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ABSTRACT 
 
Aracruz Celulose has been developing an intensive research program on Eucalyptus tree improvement since 1973, 
going through the introduction, evaluation, selection and recombination of superior trees. Significant increase on 
productivity and wood quality have been achieved since then. Furthermore, the more recently enhanced 
competitiveness in the pulp and paper industry has demanded increased integration among tree improvement, forest 
management and product development programs, which, in turn, has pushed the concept of “engineered forests” for 
different products and market segments much closer to reality.  
 
In our company this discussion has been part of the most important strategic decisions. This paper intends to 
illustrate how the integration of results , achieved via different technological processes, promotes the generation of 
more “engineered forests”, in terms of productivity and desirable wood properties. There are still many challenges 
ahead, but recent results indicate that previous objectives are being actually achieved.  
 
INTRODUCTION 
 
Traditional tree improvement programs and the use of best forest management practices have begun to pay 
dividends, especially to the pulp and paper industry in Brazil. Breeding has long been applied to tree improvement, 
and is a powerful tool for manipulation of plant populations, based on the statistical extension of  Mendelian 
genetics. Tree selection, tree breeding and statistical analysis of genetic data have led to significant progress in tree 
improvement in the past, and will continue to be useful [1, 2].  
 
More recently, the intellectual excitement and great power of cell culture and molecular genetics, and its practical 
biotechnology tools, have attracted substantial interest and support in the forestry research community [3]. It appears 
that forest genetics, molecular biology and tree physiology are coming of age at about the same time in the field of 
forest biotechnology, and are synergistically interacting to produce mutual successes. This synergy has been 
illustrated quite frequently in the literature [4, 5, 6, 7, 8, 9, 10].  
 
Besides the opportunities proportioned by the applied genetic tree improvement, the development of new systems 
and techniques in silviculture and forest management are significantly increasing  the technical horizons, as well as, 
the business of many forest products.  This is specifically true in case of fast-growing tree species, like Eucalyptus 
spp, where the technological frontiers are being expanded, allowing the rupture of paradigms, considered 
unquestioned few years ago.   Important examples of this are stand density, rotation age, nutrient distribution and 
cycling, utilization of process-based growth models, forest hydrology and tree water relations, which tends to apply 
techniques commonly used in agronomic short rotation crops, as well as, increasing the precision of forest 
management planning, by adding new perspectives and concepts of intensive forestry. 
 



 

The integration of traditional genetic tree improvement, applied techniques in tree physiology and tree 
biotechnology, and novel techniques in intensive silviculture management, has allowed the development of a new 
model, more closely related to an "agribusiness", aiming at a   speedier connectivity among wood, process and final 
products.   However, this new paradigm, of great potential for the pulp and paper industry, will still need some time, 
until it can be realized in the sector.  The current practice, in the majority of the companies, is still focused on the 
tentative adjustment of processes and products to what's available, in terms of forests, and by doing so, significant 
opportunities are lost, because of the difficulty to align resources, from the tree seedling at the nursery, to the final 
product for the client. 
 
In our company this discussion has been part of the most important strategic decisions. This paper intends to 
illustrate some of the recent results obtained at our company, in different field of study, in a more recent version of 
our last publication regarding this issue [11].  We would like to show how the integration of results, achieved via 
different technological lines, promotes the generation of “engineered forests”, in terms of productivity and desirable 
wood properties. 
 
“ENGINEERED FORESTS”: WHAT DOES IT MEAN EXACTLY? 
 
Considering our current strategy and the objectives of this paper, it is important to point out that "forest tree 
engineering" in our concept has been characterized by the technological development in four major areas of applied 
forest science: 
 
Genetic Improvement: focus is on understanding basic genetic and physiological processes on trees (mainly 
Eucalyptus), as well as, the interaction between trees x environment, allowing continuous improvement of planting 
stock with regard to productivity, tree and wood quality. 
 
Tree Biotechnology: focus is also on the tree quality and function, and the work developed here is complementary 
to the first area.  Current biotechnological approaches, which involve a range of laboratory-based techniques, now 
provide important results to long-established plant breeding protocols and strategies. 
 
Forest Management: focus is to adapt management systems to guarantee maximum productivity, environmental 
stability and wood quality, at lowest possible cost (soil and nutrition, pests and diseases, climatic aspects and their 
effects on the growth rates and silvicultural practices). 
 
Product Development: the focus is on the product, selecting and/or developing trees with fiber characteristics and 
relative concentrations of wood components, that can provide optimized combinations of pulp properties (besides 
pulping yield), according to different market segments. 
 
In all these fields of science we have been conducting relevant work, and delivering important products, from several 
types of approaches and lines of thoughts.  A brief discussion of the most recent strategic directions and results is 
described in the following topics. 
 
GENETIC IMPROVEMENT  
 
Research Background 
 
Forest breeding can be described as the application of different techniques related to quantitative genetics, to the 
continual generation, evaluation and selection of productivity, and wood quality of superior clones and varieties, for 
the several environmental conditions and purposes of the company. 
 
In 1973 we started a genetic improvement program with the aim of producing better adapted materials to the 
Brazilian environment, more specifically to the region of Espirito Santo State. The first step was the introduction of 
55 different Eucalyptus species from Australia and Indonesia. After field evaluations, E. grandis and E. urophylla 
were identified as the most suitable, due to their fast growth and adequacy to the pulping process. From that time 
onwards new introductions of these species were accomplished, and by the early 1980s improved pure and hybrid 
varieties were produced for our own use, as well as for sale, on a commercial basis to other companies. 



 

 
At the same time the company developed the cloning process at a commercial scale, and great care and attention was 
given to the selection and propagation of superior trees, both from the improvement program and also from the 
already-established commercial plantations. In the later case, the majority of the superior trees were natural hybrids 
from the E. grandis. The clonal forests obtained from that period onwards provided significant improvements in 
wood productivity, uniformity and quality, and also gave the company a distinct competitive edge in the worldwide 
market. 
 
Recent Results 
 
Nowadays, several recurrent selection methods are used in order to produce advanced generations of E. grandis, E. 
urophylla and their hybrids, as well as, of the natural hybrids of the past. Special attention has been devoted to the 
wood quality improvement, aiming at maximization of pulp yield per unit of area, and also at differentiation of 
products, which can be used to maximize the company competitiveness in the various market segments. In this 
context, other species with better pulping attributes have been tested in hybridization with our main genetic 
materials. Besides, many basic studies have been carried out, seeking fundamental parameters for the definition of 
selection methods to be used in the breeding program. These studies may be summarized as follows: 
 
Definition of traits of interest in the breeding program: this work comprises several stages, from the 
identification of the main properties demanded by the pulp mill and the market, to the knowledge of genetic 
correlations among different properties, and also the development of methods which allow evaluation of a large 
number of trees in the field, in a rapid, cost-effective and, preferably, non-destructive way [12, 13]. All of these 
issues have been continuously investigated, enabling the identification of a reduced number of important wood 
quality traits to be considered in the breeding program. 
 
Evaluation of environment effects on eucalypt wood quality: since the plantations have a wide geographic 
distribution, it becomes essential to evaluate eucalypt wood quality as affected by environment, as well as, the 
response of different genetic materials to environmental variation – genotype (G) x environment (E) interactions. 
The results from these studies have shown that both environment and G x E interaction significantly affect wood 
quality, inducing improvements in forestry and industrial planning operations, and in experimental procedures, such 
as the number of environment to be used in the establishment of clonal tests. 

 
Evaluation of age effects over eucalypt wood quality: one of the major difficulties observed in the conduction of 
forest breeding programs is the long time required to the completion of selective cycles when evaluation is 
accomplished at rotation age. Hence, it becomes extremely important to determine early selection efficiency for 
wood quality traits, as it had already been done for silvicultural ones [14]. This is a long-term study (seven years) 
and we are currently starting wood properties evaluation for age four years. 
 
APPLIED BIOTECHNOLOGY 
 
Research Background 
 
The general objective of this work in our company is to develop and to establish a high efficiency genetic 
transformation system and a solid and reproducible methodology for high frequency in vitro plant regeneration 
system, applicable to our best elite and adult Eucalyptus grandis hybrid genotypes. 
  
Although considerable research effort has been devoted to the genetic engineering of eucalypts [15], it has lagged 
behind advances made in agronomic crops (rice, wheat, cotton, etc) and other woody plants (poplar, pines, 
sweetgum, etc), due to the recalcitrant nature of highly selected elite eucalypts for pulp and paper to in vitro 
transformation and regeneration. Only a few eucalypt species, mostly with juvenile explants, have been amenable to 
whole-plant regeneration through either organogenesis or somatic embryogenesis [16, 17, 18, 18, 20, 21, 22, 23].   
 
Moreover, when used in conjunction with Agrobacterium-mediated genetic transformation, these systems normally 
lose their ability to regenerate plants from transformed tissues.  In particular, the inadequacy of these systems to both 
select transformed shoots and to initiate roots from these transformed shoots represent the major obstacle to the 



 

success of regenerating whole transgenic plants.  In this context, we strongly believe that reproducible methods for 
genetic engineering of elite eucalyptus with economically important genes for commercial purposes still need 
additional research and subsequent field trials. 
 
Over the past few years, several methods for micropropagation and plant regeneration by organogenesis of elite and 
mature eucalypt clones has been tested in the company, as well as, in collaboration with our research partners, which 
has resulted in the production of rapidly producing regenerated shoots and plantlets. This method has brought us 
closer to a workable and consistent procedure for genetic transformation of our elite eucalypt clones. We have 
chosen to focus first on the process of organogenesis as an approach to identify competent cells in the explants with 
the ability to respond to phytohormones signals of de novo organ induction, then to develop an efficient system for 
Agrobacterium-mediated genetic transformation accomplished by cocultivation of leaf explants of elite clones and 
then in vitro regeneration of transgenic shoots. 
 
Recent Results 
 
Recent advances in the tissue culture and transformation of our elite genotypes through Agrobacterium have 
demonstrated that plant regeneration and gene transfer is possible.  Several different elite genotypes of mature 
eucalypt clones have been tested for the production of organogenetic cultures from mature leaf explants. Reliable 
shoot regeneration protocols have been developed in order to produce morphogenic cultures capable of regenerating 
adventitious and axillary buds and subsequent rooted plantlets.    
 
Attemps to regenerate buds from either excised young developing leaves from both in vitro grown shoot cultures and 
from ex vitro grown plants were performed on a range of culture media and culture environment, containing various 
combinations of growth regulators, in various of elite clones and varieties of E. grandis x E. urophylla hybrids.  At 
least four clones could be reliably regenerated on several occasions from among the fifteen clones tested.  One of 
these clones exhibited more than 69% of the cultures, derived from in vitro-grown leaves, producing adventitious 
multiple shoots after 70 days of culture.  Regeneration in this clone was confined to the whole portion of the original 
explant, and it has been subsequently used routinely for transformation experiments.  Shoots from in vitro-grown 
leaves of an elite variety also regenerated at a much higher frequency than the elite clone, with more than 79% of the 
cultures producing adventitious multiple shoots after 70 days of culture.   
 
Conditions leading to bud regeneration from ex vitro-grown leaves are currently being tested to acquire organogenic 
competence to respond to phytohormone signals of de novo organ induction.  De novo shoot formation from calli 
induced on young leaves from ex vitro-grown plants have been observed, however, yielding a low frequency of 
regenerated buds. 
 
The influence of a variety of parameters have been investigated on Agrobacterium-mediated transient gus expression 
in leaf-derived calli, in order to develop and to optimize conditions for suitable transient gene expression.  
Tansformation was accomplished through cocultivation of leaf explants with A. tumefaciens (AGL1:p35SGUSINT) 
carrying the chimaric neomycin phosphotransferase (NPT II) and β-glucoronidase (GUS) genes. When these 
explants were transfered to bud induction medium containing kanamycin, morphogenic callus was observed within 6 
weeks after cocultivation.  Formation of putative transformed calli was visible at the edges of leaf sections on a 
selection medium within one month after cocultivation, but average putative transformation rate was low.  No 
adventitious shoots have been regenerated from the putative calli yet of these highly selected genotypes for pulping 
characteristics.  
 
These preliminary studies on transformation show that large-scale regeneration of transgenic eucalypts requires 
improvement of the selection regime employed for screening putative transformed shoots, but there are several good 
indications that it is possible to obtain a reliable and stable transformation system for some of these selected adult 
clones. 
 
Therefore, in the next couple of years, research will continue towards the objective of improving our new 
transformation method, which will improve transformation efficiency and optimize the conditions for transgenic 
plant regeneration. Mastering transformation in selected eucalypt hybrids would open new and very important 
prospects for improving these species, by integrating genes encoding useful traits. 



 

 
FOREST MANAGEMENT 
 
Research Background 
 
We have been using sustainable management of the harvested forest ecosystems in a way that is likely to maintain 
and improve species diversity and structure, silvicultural systems and methods, stand dynamic processes and the 
functioning and biological productivity of the ecosystem, for a foreseeable future. 
 
Since we started our operations, 33 years ago, the company has striven to be in a forefront position of an innovative 
and proprietary approach, regarding the use of advanced forest management practices.   Presently, all pulp is 
produced from wood planted forests, managed through the principles of sustainable forest management.  
 
Research improvements is being applied in a number of different areas, such as processes in intensive vegetative 
propagation system, process-based and empirical forest productivity models, intensive silvicultural management 
systems, soil fertility and plant nutrition, and integrated pest management systems.  The principal theme among these 
areas has been the modeling of processes of carbon and water exchange between eucalypt forest canopies and the 
atmosphere by interacting environmental variables.   This comprehensive study covers the estimation of fluxes of 
carbon and water from canopies, processes of carbon assimilation at the scale of leaves and shoots, carbon dynamics 
in forest stands, carbon modeling approaches, and aspects of water use efficiency at scales from individual trees to 
catchments. 
 
Recent Results 
 
Intensive management of eucalypt plantations grown on short rotation is a complex process, that requires an 
understanding of the basic physiological mechanisms and processes of productivity, which contributes to individual 
tree growth. Therefore, the company has decided to study the hydrological impact of eucalypts plantations, under the 
conditions of interest, especially regarding the control of transpiration and its relationship with carbon assimilation 
[24]. 
 
In 1992 we started an important project aiming to study these points in a watershed, in order to better evaluate the 
environmental effects of our forest operations.   It is increasingly obvious that the management of fast-growing 
plantations for optimum utilization of available water resources of the ecosystem requires a precise knowledge of the 
patterns of demand and water use efficiency, throughout the course of a rotation.  
 
The results have shown that our fast-growing clonal plantation has very high rates of carbon assimilation, and that 
canopy transpiration is controlled mainly by stomatal conductance, which are very susceptible to variations in the 
water content of superficial layers of the soil, where the major concentration of active roots occur [25].  
 
In general, in a mature eucalypt clonal forest growing under a short and intensive rotation regime , water vapour 
exchange is strongly dominated by the regional vapour pressure deficit and that canopy transpiration is controlled 
mainly by stomatal conductance.   On a seasonal basis, stomatal conductance and canopy transpiration were mainly 
related to predawn leaf water potential and, thus, to soil moisture content and rainfall.   These studies have 
demonstrated that commercial eucalypt species have an efficient stomatal control of transpiration when soil moisture 
levels are low and evaporative demand is high and that instantaneous water use efficiency was dependent to predawn 
leaf water potential and vapor pressure deficit [26].    
 
Other results indicate that leaf gas exchange are susceptible to seasonal changes in rainfall and in the water content 
of upper layers of the soil, where the major concentration of roots occurs.  Multiple linear regression analysis 
indicated that photosynthetic active radiation (Q), vapor pressure deficit (D), atmospheric CO2 molar fraction (Ca) 
and leaf water potential (ψpd) were the most important factors controlling stomatal conductance for water vapor (gs), 
whereas, Q and D were the main microclimatic variables controlling net photosynthetic rate (A) [27]. 
 



 

PRODUCT DEVELOPMENT 
 
Research Background 
 
As eucalypt pulp is becoming more and more a specialized commodity, it has become necessary to improve it in 
many ways, to satisfy different market segments. In this context, our product development process has been 
developed into an interactive process, involving intensive inputs from different parts, such as: the market in general, 
customers, research institutions, etc., all aligned with the company business strategy. During last 19 years, many 
studies have been carried out, as part of a continuous effort to improve and develop new fibers, that fully satisfy or 
exceed our customers expectations.  
 
New fiber development efforts have been concentrated in the three broad market segments that use the company's 
high quality bleached eucalyptus pulp: tissue, printing & writing and specialty papers. Depending upon an specific 
market requirement, the development has been made to adapt or modify pulp characteristics in order to provide 
customers with a fiber that enables them to produce more efficiently, and at reduced costs, while improving paper 
quality. Considering the many challenges to meet different desirable pulp characteristics, studies on product 
development have been made focusing on wood characteristics, considering its chemistry and morphology, 
pulpmaking process technologies, which can modify the physico-chemistry properties of the fibers, and fiber 
applications, involving several paper processes.   
 
Recent Results  
 
Great effort has been applied to get a better understanding of eucalypt fiber uses. Results have continuously 
demonstrated that eucalypt has unique properties (morphology and chemistry), with very interesting combinations of 
paper properties. Increased knowledge has continuously been applied, in developments with some of our customers. 
As an example, some joint refining studies have shown that the eucalypt pulp, with very small floc size, must receive 
a very specific treatment (gentle refining), in order to reach a maximum strength development, while preserving 
other important paper properties for fine papers, such as bulk, opacity, smoothness and porosity [28, 29]. 
 
The definition of key wood properties for optimum paper quality continues to be a major challenge, specially when 
considering all impacts of other aspects already discussed in this article. Despite all these aspects, the impact of 
wood density has been demonstrated, over and over to be a key property, when considering different uses of eucalypt 
fiber. Other fundamental fiber characteristics, such as coarseness and the amount and type of hemicelluloses have 
been important, when trying to meet different paper properties requirements [30, 31, 32]. 
 
More recently, other results have shown that many different pulpmaking strategies may significantly impact pulp 
characteristics. Depending on the kind and intensity of pulp delinignification and bleaching technologies, pulp 
properties may change significantly [33, 34, 35]. 
 
INTEGRATING ALL AREAS OF RESULT:  THE WOOD QUALITY DILEMMA  
 
During last 10  years, we have observed an important evolution, in terms of understanding and establishing the most 
important characteristics in forest tree improvement programs, when applied to the development of novel products to 
the pulp and paper industry.  Some of the examples of this perceived evolution during this period were mentioned by 
several authors [36, 37, 38, 39]. 
 
However, it is perceived that the wood quality dilemma is still with us, mainly due to our unsteadiness in keeping the 
pace between changes in the needs of papermakers and the biological possibilities of actually being able to change 
the forests. The rate of changes ahead of us is very likely stepping up, as e-commerce grows and new printing 
technologies put increasing pressures upon the fast development of new paper grades. The "fiber of the future" is 
starting to look as a material with unique combination of properties, which in turn can be changed in a fast cycle, in 
order to adapt to ever changing demands! 
 
More recently, with the arrival of modern biotechnological techniques, tree breeders have new opportunities to 
generate engineered genetic materials for specific purposes.  Many of these new biotechniques are still being 



 

developed to their full potential, but if we consider the new green revolution taking place in agronomic crops, we can 
easily perceive that we are dealing with a wave which most certainly is likely to change our business as well. 
 
These new technological opportunities are breaking the traditionalism of conventional genetic tree improvement 
programs for many forest genera, currently being used for pulp and paper production.  As a result of this rupture in 
the status quo, companies need to urgently rethink their way of producing and selecting new improved trees and, 
moreover, to convert this into economically viable plantations for specific products.  
 
CONCLUDING REMARKS 
 
The use of genetic material yields high-productivity and high-quality wood, state-of-the-art technology to 
continuously improve the management system and production capacity in forested areas and the complete integration 
of the forest science with the product development and marketing areas.  
 
We understand that the pressure for the definition of the most important forest attributes for each type of product has 
increased somewhat, notably in the last four years. Consequently, today's postponed decisions by a given company 
may become the critical competitive advantage for another. The technical obstacles for many objectives are 
gradually being removed, and previous “wishes” can actually be applied, with the introduction of modern 
biotechnological tools into classic genetic tree improvement programs. In summary, a new business model, based on 
the integration of wood, production processes and final products is already a reality. 
 
ACKNOWLEDGEMENTS 
 
The authors wish to express thanks to all members of the Research and Technology team, especially to S. Fonseca 
and R. C. Sartório,   for the fruitful discussions and suggestions to this paper. 
 
REFERENCES   
 
1. ZSUFFA, L. RAUTER, R. M. & YEATMAN, C. W. 1985.  Clonal forestry: its impact on tree improvement and 
our future forests. Proc. Meet. Can. Tree Improvement Ass., Petawawa Nat. For. Inst., Petawawa, 235 p. 
 
2. ZOBEL, B. J. & TALBERT, J. 1984. Applied Tree Improvement. John Wiley & Sons, New York, 505 p. 
 
3. PENCHEL, R. M.; BERTOLUCCI, F.L.G. & IKEMORI, Y.K. 1993. Biotechnological strategies for clonal 
improvement with eucalyptus at Aracruz Celulose S. A.  I Encontro Brasileiro de Biotecnologia Vegetal, 
REDBIO/FAO, Brasília, 13-17 December, pp. 56-59. 
 
4. BAJAI, Y. P. S. 1986. Biotechnology of tree improvement for rapid propagation and biomass energy production. 
In: Biotechnology in Agriculture and Forestry, vol 1. Trees I, Bajai YPS, ed., Springer- Veriag, Berlin, pp 1-23. 
 
5. BERLYN, G. P.; BECK R.C. & RENFROE, M.H. 1986. Tissue culture and propagation and genetic improvement 
of conifers: problems and probabilities. Tree Physiol. 1:227-240. 
 
6. HAISSIG, B.E.; NELSON, N.D. & KIDD, G.H. 1987. Trends in the use of tissue culture in forest tree 
improvement. Bio/ Technology 5:52-59. 
 
7. RIEMENSCHNEIDER, D. E., HAISSIG, B.E. & BINCHAM, E. T. 1988. Integrating biotechnology into wood 
plant breeding programs. In Genetic Manipulation of Woody Plants, Hanover JW & Keathley DE, eds, Plenum, New 
York, pp 433-449. 
 
8. STOMP, A. M.  1988. Sex, designer genes, and tree improvement, Tappi J. 71:115-120. 
 
9. MUHS, H.J. 1992. Macro and microvegetative propagation as a tool in the tree breeding as demonstrated by case 
studies of aspen and cashew and regulations for marketing clonal material. In: Rapid Propagation of Fast-growing 
Woody Species, Baker FWG, CAB Intl., Oxon, pp 71-85.  



 

 
10. AHUJA, M. R. 1993. Biotechnology and clonal forestry. In clonal Forestry I, Ahuja MR & Libby WJ. eds., 
Springer-Veriag, Berlin, pp 135-144. 
 
11. BERTOLUCCI, F. L. G.; PENCHEL, R. M.; REZENDE, G. D. S. P.; & CLAUDIO-DA-SILVA, E. 1999. Tree 
engineering at Aracruz Celulose: results, challenges and perspectives. In: 27th EUCEPA Conference: Crossing the 
Millenium Frontier Energing Technical and Scientific Challenges. Proceedings of Oral and Poster Presentations. 
October 11-14, 1999. Grenoble, France, pp 33-38. 
 
12. DOWNES, G. M.; HUDSON, I. L.; RAYMOND, C. A.; DEAN, G. H.; MICHELL, A. J.; SCHIMLECK, L. R.; 
EVANS, R. & MUNERI, A. 1997. Sampling plantation eucalipts for wood and fibre properties. Victoria, CSIRO 
pub., 132p. 
 
13. ZOBEL, B. J. & JETT, J. B. Genetics of wood production. Berlin, Springer-Verlag Berlin Heidelberg., 1995. 
337p. 
 
14. REZENDE, G. D. S. R.; BERTOLUCCI, F. L. G. & RAMALHO, M. A. P. 1994. Eficiência da seleção precoce 
na recomendação de clones de eucalipto avaliados no norte do Espírito Santo e sul da Bahia. Cerne, 1(1): 45-50. 
 
15. TEULIERES C., MARQUE ., BOUDET A.M.  1994.  Genetic transformation of Eucalyptus.  In: Biotechnology 
in Agriculture and Forestry, vol. 29, Springer-Verlag, pp. 289-307. 
 
16. MURALIDHARAN E.M.,  MASCARENHAS A.F.  1987.  In vitro plantlet formation by organogenesis in E. 
camaldulensis and by somatic embryogenesis in Eucalyptus citriodora. Plant Cell Rep. 6:256-259. 
 
17. WARRAG E., LESNEY M.S., ROCKWOOD D.J.  1991.  Nodule culture and regeneration of Eucalyptus 
grandis hybrids.  Plant Cell Rep. 9:586-589. 
 
18. MULLINS K.V., LLEWELLYN D.J., HARTNEY V.J., STRAUSS S., DENNIS E.S.  1997.  Regeneration and 
transformation of Eucalyptus camaldulensis. Plant Cell Rep. 16:787-791. 
 
19. TIBOK A., BLACKHALL N.W., POWER J.B., DAVEY M.R.  1995.  Optimized plant regeneration from callus 
derived from seedling hypocotyls of Eucalyptus urophylla.  Plant Science 110:139-145. 
 
20. SERRANO L., ROCHANGE F., SEMBLAT J.P., MARQUE C., TEULIERES C., BOUDET A.M.  1996.  
Genetic transformation of Eucalyptus globulus through biolists: complementary development of procedures for 
organogenesis from zygotic embryos and stable transformation of corresponding proliferating tissue.  J. Exp. Botany 
47:285-290. 
 
21. MURALIDHARAN E.M., GUPTA P.K., MASCARENHAS A.F.  1989.  Plantlet production through high 
frequency somatic embryogenesis in long term cultures of Eucalyptus citriodora.  Plant Cell Rep. 8:41-43. 
 
22. WATT M.P., BLAKEWAY F., CRESSWELL C.F., HERMAN B.  1991. Somatic embryogenesis in Eucalyptus 
grandis.  South African For. J. 157:59-65. 
 
23. TERMIGNONI R.R., WANG P.J., HU C.Y.  1996.  Somatic embryo induction in Eucalyptus dunnii.  Plant Cell 
Tiss. Org. Cult. 45:129-132. 
 
24. SOARES, J.V., ALMEIDA, A.C., PENCHEL, R.M.  1997. Balanço hídrico de plantações de eucalipto a partir 
da estimativa de transpiração pelo método de Penam-Monteith.  Anais de Conferência Internacional IUFRO sobre 
Silvicultura e Melhoramento Genético de Eucalipto, Agosto, Salvador, Brazil, 8 p. 
 
25. MIELKE, M.S.; PENCHEL, R.M.; OLIVA, M.O.; FONSECA, S.; ALMEIDA, A.C.; MARTINEZ, C.A.  1997.  
Water use efficiency of a mature clonal eucalypt plantation in Aracruz. In: IUFRO Conference on Silviculture and 
Improvement of Eucalypts, 24-29 August, 1997, Salvador, Brazil, supl. 



 

 
26. MIELKE, S.M.; OLIVA, M.A.; BARROS, N.F.; PENCHEL, R.M.; MARTINEZ, C.A.; ALMEIDA, A.C.  1999.  
Stomatal control of transpiration in the canopy of a clonal Eucalyptus grandis plantation.  Trees  13: 152-160. 
 
27. MIELKE, S.M.; OLIVA, M.A.; BARROS, N.F.; PENCHEL, R.M.; MARTINEZ, C.A.; ALMEIDA, A.C.  2000.  
Leaf gas exchange in a clonal eucalypt plantation as related to soil moisture, leaf water potential and microclimate 
variables.  Trees  14: 263-270. 
 
28. MANFREDI, V. & CLAUDIO-DA-SILVA JR, E. Refining - Operational variables vs raw materials. Refining 
Conference. Pira, 1986. 40p. 
 
29. DEMUNER, B. J.; VIANNA DORIA, E.L. & CLADUIO-DA-SILVA JR, E. Influence of floc size characteristcs 
on market pulp refining. 25º Annaul conference in pulp & paper. ABTCP, 1992. SP - Brazil. 20p. 
 
30. CARPIN, M.A.; BARRICHELLO, L.G.; CLAUDIO-DA-SILVA JR, E. & VASCONCELOS DIAS, R. 
Influrence of number of fibers per gram on paper properties. 20º Annual conference in pulp & paper. ABTCP, 1987. 
SP-Brazil. p183. 
 
31. DEMUNER, B. J.;  VIANNA DORIA, E. L.; CLAUDIO-DA-SILVA Jr., E. & MANFREDI, V. The influence of 
the eucalypt fiber characteristics on paper properties. In International Paper Physics Conference (TAPPI), Kona, 
1991. 
 
32. DEMUNER, B. J. Opportunities for market pulp differentiation. 5th International refining conference. Pira. 
1999. Vienna. 14p.    
 
33. CLAUDIO-DA-SILVA, E. Chlorine-free pulp production experience. Non-Chlorine Bleaching Conference. 
1993. 
 
34. MOKFIENSKI, A. & DEMUNER, B. J. Pilot plant experience with ozone in TCF bleaching of eucalypt pulp. 
IN.: International Pulp Bleaching Conference. Vancouver, 1994. 15p. 
 
35. MOKFIENSKI, A.; DEMUNER, B. J.; MANHÃES, G. F.; CESENA, P. H. Y.; ARAÚJO, G. A. T. & NEVES, 
R. G. Steps towards selecting a bleaching sequence in Aracruz' Modernization Project. 1998. International Pulp 
Bleaching Conference, Finland. p225. 
 
36. FOELKEL, C.E.B.; MORA, E. & MENOCHELLI, S.  1990. Densidade Básica: sua verdadeira utilidade como 
índice de qualidade da madeira de eucalipto para a produção de celulose. IN VI CONGRESSO FLORESTAL 
BRASILEIRO, SBS, São Paulo. 
 
37. SETH, R. S. Fibre Quality Factors in Papermaking - I. The Importance of Fibre Lengh and Strengh. 1990a. IN: 
Mat Res. Symposium. Vol. 197.  
 
38. SETH, R. S. Fibre Quality Factors in Papermaking - II. The Importance of Fibre Coarseness. 1990b. IN: Mat 
Res. Symposium. Vol. 197. 1990. 
 
39. DEMUNER, B.J. & BERTOLUCCI, F.L.G. 1993. Seleção florestal: uma nova abordagem a partir de estimativas 
de parâmetros genéticos e fenotípicos para características da madeira e polpa de eucalipto. 26º Congresso Anual 
ABTCP, São Paulo, 22-26 novembro de 1993, 16 p. 
 


	Main Menu
	Back to Category
	Back to Contents
	Quit Acrobat

