








FOREWORD

Paulownia species have been regarded as amenity trees in New Zealand for more than 50 years. Following
the publication of an article by Alan Meyer in the New Zealand Farm Forestry Journal (1980), Ian
Barton, a forestry consultant, became interested in the potential of Paulownia as a productive forest tree.
Ian and his wife Jan set up a nursery on their Hunua property near Auckland, and Ian published a
newsletter, Paulownia News, to keep clients informed about his nursery activities.

In 1989, Kevin Avery of New Plymouth circulated a paper describing the virtues of Paulownia through
the national Rural Delivery service. Although staff at the New Zealand Forest Research Institute had
been aware of the market potential of Paulownia for many years, only a small number of plants had

been established by researchers in New Zealand and little was known about preferred species or
management systems. The Paulownia Action Group was set up in 1989 to promote evaluation of the
species under New Zealand conditions. A visit to China by Ian Barton and Ian Nicholas in 1991 resulted
in better understanding of the genus. As interest in Paulownia declined, probably as a result of poor
performances of new plantations, the Action Group went into recess in 1996.

Support from the MAF Sustainable Farming Fund, combined with existing Action Group Funds, was
obtained to produce this Handbook. This Handbook brings together information gathered during the
Paulownia Action group era. It shows that Paulownia can be regarded as a multi-purpose tree with
potential for use as a short-rotation timber species when grown under specific New Zealand conditions.

The input of the Action Group members, in particular Jim Peele who has facilitated the production
aspects of this Handbook, MAF Sustainable Farming Fund, and Ensis is very much appreciated. Comments
on the text from Dr Mike Wilcox and Dr Tony Shelbourne, Dr Jim Douglas,

Professor Warwick Silvester, Dr Luigi Gea, and Elizabeth Miller, valuable editing from Dr Ruth Gadgil,
and the input of Teresa McConchie for her graphics expertise are all most appreciated. We are grateful
to Dr Alan Dickson for the drawings in Fig. 19, Paul Wynen for the photos of P. kawakamii in Fig. 24,
Dr Jacqueline Bond for help with the photos of leaf hairs (Fig.20a and b), and Ian Barton for specimens.

DISCLAIMER

In producing this Handbook, reasonable care has been taken to ensure that all statements represent the best information
available. However the contents of this publication are not intended to be a substitute for specific specialist advice on any
matter and should not be relied on for that purpose.

Neither Ensis nor its parent organisations CSIRO and Scion, nor its employees, contractors, agents, or other persons acting
on behalf or under its control, nor NZFFA, nor MAF shall be liable on any ground for any loss, damage, or liability incurred
as a direct or indirect result of any reliance by any person upon information contained or opinions expressed in this work.































There are many plantations and roadside
shelterbelts of Metasequoia glyptostroboides
which is very straight compared to the form
of trees grown in New Zealand.

It was unusual to find places where trees are
not planted along both sides of the road.
Poplar is probably more used for this than
Paulownia, while Salix is also used. In the
North China Plain our route passed through
old riverbeds and flood plains of the Yellow
River. The former are often several kilometres
wide. In areas with water tables higher than
about 3 m, poplar is preferred to Paulownia
so there is often an abrupt change from one
species to the other. Salix is seen where the
watertable is higher still. Where it comes to
within about 50 cm of the surface there are
usually no trees. Species mixtures do occur
but are not common and one species usually
dominates.

Agroforestry and the Forest Net

For centuries Paulownia has been used
extensively as an agroforestry tree in the
cropping areas of China. However, during the
last 25 years management practices have
changed in the light of a major research
programme.

Observations that Paulownia can have a
beneficial effect on crop yields have given
impetus to the development of a major “Forest
Net” system (Zhu et al. 1986). The Forest Net
is a grid of single-row shelterbelts, consisting
mainly of Paulownia and Populus species with
Ziziphus jujuba and Ulmus species also used
in some localities (Zhu et al. 1986). Many
counties on the plains of the Chang Jiang
(Yangtze) and Huang He (Yellow) Rivers are
now covered with the Forest Net. A good
example of this can be seen around the city
of Yanzhou in Shandong Province where the
net was first established in 1964. There is
now a total area of 45,000 ha with 3500 km
of shelterbelts, about half of the 350,000
shelterbelt trees being Paulownia. In the county
of Hangzhou the main shelter planting is
poplar, which is better for wind resistance,
with Paulownia forming the more extensive
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intermediate breaks. When the Forest Net
was first set up villages, roads etc were moved
in order to get the shelter lines straight. The
land was then divided into individual net cells,
each with an average area of 7 ha. Within
these cells are grown wheat, maize, soybean,
tea, Fraxinus (coppiced for basketry and
staves), Salix (coppiced for basketry), grapes,
apples, and other fruit, jujube, Amorpha
fruticosa, and many different types of
vegetables.

Prior to establishment of the Forest Net,
agricultural production in Hangzhou County
averaged 1.5 tonnes/ha. It is now 15 tonnes,
a 10-fold increase. There are many reasons
for this but most are linked to microclimate
improvement brought about by the shelter
provided by the shelterbelts of the Net. Wind
speed is reduced 25 - 40%; summer air
temperature is reduced 1.1 - 1.3 OC; winter
and autumn air temperature is increased
10C; evapotranspiration is decreased
15 - 25%. Before the Forest Net was
established there was a 19-day period of hot
dry winds, just before harvest, which seriously
affected productivity. The forest net has
reduced the wind effect to 3 days. This county
has richer soil and better management than
many other places. It also has full irrigation.
All of this results in higher productivity. The
fact that maize growth was further ahead here
at the time of our visit than in other places
visited, reflected this.

As well as the marked increases in crop
production, the County is now self sufficient
in timber with a stock of 495,000 m?.
Production from the first rotation was used to
meet farmers’ needs in this timber-deficient
area but from 1990 they had timber to export,
with almost 10 000 m?> of logs going to Japan
along with 2 000 m? of veneer from the peeling
plant in Yanzhou.

When the combined effects of the wind and
temperature changes noted above are
compared for the region as a whole there
have been increases in wheat yield of
6 - 23%, millet yield increases of 20% and
maize increases of 7.5 - 17%. However cotton
and soybean yields were not affected and
productivity of sesame and sweet potato









Paulownia establishment and
silviculture

A replicated clonal trial of Paulownia planted
in 1986 comprising five species with 118 clones
was also seen at Yanzhou. These have been
fertilized twice annually and irrigated four
times annually since planting. Weeding and
under-cultivation is also carried out with crops
grown under the trees where possible. Pruning
commenced in the stand at age 3 but no trunk
extension work was done because they were
looking to discover the natural form of the
P. elongata. Some clones had excellent form
with good natural extension to 8-9 m.

Research into the drought resistance of the
species is conducted at this station. Results
to date show that from best to worst they are:
P. tomentosa, P. elongata, P. kawakami, P.
fortunei, P. catalpifolia. Paulownia fargesii
has not been tested, as it will not grow in this
area (Miss Song pers. comm.).

A Paulownia plantation was visited at Bagiao,
SE of Xian city. In this area Paulownia is
growing everywhere, mostly young trees and
as a rule not particularly good form. The area
of the plantation visited is about 10 ha, which
is unusual as plantations are not common.
However this one is located on an area of land
previously considered unproductive. It is
managed by two families who live on the site.
The trees were planted in 1984 as 3-m poles
and were spaced at 6 x 8 m. Subsequently
this was considered to be too wide and in 1985
poplars were inter-planted to reduce the
spacing to 6 x 4 m. However this did not work
as the poplars were suppressed and had no
value except as fuelwood. In the first year a
crop of melons was grown between the trees
and in the two subsequent years winter wheat.
During this period the stand was irrigated and
fertilized.

Pollarding (the Chinese call it trunk extension)
was done at planting and repeated annually
for 3 years in order to get a straight trunk.
The species in this stand is a P. tomentosa x
P. fortunei cross but is not a superior clone
because these were not available when
the stand was planted. The farmer also
brought in some trees from other sources.

The growth rate was excellent. At age 7 the
mean diameter was 30 cm, with the largest
trees about 34 - 38 cm. The present intention
is to harvest at age 10.

Annual increment has progressively reduced
through the 7-year period.

e 1986/87 10 cm/yr
e 1987/88 8 cm/yr
e 1988/89 2 cm/yr

Assuming 2 cm to be the mean annual diameter
increment from now on, the average dbh at
age 10 will be about 36-38 cm. The Chinese
consider the 10 cm increment of the early
years to be too fast and state it was probably
due to the intensive crop management giving
a massive boost to growth. Soon after
cultivation ceased the growth rate fell away.
Other factors which could have affected growth
are excessive pruning, soil factors and crown
closure. More fertilizer was applied in the sixth
year but there was no measured growth
increase.

The Chinese suggest that pruning is best done
in three lifts, commencing about year 3. They
recommend not taking off more than one whorl
initially but can take off two at later lifts.
Pruning seems to reduce growth rate. It was
noted that epicormics had developed on many
trees. These are removed before they get too
large.

The target trunk is 6 m long and this lower
log is sold. Any small logs above this will be
used by the farmer, although most of the upper
limbs are used for fuel.

We visited the Weihi Experimental Station near
Xian in Shaanxi Province. It was founded in
1953 and consists of 57 ha, including a 12 ha
nursery. Major research is with Paulownia and
poplar, with emphasis on tree breeding and
insect and disease control (e.g., cicada
damage). The station is located in a lowland
area and can flood. Other species which are
worked on are Robinia, Fraxinus, Sabina,
Sophora, and Toona.
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The minimum length for peeler logs is to be
2.5 m, with a s.e.d. of 28 cm.

Markets for the plant are expected to be in
S.E. Asia, Japan, and China.

A nearby furniture factory was also visited.
This is a medium-sized operation employing
150 workers and using about 3 000 m® of
Paulownia each year. Most items made are
exported to Japan. The remainder are either
sold locally or exported to 19 different
countries, mainly in Europe. They have been
exporting for 6 years and see no problems
with future markets 10 or more years ahead.
Their sales are increasing as more people
become aware of Paulownia and its qualities
as a furniture timber. Currently demand
exceeds supply and, as standards of living in
China continue to rise, this trend is expected
to continue.

About 60 kinds of product are manufactured
including several different types of chests of
drawers from small jewel chests to large
tallboy types, several types of storage box,
Chinese scroll painting, and jewel boxes. The
larger items of furniture often have rattan
glued to the tops and drawer fronts. Apparently
this is quite popular in Japan. Most products
seem to be solid wood and not ply or veneer.

The scroll boxes sold for 30 yuan (NZ$10)
and the small drawer sets (50-60 cm square
and 20 cm deep) for 85 yuan (NZ$28).

The age of the logs sawn is 8 - 10 years. The
wood appears to be of good quality with no
movement off the saw or subsequent twisting
or collapse. The logs being cut during our visit
(minimum size 24 cm s.e.d.) were felled last
winter (i.e., 6 months ago) and the timber
was then air dried for 3 months. The mill is
a moderately large band mill travelling carriage
and a modern operating system.

We saw many small band-mills in villages as
we travelled through China. All appear to be
the same type and many were more or less
derelict. They have rails beside and look to
be manually fed by a moving bench.
Occasionally one was seen in good operating
condition but never working. It would appear
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they are used intermittently - according to
supply and demand.

We were informed that the average returns
per cubic metre sawn are 200 yuan for poplar
and 600 yuan for Paulownia. Poplar is used
for paper, matches, and farm timber. Poplar
and Paulownia have similar pulping quality
but Paulownia is seldom used because it is
too valuable and has lower fibre content than
poplar. The prices paid for Paulownia timber
are lower in the South than in the North. This
is mainly because it is not a traditional timber
in the South and because there is a much
wider range of timber species available. Until
recently Paulownia logs brought an average
price of 600 yuan/m> (NZ$200) to the Chinese
grower although for better quality material
the Japanese would pay US$500 (NZ$870).

Lessons from China

Paulownia is an integral part of agroforestry
land use in the central plains of China.
Generally the land is flat with deep alluvial
soils mainly used for cropping. Paulownia as
shelterbelts, part of the Forest Net or in road
or village side planting is generally grown with
other crops. Rotation length is usually under
10 years, so older trees are rare. Silviculture
appears rather haphazard, but the excellent
growth rate combined with extension pruning
produces trees of good form.

The Chinese consider Paulownia the main
over-storey tree for intercropping in the plains
area and this is a concept that New Zealand
could consider in its planting of Paulownia.
While New Zealand can learn valuable lessons
from the nursery and management experiences
of the Chinese, the biggest opportunity is how
we could incorporate Paulownia into our
intensive cropping systems. As our crops are
often grown in areas combining good soils
and mild climate, excellent Paulownia growth
should be possible as a complement to other
crop/horticultural systems such as market
gardening.






























P. fargesii P. elongata

P. kawakamii P tomentosa

1cm

P. fortunei

Fig. 25: Seed capsules of five species shown life-sized. Note the thick wall of the P. fortunei
capsule and the small P. kawakamii capsule.



























Collection, extraction, and handling
of seed

Seed pods form in September-October and
although they grow rapidly they do not ripen
until the following June, just before leaf-fall.
Collection of pods is best done as soon as they
begin to turn brown (about May). The collected
material is dried on trays kept in a warm dry
place. When completely brown, the pods are
separated from twigs, petioles, and calyx
remnants, and then crushed. Shells are
removed by vigorous shaking in a container,
followed by coarse sieving. Further sieving
through fine mesh in a draft-free room will
remove dust.

Seed will remain viable for at least 11 years
if stored in an airtight container at 4-5°C. In
a recent test, seed samples that had been
stored in this way for 6 months to 11 years
took 25-28 days to germinate.

Growing from seed

One small Paulownia pod holds hundreds of
tiny seeds and, because their viability is
invariably high, only a few pods are required
for production of a large number of seedlings.
Collection from as many trees as possible will
increase the genetic diversity of the next
generation.

Germination and early growth can be improved
by stratification of the seed. Stratification
mimics temperature and moisture conditions
of the natural winter dormancy period. Storage
for 4-6 weeks in moist peat or sand at
approximately 5°C has been found to be
sufficient.

Seed is sown in early spring as soon as Mean
Monthly Temperatures reach 11°C (maximum
16°C and minimum 6°C). The seeds are very
small and young seedlings are prone to attacks
by slugs and snails, so protection is necessary.
Seed is sprinkled thinly over a standard seed-
mix in trays, firmed down and covered very
lightly with finely-sieved seed-mix (enough to
hold the seed rather than to cover it. If this
layer is too deep the seed will not germinate).
Addition of a fungicide (e.g. Thiram) to the

top mix layer will help to prevent damping
off. Trays are placed in a warm glasshouse
and watered to keep the seed-mix moist but
not wet, and to prevent the surface from
drying out. Under these conditions germination
can be expected within 2 to 3 weeks.

Pricking out

Seedlings should be ready to transplant within
3 to 3 weeks of emergence. At this stage they
will be about one cm tall and the first true
leaves will have developed in addition to the
heart-shaped cotyledons.

Each seedling is held gently by one leaf and
prised out of the tray with the aid of a small
spatula. Care should be taken to avoid damage
to the fine and fragile roots. If too many are
broken, the seedling will not survive.

Pricking out into nursery beds

Seedlings are usually transferred directly into
mounded beds.

Reasons for this are:

e Root growth is very rapid and plants will
quickly outgrow any normal container.

e Restriction of roots is likely to cause
malformation and major growth problems.

e Paulownia does not grow well in artificial
potting mixes. Seedling performance is
much better under normal soil conditions.
Perhaps this is a result of lack mycorrhiza
in sterile potting mix or incorrect fertilizer
balance?

Spacing at 50 cm will provide material suitable
for transplanting during the following season,
but for larger evenly sized plants, spacing of
up to 1 m will be required. If grown too close
in double rows spaced as , ', "', "', ", (alternate
rather than opposite) some plants grow
crooked to get to the light and some may be
suppressed.

All that is needed after transplanting is
conventional plant care with emphasis on
weed control and protection from slugs and
snails.
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Growing from cuttings

Vegetative propagation of Paulownia by root
cuttings is simpler and much more successful
than methods which use stem cuttings. Many
new plants can be produced from small
quantities of root material.

Stem cuttings using softwood can be collected
in November/December. Leaves are stripped
from a shoot (adventitious shoots are best),
and a sliver of hardwood with the cutting can
improve its performance.

Root cuttings can be obtained from mature
trees, or from plants in the nursery. Cuttings
with a diameter of 0.75-2 cm and a length of
10-12 cm usually give consistent results. The
timing of taking and striking cuttings is more
important than their size. Larger root pieces
do not always grow more vigorously. Cuttings
may be taken during winter and stored under
cool moist conditions, but better results are
obtained by taking, preparing, and planting
cuttings in early spring. In regions of New
Zealand most suited to growth of Paulownia,
early September is the optimum time. Root
cuttings transferred immediately from the
parent plant to nursery bed are less likely to
suffer from dehydration or exposure to wind
and strong sunlight.

Root cuttings from mature trees

Cuttings from mature trees never grow with
as much vigour as those from juvenile roots.
Use only mature trees for initial propagation
from selected trees.

Dig a trench carefully around the base of the
tree and excavate roots gently, for the required
length. Suitable roots are 0.75-2 cm in
diameter. Make a straight cut to sever the
root at the end of the cutting nearest to the
trunk, and a slanting cut 10-12 cm further
away. The straight cut marks the upper end
of the cutting and the slanting cut the lower
end. Only a small number of cuttings should
be collected from each tree. These can be
used to produce nursery plants from which
more root cuttings can be obtained in the
following year.

Root cuttings from nursery plants

At the time of leaf-fall in autumn of the year
after transfer of seedlings into nursery beds,
the tallest, straightest, and most vigorous
plants are marked with tags. Lift these as for
planting in the field, retaining as much of the
root system as possible. Prepare seedlings as
described under lifting and take root cuttings
as described above.

Treatment of cuttings

Root cuttings are washed, the fine lateral roots
are trimmed off, and the main root is soaked
for 30 min in a strong fungicide solution
(Captan, Thiram, or similar). The cuttings are
then laid on open trays to dry for at least 3
days in a ventilated glasshouse. At this stage
they can be placed in a cool store until required.

Raising plants from cuttings in nursery
beds

Cuttings should be set out to grow within two
or three weeks of preparation, preferably in
early September. They can be stored at about
5°C for up to 5 weeks, but this will reduce the
strike rate.

Even after treatment with fungicide, saprophytic
moulds may develop on cut surfaces. The root
should always be cut back to clean wood before
planting.

Root cuttings should be buried vertically in
mounded-up rows in nursery beds protected
from strong winds. The rows should be about
20 cm high, 40 cm across, and 80-100 cm
apart. Cuttings should be spaced 50-100 cm
apart. Spacing will dictate the size of the
nursery product; at 100 cm the trees can be
expected to reach a height of up to 6 m and
a diameter of 7 cm in 1 year. Closer spacing
will reduce height and diameter growth, as
well as suppressing weaker cuttings.

Survival and growth are largely dependent on
soil moisture, which must be adequate but not
excessive. Irrigation during dry periods is
essential until the plants are established.
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Lateral pruning

Pruning of lateral branches reduces the size
of knots which can spoil the quality of timber
in the trunk. It is carried out on final crop
trees in three separate operations and is
usually done in the autumn to minimise the
formation of substitute branches. If new
branches do sprout they should be rubbed off
by hand as soon as possible.

The first operation is carried out 2.5 years
after planting, providing that the trees are
more than 4 m tall. All branches are removed
from the bottom third of the main stem, and
any other branches with butt diameters greater
than 3 cm cut back to one-third length.

The second pruning operation is carried out
12 months later on trees that are more than
6 m tall. Lateral branches below half tree
height are removed and higher branches with
butt diameters greater than 3 cm are cut back
to one-third length.

The final pruning takes place when the trees
are 4.5 years old. At this time they should be
almost 12 m tall. They are pruned to half
height, leaving a pruned trunk length of 6 m.
Pruning of individuals that are less than 8 m
in height should be deferred for another year.

Coppicing

Trees with poor initial growth can be
rejuvenated by coppicing. Paulownia, like
many other deciduous species, reacts to
removal of the trunk by forming new and very
vigorous shoots. This occurs at any point of
removal whether at ground level or higher.

Trees should not be coppiced for at least 2
years after transfer from the nursery. This
ensures that the root system is well-developed.
At the end of the second or third winter, just
before growth is due to start, the stems of
poorly-shaped trees are cut off at ground
level. Several shoots will develop and all but
the most vigorous one should be removed in
October. Regrowth is fast and the shoot will
be straight unless it is affected by wind. Height
growth during the subsequent season should

be equal to that in uncoppiced trees. Elongation
and lateral pruning are carried out as described
above.

Pollarding

Rejuvenation of trees with poor initial growth
can also be achieved by pollarding. This
operation is carried out on trees which have
a straight trunk 2-5 m long. The crown is
removed at a point that will leave the maximum
trunk length. When new shoots develop, the
topmost one is selected as the new leader. All
of the lower branch sprouts are removed.
Although the trunk will have an initial kink,
this will straighten out within 3 years (Barton
1991).

Thinning

Trees planted at final spacing will not require
any thinning apart from the removal of an
occasional underdeveloped individual. Where
trees have been planted more closely, two
options for maximising timber productivity
in the final crop can be recommended:

1.Maintain spacing for 5-6 years after transfer
from the nursery in order to slow initial
diameter growth and minimise branch size.
When the pruning of final crop trees has
been completed, remove unwanted
individuals to leave a final stocking of about
200 stems/ha. Nurse plants (if present)
should be removed at the same time.

2.If an intermediate timber yield is one of
the objectives, approximately 400 stems/ha
should be pruned. If there are more than
400 stems/ha, remove surplus trees at age
5 years.

When the mean stem diameter reaches about
40 cm (at approximately age 15) harvest half
of the stand. Remaining trees are left until
about age 25.
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Durability

Interest in Paulownia timber in New Zealand
has been stimulated by timber imports from
China and the development of a fledgling
Paulownia industry in Australia. One of the
topics under discussion is the natural durability
of the timber, with some confusion existing
about the durability rating of Paulownia species.
A review of local and overseas literature has
produced contradictory evidence.

The work of Zhu et al. (1986) has been used
as a major authority on Paulownia during
recent years. It is often quoted by timber
entrepreneurs and contains the following
statement about resistance to organisms
causing wood rots:

"Systematic research on rot resistance
of Paulownia wood has not been done
yet. It has, however, been reported that
Paulownia wood is highly rot resistance
[sic?] and the rot is only superficial.
Clean, white wood appears when the
surface is planed. In Luengchou, Kwangsi
Autonomous Region, a tropical area
where wood rots easily, we saw some
Paulownia boards which had been soaked
in water for ten years and used to make
a coffin which lasted more than 30 years
without decay. A coffin made of
Paulownia wood more than 200 years
ago was unearthed in Luechan County,
Hupeh province and was found to be in
good condition. In addition, from the
Szechuan Provincial Research Institute
of Forestry, in Hong Ya Forestry farm,
it was reported that Paulownia and many
other tree species were left in the forest
following felling. After 15-16 years, the
other trees were completely rotten but
Paulownia wood only decayed around 1
cm depth on the surface. However,
experiments by the Chinese Academy
of Forestry produced a conflicting result
that Paulownia wood is not rot-resistant.
More data is required.”

In the draft of his report on a visit to China
in 1991, Ian Barton noted:

"One question raised was on the
durability of Paulownia. Prof Zhu quoted
several anecdotal examples; eg, a 200
year old coffin from a very wet area
(1800 mm rainfall), logs left lying in the
forest and not rotting etc. They have
also done rapid decay tests and seem
to get similar results to us; ie, fairly
fast decay. They do not seem to have
fully got to grips with this problem yet
but Prof zZhu feels that for some
unexplained reason, artificial testing
may not accurately reflect the field
situation. Paulownia has reasonabley
good resistance to borer etc and falls
about midway in its resistance to
termites, white ants etc. There is
apparently no difference between
regions/species in Paulownia’s resistance
to decay”.

The New Zealand Forest Research Institute
seems to have produced the only published
set of results comparing the in-ground
performance of Paulownia stakes with that of
other benchmark timber species. Unfortunately
the samples were taken from a limited number
of trees, and although the results were
supported by laboratory tests, it is not possible
to draw definite conclusions from the data.
Some overseas reports tend to confirm the
findings while others contradict them. The
uncertainty will continue until further research
has been carried out on the durability of
timber being sold in New Zealand.

MARKETING

Japan appears to be the largest importer of
Paulownia. Both sawn and roundwood timber
are obtained from overseas. Japan utilised a
total of 185,000 m® of Paulownia in 1990 and
about 90% of this had been imported. In
1992 consumption appeared to be increasing
(prior to 1970 only about 50,000 m? were
used annually).

65






























