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EVOLUTION OF TECHNOLOGY FOR CLONING EUCALYPTUS IN LARGE
SCALE

Teoténio Francisco de Assis’

ABSTRACT

Mass vegetative propagation has become an important tool for increasing
the competitiveness of forestry Dbased industry. This method reaches 1its
highest potential when is used to establish clonal forests of hybrids endowed
with better wood quality and higher volumetric growth. However, in Eucalyptus
species, the popular method of rooting stem-cuttings has limitation, 1like
quick loss of rooting competence due to ontogenetic aging, intra-clonal
variation resulting from topophysis, and poor quality root system, that
negatively affect genetic expression of several clones.

This article reports two alternative super-intensive systems, micro- and
mini-cutting, for cloning Eucalyptus at commercial scale. These systems have
shown great potential of substituting, rooting stem-cuttings with technical
and economical advantages. Micro-cutting uses the apices obtained from micro-
propagated plantlets, while the mini-cutting is based on the rooting of
axilary sprouts from rooted stem-cuttings. In both systems the plants are
managed intensively to produce mini-cuttings. Field clonal hedges are replaced
by indoor hydroponics mini-hedges, which provide high degree of juvenility of
micro-propagated plantlets or rooted cutting. The success of the systems also
is dependent upon the optimal nutrient concentration of the resulting mini-
cuttings.

Compared to stem-cuttings, the rooting of micro- or mini-cuttings
improves rooting potential, rooting speed, root system quality, and reduces
costs. Additionally, these systems offer the opportunity of physiological
homogenization of propagules and drastically reduce topophysis effects. The
development of these super-intensive cloning systems has set the stage for a
new phase of mass vegetative propagation of Fucalyptus and other woody
species.

INTRODUCTION

Since the first developmental stage wuntil its recognition as an
operational method of reproducing superior trees, cloning of Eucalyptus
species is undergoing a continuous process of improvement through
incorporation of new technical concepts and technologies at different phases
of the process. Campinhos & Ikemori, 1983; Zobel & Ikemori, 1983; Ferreira &
Santos, 1997; Denison & Keitzka, 1993.

In the last two decades, cloning Eucalyptus spp. has produced relevant
progress for the forest companies, especially solving problems associated with
diseases such as canker (Cryphonectria cubensis) and productivity improvement
(Campinhos & Ikemori, 1983; Ferreira & Santos, 1997). Actually, the focus of

'Riocell S/A, P. O. Box 108,
92.500-000 Guaiba- RS
Brazil



cloning has shifted to industrial requirements, rather than remain limited to
just disease resistance and volume increase. The wood properties that
positively influence industrial processes and product quality are considered,
especially where cloning has an important role to play.

In the era of global markets, the development of forestry plantations
for industrial purposes must aim for, besides other objectives, increasing
industrial competitiveness in the distinct market segments they interact with.
In such scenario forestry based companies must consider the mode in which the
forestry raw material can affect their competitive capacity. The modern
concept of competitiveness includes producing products to meet the customer's
requirements at low costs, in a sustainable manner and with minimum impact on
the environment. Therefore, developing tree breeding programs to obtain quick
gains and developing cloning systems to have a well established vegetative
propagation method becomes important. The vegetative propagation methods
should rapidly transform the genetic gains, obtained through breeding, into
benefits for the industry. One of the most efficient tools to acquire these
objectives is the combination of inter-specific hybridization and
establishment of clonal forestry derived from superior hybrid individuals
(Assis 2000).

In this context hybridization is an alternative of great impact in tree

breeding programs, which can combine superior wood characteristics with
tolerance to biotic and abiotic stress, thus representing a significant source
of superior individuals, capable of introducing genetic gains 1in forest
productivity and wood properties. Crossing species of different

characteristics allows production of complementary wood properties in trees
especially to meet industrial requirements.

Considering that Eucalyptus hybrids are heterogeneous, the effective and
quick integration of genetic gains obtained with hybrids into the industrial
process depends Dbasically on existence of functional large scale cloning
systems. Mass vegetative propagation perfectly complements hybridization for
producing clonal forestry, and has some advantages over the sexual methods of
mass reproduction of selected families, besides being the Dbest way to
commercially exploit the heterosis found in several Eucalyptus hybrid crosses.
By capturing the total genetic variance (Zobel 1992), vegetative propagation
allows for maximum benefits of wood properties and productivity, besides
allowing for production of more uniform raw material, which from industrial
point of view is highly beneficial to industrial process and product quality.
Therefore, the tree breeding programs that focus on these aspects of forest
industry will have great impact on the three important components of the
competitive process: productivity, product quality and production costs.

This article Dbasically describes the recent evolution of cloning
Fucalyptus for industrial purposes in Brazil, with emphasis on the cloning
techniques and on the systems used for mass production of plant propagules.

NEW CLONING TECHNIQUES

Considering the consolidation of cloning as a tool for the establishment
of productive Eucalyptus clonal forestry and its positive effects on
industrial process and product quality, the evolution of the systems used for
cloning Eucalyptus certainly could be predicted. The precursor of this
development started in the early 80's when cloning Eucalyptus by rooting stem-
cuttings reached industrial dimension (Campinhos & Ikemori, 1983). Since that
time, the major constraint for general adoption was its applicability only to



a small number of species and clones. Rooting stem-cutting was not suitable
for a large number of economically important species, including those
important for energy and charcoal, 1like E. citriodora, E. maculata, E.
paniculata and E. cloeziana, and an important number of clones of rootable
species had problems for commercial propagation. Most of the problems were
associated with accelerated maturation process causing rapid loss of rooting-
predisposition, and manifestation of topophytic effect. The phenomena of
topophysis affects clones in different intensities, and is the main cause of
intra-clone differences in growth and reduction of rooting ability. Franclet
et al. (1987) emphatically pointed out that topophysis induced physiological
differences and these differences can result 1in sufficient intra-clonal
variability that can suppress the potential advantages of cloning. Another
limitation of stem cutting was associated with alterations of root system
architecture, leading to root deformation. In many clones such deformations
prevented their full genetic expression, consequently reducing the ratio
between selected trees and number of clones effectively used. Because such
limitations of rooting stem-cutting, alternative methods were developed for
commercial cloning of Eucalyptus species.

Micro-Cutting

Based on the work of Assis et al. (1992), this technique was developed
in Brazil in the early 90's. The idea came up with the observations that
rooting ability of stem-cuttings decreases with ontogenetic aging and the
decline may be faster than reported in the literature. In E. grandis for
example, the rooting competence decreased from the fourteenth node up (Patton
& Willing, 1974), while it took longer in the E. deglupta. Assis et al. (1992)
observed that clones of E. saligna, E. grandis and E. urophylla that had
equally high proportion of stem-cutting rooting in vitro, showed differential
levels of decline in the rooting percentage when managed in clonal hedges.
This indicated that some factor related to clone growth, encompassing period
between planting and cutting harvest (6 months), could be responsible for
these differences. Preliminary tests done at Klabin Riocell (unpublished)
showed, independent the species, almost 100% rooting of the very young mini-
cuttings obtained from the cotyledonary leaf pair and the same tendency was
maintained in the difficult to root species like E. citriodora, E. cloeziana,
E. paniculata, E. dunnii, and E. globulus. However, with age, ranging from few
days to some months, the cuttings harvested from such young plants showed a
marked reduction in their rooting ability and in some cases such ability was
totally lost. These observations suggested that the rooting potential reaches
the maximum value at high juvenility level (mini-cuttings from cotyledons) and
is similar in all species tested. But the decrease in the rooting ability with
seedling age differed among species, which was similar to that found in the
older materials in the field. This suggests that, at some stage, part of the
juvenility obtained through rejuvenation process in vitro (Gongcalves et al.
1986) and/or on basal sprouts of cut adult tress (Hartney, 1980) is being
gradually eroded during the growth of the clones in the clonal hedges.

Thus, hypothetically, the rooting ability of Fucalyptus clones ex vitro
should increase if the "physiological distance" between the maximum juvenility
stage, obtained in vitro, and the propagule collecting stage 1is reduced. To
test this hypothesis Assis et al (1992) used shoot apex (micro-cuttings) of
very juvenile micro-propagated plants of E. saligna clone as propagules. These
micro-cuttings had 30% higher rooting than the stem-cuttings. In order to
verify the results 1in a more representative sample, the rooting indices
obtained by the traditional and the new micro-cutting method, in seven clones
of E. saligna and five clones of E. grandis were compared. Considering all the



clones, the rooting of micro-cuttings, on an average, was 18% higher than the
rooting of the stem-cuttings, which amounted to an increase in the range of
6.3 to 44.6 percent points over the average. In general, higher increases in
rooting percentage were observed in clones with lower rooting ability with the
stem-cuttings.

Other results were obtained from several other trials established to
define substrate, growth substances, environmental conditions for rooting etc.
One of the most significant findings of this new technology was complete
elimination of the use of growth substances usually required for the rooting
of stem-cutting (Assis et al. 1992). These substances did not increase rooting
of micro-cuttings, instead 1in some cases reduced it, indicating that the
endogenous auxin concentration in the Jjuvenile tissues was sufficient to
promote rooting. Based on these results, a super-intensive system of
Fucalyptus propagation ex vitro was established.

The main feature of the technique 1s the use of juvenile plants or
plants rejuvenated in vitro, as source of vegetative propagules. Shoot apices
are used as micro-cuttings, which are placed to root in a glasshouse equipped
with temperature and humidity control. The actual size of micro-cuttings is
about 7 to 8 cm with two to three leaf-pairs. Presence of the shoot apex 1is
important for quality of the &root system, because 1its presence induces
taproot-like system. The micro-stumps left after micro-cutting harvest, sprout
rapidly producing new micro-propagules, which can be harvested for use within
a period of 15 days in the summer and 30 days in the winter.

Since its first use, the micro-cutting technique 1is improving
continuously by incorporating new research findings. The evidence of evolution

of this technique are well documented in publications of Assis et al. (1992);
Xavier & Comerio (1996); TIannelli et al. (1996); Assis (1997); Wendling &
Xavier (1999); Higashi (2000), and Campinhos (2000). The participation of
dedicated scientists such as Professor Acelino Couto Alfenas (U.F.V -Vicgosa-
MG) and Professor Antonio Natal Gongalves (E.S.A.L.Q.- Piracicaba-SP) among
others, was of fundamental importance for the establishment of an efficient
super-intensive cloning system for Eucalyptus species. The technical

contributions, reciprocally exchanged through a pre-competitive development
model and intense information exchange, were the bases for the fast evolution
of this new concept of cloning Eucalyptus in large scale.

Mini-Cutting

Probably, the first initiative to root mini-cuttings in Eucalyptus was
taken in the early 80's, by using shoots obtained from the thinning operation
of rooted stem-cuttings (unpublished). The early trials were discouraging due
to inconsistent results that varied from highly positive to negative. Later
studies showed that such inconsistencies were caused by nutritional
deficiencies of the mother plants at the time of mini-cutting collection. A
similar system called “cascade propagation”, used in France, is described by
Chaperon (1987). However, in the 90's, after the consolidation of the micro-
cutting as a functional propagation system, that mini-cutting system became
commercially viable for Eucalyptus cloning. Higashi et al., (2000) developed a
functional and efficient mini-cutting cloning system and several other
researchers added significant contributions to the development of this
technique (Wendling et al.2000; Xavier & Wendling, 1988).

Mini- and micro-cutting techniques are very similar in concept and
operational procedures, differing mainly in the origin of the initial



propagules. The micro-cuttings are obtained from shoot apices originating from
micro-propagated plants, and the mini-cuttings come from axillary sprouts of
plants cloned by stem-cuttings. After rooting of the first shoot, the two
techniques are identical. In some clones using mini-cutting, some propagation
cycles (serial propagation) are required to obtain the reactivation for
acquiring full ©potential of <rooting capacity. In micro-cuttings such
propagation cycles comes naturally by monthly in vitro sub-culturing of
explants. Micro-propagation is unnecessary for easy to root species because
high levels of juvenility can be obtained easily by inducing basal shoots
therefore in such cases mini-cutting is technically and economically feasible.

Despite the success of these techniques 1is believed to be related to
maintenance of very juvenile stage (Assis et al. 1992, Xavier & Comerio 1996),
new findings suggest that their high rooting potential are also related to the
better nutritional status of the mini-cuttings. In general, mini-cuttings or
micro-cuttings root better than juvenile stem-cuttings of the same clones
produced in clonal hedges in field. Since both materials are juvenile, the
mini-and micro-cuttings cultivated in well-balanced nutritive solutions root
better as a result of better nutritional status. The rooting superiority of

mini- or micro-cuttings may also be related to differential level of
lignification in the two groups of propagules. Compared to stem cuttings,
these micro- or mini-cuttings can be considered as "herbaceous", and using

these techniques many complication associated with lignin formation and its
concentration increase in tissues can be avoided.

Although, the two techniques are very similar, but received different
names. The two terms mini-cutting and micro-cutting were designated, by
convention, to systems of vegetative propagation that have their origin in
rooted cuttings and micro-propagated plants, respectively. Thus a system
originating from micro-propagated plants is termed as micro-cutting and that
based on sprouts from rooted cuttings is called mini-cuttings. Nevertheless,
there is a tendency to change this terminology to avoid confusion with the
traditional term micro-cutting reserved for rooting of shoots produced in
vitro. Therefore a system of vegetative propagation ex vitro based on mini-
propagules could Dbe termed as mini-cutting, independent of its origin,
including those originating from a micro-propagation system. Therefore the
term mini-cutting will be used to designate both techniques on this paper.

Advantages of Mini-Cutting

Compared to the traditional stem-cutting rooting, mini-cutting has many
advantages leading to operational, technical, economical, environmental and
quality benefits. Operationally, the labor demanded and cost 1is markedly
reduced, due to elimination of labor intensive treatment with growth
substances and many other operations required in an extensive outdoor clonal
hedge management system. Many field operations 1like soil preparation,
fertilization, 4irrigation, cultivation, weeding, pest and disease control,
sprout transport etc are replaced by intensive activities in smaller indoor
areas at much lower costs, where the amount of chemicals used is also
drastically reduced.

The rooting ability of mini-cutting is much higher than the stem-
cuttings. Although the benefits vary among the species and clones, in general
in poor rootters species or clones with stem-cutting better compare with mini-
cuttings, which may increase rooting by 40%. The main reasons for such
increase are related to higher levels of juvenility and optimal nutritional
content of the tissues, which improves the rooting predisposition and speed of



root initiation. The rooting speed of mini-cuttings has two other important
consequences in a commercial cloning program: the time of the plants indoor is
usually reduced to half compared to rooting stem-cutting, thus considerably
improve the use of the facilities and reduce the exposures of basal tissue of
mini-cuttings to pathogenic fungi. At the initial and more susceptible stage,
the faster reaction of mini-cuttings inducing rapid protector callus formation
at the Dbasal end provides protection from pathogen resulting in reduced
fungicide application.

Mini-cuttings produce better quality root system with a tendency for a
taproot-like system in contrast to the predominant lateral root growth habit
in the stem-cutting system. Apparently the connection between root and stem
tissues in the mini-cuttings is more suitable due to lower lignification of
the tissues involved. This kind of root system appears to be more responsive
to fertilization and 1s more resistant to environmental factors and
considerably reduces intra-clone variation. As pointed out earlier, the
topophysis effects observed in several systems of vegetative propagation are
highly harmful to clonal uniformity. In this respect mini-cutting offers the
advantage of physiological homogenization of the propagules producing a much
more uniform forest.

EVOLUTION OF MASS PRODUCTION OF VEGETATIVE PROPAGULES

When the rooting of stem-cutting was first introduced commercially in
Brazil (Campinhos & Ikemori (1983), the vegetative propagules for establishing
clonal forests were obtained from field plantations. This management strategy
required annually reserving large areas, with the only objective of obtaining
cuttings for commercial rooting programs. Although the commercial plantations
could be used to produce propagules, the high time-demand to gather wood and
the vegetative propagules made this alternative unfeasible. The clonal hedge
based concept of intensive management model was introduced sometime later.
This system demanded smaller area due to high shoot productivity per unit area
(Carvalho, et al.1991; Higashi 2000). Despite being a tremendous advance for
mass production of shoots, clonal hedges were still complicated to manage and
poorly controlled. To meet the demand of clonal forestry, the system still
required large areas, intensive labor, and large amount of nutrients and
water. The propagators were mostly dependent on the weather since the system
was completely at the mercy of environmental conditions.

Mini Clonal Hedges

At the beginning of the last decade, the development of micro-cutting
technology for Eucalyptus (Assis et al. 1992) materialized the concept of
super-intensive management of producing vegetative propagules at commercial
scale. Like for cloning methods, the advent of the micro-cutting substantially
contributed to the progress made in systems for large scale production of
vegetative propagule ex vitro. Originally the system was based on mini-hedges
established through rooted mini-cuttings, grown in small containers (dibble

tubes). This system provided a series of technical and economical benefits as
well as good root quality (Assis et al. 1992; Assis, 1997; Xavier & Comério,
1986). Despite great advance over the clonal hedges in field, mini-hedges

faced some limitations. The outdoor mini-hedges were still hostages of
climate, and problems related to adequate maintenance of nutritional status
and leaf diseases continued, especially during winter. The main problems were,
reduced photosynthesis rate, reduced nutrient uptake and high 1levels of
nutrient loss by leaching during period of excessive rainfall or even during



irrigation. These limitation led to the development of indoor mini hedge
system.

Indoor Hydroponics Clonal Hedges

The development of new technologies contributed to increase the
efficiency of the existing systems. Hydroponics concepts for production of
mini-cuttings was introduced first in operational indoor system based on drip
fertigated sand beds (Higashi et al. 2000). The major contribution of this
system was in terms of assuring an adequate nutritional status of the mini-
cuttings, which is the key factor to obtain high rooting percentage in
juvenile vegetative material. Using the same concept, Campinhos et al. (2000)
developed a highly efficient method based on intermittent flooding system,
where the containers of the mini-stumps are immersed in a nutritive solution
for fertigation. These two hydroponics methods, sand-bed and intermittent
flooding, are most widely used and the Brazilian companies use either of them.

Virtual Clonal Hedge

The observation that the shoots of first collection root better than
those after third or fourth collection, suggested that vegetative propagules
could be produced anywhere, without allocation of a definite physical area.
Assis (1997) suggested a system where the mini-cuttings can be produced in
virtual clonal hedges. Any rooted plant with normal growth when reaches a
height of about 15cm, has its apex (7 to 8 cm) cut back to produce a new mini-
cutting. As soon as the newly rooted mini-cuttings are about 15 cm high, their
apices can be used as a new source of mini-cuttings, thus creating a virtual
mini-hedge after some cycles of re-rooting, and requiring no specific area for
production of vegetative propagules. The important attribute of this system is
that the plants wused for producing mini-cutting can be planted in field
without losing quality of the intermittent flooding mini hedges.

The sprouting of harvested plants becomes an extra option of providing
mini-cuttings. The blanks resulting from rooting failure can be filled with
mini-cuttings produced on the mini-stumps of the harvested plants. Similarly,
the sprouts produced on the pruned plants and the apices of the rooted mini-
cuttings can be used continuously as self-sustained cyclic process. This
system represents an excellent technical, economical, and operational
alternative, but only works well if good nutritional conditions of the mini-
cuttings are ensured. An extension of sub-fertigation to newly rooted mini-
cuttings is the most suitable option to make virtual mini-hedging practical.
The wuse of very soft mini-cuttings must Dbe avoided to prevent fungal
infection. The locations with wide <climatic wvariations and without any
environmental control are less suitable for establishing virtual mini-hedge
system, therefore is not recommended in situations where environmental control
is not feasible.

Advantages of Indoor Hydroponic Mini Hedging

The development of the concept of super-intensive hydroponic mini
hedging, brought several benefits to commercial cloning of Eucalyptus. All
indoor mini hedging systems have technical and economical advantages relative
to normal outdoor clonal hedging. Higher productivity of mini-cuttings, lower
labor demand, and low consumption of chemicals and water, represents major
sources of economic gain. In addition, considering the important effect of the
conditions under which the mother-plants grow, on the rooting success (Read,



1987; Hartman & Kester, 1983; Haissig, 1986; Andersen, 1986), the main
technical advantages are related to such aspect. These systems allow the use
of important theoretical concepts which are difficult to implement outdoor,
such as CO, enrichment, control of temperature, light intensity and
photoperiod. These factors in addition to the nutrition are of fundamental
importance to enhance rooting predisposition. This system also enables
application of pre-harvest treatments such as spraying mother plants with
growth substance (phyto hormone) to increase rooting potential.

Propagules Productivity

Eucalyptus cloning in large scale started in Brazil using very extensive
systems and the productivity of vegetative propagules was 114 cuttings/m® of
hedges field(Campinhos & Ikemori, 1983). With the introduction of the mini-
hedges the production increased progressively to 121 cuttings/m? (Carvalho et
al. 1991), then to 1,752 cuttings/m? per year (Higashi et al. 2000) and
presently is at about 24,000 cuttings/m?/year. Table 1 provides an overview of
the evolution of vegetative propagules productivity in Eucalyptus. The super-
intensive systems, especially hydroponics Dbased, are much more efficient,
having productivity 350 folds higher than the initial systems used in Brazil.
Comparing the different systems, the capacity of producing vegetative
propagules in the super-intensive systems is highly expressive, consequently,
more cuttings can be produced per year per unit constructed area of mini
hedge, besides they are ease of handle, manage and they have a lower cost per
plant.

Variations in the productivity of mini-cutting observed in table 1
resulted from different hedging systems, from different genetic materials and
also from different management practices. Clones of E. grandis x E. urophylla
hybrids are generally much more productive in mini-cuttings than other
species. The majority of the pure E. saligna clones are much more difficult to
produce as mini-cuttings than the E. grandis x E. urophylla hybrid where
production/mini-stump is almost double. Still, the rooting competence and
propagule productivity is much higher than in the outdoor clonal hedges. The
other source of variation in the productivity is related to the concept and
kind of management adopted to utilize the sprouts.

Certain practices of management of mini-stumps in the sand beds produce
vegetative propagules similar to the macro-cutting system. The sprouts are
allowed to grow to bigger sizes, and after collection each sprout is divided
into three mini-cuttings (basal, middle and apical). This system produces
higher number of propagules/m? but it loses the best characteristic of the
mini-cutting provided by the presence of shoot apex, responsible for producing
high quality root system (taproot-like system, discussed earlier)

In both hydroponics systems (drip fertigation and intermittent flooding)
losing mother plants 1is common due to salination, excessive harvesting,
diseases etc. In this respect, the systems that use containerized mother
plants, as in intermittent flooding, have advantage over the sand bed. In sand
beds, the dead plant replacement and getting them to productive stage require
more time compared to the intermittent flooding system.

The most attractive characteristic of wvirtual mini-hedges, that do not
require allocated physical area for producing vegetative propagules, is that
the mother plants are plantable. After supplying mini-cuttings, such plants
are managed as normal rooted mini-cuttings. In the intermittent flooding
system, the mother plants also can be planted provided the harvesting regime



has not degraded its quality. Under successive and heavy harvesting regime the
quality of mother plants frequently declines.

Table 1: Propagules productivity in different clonal hedging systems used in
Brazil*.
Species/ Productivity
System Spacing (m) (Propagules/m? /year) References
E. grandis x E. urophylla - 114 Campinhos & Ikemori
Clonal bank
3,0 x 3,0 (1983)
Clonal E. grandis x E. urophylla -
Hedging 1,0 x 1,5 121 Carvalho et al. (1991)
Clonal E. grandis x E. urophylla -
Hedging 0,5 x 0,5 1752 Higashi et al. (2000)
Mini hedging E. grandis x E. urophylla -
Out door 0,05 x 0,05 29200 Xavier & Comério (1996)
Hydro mini hedging
E. grandis x E. urophylla -
(sand bed/drop 41480% % Higashi et al. (2000)
0,1 x 0,1
irrigation)
Hydro mini hedging E. grandis x E. urophylla -
(interm. flooding) 0,05 x 0,05 25500 Campinhos et al. (2000)
Hydro mini hedging E. grandis x E. urophylla - Klabin Riocell
(interm. flooding) 0,05 x 0,05 24000 operational
Hydro mini hedging E. saligna and E. urophylla
(intermittent. x E. globulus - 14400 Klabin Riocell
Flooding) 0,05 x 0,05 operational
saligna and E. urophylla
Virtual mini hedging x E. globulus - Klabin Riocell
0,05 x 0,05 operational

of effective

* Based on cuttings/mini-cuttings/stump considering 12 months
production, without discounting the replacement of dead plants.
** Subdividing sprouts in 3 mini-cuttings

One question that arises from the spacing in mini-hedges is about the
influence of close spacing on the rooting of mini-cuttings and the mini-stump
productivity. Trials at Klabin Riocell, showed that the spacing of 5 x 5 cm
between plants does not interfere significantly in the rooting capacity of the
mini-cuttings, but wider spacing permits higher survival rate of mini-stumps.
But the final results are better with narrower spacing, since there is more
than proportional compensation by existence of higher number of plants/m?.

Temperature and Light

Temperature and light are good examples of the factors that can be
controlled in mini hedges, to improve rooting predisposition of mini-cuttings.
Light can be managed as to photoperiod and intensity. Light intensity can
strongly influence cutting productivity and rooting by reducing or increasing

endogenous phenolic substances that act as rooting inhibitors (Vieitez &
Ballester, 1988) or promoter depending upon the concentration in the tissues
and the species involved. The photoperiod, especially combined with



temperature can influence rooting predisposition of shoots. Lighting also can
influence rooting by controlling internal levels of carbohydrates. Etiolation
of mother plants can affect rooting and root number, which depending upon the
specie may increase or decrease (Hansen, 1987). This variation appears to be
linked to carbohydrate production (Nanda et al. 1971) and accumulation and
transport of auxins (Hansen, 1987).

Temperature can influence rooting by interfering with nutrient uptake
and metabolism, and its control, especially in sub-tropical climates, can be
adjusted for optimum production of cuttings. Assis (1997) observed that
rooting percentage of mini-cuttings decreases in cold winter months. Recent
work at Klabin Riocell (Unpublished) showed that this problem could be solved
by supplying additional light (14h/1000 lux) and increasing the temperature in
environment of mother plants (>20 °C). Since the two factors were not
separated, the effect of individual factor could not be determined. However,
considering that nutrient concentration is of prime importance for rooting
process, and that their uptake depends on the metabolic activity, it can be
assumed that both the factors contributed to reestablishment of normal rooting
competence. In general, in areas of cold climate, rooting is limited to only
warmer months, therefore as discussed above, if 1light and temperature are
controlled the use of greenhouse space can be optimized by extending the
rooting period for the entire year.

Nutrition

The most important advantage of hydroponics mini-hedges is the
possibility of providing well-balanced nutrition to mini-cuttings. The effect
of macro- and micro-nutrients on root initiation of cuttings on several plant
species, has been well documented in the literature (Andersen, 1986; Read,
1980; Hansen, 1987; Haissig, 1986; Hartman & Kester, 1983). As discussed
earlier, nutrition is the key factor affecting rooting predisposition, because
of its involvement in determining the morphogenetic response of the plants. In
hydroponics mini-hedging system the nutrients are supplied in ideal
concentrations to promote rooting. Hydroponics, without the influence of
rainfall and or overhead irrigation, allows better nutrition control of mother
plants. The use of indoor hydroponics mini-hedges allows nutrient supply in a
correct concentration, avoiding the nutritional imbalance commonly observed in
outdoors clonal hedges; Dbesides there 1is no leaching by rainfall and the
response to nutrient application is rapid. According to Haissig (1996), a
feasible nutritional balance of mother plants can be linked to production of
tryptophane, the precursor of IAA and to storage substances.

Calcium plays an important role in the rooting process, mainly because
it acts as peroxidase activator (Haissig, 1986). According to practical
experience of Klabin Riocell, the ©percentage rooting of mini-cuttings
decreased considerably if the leaf calcium concentration dropped below 0.7%.
This situation was observed especially in winter when, 1in the absence of
heating, leaf calcium concentration was substantially lower than in warmer
months. Calcium deficiency induces shoot apex necrosis in mini-cuttings, which
can cause problems of rooting and mini-cutting development (McComb & Sellmer,
1987) . This phenomena was commonly observed on the initial, operational scale,
outdoor mini hedges.

In general, moderate deficiency of nitrogen can improve rooting
(Haissig, 1986), but at high levels more energy 1is required for vegetative
growth and especially for leaf expansion. Consequently, carbohydrates are not
stored at suitable levels reducing the C:N. On the other hand, extreme



nitrogen deficiency can reduce rooting since it 1is necessary for nucleic acid
and protein synthesis. Based on the considerations of Hartman & Kester (1983),
and Haissig (1973b, 1986) a general model for leaf nutrient concentration can
be established. The mother plant must be well nourished with macro nutrients
like phosphorus, potassium, calcium and magnesium and moderately deficient in
nitrogen.

The effects of micro-nutrients on rooting are variable. Manganese, due
to its inhibitory effect should be used at minimal concentrations, but boron
and zinc are essential for rooting process (Andersen, 1986). Zinc increases
the endogenous content of auxins by increasing trpytophane proportions while
boron 1is involved on rooting and root growth. Table 2 shows nutrient
concentrations in leaves of well nourished plants (Roberto Ferreira Novais,
pers. Comm. ) for rooting mini-cuttings. Monitoring leaf nutritional
concentration of the mother plants, as a guide to assure these levels of macro
and micro-nutrients has been an important factor in improving the rooting
competence of mini-cuttings.

Table?2 Concentrations of macro- and micro-nutrients in leaves of well
nourished Eucalyptus plants.

MACRO NUTRIENTS (%) MICRO NUTRIENTS (mg/kg)
N P K Ca Mg B Mn Zn Fe cu S
2,5 0,2 1,5 1,0 0,25 40 100 50 100 10 0,15
to to to to to to to to to to to
3.0 0,4% 2,0 1,5 40 70 500 60 200 15 0,25

Phytosanitary Advantages

Shoot contamination by splashing of soil during rainfall or over-head
irrigation (Ferreira, 1996) is a very well known sanitary problem associated
with outdoor <clonal hedges. As many pathogenic fungi are soilborne, the
cuttings produced either in clonal banks or in outdoor clonal hedges, are
frequently contaminated by these fungi. Thus one of the advantage of using
indoor hydroponics 1is the preventive phytosanitary control. In the absence of
leaf wetness occurrence of leaf diseases 1s greatly reduced, thus producing
pathogen free cuttings that increases the results of rooting. However, all
these benefits of indoor system can be lost or become disadvantageous in the
absence of efficient controls to minimize effects of external factors such as
extreme temperature and humidity.

MANAGEMENT OF MINI-STUMPS IN HYDROPONICS SYSTEMS

The management of mini-stumps is rather simple, but some aspects must be
considered for the technique to be successful. Mini-cutting collection should
be done selectively to avoid mini-stump degradation. Desalination should be
done at least once a week by generously irrigating the substrate to leach the
surface-accumulated salt. In non-automated nutritive solution preparations,
the entire solution should be changed every 15 days. In intermittent flooding
better results are obtained when the electric conductivity is adjusted to 1,8
- 2,2 in the winter, and to 0,8 - 1,0 in the summer. Avoiding cut and abscised
leaves to fall into the nutritive solution (Alfenas, 2001) prevents biotic and
abiotic problems on mother plants.



USE OF MINI-CUTTING FOR CLONING OTHER WOODY SPECIES

The applicability of mini-cutting technique has been tested also on
other, broad leafed and conifers woody species. In general, the methods used
are similar to those of Eucalyptus, with minor adaptations. The results have
shown that this technique can be fully applied to species like Pinus taeda, P.
elliiottii, Acacia mearnsii and Ilex paraguaiensis and many other woody and
non-woody species. The best results were obtained with juvenile plants as is
the case with difficult to root E. citriodora, E. maculata and E. paniculata.
Thus, mini-cutting 1is feasible to Dbe used —consistently for family
multiplication of these species. Use of mini-cuttings can be a possible
alternative for production of family forests by multiplication of full-sib or
tested half-sib families.

Klabin Riocell started a small program of establishing E. globulus
clonal plantation, based on adult and early selected trees resistant to rust
caused by Puccinia psidii and other diseases. The preliminary results suggest
that mini-cutting is a very promising technique to commercially propagate this
species. Compared to stem-cutting, the mini-cutting gave better results in
rooting proportion and root system quality. It appears that the propagation of
E. globulus is profitable, since it is considered to have different and higher
nutritional requirements. The development of special nutritive solutions for
E. globulus tends to improve the results and it 1s clearly possible to
establish efficient clonal program for this species.

In Acacia mearnsii, mini-cutting has shown good results, despite being
considered as recalcitrant species with regard to vegetative propagation
(Matheson 1990). Despite reasonable success obtained by Assis et al. (1993) in
adult trees, application of mini-cuttings gave Dbetter results, indicating
possibility of developing clonal forestry of this genus. The key point in this
case 1is to achieve Jjuvenile or rejuvenated shoots to start the process.
Through induction of basal shoots, without tannin oxidation normally present
in the chopped trees of this specie, it is necessary to establish the initial
healthy rejuvenated plants, which should done using standing trees to avoid
problems with tannin.

In Pinus, only juvenile seedlings were tested as mother plants. Pinus
elliottii seedlings can be easily rooted by mini-cuttings with more than 85%
success. Pinus taeda also roots well though somewhat less (76%) than P.
elliottii. The results suggest the possibility of developing forestry families
programs with both species based on the systems used for Eucalyptus. Managing
Pinus mini-hedges in hydroponics is efficient for providing a good nutritional
status to the mini-cuttings. The productivity of mini-propagules, without any
change in the nutritive solution, was 9600/m?/year. The results of mini-
cutting productivity and rooting proportion are highly encouraging.
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