).
It seems appropriate therefore that composts are making a return to use in potting
media.

LITERATURE CITED
Aaron, J.R. 1991. Bark comes of age, Professional Horticulture 5(2):74-76.

Bunt, A.C. 1988. Media and mixes for container grown plants. Unwin Hyman, London.
Gouin, F. R. 1992. Mulch Mania. Amer. Nurseryman, October, p. 97-99.

Handreck, K.A. and N.D. Black, 1991. Growing media for ornamental plants and turf
(updated edition). University of New South Wales Press.

Mecklenberg, R. A. 1993. Composting cues. Amer. Nurseryman February, p. 63-69.
Pryce, S. 1991. Alternatives to peat. Professional Horticulture 5(3):101-106.
Standards Australia. 1989. Australian standard—potting mixes, AS 3743-1989, p.21.



Using Artificial Light in Plant Propagation 95

Using Artificial Light in Plant Propagation

Gordon Biddle
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We are all aware of the importance of light in the growing of plants, of the
reaching for light by plants in crowded situations, and of phototropism—the
directional attraction to a light source by plants. It has not been my experience,
however, to hear much talk of the effects of light on the propagation of plant
material.

Thelightemitted by the sun has many different forms of radiation mixed up in the
total product, each characterized by its precise wavelength. Most common amongst
these radiations are ultra violet light (UV) at the short wavelength end of the scale,
visible light in the middle area, and infra red (IR) emissions of long wavelength
producing heat as we know it. UV emissions are of wavelengths of less than 380 nm
(1 nm, is one millionth of a mm), while IR is above 780 nm, with visible light being
in the area between these two boundaries. It is the energy produced between 380
and 780 nm about which I am referring in this article, and which we call light.

Light provides the energy for photosynthesis, which is the process plants use to
produce carbohydrates from carbon dioxide and water. This process together with
other chemical reactions within plant cells allows the plant to live and grow through
active cell multiplication.

It 1s fairly generally appreciated by those who do a lot of propagation from seed
material that some seeds are blessed with theability todetermine their germmination
according to the availability and intensity of the light at the time they are sown, or
fall on the ground. Ficus seeds, for instance, must be fully exposed to light to
successfully germinate, while Cyclamen seeds require total darkness for successful
germination. Philodendron seeds will not readily germinate between April and
October. However, if the lightintensity is considerably increased on the seed during
this period, germination can occur reasonably easily, if a little erratically.

The evidence of the eftect of light on root formation in vegetative cuttings is not
completely understood, and in particular the most beneficial wavelengths to
promote rooting are confused by conflicting evidence. Some experimental work
suggests that lightin the region of 600 to 750 nm encouragesrootinitiation, whereas
other research has shown that exposure of cuttings to prolonged treatment by light
of wavelengths from 380 to 450 nm encourages fairly rapid formation of roots. It is
also known that treatment of the mother plants with light from the blue region of
the spectrum produces cutting material which readily forms roots. So it appears
that the light of shorter wavelength provides a better quality cutting and conse-
quently more rapid rooting.

Four or five years ago we finally became tired of slow-rooting cuttings—even with
the addition of bottom heat and mist—in September/October. Root formation was
very slow and frustratingly uncertain.

Finally, we decided to try artificial light. After a discussion with a lighting
engineer, we bought a Philips metal halide lamp which looks very much like a
mercury vapour lamp but has metal halide additives. The light was suspended over
a propagation bench at a height of 1 m. The benchis 1.2 m in width, and the area
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ettectively covered by the light was about 1-1/2 m*. In the case of Genista x
spachiana lsyn. Cytisus racemosus ‘Nana’] rooting was reduced from 3 to 4 months
at that time of the year to 5 to 6 weeks, and since installing this first light the
propagation of plants from cutting material has improved markedly.

Having demonstrated the benefit of added light in the propagation of our plants,
we decided to expand the lighting regime. We calculated that we would need five
lights per 6-m bench. Apart from the cost, five lights also represented a considerable
shadowing of the benches during daylight hours. Members of our staff came up with
the 1dea of a mobile light and, with the aid of a considerable length of bicycle chain
and a small electric motor geared down to an output of one revolution per min, we
built a travelling light which covers one length of the bench in about half an hour.
By running the 400 W lights for 12 h each night, sometimes longer during winter,
we irradiate the cuttings for the equivalent time of five lights for about 2.25 h.

Plants deflasked from tissue culture are also given the same treatment and under
normal circumstances we get a 100% result. Though we are not able to say we obtain
the same results with cuttings, we can report that we have more success with the
use of lighting.

I am not saying that the same results can not be obtained with other types of
lighting, for example, high intensity sodium lights. We have not tried lights other
than the metal halide type. If no natural daylight is used during rooting, selected
fluorescent tubes would be more economical to install and use.

We have not tried using light without bottom heat. I have a suspicion that light
may be of greater significance than bottom heat, and if so, it may be somewhat
cheaper to irradiate cuttings than provide them with heat in the rooting zone.

For those interested in trying artificial lighting in propagation, the cost of the
metal halide lamps, including the reflectors and chokes, is about A $200 each. When
we used lighting on Philodendron seeds, we simply used 150 W incandescent
domestic flood lights to achieve germination between April and October. We do not
know whether metal halide lamps, or lamps with other wavelengths, would be more
beneficial than incandescent lamps for seed germination.
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INTRODUCTION

Plant tissue culture is now a widely used propagation method. Its main advan-
tageisthe ability torapidly multiply selected cultivars and to produce genetically
uniform plants. The techniques range from simple micropropagation using a bud,
node or leafsegment, to cell or protoplast culture. Commercial production mainly
involves micropropagation. Whatever the technique used, the final step involves
the transfer of the cultured plants from the protected environment of the culture
vessel to the nursery bench. The process of the plant adapting to this change in
environment 1s known as acclimatization.

Under 1n vitro conditions of low light intensities and in the presence of carbohy-
dratein the medium, plants are heterotrophici.e., they are unable to photosynthesise
to meet their carbohydrate requirements. The high humidity in the culture vessel
also results in plants unable to control water loss through transpiration (Brainerd
and Fuchigami, 1981; Capellades et al., 1990; Grout and Aston, 1978; Smith et al.,
1986; Grout and Millam, 1985). During acclimatization, the plants must survivethe
water stress long enough to re-establish photosynthesis and controlled transpi-
ration.

To maximise the potential of tissue culture applications in the nursery, it 1s
necessary to increase the survival of plants during the acclimatisation procedure
and reduce the time that this procedure requires. One approach is to control the
humidity either before or after the plants are planted-out (Whish et al., 1992).
Another is the use of plant growth retardants (PGR) to reduce the wilting of plants
when transferred tothe nursery. Increasing the lightintensity or reducing the sugar
supply in the medium may also promote photosynthesis (Kozai, 1991).

Paclobutrazol (PAC) (PP333, ICI) 1s a broad spectrum, xylem mobile PGR which
reduces growth by inhibiting gibberellin biosynthesis (Lever, 1986). PAC does not
block the activity of existing exogenous or endogenous gibberellin (Lever, 1986). The
morphological eftects of PAC application include reduced leaf size of apples (Curry
and Wilhams, 1983) while the anatomical effects include increased cell thickness,
number of mesophyl layers, sunken narrower stomates, increased chloroplast size,
and an increase 1n epicuticular wax deposition (Gao et al., 1987).

The reduction of the humidity in the culture vessel has improved the survival of
several species including Ptilotus sp. (Whish et al., 1992) and Allium sp. (Fari and
Nemeth, 1987). It was found that the reduction of humidity in the head space led
to increased rooting, higher leaf dry matter, and profuse wax production in onion
(Fari and Nemeth, 1987). Survival of Ptilotus after detlasking was better if roots
were produced 1n vitro (Whish et al., 1992).

This paper reports the response of two species, Rosa ‘Red Cascade’ and kangaroo
paw (Anigozanthos bicolor)to reduced humidity or PAC application during the final
stage of micropropagation.
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MATERIALS AND METHODS

Culture Media. Both species were cultured on de Fossard (1976) medium with
high minerals and organic supplements and 30 g/litre”’ sucrose. The agar
concentration was 8 g/litre™* for kangaroo paw and 6 g/litre ' for rose. The pH was

adjusted to approximate 5.8 prior to adding agar and autoclaving in 200 ml
aliquots for 25 min at 121C and 103 kPa.

Humidity Treatments. Plants of both species were exposed to four relative
humidities (RH), 86%, 90%, 95%, and 100%. The 100% RH was the control
simulating a normally sealed culture vessel. Humidity was controlled by placing
the open culture vessels over saturated salt solutions within larger chambers.
The theory behind this method is that in a confined space, at equilibrium, the
atmosphere above a saturated solution will have a particular RH (Table 1). The
salt solutions were autoclaved for 15 min at 121C and 103 kPa, then 50 ml
dispensed into each sterile Chanrol M30 Polypropylene chamber.

Table 1. Selected salts and the theoretical equilibrium RH.

Humidity 86% 90% 95% 100%

Saturated Potassium Zinc Dibasic Deionised

salt chloride sulphate sodium water
phosphate

To prevent water evaporation from the gel, the surface was covered with alu-
minium foil. Small incisions were made in the aluminium foil and the plants were
inserted through to the medium. The culture vessel lid was removed and the open
vessel placed into the humidity chamber which was then sealed and keptin a culture
room at either 22C for rose or 25C for kangaroo paw, with 16-h day and 8-h night
and a light intensity of 25 imol m™ sec’. After 4 weeks in the culture rooms, the
humidity in the chambers was recorded using a hand held humidity meter (Hanna,
HI 8564, Thermo Hygrometer). This was achieved by partially removing the lid of
the chamber and inserting the probe to the level of the plant then wrapping the
chamber and the probe with plastic wrap.

Paclobutrazol Treatments. Five concentrations of PAC (0, 1, 2, 3, and 4 mg
litre'!) were incorporated after the rooting media had been autoclaved and cooled
to 60C. The medium composition and culture room conditions were the same as

described above.

Acclimatization. For acclimatization, the plants were removed from the media
and the roots washed to remove excess gel. Root length and fresh weight of the
plants was recorded before they were planted into a potting mix of 1 vermiculite
: 1 perlite : 1 peat(by volume) then subjected to the following regime: 4 days under
mist and shade cloth; 3 days under mist only; 4 days in a white washed
glasshouse; then 2 weeks in a normal glasshouse.

At the conclusion of acclimatization, the root length, survival index and growth
index were recorded. The survival index was a simple ranking of 1 for alive and 0
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for dead. The growth indexincluded 5 levels over therange 1=no growth, 3=average
growth, and 5= vigorous growth. Plants were then oven dried for 48 h at 80C to
determine total dry weight.

RESULTS AND DISCUSSION

Effects of Humidity. At the end of the 4-week culture period the RH in the
chambers was around 90% to 95 % irrespective of the humidity treatment applied
and there was no difference between species (data not presented).

For kangaroo paw, plant dry weight tended to be greater with the 86% RH
treatment (Fig. 1) however the difference between the humidity treatments was
small, only 0.22 g between the highest and the lowest. This small response may be
due to the stabilising of the RH at approximately 90% to 95% in all chambers by the
end of the four weeksin culture. Evaporation of water from the gel and condensation
into the salt solutions may have gradually raised the RH and reduced the treat-
ments effect. The aluminium foil did not prevent evaporation from the medium.

Rootson plants kept at86% RH were, on average, 65 mmlong while plants at 100%
RH had 30-mm roots. Why is there an increase in root growth at lower humidities?
The roots were extensively branched and healthy in all cases. At 86% RH, kangaroo
paws were usually well developed with even, dark green leaves and healthy
appearance. At higher RH plant growth was less with only a few shoots present.

Thereduced humidityin vitro increased the growth of kangaroo paw and improved
its overall appearance while not eftecting the number surviving; however, the
plants could be ready for market after a short time in the glasshouse.

The rose cultivar did not respond to RH in any consistent way. The biomass was
greatest at 90% RH but with no difference between the humidity treatments. The
reduced humidity allowed the plants to establish ex vitro in shorter time compared
to the higher humidities. The 90% RH caused a slight decrease in root length and
this was correlated with a reduced growth index. The increase in total biomass was
probably due to thickening of the roots since shoot growth and root length were
reduced.

Plant Growth Retardant Application. There was a noticeable difference in
the height and the habit of the plants when they were removed from culture.
Plants treated with the higher concentration of PAC, namely 4 mg/litre'l, leaves
were reduced in size and darker green in colour. This was uniform for both
species.

After acclimatization, the response of plant dry weight to PAC application rate
was inconsistent (Figs. 1 and 2). In both species growth was promoted with 1 mg/
litre™ PAC. Kangaroo paw was inhibited by 2 mg/litre'1 and rose promoted at 4
mg/litre'l.

Visual ranking of plant growth gave a more consistent response with growth
suppressed at 2 mg/litre’l.

There is no obvious explanation for thisirregular pattern of response. Rootlength
was not significantly aftect by PAC (data not shown) although root systems were
seen to be compact and thickened compared to the untreated controls. This
thickening of the roots has previously been seen in chrysanthemum treated with
PAC in vitro (Smith et al., 1991). It may be that the end results are superimposed
on different rates of recovery from the treatments. Plants were initially noticeably
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bushy at the higher concentrations; however, following 25 days of glasshouse

environment, growth had begun to return to normal in all treatments.

CONCLUSIONS

Survival and growth of rose was not improved by the reduction of humidity in

vitro. Kangaroo paw growth was increased by reducing in vitro humidity to 86%
to90% RH and root length increased at RH below 100%. Growth responses to PAC

were erratic.
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Hostas In Australia

Max Moore
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INTRODUCTION

I first became interested in the genus Hosta after I visited England in 1977 and
saw large specimen plants displayed at the Chelsea Flower Show and in many
gardens that I visited. This interest remained dormant until 1978 when, on
becoming a member of the I.P.P.S. at the Hobart conference, I saw a display of
Hosta plants in the Hobart Botanic Gardens conservatory. This rekindled my
interest, and on my return to Melbourne I began searching for hosta plants. I
managed to obtain plants from various nurseries and slowly built up a collection
of the cultivars then available. These included H. sieboldiana, H. crispula, H.
ventricosa, H. fortunei var.albopicta, H. fortunei Aurea, H. plantaginea ‘Grandi-
flora’ H. undulata, H. ventricosa ‘Aureo-maculata’, andH. undulata var. univittata.

In the beginning, it was difticult to find collectors or growers. In fact, it was even
difficult to find people that knew what a hosta was. This dearth of information has
been partially overcome by articles in gardening periodicals and by small promo-
tions of hosta by thoseinterested in this genus. It was on meeting Ruth Tindale, who
had a collection of hostain her garden at Sherbrooke, that my collection really began
to burgeon. Ruth was a member of the American Hosta Society and was at that stage
importing seed from America. As I had access to heated glasshouses and propaga-
tion facilities, I was given some of this seed to sow and from the myriad of seedlings
I was able to select some hostas with difterent leaf shapes and some with golden and
variegated leaves. These seedlings were an improvement on the available cultivars
in that the colour was retained right throughout the growing season.

In recent years a seed firm in Melbourne has been importing flasks of tissue-
cultured cultivars from England and this has seen an upsurge in the cultivars
avallable. There are atleast two other people importing hosta plants into Australia
and these plants are slowly becoming available to the public.

PROPAGATION METHODS

The methods of propagating hosta are: seed, division, and tissue culture. I don’t
intend to discuss propagation by tissue culture, other than to say, that to the best
of my knowledge, there 1s nobody actually producing them by tissue culture in
Australia. The plants that are available for salein this country are from overseas
sources and are only being deflasked here and grown on. This importation has
allowed many of the new cultivars to become available 1n this country.

Seed. Hosta propagation from seed is easy. The seed germinates readily and
generally produces an abundance of plants. However, hostas cross breed freely
and the resulting plants should be considered hybrids, and should not, even if
they appear similar, be labelled with the name of the parent plant. The only
species which comes true from seed is H. ventricosa.

The breeding otHosta 1s a fascinating hobby. However, most of the plants produced
will not be sufficiently different from existing cultivars and should be ruthlessly
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rogued out, and the effort channelled into growing on the crosses which have been
selected as showing promise. In selecting promising crosses, the grower should
consider leaf colour, shape, leaf markings, habit, and vigour. I suggest that all
seedlings should be grown for at least two seasons before discarding any of them.
When growing hostas from seed, the seed is collected as the pods start to turn
yellow in autumn. The pods should be labelled and left to dry in paper bags until the
pods split and shed the seed. The seed is sownimmediately after cleaning into trays
containing pasteurised potting mix topped with a mix of 1 peat moss : 1 vermiculite
(v/v), watered in, placed into a heated glasshouse, and the trays covered with a pane
of white painted glass. The seed usually germinates within 3 weeks and germina-
tion is generally close to 100%. When the seedlings have reached the four-leaf stage,
they are pricked off into 2-in. tubes of a good quality potting mix, and kept growing
in the glasshouse during the winter period. They should be fertilised monthly with
a liquid fertiliser or alternatively top dressed with a controlled-release fertiliser. In
mid-spring the plants should be moved from the glasshouse into a shadehouse and
kept growing through until the autumn, when they will go into winter dormancy.
The hostas are potted into 6-1n. pots in spring of the second year for growing on and
assessment. Those seedlings with potential are retained and the rest discarded.

Division. Vegetative propagation of hostas is usually by division in early spring,
but they can also be divided when the plant 1s in full growth.

Hosta plants in the ground can be divided simply by using a sharp spade and
cutting a wedge out of the plant. This wedge can either be replanted as a whole or
divided into smaller pieces.

Hostas grown in pots are best divided prior to the beginning of growth in spring.
The roots of the plants are vigorous and matted and a large knife or even a meat
cleaver or tomahawk is needed to divide the plants.

Trying to produce hosta cultivars by division is a slow process and I am now trying
the “Ross method” of propagation. This method of propagation is best carried out in
spring or even early summer when the plantisin active growth. A thin sharp knife
is inserted into the stem just above the basal plate and the knife is pushed down
through the plate into the roots. Another cut can be made at right angles to the first
cut. The damaged tissue will mend by callousing and a new growth bud should form
which will develop into a new division. I feel that this method should only be carried
outevery second yearto allowthe plant torecoverandbuild upits reserves of energy.

CONCLUSION

In conclusion, I feel that as hostas provide colour and interest for at least 6
months of the year in the shady areas of the garden, that there will be a growing
demand for new Hosta cultivars.
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Propagation and Growth of the Tree Dahlia—Some
Observations

Allen Gilbert
PO. Box 480 Richmond Victoria Australia 3121

The giant tree dahlia (Dahlia imperialis) has been grown by horticulturists,
nursery propagators, and gardeners for about 100 years. A survey of books and
literature on propagation shows that very little information is given specifically
to tree dahlias apart from the fact that unlike the garden dahlia, they can be
propagated by cuttings taken from the cane-like growths after flowering has
finished in late autumn.

This paper discusses the propagation of tree dahlia from leaf-bud cuttings,
softwood tip cuttings, canes, and single-bud cuttings. Also discussed is the summer
pruning of tree dahlia plants to achieve dwarted forms that will encourage new
landscape usage of this plant and may promote pot culture of tree dahlia plants
within the nursery trade.

The tree dahlia belongs to the same group of plants as the common garden dahlia.
Some botanists consider that modern hybrid garden dahlias and the tree dahlia
originated through a common source—a cross between D). pinnata and D. coccirea.
Naturally growing tree dahlia plants have never been found growing in the wild.

The propagation of modern day hybrid dahlias is well documented and includes:
propagation by seed, tuber division, repeated removal of new shoots cut from tubers,
and chunk grafting into spare tubers of cuttings with some tuber attached. Tree
dahlia plants are easily propagated from sections of their cane-like stems. Most
references recommend stem sections with two or three nodes.

The results presented in this paper are observations from field trials over a period
of two years with only a few plants. Further trials will be needed to replicate the
findings and to verify the results.

Summer Pruning of Tree Dahlia Plants. Experimenting with propagation of
the tree dahlia was secondary to that of trying summer pruning to produce low-
growing, flowering tree dahlia plants. The idea to try pruning came from
observation of strong regrowth from an accidently severed tree dahlia clump.

Trial pruning of about one-third of alarge clump of tree dahlia shoots was carried
out in December 1991. The soft new growth shoots that were 200 to 300 mm long
were cut back to 100 mm. Twin new growths arose from the base of each of the
opposite leaves directly below the cut. By autumn of the following year these shoots
had flowered. The growths were half the height (2 to 3 m) of the parent plant shoots
that had received no pruning.

Flowering did not seem to be inhibited by pruning. In fact there were probably
more flowers on the twin shoots of the pruned sections than on the unpruned section.
The ultimate result was that the plant was reduced in height by half and this
allowed the plant to present its flowers at eye level—a very pleasing landscape
effect.

Double pruning ofthe growing shoots would probably result in a bushy flowering
plant that only grows to about 1 m. This remains to be demonstrated.
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PROPAGATION
Summer (December) pruning produced many fresh softwood cuttings and a

decision was made to try propagation using single leafbud cuttings, terminal
growing shoots, soft canes, and small regrowth shoots.

Leafbud. a sharp knife was used to cut and scoop a section containing aleaf with
an immature leaf axil bud. The base of this cutting was inserted into a palm-peat
propagation medium and the leaf area reduced by half.

The resulting growth from this type of cutting produced small tubers at the base
and a flowering shoot about 1 m in length. The cuttings received no fertiliser or
nutrient supply during the period of the experiment. With further research or trials,
a nutrient regime could be formulated. Pruning of the new growth or the application
of growth retardants may result in compact flowering potted plants being produced
from leaf bud cuttings within one season. The potted plants would need to be
transplanted into the garden after tlowering.

Soft Tip Cuttings. Soft tip cuttings were removed from the major growing
shoots and from the leaf axils where regrowth had appeared.

Two-thirds of the leaves were removed from each cutting, then the cuttings were
placed in a pot and watered. A plastic tent was placed over the pot to give extra
humidity. Several cuttings rooted but most died due to irregular watering and no
fungicide drench being applied.

The initial successful rooting shows propagation using soft tip cuttings is an
optional method that can be used to propagate tree dahlia plants.

Propagation by Canes and Single Bud Cuttings. Some of the semi-hard
canes that were cut from the plants during the summer pruning were defoliated
and the cane sections placed into the palm-peat propagation mixture. The
cuttings used contained at least two nodes. Plants grew from these canes and the
canes formed miniature tubers around the root area.

Observations of tuber and root formation on the canes and leaf bud cuttings
suggest that the cane sections could be cut into tiny one-bud pieces. If single-bud
pieces were initially stuck into sterile rooting medium and a high humidity
environment with bottom heat, it is likely that these too would quickly produce
acceptable saleable plants.

The quick propagation and subsequent production of flowering potted plants of the
tree dahlia in one season using the propagation and pruning methods described
should be of some use to nurserymen. Summer pruning of tree dahlia plants in the
outdoor environment to produce low-growing forms or hedges, should be of interest
to plant propagators, home gardeners, and all those involved in landscaping with
these plants.
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In 1978 the Royal Australian Institute of Parks and Recreation proposed to the
Australian Government a proposal to establish a series of regional botanical
gardens in which inland regional flora would be exhibited. These gardens would
enhance the botanical collections existingin our coastal rim of gardens, which are
associated only with our state capital cities and densely populated areas. The
proposal was accepted 1In principle and there are currently six gardens being
planned for development. They are: Alice Springs, Port Augusta, Longreach, Mt.
Isa, Kununurra, and Sunraysia.

The Sunraysia Oasis Botanical Gardens will be a garden of world significance. It
will bring together the plants of the world as the region of Sunraysia has brought
together the peoples of the world. European migration to our region, immediately
after the second world war, was very large.

The gardens are an expression of our community’s horticultural maturity. It is a
way of paying homage to our pioneers. It will be a place of tranquil beauty, of
eudcation, and of scientific involvement, rather than of harsh commercial survival,
which was the lot of our forefathers.

They are gardens built with people power. We have raised over $200,000 by public
patronage and subscription. This money is destined for capital works. During this
current harsh depression we have received great support from the “Friends of the
Gardens”, the local service clubs and business houses alike. Labour has been given
freely and materials supplied either free or at cost.

The only government assistance we have sought is grant monies for community
employment schemes. We are now recognised as part of the local TAFE college
campus for horticultural students and as an exhibition facility for our regional
scientific institutions.

I.P.P.S. INVOLVEMENT
It is true to say that the gardens would not have been created had it not been for
the Australian Region of I.P.P.S.

During a lunch-time discussion, at CSIRO Research Station, Merbein, Victoria,
some 40 years ago, three young men decided to build a botanic garden, as it was the
one horticultural facility not provided for in the forward planning of our irrigation
district, as designed by the Chaffey Bros of Canada, when Mildura was first
developed. I was one of those young men.

[.LP.P.S. member Lois Smith, an outstanding applied botanistin her ownright, and
I, in the company of I.P.P.S. members from all over, have visited most of the great
gardens of the world. Our first exposure to world horticulture come under the
leadership of Ed Bunker, our inaugural Australian chapter at large president.
Typical of Edward’s sensitivity, he planned a trip which in addition to witnessing
plant propagation, also included the end product of great plantsmanship, the fully
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mature plants exhibited in exciting and marvellous gardens. It was on an I.P.P.S.
post conference tour, in 1982, as an International Board member, that the spark
ignited for us. We visited the newly established Pacific Botanical Gardens in the
Hawailan Islands. We brought back to our CSIRO colleagues the Pacific Gardens
method of finance through patronage. In 1983, a steering committee, consisting of
required talents such as legal, engineering, horticultural, etc., was selected from
successful people within our community.

The committee of management of Sunraysia Oasis Botanical Gardens has four
horticulturists serving on 1it, of whom three are I.P.P.S. members. They are Lois
Smith of Sunraysia Nurseries; Mary-Anne McMillian, a tutor in plant propagation
at the Sunraysia College of TAFE; and myself, also of Sunraysia Nurseries. I believe
that in the management of Australian Regional Botanic Gardens, this 1s unique.
The committee employed John Wrigley, horticultural consultant and former
curator of the Australian National Botanic Gardens, whom we knew through
[.P.P.S., to prepare a development plan which we could put to our community to
solicit support. Together with John Wnigley, I.P.P.S. member Keith McIntyre
assisted us in selection of a site for our gardens. It has not just been I.P.P.S.
members, but also contacts made through I.P.P.S. members which have proved
invaluable in the formation of our gardens. We had, for instance, the renowned
conservationist, Harry Butler, present the keynote address to our first gathering of
patrons. This was organised through I.P.P.S. member Ray Aitken of Western
Australia. The book “Grow What Where”, produced by the Australian Plant Study
Group, of which Past President Natalie Peate is a member, has been used
extensively in landscape design.

LOCATION AND SITE
The gardens are located 10 km from the heart of Mildura on the New South Wales
side of the Murray River. Mildura is the centre of the Sunraysia District, which
isin the heart of the great Murray/Darling River Basin. This river system springs
to life in southern Queensland, northern NSW, south eastern NSW, and north
eastern Victoria to empty into the southern ocean through south Australia.

The gardens site consists of 42 ha (105 acres) Murray River frontage and 110 ha
(272 acres) of typical East - West Mallee sand ridge country. We are developingonly
50 ha (122 acres)inour generation,leaving 103 ha (256 acres) for future generations
to do with what they will. Lois and I were most impressed by the far sightedness of
the forefathers of Vancouver, Canada, in setting aside 1000 acres for future
generations to develop, within walking distance of the city centre.

The area we are working on will be developed as 26 ha (64 acres) of dryland
gardens, exhibiting Australian flora and 23.5 ha (58 acres) of irrigated gardens
exhibiting both exotic and Australian flora.

TO SEEK AND TO SHARE

We share our experiences and methodologies with you. We will share the gardens’
progress with you. We share the opportunity to be part of it with you. We seek
your assistance in supplying plants true to type, for planting in the gardens.



Is IBA an Effective Promoter of Root Formation on Cuttings of Eucalyptus grandis? 109

Is IBA an Effective Promoter of Root Formation on
Cuttings of Eucalyptus grandis?

A.S. Carter
Plant Culture Facitlity, Australian National University, Canberra, ACT, 0200.

M.U. Slee
Department of Forestry, The Australian National University, Canberra, ACT, 0200

Cuttings of a single clone of Eucalyptus grandis ex Hill. showed a positive
rootingresponse to the presence of IBA applied as aliquid to the cutting base.
The magnitude of the response varied with each of three identical trials
conducted during winter, spring, and summer and it was not possible to define
any optimal doseratein the range0to 10,000 ppm IBA. A concentration 0of2000
ppm was as equally effective as 4000, 6000, 8000, or 10,000 ppm. Root
formation on cuttings dipped in IBA for 1 second was no different to that on
cuttings dipped for 5 or 10 seconds. No advantage was achieved by allowing
the base of treated cuttings to dry before the cuttings were inserted into the
propagation mix.

INTRODUCTION
The use of auxins to promote adventitious root formation on cuttings is routine

in many production nurseries. It is an easily applied treatment and is effective
for many plant species.

Commercially important species of eucalypts are routinely propagated by cuttings
in countries including Brazil, Portugal, and South Africa. All the descriptions of
propagation techniques used in the nurseries refer to the use of IBA and also
indicate that a range of IBA concentrations are used. Cuttings of Fucalyptus
camaldulensismay be treated with 0.1% IBA (Marien, 1992) or 0.8%(Reuveniet al.,
1990) and those of E. globulus with no IBA (Wilson, personal communication) or
0.8% (Hetherington and Orme, 1989). A similar range of concentrations has been
used forE. srandis, for example Geary and Lutz (1985) reported use of 0.3%IBA and
Wignall et al. (1991) used 0.8%.

That different nurseries have used different IBA treatments for the same eucalypt
species suggests that cuttings may show a positive response to a broad range of IBA
concentrations. It may be there 1s no one optimal IBA concentration and indeed it
may also be possible that cuttings prepared without IBA treatment will root just as
well as nontreated cuttings. Evidence to clarify these points is required as the auxin
treatment adds material and time costs to production of the rooted cuttings.

In the study reported here we investigated a method of applying the IBA to the
cutting. This was done as an attempt to clarify two points, firstly to look for time
effective methods of applying the auxin and secondly to see if reproducible results
could be obtained.
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Liquid preparations of IBA are generally applied to each cutting as a quick dip of
5 to 10 sec. The trial investigated whether it was possible to achieve efiective root
promotion by using shorterinsertion times. We also considered whether the cutting
base must have dried before it is inserted into the propagation medium. To insert
the cutting while still wet may mean some of the IBA solution is lost by absorption
to the medium. But to wait for the cutting to dry means extra time is required and
this adds to production costs.

We also considered the question of whether a single clone of E. grandis will
consistently show the same rooting response to a given concentration of IBA.
Cuttings of E. grandis were treated with IBA solutionsin a range of concentrations.
Three identical trials were conducted, one each in winter, spring, and summer.

MATERIALS AND METHODS

A single clone of E. grandis was used for all trials. Stock plants had been
established from rooted cuttings either 2 or 3 years prior to the trials and grown
in containers in a greenhouse with an average air temperature of 25C day and
15C night. They received natural radiation and photoperiod.

Cutting preparation was identical in all trials. Eight-week-old shoots were
harvested from stockplants and trimmed to four leaf pairs. Leaves were removed
from the two basal nodes.

The IBA solutions were made from K-IBA dissolved in ethanol. Unless stated
otherwise, a preparation of 8000 ppm was used and the basal 1 cm of the stem was
dipped into the solution for 1 sec.

After cuttings were given the specified treatments they were inserted into Kwik®
pot trays. The trays contained a mixture of 1 peat, 1 perlite, and 1 sand (by volume).
After cuttings insertion the trays were placed on a propagation bench with bottom
heat and overhead misting.

For all trials, assessment of the cuttings took place 50 days after the cuttings were
inserted. Cuttings were scored for the presence of roots and the number of roots per
rooted cutting.

Raw data for percentage rooting was analyzed for variance using a logistic
regression. Data for root mass and root number was analyzed for variance using an

unbalanced mixed model treated with REML.

Experiment 1 - Trials 1 and 2. These two identical trials, conducted in October
1990 and January 1991, looked at adventitious root formation on cuttings after
they were dipped into IBA for 1, 5, or 10 seconds. Pairs of cuttings were treated
with IBA. The base of one cutting was immediately inserted into the medium and
the other was allowed to dry before insertion. The cuttings were arranged in four
randomized blocks. Each block contained 10 pairs of cuttings for each of the three
immersion time treatments. Each pair represented a wet and dry insertion.

Experiment 2 - Trials 3, 4, and 5. This series of trials consisted of three
identical investigations to find an optimal concentration of IBA to promote root
formation on cuttings. The trials were conducted in August and October 1992 and
January 1993. Treatments consisted of IBA concentrations of 0, 2000,4000, 6000,
8000, and 10,000 ppm. The control treatment was ethanol. Cuttings were dipped
into the solutions, removed, and to ensure each cutting absorbed the IBA, the
stems were allowed to dry before the cuttings were inserted into trays. Cuttings
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were placed into a randomized block design of six blocks. Each block contained
four replicates of each of the six treatments.

RESULTS

The length of time for which the cuttings were held in the IBA solution had no
significant effect on root formation (Table 1). For example in trial 1, cuttings
given 1-, 5-, or 10-second treatments showed no difference in the number rooted
or the number of roots per rooted cutting.

Table 1. The rooting response of Eucalyptus grandis cuttings dipped in an IBA
solution for 1, 5, or 10 seconds.

Dip time Rooting (%) Root number/cutting
(sec) Trial 1 Trial 2 Trial 1 Trial 2
1 66 65 1.6 1.9

5 58 75 1.6 2.1
10 61 83 1.6 1.9
mean value 62 74 1.6 2.0

Allowing the IBA solution to dry on the base of the cutting before it was inserted
into the propagation media had no consistent eftect on root formation (Table 2). In
trial 1, significantly more cuttings rooted ifinserted with a dry base, butthe number
ofroots per cutting did not differ from that of cuttings witha wet base. intrial 2 there
was no significant difference in treatment effects on the percentage of cuttings to
root or the number of roots per cutting.

Table 2. The rooting response of Eucalyptus grandis cuttings, treated with IBA and
then inserted into the propagation medium with wet or dry stems.

Insertion Rooting (%) Root number/cutting
treatment Trial 1* Trial 2 Trial 1 Trial 2
base wet 49 75 1.4 1.9
base dry 75 72 1.7 1.9
mean value 62 73 1.6 1.9

* Significant difference between treatments within the trial at a probability level of
0.05.

Interactions between the duration of the dip and the method of allowing the stem
to dry after the dip, were tested and found to be nonsigniticant.

Cuttings treated with different dose rates of IBA showed no consistent response
in adventitious root formation (Table 3). In trial 3 there was no evidence of
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significant treatment effects and although in trials 4 and 5 significant differences

did occur, the pattern of difference was unclear. In trial 4 there was a suggestion of
inhibition of rooting at the higherlevels of IBA whereasin trial 5 all treatments with
IBA rooted better than the control that had no IBA.

For both experiments, rooting response changed notably between trials. This
variation between trials was often greater than that within a trial. For example, in
experiment two, means for all treatments within a trial show that trial four cuttings
rooted only halfas frequently and had half as many roots as trial five cuttings (Table

3).

Table 3. The effect of variable IBA dose rates on root formation on cuttings of
Eucalyptus grandus.

Treatment IBA ppm Rooting (%) Root number/cutting
Trials 3 4# 5* 3 4 5

0 67 42 71 1.8 1.4 2.3
2,000 54 75 92 1.9 1.3 2.9
4,000 70 50 96 2.2 1.4 4.3
6,000 71 54 88 2.3 1.5 5.3
8,000 67 38 92 1.7 1.9 2.6
1,0000 75 29 99 2.6 2.0 3.3
mean value 67 48 90 2.1 1.6 3.5

* Significant differences between treatments within trials at a probability level of
0.05.

DISCUSSION
These experiments indicate that within the range of IBA solutions tested there
was no evidence of strong root promotion or inhibition on £. grandis cuttings. All
that can be concluded 1s that some IBA is probably better than none. It seems
likely that a dose rate of 2000 ppm was just as effective as higher concentrations.

The results have also suggested that to apply liquid IBA preparations it is only
necessary to dip the cuttings into the solution for sufficient time to wet the stem. A
1-second immersion 1s just as effective as a 5- or 10-second immersion. There
remains the possibility that exposures longer than 10 seconds would allow greater
uptake of IBA into stem tissues but such treatment does not seem necessary.

Despite the rigourous approach used in these experiments there were large
variations in results between repeat trials. These variations are not consistent with
seasonal effects and remain unexplained. However, it is clear that the use of IBA
was not able to overcome the effects on rooting of any unknown factors. This is
illustrated in trial 5 by the non-IBA-treated controls that rooted as well or better
that any IBA-treated cuttings in trials 3 and 4.

The lack of repeatability in experiments of this nature has been previously pointed
out by Loach (1988) 1n a review of the use of auxins as an aid to rooting of cuttings.
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Our experiments confirm his conclusions and provide a caution to propagators who
may consider adopting the results of non-repeated trials.

We also suggest that use of IBA on naturally poor rooting clones will not
significantly improve adventitious root formation. Rather than spend time on
lengthy trials to find optimal auxin rates it may be better to seek clones that
naturally have a high rooting potential.
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The Production of Evergreen Azaleas in a Sub-Tropical
Climate

Chris Bunker
Redlands Greenhouses, Gordon Road, Redland Bay. Queensland. 4165

It is often thought that Brisbane is too hot to grow Indica azaleas (Rhododen-
dron). Our climate is subtropical with summer day temperatures averaging near
30C and winter day temperatures 15C. We are situated on a latitude of 27°S and
have an average annual rainfall of 1150 mm (45 in.) which predominantly falls
in the summer months.

This paper will outline how we have adapted this particular plant to our
environment.

CULTIVAR SELECTION

Careful matching of cultivar to environment is perhaps the key to success in any
crop. In azaleas we look for the following traits for a successful cultivar:
m Flower colour
B Amount of flower
B Flower longevity and holding capacity
B Number of flower flushes in a year
m Foliage colour
B Growing habit of plant
B (QOverall appearance
m Resistance to diseases
m Ability to propagate.

Ourtrials to access the above characteristics can quite often take 2 to 3 years. One
year is not enough time to evaluate fully the potential of a new cultivar, as quite often
the plant can perform above or below average in the first year and needs more time
to settle into its new environment. It 1s also very important that we trial our own
plants that we have propagated and not plants that we have brought in from outside
our system, as they may behave differently.

PROPAGATION

Medium and Nutrition. The propagation medium is a 1 peat and 1 sand (v/v)
mixture. Dolomite is incorporated at a rate of 1 kg/m3. There are no fertilisers
added at this stage of production.

Facilities Required. If propagation is timed correctly no heating or cooling is
required. Therefore, we need only to control light intensity and relative humidity.
Light is controlled by no less than 50% shade cloth and a mist system is used to
reduce water loss through transpiration from the cuttings.

Availability of Cuttings. Being an evergreen, material is available all year-
round, however, cuttings are taken from January to April. In our system cuttings
taken any later than April do not root because root initiation will be without
temperature control and the cold causes dormancy.
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If timed correctly, the collection of cuttings may act as a light pruning for the
growing crop from which the cuttings are collected.

Method of Propagation. Semihardwood cuttings are used and they are
collected in the morning before the heat of the day. The cuttings are kept moist
until they are prepared and planted. Preparation of the cutting involves grading
to length, removing unwanted leaves, and removing the apical bud. The average
cutting length 1s 10 cm and the bottom two-thirds of the leaves are removed,
leaving intact a minimum of three leaves on the cutting. The apical flower bud
is removed to promote vegetative and root growth.

Once prepared, the cuttings are planted one per cell in cell trays. Rooting hormone
powder containing 8 g/kg IBA is applied to the base of the cutting immediatly before
planting. Planting depth is approximately two-thirds the depth of the cell. Root
initiation is inhibited with deeper planting and shallower planting may not give the
cutting ample support.

It 1s very important to use protective fungicides to minimise diseases in the wet,
humid conditions under mist. We have found that an application of Thiram (active
- 800 g/kg Thiram) no later than three days after planting, will significantly reduce
disease incidence.

Hygiene. Hygiene plays a critical part in successful Azalea propagation. It is
crucial that anything touching the open wounds of the cutting be disinfected or
sterilised.

Hardening Off. Misting frequency is gradually reduced as the cuttings develop
their own root systems. It takes approximately 10 to 12 weeks from taking the
cutting to developing the plant to the stage whereby it no longer requires any
mist.

GROWING ON

Media and Nutrition. The medium used consists of 2 composted hardwood
sawdust, 1 composted pine bark, and 1 peat (by volume), to whichis added a basal
level of nutrients. Ongoing nutrition is supplied via a slow-release fertiliser
added at 5 to 6 kg/m® as a direct dibble at planting. This is supplemented as
needed with liquid feeding.

Potting. Potting from propagation tubes into 140-mm (6-inch) pots takes place
during October, November, and December. The planted pots are placed out on
their growing beds. These need to have good drainage away from the bottom of
the pot. The single-flowering cultivars grow on beds in the full sun and the double
and kurume culitvars grow under 30% to 50% shade provided by shade cloth.
The majority of these plants will be sold in the following spring (August to
September). Some early-flowering cultivars are sold from April onwards.

Pruning and Training. All plants are pruned and trained. The first light
pruning occurs in January when cuttings are taken for the next crop. This
pruning encourages the plant to fill out. Soon after all propagation material is
collected, each plant is individually trained by pruning back unnecessary wood
and creating a framework, so that at the time of sale the plants will be well

structured. Plants have to be pruned no later then early April, otherwise they
have insufficient time to set buds for spring.
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Water Quality. Diseases caused by Phytophthora species are common 1n
azaleas. Contaminated water must be treated.

Plant Protection. Weeds in pots are controlled with pre-emergent herbicides or
pulling by hand.

Insect pests are monitored and sprayed on a need basis only, whereas fungicides
are sprayed on a regular preventative program.

CONCLUSION

By careful selection of cultivars we find that evergreen azaleas are a very
successful crop for us here, even though our climate 1s often thought to be too
tropical for this crop.
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Government Regulations and Nursery Accreditation

lan Smith
Consultant, 2 Pinewood Avenue, Ringwood East, 3135

There have been many changes to government regulations and operational
strategies and policies which may have significant impact on nurserymen
throughout Australia. I will discuss accreditation and water management regu-
lations and their implications for nurserymen through examples.

The Eltham Shire in Victoria is introducing a Pest Plants Local Law to ban or
restrict sales of environmental weeds from nurseries. Similarly, there have been
government initiatives on a national weed strategy and more rigorous policing on
noxious weed regulations. There has been more emphasis on health and safety
1Issuesandthe environment. Examples include changes to pesticide regulationsand
safe work practices.

Government organisations and, in particular, the Australian Quarantine Inspec-
tion Service, have changed significantly. This will influence the importation of PVR
plants and the development of plant exports.

There 1s obviously an emphasis on the environment and regulations that will
minimise pollution. Probably the most significant development is the NSW Clean
Waters Act and similar legislation proposed in other states.

HISTORY OF NURSERY ACCREDITATION
I will first discuss nursery accreditation and the implications and benefits for
nurserymen.

There have been various plantimprovement programs and accreditation schemes.
Of the current state accreditation schemes the Victorian and Northern Territory
schemes are the longest running. The Minister for Agriculture launched the
Victorian scheme on the 11 July 1989. Now there are 18 accredited nurseries,
including two specialist propagation nurseries.

Western Australia and Queensland have more recently developed accreditation
schemes and Tasmania, South Australia, and New South Wales are working
towards accreditation. In August 1992 representatives of all state nursery associa-
tions met to discuss the introduction of a national accreditation scheme. The
administrative requirements and the first draft of the technical criteria have been
prepared.

ADVANTAGES AND BENEFITS OF NURSERY ACCREDITATION

The ultimate advantage of any scheme shouldbeincreased profits. This will come
from improved nursery practices and increased consumer confidence in products
sold by accredited nurseries and allied trades.

In Victoria, the aim was to improve the quality of nursery stock and to minimise
diseases including those caused by Phytophthora species. This scheme has applied
only to production nurseries. The Victorian scheme was based on quality manage-
ment throughout the production process. Similar schemes in the past have failed
because of the emphasis on a regulatory approach. In Western Australia, the state
government applied pressure to stop the spread of Phytophthora root rot to native
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forests. The Queensland scheme was based on the Victorian and Western Austra-
lian schemes. It has a greater emphasis on Phytophthora species control, though
this i1s not due to government pressure as in Western Australia. '

The state nursery industry associations administer accreditation, however, they
all have government involvement in the establishment and maintenance of stan-
dards. Participation is voluntary in most state schemes.

The national Nursery Industry Accreditation Scheme of Australia will operate
through the Nursery Industry Association of Australia and state industry associa-
tions. It will be open to all nurseries and will be voluntary.

ACCREDITATION ASSESSMENT
The assessment criteria include:

General criteria
B General appearance of the nursery

B Growing structures

B Storage areas—pesticides, containers, media

B Propagation plant material

B General hygiene

B Plant protection practices, plant nutrition, and sate handling of
pesticides—spray program, equipment, safe handling

B General vigour and appearance of plants

B Irrigation and water supply

B Disposal of waste

The emphasis and importance of these criteria may vary with the type of nursery.
For example, propagation facilities, practices, and hygiene are emphasised in
specialist propagation nurseries.

Nursery accreditation is not another name for government regulation. It is self
regulation by theindustry, and should be based on quality management throughout
the production process. Elimination of Phytophthora species from the nursery
industry is a commendable objective, but probably not achievable in practice. The
improvement in productivity and quality achieved through participation in accredi-
tation is a real and achievable objective.

WATER TREATMENT AND RECYCLING

The recycling of nursery runoft and treatment to control pathogens is a signifi-
cant i1ssue locally and overseas.

LOCAL WATER MANAGEMENT LEGISLATION

You should all be aware of the NSW Clean Waters Act and the implications for
all nurserymen. In NSW, it is an offence to pollute any waters. The Act
establishes limits for various substances—including insecticides, fungicides,
herbicides, and fertilizers— contaminating surface and groundwater.

Other Australian states have environment protection legislation that can applyto
nursery runoff. In Victoria, government inspectors have investigated complaints of
tree damage downstream from nurseries, with particular emphasis on herbicides
used in the nursery. This is a significant issue for most states and the relevant
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government departments are developing policies and eventually regulations to
control the discharge from nurseries.

In the United States, private individuals have taken court action against organi-
zations involved in polluting local rivers. Many of these cases have resulted in
multimillion-dollar settlements against the offenders. This is possible under local
legislation.

In the United States and Europe there are very strict controls on drainage from
nurseries and water recycling is becoming more common.

IMPLICATIONS OF REGULATIONS FOR NURSERYMEN
For the reasons outlined above, it is becoming more important for nurserymen to

consider water conservation and recycling.

Recycled water should be treated to control plant pathogens. The incidence and
extent of Phytophthora and other water-borne pathogens in nurseries are such that
water recycling without treatment will lead to increased losses due to root rot.

Potting media may be suppressive to Phytophthora and other pathogens. How-
ever, the presence of these pathogens will cause losses during periods of water stress
or after planting in the garden. Effective treatment of recycled water and other
hygiene practices can eliminate this problem. To comply with regulations, produc-
tion areas could be covered to collect and direct water to tanks for recycling.
Concrete, bitumen, or heavy grade black plastic covered by screenings could be used
to prevent water entering the soil. It may be necessary to store the first 35 mm of
rain falling on the nursery site.

CHALLENGES IN WATER MANAGEMENT IN NURSERIES

Fertilizer and pesticide residues in nursery runoff may not contribute signifi-
cantly to contamination of ground and surface water compared with discharge
from industrial and domestic sources. However, the regulations will still apply.
Research has commenced to evaluate fertiliser runoff from various agricultural
and horticultural situations to help clarify the situation.

There are other water management problems facing nurserymen. There is
increasing pressure to improve the efficiency of water use due to the increasing cost
of water and the associated labour and equipment costs. In response to government
pressure, some industries have made significant savings through recycling and
improved production practices.

PRACTICAL SOLUTIONS TO WATER MANAGEMENT PROBLEMS

Some problems facing nurserymen include:

B Reduce waste water from container standing areas
Reduce water cost and labour associated with hand watering
Increasing water supply by collecting runoff
Maximise irrigation efficiency but maintaining growth
Concerns over nitrate and phosphate content in runoff
Regulations or impending Regulations controlling runoff
Reduce fertilizer use by monitoring plant needs
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Possible solutions include:
B Grade pot standing areas to direct runoff to a tank
Use of drip irrigation systems
Increased size of dams to collect all runoff
Optimise potting media and water use
Use of “water-saving” polymers and wetting agents
Computer control of irrigation management and fertilizer addition
based on environmental monitoring
Use of moreefticient irrigation equipment and practices and relating
use to need
Pulse watering allows water to soak in before more is applied
Growing drought tolerant plants
Grass strips between rows to filter runoff
Use of antidesicants and wetting agents
Monitoring nutrient levels in recycled water and adjustments to
supply the plants needs
Adopt capillary or ebb and flow watering systems
B Use and management of appropriate controlled-release fertilizers
which only supply the plant requirements

WATER TREATMENT IN ACCREDITED NURSERIES

Treat recycled water before use. As propagators, you should be aware of the
potential problems caused by water-borne pathogens and the need to minimise
or eliminate disease. There are many water treatment systems available;
however, they are not equally effective in treating irrigation water.

Some recent installations have concentrated on the engineering required to mix
the treatment chemical or gas with the irrigation water. It is important to first
evaluate the efficacy of the technique proposed and then consider the installation.
In my experience, each nursery situation is unique and what may be effective and
economic in one nursery may be totally inadequate 1n another.

Consider the source of water, the chance of serious pathogens, the amount of
suspended particles, theamount of organic matter, and the use of the treated water.

Chlorine will kill plant pathogens if the concentration (minimum 2 ppm) and
contact time (minimum 20 min) are sufficient. However, increasing organic matter
or suspended particles will reduce the efficacy of treatments.

AVAILABLE WATER TREATMENT SYSTEMS
The following are readily available water treatment systems that may have

application in nurseries. The price may range from $2000 to $30,000 for an
average nursery. Efficacy and reliability of these systems may also vary signifi-
cantly. The following lists some available systems.

Liquid Chlorine
B Usually sodium hypochlorite
m Inexpensive to install if flow is constant (<$1000 depending on
available equipment e.g. tanks)
B Injection rates can be controlled automatically, though this adds
significantly to the cost
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Best used with storage tanks to provide sufficient contact time
Higher concentrations required for “dirty” water supplies
Equipment will rapidly corrode at higher concentrations (>3 ppm)
Sodium hypochlorite 1s alkaline and may cause problems with
alkaline water supplies

m Chlorine 1s less effective in alkaline water and the dose must be
increased to be effective

Chlorine Gas Injection
m Similar to liquid chlorine, though it will acidify water

m Chlorine gas is dangerous and requires special precautions

Brominators (Erosion Feed System)
B Bromine is more effective than chlorine at higher pH
B Some equipment on the market may be unreliable and inaccurate

m Inexpensive (<$2000)

UV with Ozone
B The amount of ozone produced by UV tubes may be too low to be

effective
m Very expensive for higher flow rates ($20,000 to $30,000)

Ozone
m Ozone is generated by corona discharge
m Ozone in sufficient concentration is considered the best method for
sterilising water
®m Very expensive to install (> $30,000)

Microfiltration
m Filtration to less than 5 microns is effective though generally not
practical for most nursery situations
B Expensive for higher flow rates

Chlorine Dioxide
m  Widely used overseas for water treatment
m  More effective for controlling Phytophthora cinnamom: than liquid

chlorine at low doses (unsubstantiated nursery trials)

m Moderately expensive though systems are well engineered and
likely to be very reliable ($10,000 to $15,000)

As nurseries move towards water conservation and recycling, the need to eftec-
tively control water-borne pathogens in irrigation water has become increasingly
important. Consider why you are installing the system and ensure that it is likely
to be effective. Ensure that the suppliers and installers of equipment are aware of
the biological requirements for controlling plant pathogens and then consider
whether they can provide and install well engineered and reliable equipment.
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Dormancy Release of Tree and Shrub Seeds Using a
Compost Activator Pretreatment

F. J. Cullum
Writtle College, Chelmsford, Essex CM1 3RR

A. G. Gordon
‘Forestart’, Church Farm, Hadnall, Shrewsbury SY4 4AQ

Results from initial trials at Writtle College indicate that the germination of
several economically important tree and shrub seeds, including Acer
campestre, Cratageus spp-., and Tilia platyphyllos, can be improved by a
compost activator treatment developed initially for rose rootstocks. Treated
seeds gave a higher field emergence and germinated earlier than untreated
controls and subsequently produced better quality seedlings. However, the
improvement was not as marked or as consistent as had been found with
seed of rose rootstocks. Further work is now being supported by a grant from
the Horticultural Development Council.

INTRODUCTION

Seed dormancy is common in many temperate tree and shrub species. There are
obvious evolutionary advantages in possessing dormant seeds. For example, in
many speclies the dormancy mechanism provides a means of avoiding autumn
germination. In order to overcome dormancy the horticulturist must stratify
these seeds to mimic winter conditions experienced in nature. Dormancy may
also provide a means of spreading germination, so that in nature all the
seedlings produced by a plant are not wiped out if a disaster should occur. This
natural process gives the horticulturist the problem that as seeds do not
germinate together the final grade-out of the seedlings will be very varied, as
seedlings which emerge early will tend to suppress the growth of those which
emerge later.

For those tree and shrub species which have been studied in detail, a range of
different seed dormancy mechanisms exist which in turn has given rise to a varied
set of pretreatment conditions being applied to overcome that dormancy. Gordon
and Rowe (1982) have reviewed both dormancy mechanisms and pretreatments for
a wide range of species.

Cullum et al. (1990) adopted a novel approach to the problem of seed dormancy
in the rose rootstock Rosa corymbifera ‘Laxa’. They demonstrated that a propri-
etary compost activator, Garotta (produced by Sinclair Horticulture and Leisure
Ltd., Firth Road, Lincoln, LN6 7AH), can be used successfully to germinate the rose
achenes 1n the following spring. The pretreatment used is 10 g moist achenes,
25 g moist vermiculite, 0.5 g Garotta compost activator, followed by storage at 20C
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for 12 weeks and then at 4C for 12 weeks. Results over four years showed that the
addition of Garotta significantly increased the germination rates compared with
achenes which had received the warm and cold treatments only.

In 1990 ‘Forestart’ and Writtle College agreed to start joint trials to investigate
whether the pretreatment developed for R. corymbifera‘Laxa’ could be eftective for
other dormant seeds.

In these trials some 10 species were treated with and without Garotta each year.
Criteria for species selection was that their normal pretreatments were similar to
R. corymbifera ‘Laxa’. Any species which showed a response was then subjected to
a more thorough replicated field trial in the second year.

MATERIALS AND METHODS

All seeds were supplied from commercial seed lots at ‘Forestart’, and soaked in
water overnight before use. Moist vermiculite was prepared by adding 400 ml
deionised water to 250 g vermiculite (medium grade) and stirring thoroughly.
Twenty-five grams moist vermiculite were used for each 10 g seed being tested
and the compost activator was added as required. The mixture was stored in a
polythene bag, tied loosely to admit air and then weighed. The bags were kept
at 20C for 12 weeks followed by storage at 4C for a further 12 weeks. Each week
during the treatments the bags were shaken to aerate the contents and returned
to their original weights by adding deionised water.

After the time of cold treatment was complete, seeds were sown into a seedbed
treated the previous autumn with the soil sterilant dazomet, then covered with a
layer of 4- to 6-mm gravel to prevent capping. Percentage field emergence was
recorded.

Experiment 1: Initial Screening of 12 Tree and Shrub Seeds (1990). For
each species, four batches of seeds were prepared, each batch containing at least
100 seeds. Each batch was weighed and added to moist vermiculite in the same
proportions as described above. The first treatment was left without further
addition to act as a control. The remaining three were then treated with Garotta
at the rate of 0.25 g Garotta/10 g of seed (low Garotta), 0.5 g Garotta/10 g seed
(medium Garotta), and 1.0 g Garotta/10 g seed (high Garotta). The following
species were tested:Acer campestre, Berberis darwinii, Carpinus betulus, Cornus
mas, C. sanguinea, Cotoneaster divaricatus, Crataegus crus-galli, C. monogyna,
Euonymus europaeus, Rosa canina, R. rubrifolia, and Tilia platyphyllos.

All treatments commenced on 9 October 1990 and the field trials were sown on
27 March 1991.

Experiment 2: Initial Screening of Eight Tree and Shrub Seeds (1991).
The following species were treated as in the 1990 screening: Acer japonicum, A.
palmatum, Carpinus betulus, Cornus mas, C. sanguinea, Crataegus laevigata
[syn. C. oxyacanthal, C. x prunifolia, and Elaeagnus angustifolia.

All treatments commenced on 16 October 1991 and the field trials were sown on
1 April 92.
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Experiment 3: Replicated Field Trial in 1991 of Two Species Which
Appeared to Show a Response to Garotta in 1990.

A) Acer campestre. The treatments were:
B (Control (treated as described in 1990 initial trials)
B High Garotta (1 g Garotta for every 10 g seed)
m Very high Garotta (1.5 g Garotta for every 10 g seed)

Each of the treatments was set up in duplicate and after the 12 weeks warm
followed by 12 weeks cold treatment, four lots of 100 seed were counted from each
of the replicates and sown in the seedbed using a replicated design.

All treatments commenced on 9 October 1991 and the field trials were sown on
25 March 1992. Field emergence was counted regularly and seedling quality was
recorded 6 and 12 weeks after sowing.

B) Cotoneaster divaricatus. The treatments were:
® Control
B Low Garotta (0.25 g Garotta for every 10 g seed)
B Very low Garotta (0.125 g Garotta for every 10 g seed)

The method then followed that of A. campestre and field emergence was recorded
regularly.

RESULTS
Experiment 1: Initial Screening of 12 Tree and Shrub Seeds in 1990.

Table 1. Percentage field emergence 12 weeks after sowing.

Species Control Low Medium High
Garotta (Garotta (Garotta

Acer campestre 8 23 36 44
Berberis darwinii 0 0 0 0
Carpinus betulus 4 11 3 8
Cornus mas 0 0 0 6
C. sanguinea 91 61 70 61
Cotoneaster divaricatus 7 51 18 23
Crataegus crus-gall: 1 0 0 0
C. monogyna 43 57 63 62
Fuonymus europaeus 5 4 4 10
Rosa canina 8 73 79 85
R. rubrifolia 0 0 1 0

Tilia platyphyllos 14 13 18 20
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Experiment 2: 1991 Initial Screening of Tree and Shrub Seeds.

Table 2. Percentage field emergence 12 weeks after sowing.

Species Control Low Medium High
GGarotta (Garotta (Garotta

Acer japonicum 0 0 0 0
Acer palmatum 3 4 5 5
Carpinus betulus 3 6 5 5
Cornus sanguinea 82 82 08 97
C. mas 0 1 1 0
Crataegus laevigata 5 14+2%* 4+9%* 15+1%
C. x prunifolia 3 13 19 12
Elaeagnus angustifolia 5 8 6 2

(+* =C. prunifolia - unexplained contaminant)

Experiment 3. 1991 Replicated Field Trial of Two Species Which
Appeared to Show a Response to Garotta in 1990.

Acer campestre: field emergence.

Table 3. Mean percentage field emergence (weeks after sowing).

Week 4 Week 6 Week 8 Week 12

Control 17.1(a) 54.12(a) 55.2(a) 54.6 (a)
High Garotta 30.8 (b) 60.5 (a) 60.2 (a) 59.0 (a)
Very high Garotta 35.8 (b) 57.1(a) 57.3 (a) 57.1(a)

Different letters in column indicate significant difference between means at 95% confi-
dence. LSD 5% = 5.83. For treatment details see method.
Acer campestre: seedling quality.

Table 4. Mean percentage of seedlings with first true leaves expanded to at least the
horizontal stage measured 6 weeks after sowing.

Mean
Control 9.2 (a)
High Garotta 20.8 (b)
Very high Garotta 25.0 (b)

Different letters indicate significant difference between means at 95% confidence. LSD
5% = 5.41. For treatment details see method.
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Acer campestre: seedling quality.

Table 5. Mean percentage of seedlings over 20 cm in height, 12 weeks after sowing

Mean
Control 13.3 (a)
High Garotta 21.3 (b)
Very high Garotta 19.8 (b)

Different letters indicate significant difference between means at 95% confidence. LSD
5% = 5.87. For treatment details see method.

Cotoneaster divaricatus: field emergence.

Table 6. Average percentage field emergence (weeks after sowing).

Week 4 Week 6 Week 8 Week 12

Control 0.8 5.25 (a) 12.1 12.6 (a)
Low Garotta 8.7 19.5 (b) 24.2 24.3 (b)
Very low Garotta 8.5 15.1 (b) 20.4 20.6 (b)

Different letters in columns indicates significant difference in means at 1% confidence.
Week 6 LSD 1% = 540, Week 12 LSD 1% = 4.61.

DISCUSSION

The initial screening in 1990 demonstrated the beneficial effect of Garotta on R.
canina with a markedly increased field emergence (this confirmed previous
unpublished work at Writtle—and it was decided not to investigate R. canina
further).

Several economically important species,A. campestre, C. divaricatus, C. monogyna,
and T. platyphyllos, also appeared to respond to the Garotta pretreatment. The
percentage field emergence figures in Table 1 do not include any indication of
seedling quality. For all four of these species the seedlings were much larger after
12 weeks. Only with C. sanguinea did Garotta appear to reduce field emergence.

Results for the second year of initial screening indicated a possible improvement
in field emergence in C. laevigata and C. x prunifolia (Table 2).

Because of limited research time, only two species,A. campestreandC. divaricatus,
were further tested. As A. campestre had shown the best response to the high
Garotta, a very high treatment of 1.5 g Garotta for every 10 g of seed was included
to check if the optimum rate had been reached. Similarly, as C. divaricatus had
shown the best field emergence at the low Garotta rate, a very low Garotta
treatment of 0.125 g Garotta for every 10 g seed was used too.

In the replicated field trial treating seed of A. campestre with Garotta led to
significantly earlier germination (Table 3) with the Garotta treated seedlings
being more advanced at 6 weeks (Table 4) and significantly taller at 12 weeks
(Table 5). However, the marked improvement seen in the unreplicated trial the
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previous year was not evident.

Seeds of C. divaricatus showed a significant improvement in percentage field
emergence when treated with Garotta (Table 6).

The Garotta treatment developed for R. corymbifera ‘Laxa’ does appear to have
potential for use on other species. But, the response to the pretreatment is not as
marked, or as consistent, as was found with R. ‘Laxa’. Variation between seed
batches may account for some of these differences. Even in the first year of this work
it became apparent that to investigate thoroughly the number of species which
appeared to respond was beyond our resources. In 1992 funding to support the work
was received from Horticultural Development Council. This has led to the appoint-
ment of a research assistant, David Morpeth, who will be conducting extensive
field trials at Writtle College and investigating the physiological effect of the
Garotta treatment on seeds. It is hoped that at the end of the project we will
understand the effect that ‘Garotta’ is having on seeds and that this technique will
then have a wider commercial application.

Acknowledgements. To the horticulture undergraduates at Writtle College
who set up much of this work.
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Cost of Production in Commercial Micropropagation
and Research Strategies

R.A.de Fossard
Xarma Pty.Ltd.,Eagle Heights, Queensland 4271

Research strategies in commercial micropropagation essentially require a
thorough understanding of the components in the cost of production allied with
a dissection of the processes involved in the technique (de Fossard, 1976, 1990,
1993). The major component is overheads and the first task is to distribute these
costs to various parts of the laboratory. The laboratory can be conveniently
divided into three main areas—the preparation area, the inoculation area and
the incubation area.

COSTS OF PRODUCTION

The Preparation Area. This is concerned with the preparation, dispensation,
sterilization, and storage of culture media. The preparation area “sells” vessels
of sterilized culture media to the inoculation area. How much it “sells” each
vessel for depends on the effective utilization of this area—on whether, if it has
a capacity to produce 500 vessels per day that it, in fact, produces 500 vessels per
day. Under-utilization of this part of the facility can double if not triple the cost
of production per vessel.

The Inoculation Area. This area “buys” sterilized media in culture vessels
from the preparation area and places plant material in them aseptically. The
costs in this area reflect three cultural properties, multiplication rate of the
species concerned, inoculation rate, and the number of cultures which can be
grown 1n each vessel. All three properties are worthy objects for the research
worker. The multiplication rate of a species is the number of useable pieces a
culture can be divided into at the end of its incubation cycle. The inoculation rate
1s the number of pieces an inoculator can “plant” on fresh medium per hour or
per shift. The inoculation rate can be a reflection of the inoculator’s performance
and attitude; alternatively, it is a reflection of the type of growth achieved by the
“mother” culture, for example, whether there is a lot of root development.
Number of cultures grown in each vessel is mainly dependent on the type of
growth achieved by a species.

The Incubation Area. This area consists of various systems to expose cultures
tolight and temperature for periods of growth between inoculation (the beginning
of one growth cycle) and division and/or planting out (at the end of the growth
cycle). The cost of incubating cultures is calculated by distributing overheads on
a ft° or m” per week basis, calculating how many culture vessels fit into these
unit areas, how many cultures are in each vessel, and multiplying this cost by
the number of weeks in the growth period for the species in question. Cultures
needing only four weeks incubation would clearly cost less than those needing
longer. These incubation costs must be worked out before the cost of different
multiplication rates can be calculated because this gives the cost of the “mother”
vessel whose cultures are to be divided into 2, 3, 4, or more pieces.
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The Final Cost. The final cost of producing cultures ready for planting-out is
mainly a combination of multiplication rate, inoculatin rate, number of cultures
per vessel, and incubation costs. But that is not the end of the story—there are
two types of losses which need to be accommodated. One type 1s the technical or
biological losses, cultures discarded because of microbial contamination and/or
poor growth. The second type is the “saleable-but-not-sold” loss—everything
goes to plan, nice cultures are produced but the market disappears! Needless to
say, all costs associated with the production of cultures have to be borne by the
cultures which are finally sold (Tables 1 to 6).

Notes on Tables 1 to 6. In Table 1, more than 60% of the total cost of production
of a vessel of sterilized culture medium is attributable to overheads. These data
were derived from a laboratory producing an average of 500 vessels of media per
week although 1ts capacity is to produce 1000 vessels per day. However, in Table
2, we see that the cost of a vessel of medium amounts to only 16% of the total cost
of production.

Table 1. Cost components of culture medium, inoculation, and incubation.

Sterilized culture medium per vessel:

Chemicals 2.8¢ 3.6%
Gelling agent 2.6¢ 3.4%
Vessel 10.5¢ 13.9%
Fuel 0.5¢ 0.7%
Labour 11.9¢ 15.7%
Overheads 47.8¢ 62.8%
TOTAL 75.8¢ 100.0%
Inoculation costs per 8-hour shift: $100.76

Incubation costs:

Total weekly costs $577.15
Used capacity (80% Total) 5760 vessels

Tables 3 to 5 illustrate some of the “dynamics” of cost of production and its
relationship with multiplicaton rate, inoculation rate, and number of cultures per
vessel. We see from Tables 3 and 4 that there are quite large reductions in sale price
when we achieve an increase in multiplicaton rate from x2 to x3, but the reductions
are less, though still desirable, as we achieve x4 and x5. The story is similar with
inoculation rate improvements and planting more cultures per vessel.

It 1s worth noting, from Table 2, that the cost of cultures before and after
adjustment for losses and profit mark-up are:

m 21.2¢ per culture at the laboratory door (before losses are
accommodated);
m 23.5¢ per culture after 10% technical losses are accommodated;
31.4¢ per culture after 25% “not sold” losses are accommodated; -
m 36.1¢ per culture after addition of 15% profit mark-up.
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Table 2. Cost of cultures before and after adjustment for losses and profit mark-up.

Cost of production for a species with:

Inoculation rate

150 vessels per 8 hours

133

No cultures/vessel 15

Multiplication rate 4

Incubation period 8 weeks
Cost of culture vessel 5.1¢ 23.9% 21.5% 16.1%
Cost of inoculation 4.5¢ 21 2% 19.0% 14.3%
R&D levy:1¢ per culture 1.0¢ 4.7% 4.3% 3.2%
Cost of incubation 5.3¢ 25.2% 22.7% 17.0%
Cost: Parent culture 5.3¢ 25.0% 22.5% 16.9%

SUB-TOTAL 21.2¢ 100.0% 90.0% 67.5%
10% Technical loss 2.4¢ 10.0% 7.5%

SUB-TOTAL 23.5¢ 100.0% 75.0%
25% “Not-sold” loss 7.8¢ 25.0%

SUB-TOTAL 31.4¢ 100.0%
15% Profit mark-up 4.7¢

SALE PRICE 36.1¢

Table 3. Sale price of cultures as affected by multiplication rate and number of
cultures per vessel.

Muliplication No. cultures Sale price

rate per vessel per culture (¢) Difference (¢)
2 10 79.4

3 10 59.6 19.9

4 10 53.0 6.6

5 10 49.7 3.3

2 15 54.1

3 15 40.6 13.5

4 15 36.1 4.5

5 15 33.8 2.3
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Table 4. Sale price of cultures as affected by inoculation rate and number of cultures
per vessel.

Multiplication rate: 4

Inoculation No. cultures Sale price

rate per vessel per culture (¢) Difference (¢)
75 10 68.2

150 10 53.0 15.3
225 10 47.9 5.1
300 10 45.3 2.5
75 15 46.2

150 15 36.1 10.2
225 15 32.7 3.4
300 15 31.0 1.7

Table 5. Sale price of cultures as affected by number of cultures per vessel.

Inoculation rate: 150 vessels per 8 hours
Multiplicationrate: 4
No. cultures Sale price
per vessel per culture (¢) Difference (¢)
5 103.7
10 53.0 50.7
15 36.1 16.9
20 27.6 8.4

Although the labour component (Table 6) is less than 60% in the example given

here, there is probably a 50% to 70% range depending on how a laboratory is run
and what is classified as direct labour.

MICROCUTTINGS
Tables 1 to 6 are based on the situation where all the cultures at the end of an

incubation period leave the laboratory and are “sold” to the planting-out facility
for 36.1¢ per culture ($5.42 per vessel). In the planting out facility, each culture
may either be divided into four “units” at the time of deflasking or be divided into
four after acclimatization—or 1t may be decided not to divide it at all so as to
achieve a “bushy” habit—much depends on the species and the type of “condi-
tioning” achieved in the laboratory.

Another option may be available to the laboratory and this is to persuade the
cultures to be harvested as microcuttings. Cultural conditions are varied so that
from a basal mass of tissue several shoots<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>