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Message

The importance of holding this Conference was first discussed in early 20°s in a
group of foresters and tree breeders representing private companies, rescarch
institutions and universities, in the realm of the “Eucalypt Project”, coordinated by
Embrapa-Florestas. Two colleagues provided a great incentive at that time: Chairman
Rod Gniffin and Co-Chairman Shinitiro Oda, from the Work Group 32.02.09 -
Eucalypis Breeding and Improvement.

Seventeen years have passed since the last Conference held by this Work Group
in Brazil. In this period eucalypt plantings in several countries, including Brazil, showed
a significant progress: presently, cloning is used as routine in plantations for industrial
purposes; the average productivity in those stands is over 40m3/ha.year, eucalypt
wood replaced that of native species in sawmills; the discussion on social and
environmental impacts of eucalypt plantations involve all sectors of the society.

Given this scenanio, researchers, entrepreneurs and other professionals involved
with cucalypt plantations are meeting in the city of Salvador, Baha, in order to
exchange ideas and information, present and discuss recent research results on
silviculture and breeding of eucalypts that have been developed in a global context. Tt
is expected that new discussions will indicate the pathways that eucalypt forestry
should follow in near future, in ways to contribute, continually, to the well-being of
man and to the conservation of the environment.

The Organizing Committee is honored to hand you the Proceedings of the IUFRO
Conference on Silvicullure and Improvement of Eucalypt. The 219 papers presented
by representatives from 19 countries were arranged in four volumes: volume 1. Tree
improvement strategies; volume 2. Biotechnology applied to genetic improvement
of tree species; volume 3. Silviculture, productivity and utilization of eucalypt; volume
4. Environmental and social impacts of eucalypt plantations. Each volume includes
invited and voluntary papers presented orally or as posters,

The Organizing Committce acknowledges the effort and dedication of all those
who contributed to the realization of this Conference, especially the sponsoring
institutions and those that provided us with valuable support in dilTerent ways.

Organizing Commirttee
August 24th, 1997
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Mensagem

A importincia da realizagdo desta Conferéncia comegou a ser discutida, no inicio
da década, por um grupo de silvicultores e melhoristas florestais que representavam
empresas privadas, instiluigdes de pesquisa e universidades, no imbito do *Projeto
Eucalipto™, coordenado pela Embrapa-Florestas. Dois grandes incentivadores naquela
época foram o “Chairman™ Rod Griffin e o “Co-Chairman™ Shinitiro Oda, do Grupo
de Trabalho 52.02.09 - Eucalypis Breeding and Improvement.

Dezessete anos se passaram desde a iltima Conferéncia realizada por aquele Grupo
de Trabalho da IUFRO no Brasil. Neste periodo, a eucaliptocultura praticada em diversos
paises, inclusive no Brasil, apresentou progressos significativos: a clonagem é hoje
usada de forma generalizada, em plantios para fins industriais; a produtividade média
nessas florestas superou o nivel de 40m3 por ha ano; a madeira do eucalipto comega a
substituir a de espécies nativas nas serrarias; e a discussio dos impactos sdcio-
ambientais das plantagdes de eucaliptos envolve lodos os segmentos da sociedade.

Pesquisadores, professores universitarios, empresanios e demais profissionais
envolvidos com a eucaliptocullura estdo se reunindo dentro desse cendrio, na cidade
de Salvador, Bahia, para intercimbio de idéias e informagdes, apresentagio e discussio
de resultados recentes de pesquisa, em silvicultura ¢ melhoramento genético de
cucaliptos, que vem sendo desenvolvidos a nivel mundial. Espera-se que os debates
indiquem os rumos que a atividade florestal deva seguir em futuro proximo, de forma
a continuar contribuindo para o bem estar do homem e a conservagio do meio
ambiente.

A Comissiio Organizadora sente-se muito orgulhosa em entregar-lhe os Anais da
Conferéncia IUFRO sobre Silviculiura ¢ Melhoramento de Eucaliptos. Os 220 trabalhos,
apresentados por representantes de 19 paises, foram agrupados em quatro volumes:
volume 1. Estratégias de melhoramento genético; volume 2. Biotecnologia aplicada ao
melhoramento genético forestal; volume 3. Silvicultura, Produtividade e utilizaglio de
cucaliptos; volume 4. Impactos sociais ¢ ambienlais de plantagdes de cucalipto. Cada
volume inclui os trabalhos convidados ¢ voluntdnios, apresentados oralmente ou em
forma de posters,

A Comisslio Organizadora agradece o esforgo ¢ a dedicagiio de todos que

contribuiram para a realizagdo da Conferéncia, em especial s entidades patrocinadoras
e as que apoiaram financeiramente.

Comissdio Organizadora
24 de agosto de 1997
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CERTIFICATION AND TS IMPLICATIONS FOR Eucalyptus PRODUCTION
AND TRADE

Kiekens, J.P.
Université libre de Bruxelles & Environmental Strategies Europe - Chaussée de Wavre,

1517-F B-1160 Bruxelles- Tel +32-2-6T53668 Fax +32-2-6753703 - e-mail: kickenszibm.net
Jean-Pierre Kickens lectures development economics at the University of Brussels (ULP) and is the
director of Environmental Strategies Europe (ESE) - a consulting firm providing services (o governments,
international arganisations, envirenmental NGOs and industry organisations, maostly in the area of forestry

SUMMARY

Since the late 1980s, certification has
attracted increased attention in the international
forestry debate. The paper reviews selected

certification initiatives, particularly in light of

their potential influence on the pulp and paper
sector, The reviewed initiatives include the
Forest Stewardship Council, 1I50's standard for
environmental management systems, the
Canadian sustainable forestry standard and an
alternative proposal - International Registration
of Forests - as developed by the author, While
certification is expected to progressively
become a reality in some countries and on
certain markets, the paper suggests that there
are staggering difficulties with this approach,
particular]y when chain of custody venfication
is requested, 1t indicates that there remains
considerable uncenainties regarding the future
of certification and its production and trade
implications, It also highlights the severe
limitations of certification as an instrument to
achieve sustainable forest management,
particularly because certilication does not
address directly any of the major underlying
causes of forest degradation and loss,
Regarding clonal eucalyptus plantations, their
agriculture like character is shown 10 pose a
fundamental problem, {.e. whether ornot they
should be covered by forest certification. The
paper indicates thal most of the environmental
impacts of plantations must he mitigated at an
early stage and that they require other tools
than certification; baseling studies and surveys,
cnvirpnimental impact assessments, ele, The
puper suggests however that, once a plantation
is established, certification can constitute a
useful tool For ensuring its proper and
continuously improved environmental
management.

INTRODUCTION
The concept of labelling/certification of

-forest products cmerged in 1988, following a

study proposal by an environmental NGO -
Friends of the Earth - in the context of the
International Tropical Timber Organisation. [t
was clearly at the time a tropical timber issue.
There were fears of reduced market access
for tropical timber on markets such as Ausiria,
Crermany, the Metherlands and the UK, were
envitonmental NGOs pressed for such timber
10 be boycotted.

Various national level responses 1o these
boycoll campaigns were initiated (Kiekens
1995 adcb).: acompulsory labefling scheme and
a special import duty in Austria; a “projeki
tropenwald” in CGiermany with the definition of
sustainable forestry criteria; a “tropical timber
covenant” in the Netherlands between
government, industry and NGOs, aimed at the
importation of tropical timber from sustainable
sources, an “accord” in the UK, between the
Timber Trades Federation and WWF, followed
by a* 1995 Group” (see below),

The international debate regarding forests
was not without implications on the labelling/
certification debate. The Earth Summit and the
renegotiation of the [TTA transformed forestry
into a global issue. This was illusirated by a
study carried out on certification for the [TTO
in 1993, which applied to timber from tropical,
boreal and lemperate regions, although ITTA
remained a tropical timber commodity
agreement,

A major move oceurred when WWE
decided to push for its own certification
scheme, instead of supporting
intergovernmental work, particularly through
the ITTO, The Farest Stewardship Council
{(FSC) was launched in 1993, It has a self-
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proclaimed objective of monitoring forest/
timber certification world-wide, by accrediting
certifying organisations.

Partly as a reaction to the creation of the
FSC, and partly because of fears of boycotts
of pulp and paper from wood produced
according to clear-cut practices, industry,
particularly the Canadian Pulp and Paper
Association, pushed for forestry certification
to be covered by the International Standards
Organisation (150). 1S0 subsequently initiated
work to facilitate the application of the [SO-
14001 environmental management standard by
in forestry.

Various other initiatives were taken over
the last two vears, particularly at the national
level, e.g. in Finland, Sweden, Ghana and
Indonesia. Most initiatives followed pressures
by environmental groups, chiefly WWF, to
promote FSC. However, industry has in most
cases insisted that national schemes should be
made compatible with 150, Today, there are
thus national certification initiatives in many of
Sweden, Finland and Indonesia. There is alao
asustainable forestry initiative in the US,

Certification is a contentious issue and is
widely discussed internationally. The
conclusions of the intemational conference on
certification held in Brishane in 1996 are worth
noting, They say for example that certification
is one instrument among many others and that
its cfficacy remains to be demonstrated. This
was acknowledged by the Intergovernmental
Panel on Forests, which stated in its
recommendations that more studies are
required to objectively assess the potential of
certification and labelling to promote
sustainable forest management.

Current orlentations regarding
certification

The past years have wimessed a number
of initiatives for the certification and labelling
of forest management and forest products.
There are number of papers, e.g. those at the
Brisbane and Kuala Lumpur international
conferences, that describe current initiatives.
Here is an overview of the most salient
orientations in this area

The FSCWWF blueprint

According to WWF and a number of other
environmental NGOs (Friends of the Earth,
Greenpeace, ete. ), centification should solely
take place according to the FSC principles and
criteria for sustainable forest management
(Forest Stewardship Council 1995), There are
10 principles, including one specifically geared
towards plantations. Certification requirements
for plantations include: tenure security; respect
of customary rights of indigenous peoples;
workers' rights; a periodically revised forest
management plan; wildlife corridors; stream
side zones; control of water quality and soil
degradation; mosaic of stands of difTercnt ages
and rotation periods; preference for native
species; integrated pest managerment with
reliance on biological control; partial restoration
of the natural forest cover; reduced use of
chemical pesticides and fertilisers; monitoring
of ecological and social impacts; prior local
trials for species to be planted on a large scale;
ete.

A key feature of the FSC/WWTF blueprint
is that forest management has to be certified
by a third party inspection body, FSC has
therefore accredited vertification organisations
- there are currently 5 of them -, which forest
operators can call o obtain certification, The
work of the inspection companies also covers
the chain of custody of forest products, which
must be monitored for the FSC label to be used,
FSC/WWF insists on comprehensive chain of
custody verification, It means that all products
should be traceable w the forest of origin, Proofl
of this traceability must be provided by the
certification procedure and an external audit
by the accredited inspection organisation,
There are no indications at this stage on how
this applies to pulp and paper. However, it
appears that only integrated companies,
securing their supplies from their own
plantations, would be in a relatively comfortable
position to implement such comprehensive
chain of custody control,

Various figures have been issued by WWF
and FSC concerning the acreage of FSC
certified forests. In December 19935, i.e. two
months before the FSC had accredited its first
certifying agents, WWF and FSC already
proclaimed to EU Parliamentarians that 4 M
ha of forests were certified and producing 1,5
million m* of timber products annually. In
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March 1997, the total claimed by FSC was
reduced to 2,900,000 ha. However, even the
latter figure still mcludes forests - e.g. 1.255.000
ha in Poland and 66.915 ha in Belgiom - for
which serious doubis have been expressed by
external parties regarding the reliability and
seriousness of the certification process (see
below). To be noted is that the FSC certified
forests also include the famous “Jac by the
Stowl” (Lincolnshire, England) with a surface
arca of 0.2 ha!

There are tremendous problems with the
FSC/WWF certification blueprint. The
pringiples and criteria were developed by a
group of WO, with very limited consultations,
and no accountability towards any recognised
national or intemational instifutional setting. To
date, no country has recognised the F5C
principles and criteria. This is an expression of
the lack of support for the initiative, particularly
if one takes into account the large share of
public forests in many countries, not only in
the developing world but also in forest-rich
industrialised countries such as Canada. Third
parly inspections are costly and represent, at
least partly, a duplication of existing controls,
The insistence of comprehensive chain of
custody verification is particularly questionable
(see below) as, for many products, this is costly
and impractical.

Professionalism of the FSC and some of
its accredited certification bodies has been
seriously questioned. A number of well
documented cases include a logging company
in Giabon, a Dutch plantation investment in
Costa Rica and the State owned Walloon forest
in Belgium, where certification was awarded
without the approval of the Walloon
administration in charge of forest management.
The weakest point of the FSC, however, is
probably the unstable nature of its institutional
setting, The body is not accountable to anybody
except a lew environmental groups with
sometimes diverging interests, Several
environmenial NGOs have significant concems
ahout the strategy championad by WWF (inside
which some voices against FSC have, however,
recently been heard). It is not clear whether
FSC would survive a withdrawal by major
groups such as Greenpeace or Friends of the
Earth, It is also unclear if FSC will survive
financially, as its public financing by EU

member states (Netherlands, Austria) and
more recently the European Commission is
imcreasingly questionsd.

The C5A approach

1t is important to review here the approach
adopted by the Canadian Standards
Association, due to the role of Canada in the
pulp and paper market and the importance of
the forest areas expected to be certified through
this standard. The Canadian standard
(Canadian Standards Association 1996) was
published in October 1996 following a process
consistent with intemational procedures for
standards creation (open and inclusive process,
with NGO and public consultations). The
standard is consistent with [SO- 14001, 1t is
specific to the Canadian situation, as it
encompasses 6 criteria agreed upon at the
national level by the Canadian Council of
Forest Ministers.

The sustainable forest management criteria
approved in Canada are:

1. Conservation of Biological Diversity

2. Maintenance and Enhancement of Forest
Ecosystem Condition and Productivity

1. Conservation of Soil and Water Resources
4. Farest Ecosystem Contributions to Global
Ecological Cycles

5. Multiple Bencfits to Society

6. Accepting Society’s Responsibility for
Sustainable Development,

According to the Canadian Sustainable
Forestry Certification Coalition (1996), “to
meet the Canadian Standards Association's
{CSA) Sustainable Forest Management (SFM)
System Standards, an organisation will have
(4
Establish a system which meets rigorous
requirements for;

* Commitment = Public Participation
* Management Systemn Elements
+ Preparation « Planning = Implementation
= Measurement & Assessmenl = Review &
Improvement + Continual Improvement
For example, the commitment requirement
must include:
a. recognition of environmental, economic,
social, and cultural values
b. conservation of biological diversity, and all
other Canadian Council of Forest Ministers'
criteria
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¢, public participation throughout the process
d. compliance with applicable federal and
provincial regulations

e. an independent audit of the SFM Sysiem
and the forest

f. continual improvement of the SFM system
Likewise, if an auditor were to review the
public participarion requirement, evidence
must demonstrate that!

a. an effort to identify and solicit interested
parties took place

b. a clearly defined process for public
participation was estahlished

¢. the public was involved in identifying valucs,
goals and indicators

d. public communications is ongoing.”

Although the Canadian forestry standard
was approved only late last year, number of
companies an other forest managers have
already stated their desire to become
registered under the new standard. The area
to be covered by these intercsted parties
represents about 20 million ha, or a timber cut
of 25-30 million m’ per year, Quite interestingly,
while most applications to the CSA forestry
standard originate from the industry, a province
- Mew Brunswick - has decided to get the
entirety of its public forests (3 million ha)
covered by the standard,

The main crilicism towards the CSA
standard expressed by environmental NGOs
refers Lo the reliance on a continual
improvement, instead of on performance
atandards, NGOs" attacks against CSA are in
this respect similar to those against 1S0. They
seem Lo be more a reflection of an ambition o
control forest certification activities world-wide
than a rigorous assessment of the merits of
the CSA standard. They pose, however, the
crucial problem of acceptability of the
certificate in the market place,

The IS0 standard for environmental
management systems

1SO-14001 allows for the certification of
4 forest operation’ s environmental management
system. [tis not a forestry standard, although
some plantations are now engaging into 150
certification in Brazil, This standard does not
address the issue of product labelling. At the
beginning, some delegations, particularly
Canada and New Zealand, were hoping for

[50to develop a forestry standard, However,
opposition from environmental NGOs,
particularly WWF defending FSC, as well as
from some delegations opposing the
development of sector specific standards for
environmental management, prevented the
emergence of such standard.

The opposition tean 15O forestry standard
has led the organisation to pursue the
development of a “bridging document” aimed
at helping “forest organisations” to apply [S0-
14001 to their environmental management
systems (150 1997, The bridging document
should particularly help companies to develop
performance objectives and targets as part of
their EMS. Compatibility with ISO-9000 would
be ensured. The CSA standard would be a
particular case of TSO- 14001 implementation
in forestry, The achievement of 150-14001
certification can be communicated in various
ways, and does not require chain of custody
labelling downstream. While companies,
depending on the situation they face, would be
able 10 set their own environmental
managemenl objectives, [50-14001
implementation is expected to be along similar
lines as that of the CSA standard,

The critiques addressed to the CSA
standard by NGOs also apply o 150,
Particularly, intermational procedures for
standards creation are considered inadequate
for environmental considerations. A difTerent
degree of consultation of stakeholders than e.g.
lor valves or any other manufactured product
for which standards are elaborated, is indeed
expecied for environmental considerations,
There are, however, several other factors thit
make a reconciliation hetween 150 and
environmentalists difficult on this issue,
particularly the desire ol the latter to have
control of forest management (performance )
standards. As for CSA certificates, the
acceptability of ISO-14001 certificates on the
market place is still a big question mark.

Some other certification approaches
Certification is an evolving area,
particularly regarding the initiatives taking place
at the national level, As suggested above, key
current or fiture producers of pulp and paper
have, or contemplale, national certification
systems. There are also experiences with
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timber certification that are worth noting. A
number of key elements on schemes in
Indonesia, Ghana, Scandinavia and the LK are
presented below,

Indonesia is setting up the Indonesian
Institute for Eco-labelling (Lembaga Ekolabel
Indonesia - LED) with World Bank support. The
institute plans to accredit independent
inspectors and to administer its own label. An
interesting characteristic is that inspections
would be paid by a povernment fund. Although
information on the scheme is somewhat lacking,
it appears that the Indonesian system
represents, to acertain extent, an institulional
counterweight to the ministry of forestry, which
has been reluctant to implement a serious
inspection system for natural Forest
CONCESSioNS,

Cihana is attempting to establish a national
certification standard that should be compatible
with both 180 and FSC. The standard is being
developed according to (150) approved
international procedures for standards creation
{open and inclusive process, with NGO and
public consultations ), As Indonesia, Ghana is
a key player al the International Tropical
Timber Organisation, and the route it adopts
miay have repercussions for olher members of
the organisation, There are however many
problems associated with the use of
cerlification in a country like Ghana. Most of
the timber production ori ginates from so called
conversion forests, for which there are - by
definition - no plans for sustainahble
munagement and therefore no possibilites for
product certifications/labelling, at least in the
way envisaged by FSC - the only group pushing
for comprehensive chain of custody verilication
and labelling.

In Sweden, a working group was
established under the auspices ol the FSC in
1996, The group attempted W agree on forest
management standards, However, although
progress was recognised by both industry and
environmental NGOs, agreement on a standard
could not be achieved. FSC-Sweden has agreed
that a “pause” is to be made regarding the
establishment of FSC forest management
standards for Sweden, The Swedish forest
owners have decided o pull out from the
working group, making it unlikely that a standard
will be agreed upon before several years.

In Finland, the dialogue incepted in 1996
between industry and environmental
organisations has led to suggesting an
innovative approach to certification. Like in
other European countrics, standard approaches
are not suited to the particularly fragmented
patterns of forest ownership, Key elements of
the Finnish proposal were to permit the district
level certification, and also to permit the use
of an official institution to check on legislation
implementation, and selected additional controls
on agreed requirements bevond the legislation.
The approach was allegedly to be compatible
with both FSC and [S0). It was endorsed by
the “Forest Centification Standards Working
Group™ comprising the Finnish Foresl
Industries Federation, the Central Union of
Agricultural Producers and Forest Owners and
two environmental NGOs: WWEF-Finland and
the Finnish Association of Matwre Censervation,
The agreement has been subsequently
condemned by 28 eénvironmental groups
including, quite surprisingly, WWF-
International, The situation in Finland appears
now to be similar (o that in Sweden. The
prospect for any agreement on certification
forest management standards and procedures
appears now to be remote,

In the LK, the Forest Industry Council of
Cireat Britain (FICGR) suggests (o use an
existing checking system of governmental
controls as a basis lor ensuring the public
regarding sustainable forest management. The
proposal is o base certification on the forest
management regulations of the Forestry
Commission, which were designed with a
broad consensus of all stakeholders (including
environmental NGOs). The proposal aims
simply at proving that these regulations are
properly implementad, Downstream from this
system, FOIGH has designed a “woodmark”
scheme whereby limber marketed under the
label can be proven, through chain of custody
documentation, o originate from a particular
felling licence authorised by the Forestry
Commission. The FICGH also suggests to
integrate such checking within a wider
international system of International
Registration of Forests,

International registration of forests (IRF)
A different route from certification, but
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also operating at the forest management unit
level, would be to establish a system of
[nternational Registration of Forests, or IRF
{Kiekens 1996). Each country would establish
anerwork of forests intemationally recognised
as under sustainable management. The IRF
system would be decentralised, like the listing
of wetlands of international importance
maintained under the Ramsar Convention —
an environmental treaty operating now for 23
vears with the involvement of environmental
NGOs and other stakeholders. International
registration of forests would enable countries
to demonstrate compliance with their
commitments regarding sustainable
management,

In practice, this IRF proposal would lead
to the establishment of national registers of’
sustainably managed forests. In contrast with
FSC (NGO led) and IS0 (industry-led),
International Registration of Forests would be
led by governments. The international regisier
would be a combination of national registers,
to be established and maintained ai the national
level, with a strong inpul of all stakeholders
and the scientific community. There would bhe
several calegories: e.g. natural forests,
plantations, eic. The approach here is to rely
to o large extent on controls implemented at
the national level against sustainable forest
management regulations that attract wide
COMSETSUY,

The IRF proposal has received significant
support, ¢, g by the Forest Industry Council of
Great Britain and the “Société Royale
Forestiére de Belgique”, and also forestry
officials in developing countries such as (hana.
Like for wetlands® listing under the Ramsar
Convention, IRF could also be considered as a
possible key element of a future Global Forest
Convention. Linkages could be operated
between International Registration of Forests
and strengthened forestry aid to the benefit of
developing countries,

Implications for Eucalyptus Production
Many concerns have been expressed

regarding the environmental, economic and

social impacts of plantations (Shell & WWF

1993, These impacts include:

# s0ils (erosion, compaction, etc. ), .

# hydrology (pollution, surface runoft, risk of

flooding, lowering of water table, etc_),

& ecology (hiodiversity, introduction of exotic
trees and pests, etc.),

& land use {displacement of other users,
change in landscape),

e land tenure (loss of customary rights, land
disputes, etc.)

« economic benefits {insufficient benefits to
local groups)

« migration {introduction of settlers,
hreakdown of social structures )

Many of these concerns must be
addressed at an early stage, i.e. when the
plantation is being planned and established.
There is a need for proper site selection,
baseline studies and surveys, appropriate
plantation design, environmental impact
assessments, etc. Certification is of no use for
ensuring a proper establishment of forest
plantations.

Mechanisms of environmental
management are present in many plantation
operations, The most important parameters
need to be subject to monitoring. These include:
water quality, soil loss, type of flora and fauna,
width and length of protection strips, fire
prevention equipment, fire breaks, health and
safety standards, and physical conditions of
roads and bridges (Howlett 1993),

The implications to be expected from
certification of a specific planation will depend
on a number of factors, particularly the
certification that is demanded and the degree
of organisation of the plantation regarding
environmental management. Concerning FSC,
although a plantation has been certified by an
FSC accredited certification body against its
own standard (Tiburcio, V. & R. Garlipp 1996),
there were no FSC certified eucalyptus
plantation by March 1997 { Forest Stewardship
Council 1997}, Even il'it was the case, it would
be under a provisional arrangement that allows
certification o proceed withoul national /
regional FSC approved standards, FSC
certification for eucalyptus plantations is quite
unlikely for number of reasons, First, the very
application of Principle 10 on forestry
plantations may not be relevant. Indeed, clonal
eucalyptus plantations should probably be
considered more as a particular type of
agriculture than as a penuine forestry activity,
The FSC principles and criteria are therefore
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quite incompatible with the notion of “culture
of clonal trees™, Second, FSC has to date found
impossible to reach agreement on any national
or regional standard (as recently shown in
Sweden and Finland), which also sugpests that
it is unlikely that FSC standards applicable 1o
cucalyptus production will be made available
in any foreseeable future,

The implementation of TSO-14001 is on the
other hand more realistic, as suggested by the
fact that some cucal yplus producing companies

- Riocell and Bahia Sul - have already engaged
into the process (Garlipp, R., 1997, pers. com. ).
The main task under an 150-14001 scheme is
systems to put them in line with [50- 14001
requircments. These pertain mainly 1o the
existence and implementation of suitable
procedures to demonstrate a) compliance with
legal requirements; and b) compliance with
environmental standards decided upon by the
company. Such procedures must be put in place
and appropriate training must be provided to
all persormel] who may have through their work
a significant impact on the environment. The
result  expected from 1SO-14001
implementation is an “environmental culture
that ensures that environmental improvement
is firmly embedded at all levels of the
organisation” (150 1997),

Regarding the financial implications of
certification, two types of costs must be
distinguished. First, there is the cost bome by
the company o implement the actions and
internal procedures 10 obtain certification. This
cost varies according to the management
situation the company is starting from and
according to the certification scheme that is
selected. Data regarding this type of cost are
hardly available at this point in time. Second,
there is the cost of the third parly inspection.
A reference in this regard is that of an FSC
certification awarded last year in Belgium for
a 60.000 ha forest. It implied the following
costs: (1.31)5%ha for the initial inspection and
0.1U8%/ha/year for the annual routine
inspections, Cost for 1S0-certification is
reporied to be slightly lower: about 308G less
than for FSC certification. These costs
obviously don’t inelude those for chain of
custody external controls, needed for product

Iabelling

Trade Implications Regardiag Pulp and
Paper

Despite the emergence of certification
initiatives in the pulp and paper industry, there
doesn’t seem to be any analysis of the
expected impact of this development.
Therefore, this paper limits itself to analyse
some of the key issues posed by certification
to the trade in pulp and paper. [t does not
endeavour to foresee quantitative impacts but
presents instead the many problems and
uncertainties associated with the development
of this instrument.

The analysis above has shown that, in the
pulp and paper sector, save for a few
Scandinavian companies working with FSC -
despite the absence of country specific
standards -, the main development occurs in
Canada, where areas producing about 25-30
million m” per year are due to be certified in
the near future. Forest product certification
clearly is going to become a reality in
intermational trade, as companies exporting to
environmentally-sensitive markets, such as
Cermany, are expected to make use of the
newly acquired certification (subject, however,
to the IS0 and CSA rules regarding
centification advertisement).

A first issue that this development raises
is that of acceptability of the CSA certificate,
and more generally, the various labels and
certificates, on the market place. The situation
is particularly critical as environmental NGOs
have invested so much into the FSC that they
don"t seem willing to accept any other types
oflabels. This is especially the case in Europe,
where NGOs have e.g. managed to convince
a body of the European Parliament to pass a
resolution that the FSC label should be the only
one recognised in Europe. As industry driven
bodies, CSA and 130 constitule easy targets
for environmental NGOs, especially as the
principal feature for which Canadian forestry
has been attacked - clear cutting - is not going
to disappear under CSA or 1SO certification.
Environmental NGOs have already practised
various strategies in the timber sector, ranging
from blocking boats in ports to chainsaw attacks
in do-it-yourself retail stores. Timber from
forests certified under 1S0), CSA or other
national scheme may not be exempted from
such demonstirations. Although many
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companies, particularly German publishers,
support the efforts made in Canada_ it remains
unclear whether any certification other than
F5C is going to be given a chance on the market
by the many pro-FSC environmental growps.

A second issue is that of eco-lahelling. This
has become a somewhat complex issue in
Europe, with a variety of national schemes and
a pan-European one, sometimes with the same
products categories, but with different criteria.
EU eco-labelling has become a contentious
international trade issue, with the US having
threatened to bring the EU to WTO, unless in
depth reforms to the scheme were made,
particularly regarding discriminatory elements
against foreign suppliers. The proposals for the
revamped eco-labelling scheme, which has
shown poor performances and commercial
interest throughout its 5 years of existence,
include the creation of a European Eco-Label
Organisation, consistency with 150 life-cycle
analysis procedures, and the introduction of a
graded label. This latter development is
important. It is likely that some grading
regarding forest management sustainability will
be introduced. The role of certification, as a
demonstration of sustainable forest
management, may be reinforced. Current eco-
labelling regulations, e.g. for copying paper,
require only that assurances be provided that
forest management has been carried out
following the Helsinki criteria (for European
forests) and the Rio's Forest Principles (for
forests outside Europe), without any
certification procedure as such.

A third issue posed by centification relates
to the development of the so called “buyers’
groups” and their compatibility with EU
competition and WTO rules. The first buyers
group was established in the UK in 1992 by
WWTF. It called upon its members, mainly major
do-it-yoursell stores and some wopical imber
traders, o only use sustainably produced timber
by 1995, The requircment was then
transformed into commitments w only use FSC-
certified products. Despite the paltry results
they had reached by the end of 1995, the club,
now called “1995+ group™ continues its
existence. (n the basis of this dubious
experiment, other buyers groups were created
in other countries, such as Belgium,
Metherlands, Germany and Austria. The very

notion of buyers groups is contentious, Member
companies are asked to discriminate among
like products (FSC centified / non-certified
products) which creates a problem of market
access for those not who are part of the club,
The fact that no country has recognised the
FSC and its criteria poses an additional
problem. The lack of compatibility of FSC
criteria with eucalypius plantations - as a form
of “culture of clonal trees™ - represents an
obvious discriminatory element. The
compatibility of buyers groups with EU
competition ws is currently being investigated
following a complaint that these groups
constitute cartels, and that as such they should
be dismantled. This development may open the
market to other types of certificates than the
FSC one. It will also have important
repercussions on market demand because, even
in countries traditionally open to the concept
of green consumerism, like the UK, there are
0o signs of any significant market demands, or
of consumers” willingness to pay a premium
for certified forest products. The compatibility
of buyers groups and certification with WTO
rules is also unlikely. The fact that WWF is
openly marketing FSC certification as a means
for Europe to remain competitive in the pulp
and paper sector against countries such as
Brazil and Indonesia (Elliott 1996) illustrates
well that elements of environmental
protectionism are associated with certification
and buyers groups.

A final issue worth stressing is that of
chain of custody and its associated costs.
WWE/FSC insist upon comprehensive chain
of custody verification. Other schemes such
as CSA, 1S0-14001 and also International
Registration of Forests do not require a chain
of custody approach. Insistence of NGOs on
comprehensive chain of custody is partly due
to their hope 1o see trade measures ultimately
implemented against non-certified timber
(although it would contravene to an IPF
recommendation). In Belgium, there is for
example a law proposal introduced by the
Flemish green party to establish eco-taxes on
non-certified timber. A European Lnion
working party has been recently established
by the European Commission to analyse the
feasibility of chain of custody. Existing studies
and statements by those following certification
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closely already indicate, however, that there
are staggering difficulties for implementing a
comprehensive and reliable system of chain
of custody control. In some instances, only very
costly batches systems are lechnically feasible.
Regarding wood pulp, there are indications that
only a system of percentages, as the one used
for recycled paper, may be feasible. Detailed
cost implications are not known at this stage.
Integrated forest industries, including those
downstream of eucalyptus plantations, are
likely to be somewhat less penalised from chain
of custody requirements than others. Although
feasible in many instances, the relevance of
promoting chain of custody control urgently
deserves to be properly investigated. Improved
communications regarding sustainable forest
management on covironmentally-sensitive
markets may prove to be more far realistic than
the chain of custody blueprint advocated by
environmentalists. The proposal by the
Canadian Pulp and Paper Association for an
“Environmental Profilc Data Sheet” 1o be used
to provide objective information on pulp and
paper markets is also worth noting.

Concluding remarks

Certification as advocated by
environmental NGOs has rapidly emerged as
an important issuc in the international forestry
debate. It also expected 1o progressively
become a practical reality, particularly because
of its rapid development in Canada. There are
however no theoretical or practical indications
that certification constitules an efTective
approach to promote susiainable forest
management. Being a voluntary instrument, its
implementation may not gain significant ground
except in a few countries, [f trade measures
such as labelling are implemented downstream
of forest level certification, the environmental
impact 1o be expected from them remains
unclear, Even more importantly, cenification
does not address major underlying causes of
forest degradation and loss lying outside of the
forestry sector. More holistic approaches, such
as the proposed global forest convention, are
now opposed by environmental NGOs, panly
because of fears of jeopardising FSC
certification (Kiekens 1997 a). History may
judjze the proponents of centification severely,
as il may ultimately prove to be just a politically

motivated diversion from the real issues to be
tackled for achieving sustainable forest
management.

There remains considerable uncertainty
regarding the future of certification, As
analysed in this paper, uncertainties include the
funare of the FSC, the lasting character of NGO
certification demands, the cutcome of the ISCY
FSC contention, the fisure of national mitiatives,
the discriminatory effects of certification
schemes against small-scale forest owners, the
acceptability of the various labels / certificates
in the market place, the cost of the proposed
schemes, the intemational trade implications
of voluntary schemes including their
discriminatory character, the use of certification
in the context of eco-labelling schemes, the
market demand and willingness to pay for
certified forest products, the legality and fulure
of buyers groups against EU competition and
WTO rules, and the chain of custody
requirements that may emerge in some
markets. More generally, there is uncertainty
whether governments will continue to give
certification so much attention or if they will
give more importance to other, less uncertain,
mare direct, but also more active approaches
to co-operate internationally for the
achievement of sustainable forest
management.

Regarding cucalyptus plantations, their
similarity to agriculture rather than to forestry
poses the fundamental problem whether they
should be covered by forest certification. This
is not to say that the potential negative
environmental impacts of cucalypius
plantations should be neglected. Most of these
impacts can be mitigated through careful
plantation establishment, subject to appropriste
land use planning and environmental impact
assessment. Once established, proper
environmental management is obviously
desirable, Centification, as a means (o ensure
proper and improved environmental
management of cucalyptus plantations, appears
in this specific context to be a useful ool
Cenification according to forest management
performance criteria is clearly more
problematic, because of the difficulties
observed so far in defining such criteria and
the agriculture like character of eucalyptus
plantations. Certification / labelling of pulp and
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paper should be considered with extreme
caution, because of its technical difficulties, its
high costs and its questionable usefulness to
achieve sustainable management,
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INDICADORES HIDROLOGICOS DO MANEJO SUSTENTAVEL DE
PLANTACOES DE EUCALIPTO
HYDROLOGICAL INDICATORS OF SUSTAINABLE MANAGEMENT OF
EUCALYPT PLANTATIONS

Lima, W. de P.
ESALLYUISP - Depto. Ciéncias Florestais 134 15-9040 - Piracicaba - SP

RESUMO

Ma busca da sustentabilidade , torma-se
cada vez mais imperativa a necessidade de se
estabelecer critérios ¢ indicadores do manejo
florestal sustentavel. Um dos pilares deste
manejo sustentdavel diz respeito a aspectos
ecologicos, vagamentc englobados no principio
de manutengdo da integnidade do ecossistema,
Certamente ¢ necessdrio que os padroes de
manejo Norestal sustentivel devem
proporcionar com clareza, ao nivel
operacional, as praticas e agdes condizentes
com A mets de sustentabilidade. As plantagoes
florestais com espécies de rpido crescimento,
e principalmente com eucaliptos, sdo
frequentemente criticadas por seus impactos
ambientais, As evidéncias disponiveis sio
claras para climinar a maior parte das
afirmagies exageradas nesta polémica, mas
fica putente, de qualquer forma, que ha
bastante espago para a melhoria das priticas
de manejo de plantagdes Morestais visando
minimizar efeitos ecoldgicos, a lim de garantir
o integridade do ecossistema, A noglio da
microbacia hidrogrilica como unidade
ceossistémica de plancjamento das atividades
florestais, possibilita o identificaglio de
indicadores hidroldgicos condizentes com o
mangjo sustentivel.

ABSTRACT

The establishment of criteria and
indicators of sustainable forest management
is very important to achieve sustainahble

development. One of the basic support of

such sustainable forest management is related
to ecological aspects, which have been vagucly
included in the principle of maintenance of
ecosystem integrity. Clearly, sustainable
forest management patterns should clarify, at
operational levels, management practices and
actions which are conducive o sustainability,

Forest plantations with fast-growing tree
species, especially cucalypts, are frequently
criticized because of alleged environmental
impacts. The available evidences are clear
enough to eliminate most of the exagerations
in such controversy, but it is also clear that
there is abundant space for the improvement
of the munagement practices of forest
plantations, to minimize ecological effects,
&0 a8 lo contribute to the maintenance of
ecosystem integrity. The catchment
ecosystem renders itsell very adequate for
the global evaluation of the land use impacts,
and its functioning permits the identification
of hydrological indicators of sustainable forest
managemaent.

INTRODUCAQ

e todas as mudangas que se observam
no mundo de hoje, a concicntizagio e a
maobilizagio das pessous pura com os
problemas ecoldgicos do pluncta constituem,
sern diivida, umadas mais salutares conquisias
da sociedade modema,

Anivel global, o delineamento bésico desta
nova ordem social estd identificado no conceito
macro de desenvolvimento sustentdvel;
“desenvolvimento gue atende as necessidades
e aspiragdes do presente, sem compromeler a
capacidade de atendimento das Futuras
gerapbes” { World Comission on Environment
and Development, 1987),

A operacionalizagio deste conceito tem
sido alvede indmeros esforgos intemacionais,
gue culminaram com a realizagdo da UNCED
1992 no Rio de Janeiro, cujas iniciativas ¢
realizagbes foram recentemente revisadas na
Conferéneia Rio + 5, realizada no Rio de
lameiro em margo de 1997, A nivel do setor
Morestal, por exemplo, no Capitulo 11 da
Agenda 21 da UNCEDR 92, ficou estabelecida
que 0s governdos, em colaboragio com grupos
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interessados e organizagdes internacionais
concordam em procurar deseavolver
critérios ¢ prdticas cienlificamente
Ffundamentadas para o marnejo, a
conservacde e o desenvolvimento
sustentavel de todos os tipos de florestas.

Este Manejo Florestal Sustentdvel,
como paradigma moderno de desenvolvimento
florestal, tem sido definido de diversas
maneiras, mas ha atual mente consenso de gue
éle deve estar estruturado em trés conjuntos
de condigfies hisicas, que implicam em mancjo
florestal que seja economicamente vidvel,
ecologicamente sadio e socialmente justo. Ou
seja, além da produgdo Norestal, o conceito de
sustentabilidade deve incluir a conservagio de
todoes 0s demais produles ¢ beneficios
proporcionados pela Moresta, incluindo valores
ecoldgicos ¢ socias.

Toma-se, desta forma, cada vez mais
imperativa a necessidade de sc estabelecer
critérios ¢ indicadores de mancjo florestal
sustentivel, Embora se admita que seja ainda
dificil concluir que os critérios ¢ indicadores
de bom mancjo j4 estabelecidos sejam garantia
de sustentabilidade, ainda assim houve, nos
ultimos cinco anos, uma verdadeira explosio
de iniciativas neste sentido, resultando numa
prodiferagio de diferentes conjuntos de
principios ¢ criténos, com inevitivel confuslo
e termos, além da dificuldade de padronizacio
dos processos decisorios. Em outras palaveas,
a certificagdo florestal, baseada nos
indicadores hoje utilizados, ndo é garantia de
sustentabilidade, mas apenas atesta que o plano
de manejo esti sendo implementado de acordo
com priticas atualmente reconhecidas como
sendo ambientalmente mais sadias (LIMA,
1566),

Em que pese a diversidade existente,
basicamente os critérios ¢ indicadores estio
conlidos em cinco principios gerais de
sustentabilidade, relacionados com questes
relativas a politica e legislagdo florestal, &
ecologia, ao aspecto social, e ao manejo
propriamente dito, que sdo os seguinies
{(PRABHLU et al., 1996):

a) Politica, legislag o, plangjamenio ¢

in fra-esstruturs institucional

h) Manutengiio da imcgndade do

ceossistena

¢} Plano de manejo florestal

4} Aspectos sociais

¢) Monitoramento

Com certeza, quaisquer que sejam, o5
padrics de manejo florestal sustentivel devem
proporcionar com clareza, aonivel operacional,
as priticas e agdes condizentes com a mela
da sustentabilidade. Mo caso de plantages
florestais com eucalipto, por exemplo, o que
envolveria operacionalizar o principio de
“manutengdo da integridade do ecossisterna™?
Adicionalmente, como eguacionar o
monitoramento dos indicadores envolvidos 7

(robjetivo do presente irabalho & forecer
uma contribui¢do para a andlise um pouco mais
detalhada a respeito destas agbes ¢ praticas
operacionais de manejo Morestal sustentdvel,
principalmente aquelas relacionadas com os
aspecios hidrologicos envolvidos no eritério de
manutendo da integnidade do ecossistema.

SOBRE ©O5§
DE

A CONTROVERSIA
IMPACTOS AMBIENTAIS
PLANTACOES DE EUCALIPTO

Mo ponto de vista ambiental, o
reflorestamento com cucalipto, em geral, é uma
atividade bastante polémica, fungio de uma
opinido piblica generalizada que the atribui
efeitos ecologicos adversos.

Aliado ao lado emocional da questio, o
aspecio ambicntal do reflorestamento com
cucalipto ganhou impeto em anos recentes,
mercé da mobilizagio mundial em torno dos
problemas ccoldgicos do planeta. De fato, j4
nilo hd lugar mais para atividades de uso dos
recursos naturais que nio estejam baseadas
num cuidadoso plano de manejo, no qual o
aspecto ambiental ¢ de fundamental
importincia. Todavia, quando se trata de
procurar entender o que realmente estd por
tris das indmeras alegagbes de possiveis
impactos ambientais do reflorestamento, ¢
preciso ir 4 fundo na questdo e analisar o
aparenie conflito nos seus mais diversos
dngulos.

De um lado hd o aspecto emotivo
envolvido. E aqui nds estamos no reino de
problemas irresoliveis. Desde a célebre
afirmagdo de que o “eucalipto seca o solo™, a
colegdo de pérolay ¢ impressionante; “sido
espécies exdlicas™; “ao cairem no chio, suas
folhas venenosas matam as outras plantas”;
“suas folhas impermeabilizam o solo, ndo
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deixando a dgua penetrar’™, “uma drvore adulla
de eucalipto “bebe” até 500 litros de dgua por
dia”; “exalam esséncias eléreas que estenilizam
o ar, destruindo nicleos de condensacio e
portanto diminuindo as chuvas™, “ha
varedades |de encaliplo] que parecem sofrer
de uma ressaca etema’; “suas rizes perfuram
¢ lengol fredtico e retiram dgoa de pogos
mesmo 8 quildmetros de distdncia™; “sdo
capécies Invasoras ¢ agressivas”™ , “estenlizam
o solo”, ete,

Estas ¢ outras alirmagdes farem parle do
folclore sobre o cucaliplo. A pesquisa cientifica
ajuda a esclarecer alguns destes aspecios,
onde, evidenlemente, seja possivel o escrutinio
da experimentagdo.

D¢ modo geral, aparte destas afimmagics
descabidas, pode-se resumir gue a
preccupagio principal contida na controvérsia
sobre o cucalipto engloba aspectos
relacionados ao consumo de dgua, a demanda
de nutrientes ¢ a efeitos alclopaticos. As vezes
as afirmagies encontradas na litcratura levam
tais preocupagdes a0 extremo, Como mostra,
por exemplo, o trabalho de JAYAL (1985), o
qual afirma que “a alta demanda de agua pelo
eucalipto esgota a umidade do solo ¢ destroi a

recarga da dgua sublerrinea, desestabilizando
ociclo hidrologico™,

Lima andlise compresnsiva a respeito desta
controvérsia hidrologica sobre o eucalipta,
assim como do equacionamento dos problemas
ecoldgicos de plantagies Norestais, foi publicada
recentemente por LIMA (1993), baseado na
revisdo exaustiva da literatura sobre 0 assunio,
As evidéncias disponiveis sdo bastanie claras
para eliminar a maior parie destes alegados
efeitos adversos, mostrando que o eucalipto se
comporta como qualquer outra espécie Norestal,
o gpue também pode ser confirmadoem trabalhos
publicados mais recenlemente
(KALLARAKAL & SOMEN, 1997),

Em termos de consumo de dgua, hi que
s entender que plantagoes florestais, em geral,
¢ pnncipalmente as de espécies de rapido
CTescimento, consomem mais que vegetagio
de menor porte, ou mesmo que Florestas
naturais { SWANK & DOUGLASS, 1975).
Esta difecrenga pode ser melhor
compreendida através da Figura 1, que
mostra 0s resultados do balango hidrico do
sole, em termos médios para dois anos
consecutivos de medigdes, compamativamente
entre cerrado e plantagdes de cucalipto e de
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FIGURA 1. Representagiio esquemitica dos componentes do balango hidrico do solo em plantages
de eucalipto e pinus, ambas com idade de 5 anos, e de parcela adjacente contendo vegetacio de

cerrade { LIMA et al, 1990).
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pinus (LIMA et al, 19%0). Desde que a
precipitagiio anual seja suficiente, ocorre
IMIESILO UM maior consumo de dgua, mas ndo a
niveis de destruir a recarga da dgua subterrinea
¢ desestabilizar o ciclo hidroldgico,

Este aumento do consumo de dgua
causado pelo reflorestamento tem sido
observado em trabalhos experimentais com
outras cspécies florestais, conforme mostram
os resultados compilados na Tabela 1, a qual
ilustra os dados de diminuicio do deflivio em

microbacias experimentais reflorestadas,
Uma forma abrangente e integrada de
avaliagdio do efeito hidroldgico de plantagdes
florestais & através do balange hidrico de
microbacias, que em termos médios anuais
pode se resumir 4 contabilizagdo dos tres
componentes basicos: precipitagdo, deflavio
e evapotranspiragio. A Tabela2 possibilita
uma avaliagdio comparativa deste balango
hidrico médio anual de microbacias contendo
diferentes coberturas vegetais, inclusive

TABELA 1. Alguns resultados experimentais do efeito do reflorestamento sobre a produgéio de
dgua em microbacias. A diminuigho do deflivio anual representa valores médios medidos 4 idade

da plantagio indicada.
Local TTatamento Diminidghio Hel
{mm/ano)
Africa do Sul  UB% da bacia rellorestada com P (TH snos)
reaficita 356 L
Ohio, ELIA T0% da bacia reflorestada com Pimus; (19 anos)
restante ji com floresta 135 2
Carolina do Morte  Corte raso da floresta natural de {13 anos)
latifoliadas mistas e reflorestamento da 200} 3
bacia com Pimus sirobus
Africa do Sul 100 %o da bacia originalmente coberta com (5 anos)
savana reflorestada com £ grandis m 4
Africa do Sul 100% da bacia de campo arbustivo (3 anos)
reflorestada com E grandis 200 -
Indin 60% da bacia reflorestada com £ globifus {10 anos)
a7 o
Fiji 100%% da bacia reflorestada com Firms (1€ anos)
caribaea k[11] 7
S0 Paulo 98 % da bacia anteriormente com (7 anos)
pastagem plantada com £, saligng 20K B

(LPWICHT(1943)

{2V HARROLD etal (1962)
{I)SWANK & DOUGLASS(1975)
{4) VAN LILL et al {1980)

{5) BOSCH & SMITH (1989)

(6) SAMRAI ctal {1988)

(7Y WATERLOO, 1994)

(8) VITAL(1996)
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TABELA 2. Avaliagio comparativa dos componentes do balango hidrico médio de microbacias
contendo diferentes coberturas vegetais,

VEGETACAD TOCAL 3 (9] FT— REF.
(mmano)
CAMPO Africa do Sul TR &S0 750 T
Reino Unido 2344 1944 405 2
SAVANA Arizona, USA 549 M4 515 3
California, USA 6B fd 584 4
Africa do Sul 1390 500 800 5
LATIFOLIADAS Georgia, USA 1219 467 152 i1
West Virginia, LISA 1524 584 940 7
CONIFERAS Japdo 113 290 K23 H
Oregon, LISA 2730 1750 980 9
FLORESTAS TROPICALS (Juénia 1905 416 1449 10
Malasia 2156 1076 1079 11
Amazinia 2089 541 1548 12
PLANTAQOES FLORESTAIS
Firmus svlvesirys Reino Unido 2181 1325 B30 13
Pirus patula Quénia 2598 1540 1038 11
Agenthis dammara Indoncsia 4668 3460 1217 14
Piry carihaca Fiji 1547 246 1301 |5
Eucalypius globulus Portugal 837 ] K2R 1t
Evvalypius saligna Prasil 1329 145 1184 17
L. BOSCT(1979) 9. TIARR (1966)

2 NEWSOM [ 19749)

1 HIBBERT (1971)

4. ROWE (1963)

S WICHT (1943)

6 HEWLETT [ 1979)

T REINHART et ul [ 1963)
8 NAKANC [ 1967}

plantugdes orestais de eucalipro. Pode-sc
observar que o termo BT {(evapotranspiragio
anual) de plantagdes fMorestals se mantem
dentro dos pudrdes normais encontrados em
outros dpos lorestais (LIMA, 1996b),
Finalmente, o conceito de eliciéncia do
uso da dgua é também inleressanie nesla
avaliaglo resumida dos efeitos hidrologicos
de plantagdies de eucalipto, Os poucos dados
disponiveis sobre este parimetro fisjologico
mostram que as espécies de eucalipto
estudadas apresentam valores altos de

10, PEREIRA (1964}

11. DOLEY (1981}

12, LECPOLIND et al (1982)
13, STEVENS et al { 1989}
14, BRUDNZEEL (1988)
15, DAVID et ul (1986)

16, WTTAL (1996)

eficiéncia de uso da dgua, A questlo de se
saber, por vuire lado, se os eucaliptos
produzem mais biomassa por unidade de dgua
consumida do que outras espécies florestais,
embora altamente relevante nesta andlise, é
mais dificil de ser respondida, pelas
dificuldades imerentes de sus medigio em
condighes de campo. Alguns poucos dados
disponiveis estio contidos na Tabela 3, aqual
mostry valores mais altos para espécies de
cucalipto, comparati vamente a algumas outras
capécics florestais (LIMA, 1995a),
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TABELA 3. Valores absolutos da eficiéncia do uso da dgua (EUA ) para algumas espécies florestais

FSPFECIE EUA
(g biomassa'kg H,0)
Acacia auriculiformms 12
Acacia nilotica 1.3
Albizia lebbek 1.7
Eucalyptus globulus 20
Eucalyptus grandis In-6.1*
Eucalyptus grandis (2150 drv./ha} 4.6
Eucalyptus grandis { 304 drv /ha) 1.9
Eucalyptus grandis 29
Eucalyplus maculata 23
Eucalyptus tereticornis 1.9
Finus caribaca a1
Pinus caribaea 1.3
Prosopis juliflora 1.4

™) vawrlagdo enfre 4 clones

Em geral, tais resultados do balango
hidrico de microbacias reflorestadas dizem
respeito aos primeiros 5 a 10 anos do plantio,
caracterizado pela fase de médximo incremento
da biomassa. Os dados encontrados por VAN
LILL et al {1980}, em microbacias reflorestadas
com Eucalyptus grandis na Africa do Sul,
mostram uma lendéneia de estabilizagho do
consumo de dgua, proporcionalmente &
estabilizagho da taxa de crescimento das
drvores,

LIMA et al (1996b), por outro lado, em
monitoramento hidrobdgico de wna microbacia
coberta com rebrota de £, seligna com mais
de 50 anos de idade, encontraram resultados
que mostram gue a microbacia encontra-se em
condigies estdveis em lermos de balango
hidrico, de qualidade da dgua, de ciclagem
geoquimica de nutrientes, e de relagio chuva
x escoamento direto {resposta hidroldgica da
microbacia a uma chuva),

Evidentemente, estes esclarecimentos a
respeito das alegagdes exageradas sobre a
hidrologia de plantagbes contidas na polémica
sobre o gucalipto nfo permitem concluir que
as plantagdes Morestais sejam desprovidas de
efeitos ambientais, Ha, também, o conjunto
dos chamados efeitos ccoldgicos do
reflorestamento. Na realidade, efeitos
ecologicos decorrentes de qualquer tipo de
uso daterra. Estes podem ser reais, e, pode-
se dizer, presentes em muitos dos projetos

17

de reflorestamento feitos na fase inicial dos
incentivos fiscais no Brasil. Todavia, estes
efeilos ecoldgicos tém uma caracleristica
extremamente interessante do ponto de vista
desta andlise; éles podem ser minimizados,
ou seja, éles podem estar ao alcance do
controle do profissional Morestal, através da
adogiio de priticas ambientalmente sadias de
mangjo Morestal, conforme os preceitos do
manejo florestal sustentivel, Estes efeitos
ecoldgicos envolvem principalmente quesiies
relativas aos problemas de destruigho de
ecosgistemnas, manutengdo da biodiversidade,
degradaglio de microbacias, diminuigio do
capital de nutrientes do solo, desfiguragho da
paisagem, ete. Deve haver, é claro, outros
aspectos envolvidos, No fundo, 30 hi a
certeza de que o problema ambiental, em todos
05 poasiveis desdobramentos, nfo pode mais
ser desconsiderado em qualquer projeto
florestal.

Nas “Conclusiies e Recomendagdes™ do
X Congresso Florestal Mundial da FAO
realizado em Paris em 1991 encontra-se a
seguinie recomendacdio (FAC, 1991);

The success of plantation foresis
depends on suitability of the species their
originand the objectives to be aclieved,
Beyond often dogmatic disputes
concerning the introduction of exotic
species, priovity must be given to
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matniaining the production potential of
the sodl, ax well oy a certain level of
hiodiversity and sustained yield,

Management ofplantations showld be
planned with the aim of transforming the
plantations info foresis.

Ou seja, o manegjo sustentdvel de
plantagdes Morestais deve ser plancjado com
o objetive de procurar transformar as
plantagdes em lorestas, Ao longo da paisagem,
isto envolvena, porexemplo, a existéncia, no
plano de manejo, da preocupagio para com a
manutengio da capacidade de suporie natural
do solo {(potencial de produtividade), a
manutengdo dos valores da microbacia
(hidrologia), assim como a manutengio de um
certo nivel de biodiversidade ao longo da area
£ de rendimento sustentado das plantagoes.

Trata-sc d¢ uma postura muito mais
abrangente ¢ responsdvel do que a que procura
dribar o problema baseado na afirmagdo de
que as plantagdes florestais devem ser
consideradas como culturas de arvores, o que
de fato ndo elimina o problema, pois as culturas
agricolas, via de regra, sdo também
ambientalmente degradantes.

O aspecto ecologico do problema
ambiental ¢ duplamente interessante, Por um
lado, éle decorre nfo apenas de pressdes
ambientalistas, mas ¢é, antes, consequéncia
natural do avango do conhecimento do nosso
mundo natural, de seu funcionamento, de suas
complexas inter-relagdes e, mais importante,
de sua relativa fragilidade, Messe sentido,
ignorar a questdo ambiental pode ser
desastroso para todos, Em segundo lugar, a
falta de interesse sobre as consequéncias
ambientais de projetos Norestais ji demonstrou
resultar em enormes cusios adicionais, alguns
facilmente identilicados ¢ sentidos, outros mais
dificilmente enxergados, mas nem por isso
menos dramiticos, como ¢ o caso da perda
gradativa da produtividade do solo {REPETTO),
1990,

3. FUNDAMENTOS HIDROLOGICOS
DE MANEJO FLORESTAL SUSTENTA-
VEL

O congeito chave para o estabelecimento
de um plano de mancjo sustentivel de
plantagdes florestais deve necessariamente

estar bascado no ecossistema (ODLUM,
1969)., Embora suficientemente clara, esta
afirmagdo &, sem divida, ainda genérica demais
do ponto de vista de sua implementagdo
priatica,

O refinamento necessdrio da idéia resulta
da nogdo da microbacia como unidade
ccossistémica de planejamento
(LOTSPEICH, 1980), (LIKENS, 19815),
Portanto, pode-se, assim, falar em manejo
florestal sustentdvel de plantaghes florestais,
dentro do principio da manutengdo da
imegridade do ecossisterna, como sendo aquele
baseado, ou planejado, em termos da
manutengio dos valores da microbacia
hidrografica. Este modelo moderno de manejo
florestal tem sido chamado de diversas
maneiras, mas a base de todos permanece:
“manejo integrado”, “mangjo sistémico™,
“manejo holistico™, “manejo ambiental™,
“nova silvicultura”, ete, (RICHARDS, 1989),
(SAVORY, 1988), (PERRY & MAGHEMBE,
1989), (GILLIS, 1990), (BEHAN, 1990),
(COATS & MILLER, 1981), (COUFAL,
1989), (DUERR, 1990), (JACKSON &
PIPER, 1989), ((KEEFE, 1990), (PAUL &
ROBERTSON, 1989), (PEREIRA, 1973),
(PERRY et al., 1989), (SANDS, 1084),
(WARING & SCHLESINGER, 1985),
(WESTMAN, 1990), (POSTEL & RYAN,
1991).

Ao longo destas linhas, as premissas
hdaicas que devern ser estabelecidas envolvem
principalmente o seguinie;

# como em qualquer outra atividade de
produglio, a obtenglo de madeira como
maléria-prima industrial a partir de
reflorestamento homogéneo com capéeies de
ripideo crescimento causa impactos anibientais;
e aadoglo de priticas de manejo florestal que
possibilitem a minimizaglo destes impactos
ambientais constitul o objetive do mangjo
florestal sustentivel,

o ealas priticas de manegjo sustentdvel sfio
estabelecidas em cada caso, a partir de
resultados expenimentais, em condigbes onde
seja possivel quantificar os impactos causados
pelas atividades florestais, assim como
quantificar os efeitos de medidas mitigadoras,
& a microbacia, como estrutura primaria da
paisagem, ou seja, como unidade
geomorfoldgica natural, ou ainda, como a
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FOTO 1. Colheita florestal de plantagdes de eucalipto em corte raso: depois da atividade de
preparo do solo, considerada a mais impactante, a colheita florestal é a segunda atividade que mais
causa impactos hidrologicos, principalmente quando ndo leva em conta a manutengdo dos valores
da microbacia. Perdas de solo, compactagio da superficie, alteragio da qualidade da dgua, ete.

(DISSMEYER, 197%).

menor manifestagio fisica que permile
guantificar, de forma integrada, o
funcionamento da naturcza, possibilita o
estabelecimento de um enfoque sislémico para
as atividades florestais (AUBERTIN &
PATRIC, 1974), (WALLING, 1980).
(LIKENS, 1985), (MOLDAN & CERNY,
15434 ).

o desta forma, manejo sustentivel seria aguele
gue possibilita a unilizagio dos recursos naturis
{produgdo Norestal, por exemplo) de mancira
tal que niio seja destruida a imegridade do
ecossistema;

« esta integridade ¢ quantificada em termos
da manutenglo de seu funcionamento
ecoldgico, gue engloba basicamente pelo
menos o8 seguinles aspectos chaves do
ecossistema; a) a perpeluagiio de seus
processos hidrolégicos; bl a perpetuagio de
sua capacidade natural de suporte, ou scja, sua
sustentabilidade; c) a perpetuagio de sua
diversidade bioldgica; d) sua resiliéncia, ou scja,
capacidade de resistir a mudangas ambientais;
e sua estabilidade,

A aplicagio desse objetivo no manejo
florestal sustentavel nfio deve ser entendida
de forma simplistamente reducionista, ou “por
adjacéncia”, como definido por BEHAN

{1990): num projeto florestal, a madeira ¢
produzida numa dada drea, enquanto que a
fauna ¢ protegida num outro canto, a
hindiversidade fica por conta das drcas de
preservagdo permanente, eic., ¢ 0 mangjo,
como um todo, é taxado de “sustentivel”,
l'ampouco deve, por outro lado, ser
inteiramente holistico em sua oricnlagio
bdsica, no sentido de que o objetivo scja o
preservacio tanto da estrutura do ecossistema
{composigdo de espécies, fisionomia da
comunidade, etc.), quanto de scu
fumcionamento integro (processos e taxas),
Ao contririo, esse esquema de manejo
implica a existéncia de uma ligagdo mitua ¢
interativa entre a planiagiio florestal e todos
o0& demais elementos do ecossistema, incluindo
o fluxo de energia c a ciclagem de nutrigntes,
() manejo sustentdvel basecia-s¢ no
entendimento dessas inter-relagdes ¢
inleragiies, & na busca de praticas gque visem
manter a integridade do ecossistema
(GILMOUR, 1977), (CLINNICK, 1985),
(ZWOLINSKL 1991), (HANSEN etal., 1991},
(ZIEMER et al, 1991), (MENZEL, 1991),
{SIDLE & SHARPLEY, 1991),(SIDLE, 1991),
{WHITE, 1991), (LAURANCE, 1991},
(SHAXSON etal, 1989), (MEGAHAN, 1977),
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FIGURA 2. A integridade do ecossistema microbacia: perpetuagiio de seu funcionamento
,hlfﬂrnlﬁgir_‘n (vazllo, quantidade de dgua, qualidade da dgua), de seu potencial produtive
{(biogeoguimica), e da diversidade ecologica ao longo da drea { mata ciliar, zonas ripdrias, reservas

de vegetagio natural),

(BRUIINZEEL, 1991), (GHADIRI & ROSE,
1991), (USDA, 1981), (RICHARDS &
CHARLEY, 1983/84), (HARWOOD &
JACKSON, 1975), (HARVEY et al, 1980),
(KHANA & RAISON, 1981), (ELLIS &
GRALEY, 1983), (HOPMANS et al, 1987),
(BEASLEY et al, 1986), (BLACKBLURN et
al, 1986), (LIMA, 1989), (POGGIANI,
1985), (LIMA, 1995a), (LIMA, 1995b),
{BARGALI & SINGH, 1991), (FRANKLIN,
1989), (GREGORY et al, 1991), (HILL,
1996),

As medidas priticas de manejo forestal
que possihilitam o alcance destes componentes
da integridade do ecossisicma classificam-se
em varigs calegorias, mas ndo devem ser
consideradas isoladamente. Por exemplo,
apenas deixar os 30 metros de mata ciliar
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protegendo os cursos d'dgua, sem levar em
conta outras priticas de manecjo ambiental,
ndo & condigdo suliciente para a manutengilo
da integridade da microbacia,

Ma realidade, esta visio integrada deve
evoluir desde uma escala micro, que inclui, por
exemplo, a preocupagio para com a propria
superficic do solo, cujas condigdes silo
fundamentais para o processo hidrolbgico mais
importante de toda a cadeia de processos que
definem a estabilidade da microbacia, que ¢ o
infilragdo da dgua no solo.

Ciradativamente, a cscala de preocupag io
aumenta de nivel, passando pelo sistema de
preparo do solo, de plantio, de adogio de medidas
de conservagio do solo, do desenho e da
manuicngio de estradas e carreadores, de
protegio de encostas e de outras dreas criticas,
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TABELA 4. Manutengio da capacidade de infilragio do solo: indicador hidrologico elementar de
manejo florestal sustentavel { AREND, 1942)

Tratamento Infilracio (mmh)

Piso florestal intacto 599

Piso removido mecanicamentc 493
Piso queimado anualmente 40,1
24.1

Pastagem degradada

FOTO 1. Plano de ocupagio dos espagos produtivos da paisagem para fins de reflorestamento,
mantendo-s¢ protegidas as zonas ripdrias da microbacia. Um indicador hidroldgico de
sustentabilidade imprescindivel, porém nido suficiente, s¢ tomado isoladamente.

FOTO 3. Indicador hidrolbgico dos mais imporanies para a manutenclo da integridade do
ecossistema: o desenho adequado de estradas e cammeadores.
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FOTO 4. A zona ripdria da microbacia, cuja protegdo € importante para a manutengdo de sua
integridade ecoldgica, inclui nio apenas as margens, mas também as cabeceiras dos cursos " igus,
Plantar aqui niio est de acordo com a lei, nem tampouco com o manejo sustentivel.

J

FIGURA 3, Em intima relagio com o ciclo hidroldgico, a biogeoguimica da microbacia se constimi
em indicador de sustentabilidade dos mais importanies. A nivel integrado, a contabilizagiio das
entradas e das retiradas de nutrientes vai permitir inferir se a capacidade natural de suporte da
firea { potencial produtivo) estd ou ndo sendo mantida. Fluxos de nutrientes (i) entre a microbacia e
o meio: Pi, Di e Gi = entradas de nutrientes pelas chuvas, por deposigdio de particulados, ¢ por
gases; Ai =adubacio, Bi =exportaciio via biomassa; Rie Mi = perdas pelo escoamento superfi-
cial e por sedimentos; Wi = intemperismo (modificado de MOLDAN & CERNY, 1994),

22
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uté chegar ao nivel mesmo da microbacia, que
constitul a escala de manutengdo de matas
ciliares protegendo néo apenas a8 mangens, mas
também as cabeceiras ¢ outras dreas riparias
da microbacia.

Ainda na escala da microbacia. o esquema
de rotaglo florestal estd direlamente
relacionade com a perpetuagio da
sustentabilidade, ou da capacidade de suporte
natural do solo, dentro do conceito da
biogeoquimica, que leva em conta os processos
de armazenamentos € de fluxos dos nutricntes
na microbacia, govemados por forgas bicticas
e abidticas (MOLDAN & CERNY, 1994),
{VITAL, 1996).

O arranjo estrutural e deliberado de faixas
de vegetagio natural de protegdo, assim como
de outras reservas de vegetagdo natural ao
longo da drea de influéncia do projeto, estaria,
por sua vez, coniribuindo para com a
manutengio da biodiversidade. Além de seu
valor cénico, ¢ de sua funglo hidrologica de
protegio da intcgridade da microbacia, a
hindiversidade é, também, elemento chave na
resiliéncia, ou scja, na Nexibilidade de resistir
a mudangas ambientais.

Finalmente com relaglio a um enfoque
global do mancjo sustentivel de plantagdes
florestais, a analise ambiental deve, ambém,
considerar uma escala macro, que diz respeito
justamente 4 inserio do projeto florestal no
contexto do meio biogeogrifico, ouseja, em
termos de uma andlise mais aprofundada do
meio fisico, de suas caracteristicas
geomorfologicas, climditicas, de disponibilidades
hidricas, de sua flora ¢ fauna, de sua vocagio
natural, e da interaglio destas caraclerislicas
todas com o homem,

4. MONITORAMENTO AMBIENTAL

Miio ¢ intengllo do presenie trabalho
esgotar o assunto, coma por exemplo fomecer
agui uma listagem organizada de todos os
indicadores hidrologicos (quantitatives e
gualitativos), bem como descrever a
metodologia de monitoramento de cada um
delels,

Ao contrfirio, a imtengdo foi a de apresentar
uma visiio global do tema, calcado no enfogque
ecossistémico da microbacia, a fim de permitir
a andlise intcgrada dos possiveis efeitos
hidroldgicos, de como eles podem influir na
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nlegridade do ecossistema, ¢ principalmente
de comao eles se inter-relacionam.

A nivel gualitative, a avaliagio dos
indicadores hidrologicos implicita e
explicitamente comentados no presente
trabalho (desenho do projeto, proteglo das
sonas ripdrias, desenho de estradas e
carreadores, colheita florestal, ete, ) podem ser
monitorados através do gue estd sendo
chamado comumente de auditoria ambiental
(DEGRACE, 1996).

O monitoramento ambiental quantitativo,
por outro lado, € também aspecto importante
do mangjo florestal sustentavel. Como
colocado por SHEAR {1996), 0 monitoramenta
ndo deve ter a conotagdo de pesquisa pura, no
scotido de gue os resultados obtidos nio
tenham outra finalidade que ndo a de retro-
alimentar as priticas de manejo, na busca
constante da sustentabilidade. Ainda nesta
mesma linha, ¢ também de fundamental
importincia que a metodologia utilizada seja
capaz de relacionar as causas e 0s efeitos. Em
outras palavras, talvez niio seja de todo tdo
dificil medir, quantitativamente, as mudangas
que ocorrem no ambienle em um projeto
florestal, como por exemplo a biodiversidade,
a cobertura florestal, a concentragio de
nutrientes nos cursos d"igua, etc. Todavia, ¢
sem divida muito mais dificil identificar
estatisticamente as causas destas mudangas
(BRYDGES, 1996), (CALVER etal, 1996).

Do ponte de vista dos aspectos
hidrologicos, o uso de microbacias
experimentais para a finalidade de
monitoramento ambiental vem ganhando
aceitaglo generalizada em anos recentes
{ADAMS, 1993), (MOLDAN & CERNY,
1994), (LIMA et al, 1996), (ROSEN et al,
1996), (MALMER, 1996). Conforme ilustrado
nas Figuras 2 ¢ 3, a microbacia, como unidade
geomorfologica da paisagem, pode funcionar
como uma manifestaglio espacialmente bem
definida de um sisterna natural aberto, dentro
do qual as atividades Morestais vio,
inevitavelmente, estar influenciando o seu
funcionamento hidroldgico | vazlio, qualidade e
quantidade de dgua, perdas de sedimentos,
cic.), € a sua biogeoquimica {balango dg
nutricnics, polencial de produtividade do solo,
etc.). Estes fluxos e estas (axas, por sua vez,
estiio dependentes do nivel de biodiversidade,
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fias suss varas categorias, ao longo da drca.
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RESUMO

0 objetivo deste trabalho foi verificar o
efeito do défice hidrico sobre a morfologia
e a fisiologia de plantas jovens de eucalipto.
Em experimento conduzido em casa de ve-
getagio, foram utilizados dois tipos de solo
(argiloso e franco), oile espécies de
Frucalyptus spp e dois podenciais de dgua no
solo (-0,01 MPa e -0,05 MPa). As plantas
de todas as espécies mostraram redogdes no
peso de maténa seca quando submetidas ao
catresse hidrico, £ grandis ¢ E fereticornis
exibiram maior sensibilidade estomatica
devido ds mudangas na disponibilidade de
dgun no solo, E wrophylia, E. tereticornis,
E. camaldulensis ¢ E, ctiriodora apresenta-
ram maior produgiio de raizes,

1. INTRODUCAO

As plantas podem apresentar adaptagdes
quando sob deficiéncia hidrica. Em comu-
nidades naturais essas adaptages sdo im-
portantes para a sobrevivéncia, conferindo
vantagens que permitem melhores produ-
gies em condigdes onde a deficiéncia hidrica
prevalece (TURNER, 1986).

D¢ forma geral, estresse hidrico na plan-
tat, pode reduzir as trocas gasosas na folha
¢, lambém, a dgua disponivel para o cresci-
mento da parte aérea, consceqiientemente,
maodificaria a partigho de carbono, favore-
cendo o crescimento de drglos de supodte.
Isto pode ser regulado pelo funcionamento
das raizes e também ocorre sob deficiéncia
de nutrientes (SCHULZE, 1986). Contudo,
a4 magnitlude dessas vaniaghes depende da
espéie, de acordo com sua adaptabilidade
a ambas as deficiéncias, de agua e de nutri-
Cnies.

Estudos sobre a tolerdncia 4 seca de es-

pécies de eucalipto plantadas no Brasil sfo
poucos e precisam ser ampliados, visando
plantios em condigbcs ambientais cspecifi-
cas,
O objetivo deste trabalho foi verificar o
efeito do defice hidrico sobre a morfologia
¢ a fisiologia de plantas jovens de oito es-
peécics de eucalipto.

2. MATERIAL E METODOS

0 expenimento foi realizado em casa de
vegetagdo no periodo de fevereiro a julho
de 1993,

Amostras da camada superficial de dois
solos - argiloso e franco - foram secas ao ar,
destorroadas, homogeneizadas e passadas
em peneiras com aberiura de 4 mm,

A acidez foi corrigida usando-se uma
mistura de CaC’03 e MgC03, narelagllo 4:1,
em equivalentes. A adubaglio foi leita for-
necendo a cada unidade experimental {vaso
de plantio), em mg do elemento’kg de solo,
o8 seguintes nutrientes: P- 200, K- 75, §
- 25, N - 50 no plantio ¢ 50 em duas cober-
turas, B - 0.4, Mn- 3,0, Fe- 1,5, Zn-2.0,
Cu-0,7 ¢ Mo-0,1.

Os vasos foram feitos de wbos de 'V
com 1,5 dm de didmetro e 5 dm de altra,
com capacidade de 8,83 dm’, com o fundo
de chapa de isopor, sem perfuragilo. Apds
preenchimento com o5 solos, foram reali-
sadas as semeaduras, ¢, apds desbastes, fo-
ram mantidas duas plantas por vaso,

O experimento foi composto de trinta ¢
dois tratamentos, compreendendo oito es-
pécies de eucalipto (E. ¢fneziana, E.
wrophyvila, E. grandis, E. fereticornis, E.
saligna, E camaldulensis, E. pellita e F.
citrindora); dois solos (argiloso ¢ franco); e
dois regimes de imgagio, de modo a se
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manter =001 MPa (sem estresse) e -0,05
MPa (com estresse) de potencial hidrico no
solo. () delineamento adotado fod o de blo-
cos casualizados, com quatro repetigdes, em
esquema fatorial (27 x B) x 4 e duas plantas
por uridade experimental (LLE.), totalizando
128 LILE.

O wyw de cada ULE., monitorado por
meio de lensidmelros com colunas de
mercurie, foi mantido a -0,01 MPa por no-
venta dias. Apds esse periodo, as 128 ULE.
foram divididas em dois grupos de 64, sen-
do o s0lo em um deles mantido a -0,01 MPa,
enguanio o eulre grupo passou por uma fase
de cinco ciclos sucessivos de umedecimento
(0,01 MPa) e de secagem (-0,05 MPa) para
adaptagio das plantas. Por fim, neste ulti-
mo tratamento manteve-se a -0,05 MPa de
wiw, agqui considerado como estresse hidrico.
Essas condigtes foram mantidas por sessen-
ta dias, quando o experimento foi colhido.

Dz dias antes da colheita do experimen-
te foram avaliados o potencial hidrico e
condutincia estomatica. ara isso foram uti-
lizadas folhas completamente expandidas
existentes acima da segunda ramificaglo
basipeta. O potencial hidrico foi determina-
do por meio de uma bomba de pressio
(SCHOLANDER et al., 1965) e a
condutincia estomdtica na superficie abaxial
das folhas, utilizando-se um pordmetro de
difusfio da Li-Cor, modelo LI-1600. As
medigdes de potencial hidrico foram reali-
zadas quatro vezes ao dia: 4 h - 5 h
(antemanhd), 8 h - 9h30, 11h30 - 13h30 ¢
16h30 - 1Th30. As trés medigbes de
condutincia estomitica foram realizadas nos
mesmos hordrios, excelo no anlemanhd.

A drea loliar foi estimada por amostra-
gem de folhas de cada planta, wtilizando-se
um medidor de drea foliar AP-AT - Devices,

A colheita do experimento foi realizada
em uma repeticho por dia, entre 11530 ¢
12h30,

() material vegetal colhido loi separado
em folhas, caule incluindo ramos, ¢ raizes,
determinando-se, em segwida, o peso de ma-
térig de folha, caule ¢ raizes secas, separa-
damente, A eficiéncia no uso da dgua foi
obtida pela divisio da matéria seca total pro-
duzida por litros de dgua consumida.

Oz dados obtidos foram submetidos a
anilise de variincia, em esquema fatonal

3

com desdobramento dos graus de liberdads
para espécie e solo dentro do nivel de dgua,
admitindo-se niveis de significincia menor
ou igual a 10% de probabilidade,

3. RESULTADOS E DISCUSSAQ

A condutincia estomadtica, abaxial va-
riou em fungdo da hora do dia e da disponi-
bilidade de dgua no solo {Figura ). Entre
05 hordrios medidos, as 9 horas, (odas ay
espécies alcangaram as maiores
condutincias, permitindo maior
transpiragio, enquanto que as menores
condutincias foram registradas 4s 12 horas
{pos-meio-dia). Fsse comporlamento ndo
mostrou um padrio comum devido ao tipo
de solo. Entretanto, nos horirios, @ ou 17 h,
as plantas do solo france apresentaram uma
pequena tendéncia de marores condutincias
eslomaticas nos tratamentos sem estresse
hidrico, enguanto que, as 12 h, para o mes-
mo lipe de solo, a maioria das espécies,
quando submetidas ao cstresse hidrico, -
veram suas condutincias mais baixas. Des-
lacam-se, nesse sentido, £ wrophvlla, E.
grandis, E rereticornis ¢ E. camaldulensis,
com os cfeitos mais pronunciados; £,
cloeziana com o efeito pouco pronunciado,
e £ saligna, E. pellita e E. citriodora que
mostraram &s 12 horas as maiores
condutincias, no solo franco, sem estresse
hidrico, mas as maiores redugdes, em rasdo
do estresse, ocorreram no solo argiloso,

E. grandis e E fereticornis apresenta-
ram as maiores amplitudes de condutfincia
cstomatica entre os tratamentos no solo Iran-
co, indicando serem mais sensiveis ds mu-
dangas didrias de dgua no solo gue as de-
mais espécies,

() potencial hidrico foliar, seme-
Ihantemente & condutiincia estomdtica, atin-
giv menores valores (mais negativos) pos-
meig-dia ¢ maiores {maior hidratagdo), prin-
cipalmente, no antemanhd (4 horas) {Figu-
ra 1). De todas as espécies estudadas, o £
grandis ndo exibiu diferengas de polencial
hidrico foliar entre os tralamenios, o que sc-
ria decorrente do ajuste estomatico, evitan-
do aumento na desidratagdo das folhas, As
demais espécics cstudadas foram afetadas
pelo estresse, com amplitudes maiores de
variagdo de potencial hidrico pos-meio-dia.
Relativo a recuperacio as 4 & 17 horas, £
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fereticornis recuperou-s¢ completamente.
As oulTas £SpEcics, ¢m Maior ou menor graw,
ndo mantiveram a mesma hidratagdo das
folhas de plantas sem estresse, especialmen-
te E cloeziana. Esta cspécie apesar de
manter menores condutincias estomaticas
gue as demais durante todo o dia, foi a que
exibiv os valores mais baixos de potencial
hidrico, possivelmente devido 4 grande su-
perficie transpiratoria e, provavelmente, 4
maior restrigdo na absorgio de agua do solo.

A drea foliar medida na colheita do ex-
perimente mostrou redugdo devido ao
estresse hidrico (Quadro 1) e variou sig-
nificativamente com o tipo de solo (P <
0,01). De modo geral, a drea foliar fod
menor no solo de textura franca, em wvir-
tude de sua menor condutividade hidrau-
lica. A medida que esses solos perdem
dgua, a descontinuidade hidriulica au-
menta, aumentande a resisténcia
interfacial raiz-solo (PASSIOURA, 1988).

Com base nas redugdes de arca foliar
provocadas pelo défice hidrico, as cspéci-
es de eucaliplo podem ser scparadas em
trés grupos distintos: £ camaldulensis, E.
cloeztana, E ciiriodora ¢ E. pellita, com
redugdes acima de 30%; £ saligna ¢ E
urophyifa, com redugdes entre 10 ¢ 30%; ¢
E. grandis ¢ E. tereticornis, com redugdes
inleriores a 10%,

O estresse hidrico promoveu as maio-
res redupdes no peso de maléria seca de fo-
Ihus das plantas crescidas no solo franco que
dus crescidas no solo argiloso (Quadro 1).

O peso de matéria seca de caule foi sig-
nificativamente (I* < 0,01) reduzido devido
ao estresse hidrico, porém, ao contririo do
observado para as folhas, as maiores redu-
¢iies ocorreram no solo argiloso {Quadro 1),
Esse é um efeito de partigiio diferencial de
carbono devido ao estresse hidrico e tipo de
solo,

O tratamento de estresse hidnco promo-
veu aumento no peso de matéria seca de raiz
de E. grandis e E. pellita e reduglo em E
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saligna ¢ E. camaldwiensis (Quadro 1), A
redugio na biomassa radicular pode sugerir
uma menor forga de dreno das raizes quan-
do da indugdo do estresse hidrico, ou uma
alteragdo na alocagio de carboidratos na
raiz, desviando do crescimento para manu-
tengdin ¢ armazenamento, ou, ainda, morte
de raizes devido ao estresse hidrico.

Por outro ladoe, o aumento no peso de
maléria seca de raizes de £ grandis e E.
pellita guando submetidas ao estresse
hidrico, sugere uma maior forca de dreno
das raizes dessas espécies, o que implica
numa maior partigio de carbono para esse
orgio.

Os pesos de matéria seca da parte
acrea ¢ total foram maiores no solo argi-
loso, independente das plantas estarem
com ou sem estresse hidrico (Quadro 2).
Contudo, sob estresse hidrico, a maior re-
dugdo para matéria seca total ocorreu no solo
argiloso, o que foi compativel com a redu-
¢80 na matéria seca de caule (Quadro 1).

A maioria das espécies sob estresse
hidrico apresentou aumenito na relagiio raiz’
parte aérea (Quadro 2). Os maiores aumen-
tos ocorreram no solo argiloso, o que pode-
ria ser atribuido, em parte, a0 crescimento
mais rapido das raizes (PASSIOURA, 1988),
e ds redugdes no peso de matérin seea de
caule nos tratamentos sob estresse (Quadro
1.

Os resultados obtidos para a relagfo riz/
parie aérea permitem scparar as espécics
em Irés grupos distintos: i) espécics que
abliveram aumentos significativos (P =
0.01) na relagiio - E. grandis ¢ £, pellita;
ii) espécics que tiveram aumentos pouco
significativos (P = 0,10) ou com tendén-
cia de manter a relagdo - £ urophpila, E
citriodora, E. tereticornis e E. cloeziama;
€ lii) espécies que reduziram a relaglo raiz/
parte aérea - E. saligna ¢ E. camaldulensis,
A redugdio na relagio raiz/parte derea sob
estresse hidrico pode ser, em parte, devido
a morte de raizes.
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CONDUTANCIA ESTOMATICA POTENCIAL HiDRICO FOLIAR
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FIGURA 1. Condutincia estomatica abaxial ¢ potencial hidrico de espécies de Ewcalypiuy
spp submetidas (-0,05 MPa) ou ndo (-0,01 MPa) a estresse hidrico em solo argiloso (ARG) ¢
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FIGURA 1. continuagdo.
Conduthncia estomitica abaxial e potencial hidrico de espécies de Ewcalyprus spp submetidas
(-0,05 MPa) ou nfio (-0,01 MPa) a estresse hidrico em solo argiloso (ARG) e franco (FRA).
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QUADRO ].ﬁmfuliu,punde matéria seca de folha, caule e raiz de plantas de Excalvoiuy
spp crescidas sem (-0,01 MPa) e com estresse hidrico (-0,05 MPa) em solo argiloso e franco

Area Foliar Matéria Seca de Folha
Espécie Solo Argiloso Solo Franco Solo Argiloso Solo Franco
001 -0,05 001 -0,05 -0.01 -0.05 -0,01  -0,05

m* B

E. clpeziana 0,55 033 052 029 22,82 17,53 21,28 15,06
E urophylle 041 036 036 027 28,51 22,40 25,04 17,22
E. grandis 040 038 033 029 26,72 24,78 21,75 18,99
E. tereticornis 0,34 0,33 032 029 25,00 22,09 23,64 19,67
E. saligna 051 043 039 026 27,54 2291 21,27 14,24
E. camaldulensis 0,53 0,18 041 0,18 27,69 1645 21,31 16,82
E. pellita 047 0,31 042 026 27,69 22,83 24,70 18,58
E. citriodora 044 0,29 033 020 3,15 22,90 23,43 18,01

Matéria Seca de Caule Matéria Seca de Raiz

Solo Argiloso Solo Franco Solo Argiloso Solo Franco
0,01 -0,05 0,01 -0,05 0,001 -0,05 0,01 -0,08

E. cloeziana 21,19 1493 21,67 17,20 BBl 6,25 736 6,66
E. urophyila 28,69 20,88 28,19 21,08 2247 20,20 23,13 17,02

E. grandis 3296 21,61 22,34 19,15 16,79 19,84 12,45 15,55
E tereticornis 28,03 21,33 2259 2203 22,14 20,14 26,24 24,43
E saligna 27,1 21,11 2474 15,73 14,97 8,69 10,23 6,98
E camafdulensis 26,13 23,45 22,11 20,60 2596 1599 29,15 18,23
E, pellita 28,08 24,80 25,16 20,68 12,96 16,93 1598 16,73

E. citriodora 31,17 2290 25,10 22,51 23,13 21,09 20,39 16,73

35



Conferéncia ILUFRD sobee Silvicoltura e Melhoramento de Eucaliptos

De modo geral, o estresse hidrico alte-
rou a particio de carbono em favor das rajzes
{Quadro 3). No solo argiloso, houve menor
parti¢io de carbono para o caule, enquanto
que no solo franco a menor partigdo foi para
as folhas.

4. CONCLUSOES
A condutincia estomdtica foi menor no
solo franco que no argiloso sob estresse

hidrico,.o que foi atribuidoe 4 maior redugdo
na condutividade hidriulica do solo franco
a -0,05 MPa de yw. Como conseqiiéncia,
as plantas crescidas no solo franco mostra-
ram, em rardo do estresse, maiores redu-
¢ies na drea foliar e na matéria seca de fo-
Ihas, com menor aumento na eficiéncia no
uso da dgua em comparaglo As plantas do
solo argiloso.

Em termos absolutos £ wrophylia, F.

QUADRO 1. Peso de matéria seca da parle aérea o total, relagio raiz/parte aérea, relagio
matéria seca totalfdrea foliar de plantas de Evcalyprus spp crescidas sem (-0,01 MPa) e com
estresse hidrico (-0,05 MPa) em solo argloso ¢ franco

Maléria Seca da Parte Aérea Matéria Seca Total
Espécie Solo Argiloso Solo Franco Solo Argiloso Solo Franco
0,01 0,05 0,01 -0,05 -001 -0,05 0,01 -0,05

- — 8 £
E cloeziana 44,01 3245 4295 3225 52,82 38,70 5031 3891
E wrophylla 57,20 4328 5323 3830 79,67 6348 7636 5532
E. grandis 5967 46,38 4409 38,14 7646 6622 56,54 53,69
E tereticornis 53,00 4341 4623 41,70 7517 63,55 7247 66,13
E saligna 55,31 44,02 4601 2996 7028 52,71 56,24 3694
E camaldulensis 53,82 39,90 4342 3742 7978 5589 72,57 5565
E pellita $5,76 47,63 4986 3926 68,72 64,56 6584 5599
E citriodora 62,32 4836 49,13 40,52 B5,45 6945 69,52 57,25
- o Relaglo Raiz/Parte Aérea  Relaglio Matéria Seca Total/Area Foliar
Solo Argiloso_ Solo Franco __ Solo Argiloso el Franco
001 0,05  -001 -005 001 -005 0,01 0,05
—/ glem?

E. cloeziana 0,20 0,20 007 021 9536 11582 9945 136,43
E urophylla 040 0,47 044 045 19454 179,04 212,08 203,81
E. grandis 0,28 0,43 028 041 189,68 173,17 172,17 183,17
E tereticornis 042 0,46 0,57 0,59 223,63 193,75 226,66 226,72
E. saligna 028 020 022 023 1385012372 143,12 139,55
E camaldulensis 048 040 068 049 1523531197 179,35 303,00
E. pellita 023 0,35 032 043 1463220525 158,01 219,78
E citriodora 037 044 041 041 19621 240,63 214,34 280,17
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QUADRO 3. Parti¢do de matéria seca em folha (F), caule (C) ¢ raiz (R) em relagiio a matéria
seca total produzida em plantas de Evcalyprus spp crescidas sem (-0,01 MPa) ¢ com estresse
hidrico {-0,05 MPa) em solo argiloso e franco

Solo Argiloso Solo Franco
Espécies -0.01 - 0,05 -0l - 005
%F %C %R %F %C %R %F %O %R %F W%C
E. cloeziana 43 40 17 45 16 4 43 15 9 44
E. uraphlla % 36 I8 I 33 1 i3 3 3 3 34
E. gramdis 5 43 i1 3 W 32 W0 2 35 36
E leremticornis 34 3T 19 M4 M N 13 3 W 1
E. raligna % 40 21 4 0 16 E M 18 W 43
Ecemnplshilensy 4 33 1 o 42 9 30 30 40 30 37
E. pellita an 41 19 5 # B 3 M n »w
E. citriodora T W 27 37 13 W M 37 N i 9

SR

3
%
37

3
30
30

tereticornis, E. camaldulensis ¢ E. citriodora
apresentaram as maiores quantidades de
raizes, independentemente de tratamento,

A partigdo de matéria seca cvidenciou,
para a maioria das espécies que a raiz foi
um dreno preferencial para carbono quando
us plantas estavam sob estresse hidrico. Essa
partiglio ocorrew em detrimento da parte aé-
rea de forma distinta com relagio ao tipo de
solo. Mo solo argiloso ocorreu em detrimen-
to do caule ¢ no solo franco das folhas.
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RESLUMO

O objetivo deste trabalho foi verificar
as alteragles na absorglo e na distribuicdo
de nutrientes minerais em plantas jovens de
oito espécies de eucaliplo submetidas a
défice hidrico no solo, Em experimento con-
duzido em casa de vegetagio, foram utili-
zados dois tipos de solo (argiloso e franco),
oito espécies de Eucalyptus spp e dois po-
tenciais de dgua no solo (-0,01 MPa e -0,05
MPa). A absorglo de nutrientes foi reduzi-
da devido ao défice hidrico do solo. Esse
efeito foi mais marcante no solo franco. A
distribuiglo dos nutrientes na planta variou
com o potencial de dgua no solo, tipo de
solo e espécie de eucaliplo. Sob estresse
hidrico, a tendéncia foi de sumentar o
acimulo em raizes, nos dois solos, mas no
solo argiloso essa tendéncia foi comparti-
lhada com a folha,

1. INTRODUCAD

A absorgllo de nutrientes pelas plantas,
particularmente os transportados por difu-
sfio, ¢ afetada por uma séric de fatores, den-
tre eles a umidade ¢ a textura do solo.

As baixas umidade ¢ fertilidade do solo
promovem alleragbes significativas nas
plantas ¢ podem distingiii-las com relagiio 4
sua adaptabilidade a determinados ambien-
tes. Em solos pobres, a relago raiz/parie
aérea ¢ aumentada e a taxa transpiraldria é
reduzida. Essa menor transpiragio seria con-
seqliéncia de menor condutincia estomatica,
o que é comum sob deficiéncia de nutrien-
tes (CHAPIN, 1988).

Segundo SCHULZE (1986), existem
interagdes importantes ligando os fluxos de
carbono, dgua € nutrientes na planta toda
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Em condigbes dlimas, um aumento no cres-
cimento da folha ¢ biomassa influencia di-
retamente a produgdo da planta, devido ser
a assimilagdo positivamente relacionada 4
area foliar. Tais condig@es nfio se enquadra-
riam em plantas crescendo em solos com
défice hidrico.

Em eucalipto, pesquisas sobre a absor-
¢lo e distribuigdo de nutrientes na planta,
relacionadas com a adaptagio ao défice
hidrico do solo, poderiam ser fiteis em estu-
dos de recomendagiio de adubagiio.

) objetivo deste trabalho foi verificar
as alieragdes na absorglo e na distribuiglo
de nutrientes em plantas jovens de oito es-
pécies de eucalipto submetidas ao défice
hidrico do solo.

1. MATERIAL E METODOS

O experimento foi realizado em casa de
vegetagho no periodo de fevereiro a julho
de 1993,

Amostras da camada superficial de dois
solos - argiloso e franco - foram secas ao ar,
destorroadas, homogeneizadas e passadas
em peneiras com abertura de 4 mm. Foram
obtidas amosiras composias desses solos
para caracterizagdes quimicas e fisicas (Qua-
dro 1).

A acidez foi corrigida wsando-s¢ uma
mistura de CaC03 e MgCO3, na relaglo 41,
em equivalentes. A adubaglio foi feita for-
necendo a cada unidade experimental {vaso
de plantio), em mg do elemento/kg de solo,
os seguintes nutnentes: P - 200, K-75,5 -
25, N - 50 no plantio ¢ 50 em duas cobertu-
ras, B- 04, Mn-3,0,Fe- 1,5, Zn-2,0, Cu
- 0,7 e Mo -0,1.
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QUADRO 1. Caracleristicas quimicas e fisicas das amostras de solos utilizados

Caracteristica Solo Argiloso Solo Franco
pH em H20 (1:2,5) 5a 5.2
P (mg/dm-"}1{ 1,5 1,0
K (mg/dm-")1/ 10 10
Ca2+ (emole/dm?*)2/ 0,1 0.0
Mg2+ (cmolc/dm®)2/ 0.0 0.0
Al (cmole/dm® )2/ 0,7 03
Classilicagfio Textural3/ Muito-Argiloso  Franco-Argilo-Arenoso
Retenglo de dguad/ S [ 1) T — _
0,01 MPa 35,7 15,6
0,05 MPa 309 1,0

1/ Extrator Mehlich-1 (VETTORI, 19%69).
2 Extrator KCI 1 molfL (VETTORI, 1969).
3 EMBRAPA, 1979,

&f Extrator de placa de membrana de pressio (RICHARDS, 1949).

Os vasos foram feitos de bos de PVC
com 1,5 dm de didmetro e 5 dm de altura,
com capacidade de 8,83 dm?, com o fundo
de chapa de isopor, sem perfuraglio. Apds
preenchimento com os solos, foram reali-
zadas as semeaduras, e, apos deshastes,
mantiveram-se duas plantas por vaso,

O experimento foi composio de trinta e
dois tratamentos, compreendendo oilo es-
pécies de eucalipto (E. cloeziana, E.
wraphvila, E. grandis, E. tereticornis, E.
saligna, E. camaldulensis, E. pellita ¢ E
citriodora); dois solos (argiloso ¢ franco);
e dois regimes de irmigagio, de modo a
se manter -0.01 MPa (sem cstressc) ¢ -0,05
MPa (com estresse) de potencial hidrico no
solo, () delineamento adotado foi o de blo-
cos casualizados, com quatro repetighes, em
esquema latorial (2° x B) x 4 e duas plantas
por unidade experimental {LLE ), totalizando
128 U.E.

O ww de cada ULE., monitorado por
meio de tensiémetros com colunas de mer-
clirio, foi mantido a 0,01 MPa por noventa
dias, Apds esse periodo, as 128 ULE. foram

divididas em dois grupos de 64, sendo o solo
em um deles mantido a -0,01 MPa, enquan-
10 0 oulro grupo passou por uma fase de cin-
co ciclos sucessivos de umidecimento (-0,01
MPa) e de secagem (0,05 MPa) para adap-
taglio das plantas. Por fim, neste Gltimo tra-
tamento manteve-se a -0,05 MPa de yw,
aqui considerado como estresse hidrico.
issas condighes foram mantidas por sessen-
ta dias, quando o experimento foi colhido,
O material vegetal colhido foi separado
em folhas, caule, que incluiu ramos, e ralzes,
Determinado o peso de maléria seca, 0 mi-
terial foi moido ¢ amositras foram
mincralizadas por mistura nitrico-perclorica,
para s¢ determinar, no extrato, o teor de P,
por espectrofotometria pelo método de
fosfomolibdato adaptado por BRAGA e
DEFELIPO {1974); o teor de K, em
fotdmetro de chama; & os teores de Ca e Mg
em espectrofotbmetro de absorglo atdmica,
0 5 foi determinade por turbidimetna de
sulfato barico (Blanchar et al., 1965, modi-
ficado por ALVAREZ V.*). O N determi-
nado pelo método Kjeldahl (JACKSON,

* Victor Hugo Alvarez V. - Departamento de Solos - UFV, comunicagdo pessoal,
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1976).

Os dados obtidos foram submetidos a
anilise de varidncia com desdobramenio dos
graus de liberdade de espécie e de solo den-
tro dos niveis de dgua, adotando-se niveis
de significincia menor ou igual a 10% de
probabilidade. Com as médias foram reali-
zadas andlises de correlaglo, adotando-se
niveis de significincia menor ou igual a 5%

de probabilidade.

3. RESULTADOS E DISCUSSAD

A absorgio de todos macronutrientes foi
reduzida sob estresse hidrico. Esse efcito foi
mais marcante no solo franco que oo solo

argiloso (Quadro 2). O efeito de solo deve
estar relacionado com a menor absorgiio de
dgua pelas plantas crescidas no solo franco
{LIMA, 1996) e, conseqiientemente, maior
reducdo no transporte de nutrientes nesse
solo.

O défice hidrico no solo promoveu au-
mentos nos leores da maioria dos nutrientes
analisados nas folhas, que pode ser inter-
pretado como efeito de concentragiio devi-
do o crescimento menos intenso das folhas,

Observam-s¢ lambém redugdes nos te-
ores foliares de P e de Ca devido ao estresse,
Com relagio ao P essa redugiio pode ser atri-
buida 4 baixa mobilidade do elemento no

QUADRO 1. Concentragdes (g/100 g) e contetidos (mg/vaso) de macronutrientes em folha,
raiz e caule de plantas de Eucalyprus spp submetidas (-0,05 MPa) ou ndo (-0,01 MPa) ao
estresse hidrico em solo argiloso e franco

Solo Argiloso Solo Franco
Mutrientes Teor Contetdo Teor Conteddo
D01 0,05 000 0,05 001 0,05 001 0,08
Folha
N 1,00 1,18 26621 25484 1,09 1,17 247,63 200,76
P 0,10 0,08 2407 16,50 0,09 0,08 20,68 13,86
K 1,34 1,44 358,55 307,16 1,27 1,40 286,08 237,67
5 0,09 010 2556 2224 0,10 010 22,61 17,28
Ca 1,21 1,06 331,98 231,69 1,24 098 286,05 170,81
Mg 0,24 0,24 6408 5234 0,22 0,22 51,03 38,10
Raiz
N 0,46 0,54 RS07 RI1.B0 0,52 0,57 9449 RG]
P 0,06 0,06 1,25 940 0,06 0,06 11,09 9,38
K 0,57 0,54 103,71 88,54 0,49 049 B9.6% 74,59
s 0,07 0,07 12,85 11,09 0,06 0,07 10,24 10,35
Ca 0,65 055 11954 8997 0,73 060 13540 91,22
Mg 0,12 0,11 22,38 1691 0,11 0,09 18,48 12,87
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Caule
N 034 034 9663 73,02 0,33 0,32 78,24
64,27

P 0,09 0,07 2551 1574 1,00 009 2336 17,87
K 0,70 0,69 192,33 143,51 0,62 061 146,76 116,27
5 0,10 010 2761 21,85 0,10 G 2463 19,22
Ca 0,99 0,80 28368 171.15 0,91 0,76 21856 14709

Mg 0,07 006 2023 129 0,05 005 12,94 B.93

solo, cuja difusio em solos com menor umi-
dade ¢ acentuadamente reduzida.

Em todos os drgdos das plantas a con-
centragiio de Ca foi menor com a indugio
do estresse hidrico (Quadro 2). Este fato
pode ser entendido considerarando que a
absorgio deste nutriente se di somente pro-
ximo ds pontas das raizes, regifio nova, ain-
da nfio suberizada e onde as estrias de
Caspary, que blogueiam o transporte
apoplastico do Ca do cortex até o estelo,
aginda nfio se formaram (MENGEL e
KIRKBY, 1982). () estresse hidrico inten-
sifica o processo de suberizagdo de raires
(BOWEN, 1984}. Por outro lado, o trans-
porte de Ca ¢ também bastante afetado em
solo com défice hidrico,

() défice hidrico no solo alterou a distri-
buiglio dos nutrientes na planta {Quadros 3
€ 4}, Essa alteraglo também variou com o
tipo de solo e espécie,

Nos dois solos houve uma tendéncia das
expécies aumentarem a alocagho de nutln-
entes nus ralzes quando submetidas ao
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estresse. Entretanto, no solo argiloso essc
aumento de alocagio em raiz, principalmen-
te de M, P, K e Mg, foi também comparti-
Ihado com a folha. Fsse efeito pode ser
atribuido & tendéncia de maior redugiio
na condutdncia estomatica nas plantas do
solo franco, sob estresse hidrico (LIMA,
1996). resultando em menor transpiragio,
menor iransporte de nutrientes para a par-
le aérea, o que culminou em menor drea
e biomassa foliar dessas plantas,

O E camaldulensis foi uma excegdo em
relagio a distribuigio de nutrientes sob
estresse hidrico, ocorrendo maior acamulo
no caule, semelhante a0 constatado com a
distnbuigiio de matéria seca (LIMA, 1996).
Estes resultados, juntamente com o actimulo
de amido no caule registrado por LIMA
(1996), reforgam a hipotese de que este or-
glo scria um forte dreno da planta sob
estresse hidrico, e que, posteriormente, po-
deria passar a ser fonte de nutrientes mine-
rais ¢ de carboidratos num periodo pds-
csiresse.
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QUADRO 3, Distribuigio de nitrogénio, fsforo ¢ potdssio em folha (F), caule () ¢ raiz (R)
em relagiio ao total absorvido (mg/vaso) em plantas de Eucalyprus spp crescidas sem (-0,01
MPa) ¢ com estresse hidrico (-0,05 MPa) em solo argiloso e franco

Sole Argiloso Solo Franco
Espécies 0,01 T l00s - 0,01 - 0,05
%F %C %R %F %C %R %F %C %R %F %C %R
: Nitrogéaio o

Eclogzigng 72 18 10 70 16 14 T 1M 9 5 22 19
E wophylla 55 21 24 58 17 25 53 18 9 57 19 X4
E, prandis 49 34 17 61 15 24 59 22 19 55 18 27
E terenticornis 52 21 27 63 16 21 55 18 27 52 18 10
E saligng 68 20 12 70 17 13 67 20 13 67 18 15
E comaldulensis59 15 26 56 24 20 51 1% 33 55 18 127
E. pellita 61 22 17 63 1% 18 62 I8 20 62 16 22
E citriodora 60 23 1T 57 19 24 5 21 24 57 20 023

- —— Fésforo

E cloeziona 51 39 10 51 38 11 43 46 11 41 49 12
E wrophylia 38 45 17 40 2 49 20 31 44 25
E. grandis 35 47 18 n 29 43 139 18 39 B 2
E terenticormis 34 4T 19 M4 26 3T ¥ O M 3B N
E safigna 42 40 18 40 13 38 49 13 35 51 14
E. camalduiensivd3 28 29 35 38 27 33 3 3 31 3™ 30
E pellita 39 49 12 32 44 M4 B 43 19 2B 46 26
E citriodora 39 40 21 37 37 26 I 42 19 12 47 2

5888

Patdssio

E cloeziana 59 3 7 62 32 6 63 32 5 5 3% 5
E wrophvfla 53 31 16 54 27 19 0 29 21 53 29 1%
E grandis 54 35 11l 57 % 17 58 30 12 56 25 19
E teremticornis 54 26 20 55 22 23 54 20 2 49 22 29
E. saligna 54 209 17 &4 27 9 5T 3 12 83 28 9
E. camaldulensis35 24 21 54 28 18 50 2% 24 56 25 19
E pellita 61 29 1 57 28 15 54 32 14 53 28 19
E citriodora 48 28 24 51 25 M4 51 27 22 53 M 2N
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QUADRO 4, Distribuigdo de enxofre, célcio e magnésio em folha (F), caule (C) e raiz (R} em
relagiio ao total absorvido (mg'vaso) em plantas de Excalypius spp crescidas sem (-0, 1]1 M Pa)
€ com estresse hidrico (-0,05 MPa) em solo argiloso e franco

Solo Argiloso Solo Franco
Espécies - 0,0 - 0,05 - 0,01 - 0,05
%F %C %R %F %C %R %F %C%R %F %C %R
Enxofire
E cloeziama 50 39 11 49 38 13 46 43 11 45 41 14

E wrophylla 37 41 22 35 39 M 37 47 16 31 43 26
E. grandis 32 48 20 42 3T I 45 42 13 3B 45 17
K wrenticorniz 38 44 18 43 37 20 4 3% 30 38 42 0
E. saligna 4 39 20 48 38 14 IB 52 10 46 40 14
. comaldulensis37 38 25 32 48 W 35 8 27 WM 41 19
E. pellita 41 42 17T 38 41 21 43 43 14 40 41 19

E citriodora 38 43 19 37 39 M 9 44 17 N 3 M

E cloczigna 52 37 11 61 31 B 40 48 12 52 38 10
E wrophyfla 39 4 17 41 39 20 47 33 w0 42 N 7
E. grandis 36 49 15 3 45 19 37 45 18 35 43 2
K. terenticornis 46 37 17 45 12 1 48 25 27 47 22 3
E. saligna 41 43 16 46 44 10 41 47 12 24 63 13
K camaldulenss§3 24 23 49 2T 24 4 25 34 42 35 3
E. peliita 54 M 12 55 27 18 58 26 16 51 28 21

T Magnésior
E ciriodora 46 37 17 46 32 22 41 36 23 M 33 029
E cloesiana 72 20 8 68 21 1 71 19 10 &7 21 12
E uophylla 57 17T 26 59 22 19 % 15 29 57 17 16
E. grondis 53 23 4 57T 13 M 57 19 24 53 20 27

E. terenticornistd 14 P 6% 13 IR 63 10 27 %9 16 25
F. saligna 54 24 2 65 19 16 63 22 15 68 14 18
E. comaldulensis58 17 25 62 17 2 57 11 32 4] 16 19

E pellita 6% 16 15 76 & |18 ™ 12 15 7 5 1%
E citripdora 5% 20 21 58 17 25 60 13 27 63 15 22
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As cspécies E cloeziana e E. saligna
nio apresentaram um padrio definido com
relagio a distribuicio de nutrientes. Isto po-
deria também ser indicativo do fraco desem-
penho demonstrado por essas espécies quan-
do submetidas ao estresse hidrico (LIMA,
1996},

Os conteidos dos macronutrientes nas
raizes mostraram correlagbes consistentes
¢ clevadas com os conteidos de aglcares
soliveis totais e de amido em folha, caule
¢, em especial, raiz {Quadro 5). Fsla come-
lagdo pode ter ocorrido por diferentes ra-
zdes. A primeira pode ser o acamulo de
solutos orginicos na raiz, que implicaria
em redugo do potencial osmotico e,
consequentemente, no potencial hidrico da
raiz, culminabdo na absorgio de dgua ¢ no

ransporie, especialmente por fluxo de mas-
sa, de nutrientes para junto da superficie
radicular. A absorgio ocorreria porque o
amido seria hidrolisado a glicose e esta en-
traria na via glicolitica, rota inicial da res-
piragdio. A respiragdo forneceria a energia
requerida para a absorgfio ativa de nutrien-
es.

Por outro lado, o acimulo de nutrientes
na raiz pode também estar relacionado ao
aumento na forga de dreno desse drgdo, im-
plicando em maior translocagdo de sacarose
via floema ¢, consegilientemente, de nutri-
entes, cspecialmente dos mais moveis na
planta, como N, P e K. A alocaglo prefe-
rencial de nutrientes na raiz & essencial para
o crescimento deste drglo, o que facilitaria
a maior absorgdo de dgua.

QUADRO 5. Correlagdes entre contcidos de macronutrientes com conteidos de agicares
soluveis totais (AT) e amido (AM) cm folha (F), caule {C) e raiz (R}

ATF ATC ATR AMF AMC AMR
PF - - 0,430+ - -0,20°
PC . - 0,404+ . .
P‘R 0.4! LL .“.,‘a-- n‘mi- 01.36- 0,53-- {].4{]*-
NF . - 0,38* - -0,29¢
NC . 0,32¢ 0,470 - -
NR 041%*  0,50%%  0,74% - 0,54+ D47+
KF - . - . -0,39%
KC - - - -0,33* -0,40%
KR 045%  0,67°*  089** 030 0,35 0,44%*
SF - - - 031% 0,480
5C - 034 037" 0,48%* - -
SR 0,29* 0,54%*  072¢  032¢ 0,44%* 0,44%%
CaF 0,32 0,36* 0,43%% : ’ 2
CaC : - - 0,66%* . -
CaRk . 051*  083** 029 0,32* 0,32
MgF . . - 0,36 . 0,35
MgC . - . 0,54 . :
MgR - 043%*  057** 0,69 - -

* g **: Bignificativos, pelo teste F, a 5% e 1% de probabilidade, respectivamente.
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4. CONCLUSOES

A absorgio dos nutrientes foi redunda
devido ao défice hidrico no solo. Esse efei-
to foi mais pronunciado no solo franco.,

A distribuigiio dos nutnientes na planta
varion em razio do estresse hidrico, tipo de
solo e espécie de eucalipto. A tendéncia foi
de aumentar a alocagio nas raizes, nos dois
solos, mas no solo argiloso essa tendéncia
fooi compartilhada com a folha.
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RESUMO

O presente trabalho teve como objetivo
verificar as alteragfes na alocagido de
carboidratos em plantas jovens de oilo es-
pécies de eucalipto submetidas a défice
hidrico. Em experimento conduzido em casa
de vegetaglio, foram utilizados dois tipos de
solo (argiloso e franco), oito espécies de
Eucalyptus spp e dois potenciais de dgua no
solo (-0,01 MPa e 0,005 MPa). D¢ modo
geral, ocorreram aumentos nos EOTEs & con-
teidos de agicares soliiveis totais ¢ de ami-
do devido ao estresse hidrico. A magnitlude
desse efeito variou com o tipo de solo (mai-
ores aumentos no solo argiloso) e com a
espécic, sendo, com relaglio ds espéeies, em
diferentes proporgdes entre os Grglios envol-
vidos. E. wrophylla, E. rereticornis ¢ E.
calmaldulensis, com os malores aumentos
nos conteddos de amido no caule e raiz, em
conjunto, possuem, possivelmente, as mai-
ores possibilidades de um arrangue no cres-
cimento num pds-estresse.

1. INTRODUGCAO

Os mecanismos de resisténcia d scca das
plantas s#lo classificados em trés calegorias
{ Turner, 1979 citado por TURNER, 1986):
i} escape - a habilidade de uma planta em
completar o seu ciclo de vida antes de um
défice severo de dgua no solo e na planta;
i) tolerfncia & seca com alto potencial de
dgua nos tecidos - manutengdo da absorgio
de dgua ou redugio na perda de dgua; iii)
telerdncia 4 seca com baixo potencial de
dgua nos tecidos - manutenglo do lurgor ou
tolerincia 4 dessecagiio.

Revisbes mais recentes 1ém demonstra-

do a preocupago de se conhecer estes me-
canismos de resisténcia 4 seca mais
integradamente, de forma a relacionar as
interagdes entre 08 fluxos de dgua, nutrien-
tes e de carbono nas plantas ¢ a interagfio
entre raizes e parte aérea (SCHULZE, 1986).

Em iiltima andlise, o estresse hidrico afe-
ta a forga da fonte e do dreno por seus efei-
tos sobre a fotossintese, translocagiio, cres-
cimento e metabolismo geral (KUHNS ¢
GIERSTAD, 198%8),

Em eucalipto pouco ou nada se conhece
sobre a alocaglo de carbono sob estresse
hidrico.

Este trabalho teve comao objetivo verifi-
car as alteragdes na alocagio de carhoidratos
em plantas jovens de oito espécies de
cucalipto submetidas a défice hidrico.

1. MATERIAL E METODOS

O experimento fol realizado em casa de
vegetagio no periodo de fevereiro a julho
de 1993,

Amostras da camada superficial de dois
solos - argiloso e franco - foram secas ao ar,
destorroadas, homogeneizadas e passaday
em peneiras com abertura de 4 mm.

A acidez foi corrigida usando-se uma
mistura de CaCO3 ¢ MgCO3, narelaglio 4.1,
em equivalentes. A adubagio foi feita for-
necendo a cada unidade experimental (vaso
de plantio}, em mg do elemento'kg de solo,
05 scguintes nutrientes: P - 200, K - 75, 5 -
25, N - 50 no plantio e 50 em duas cobertu-
ras, B-0,4, Mn-30, Fe-15 Zn-20,Cu
-0,7eMo-0,1.

s vasos foram feitos de tubos de PV
com 1.5 dm de diimetrn e 5 dm de altura,
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com capacidade de 8,83 dm®, com o fundo
de chapa de isopor, sem perfuragdo Apds
preenchimento com os solos, foram reali-
zadas as semeaduras, e, apos desbastes, fo-
ram mantidas duas plantas por vaso.

O experimento foi composto de trinta e
dois tratamentos, compreendendo oito es-
pécies de cucalipto (E. cloeziana, E.
wropilla, E. grandis, E. iereticornis, E.
safigna, E. camaldulensis, E. pellita e E.
citriodora); dois solos (argiloso e franco); e
dois regimes de imgagdo, de modo a se
manter -0.01 MPa (sem estresse) e -0,05
MPa (com estresse) de potencial hidrico no
solo. O delincamento adotado foi de blocos
casualizados, com quatro repetigies, em
caquema fatorial (2° x 8) x 4 e duas plantas
por unidade experimental (LLE. ), totali zando
128 UE.

O yw de cada U.E., monitorado por
meio de tensidmetros com colunas de mer-
cirio, foi mantido a -0,01 MPa por noventa
dias, Apos esse periodo, as 128 ULE. foram
divididas em dois grupos de 64, sendo o solo
em um deles mantido a -0,01 MPa, enquan-
to o outro grupo passou por uma fase de cin-
©o ciclos sucessivos de umidecimento {-0,01
MPa) ¢ de secagem (-0,05 MPa) para adap-
tagdio das plantas. Por fim, neste dltimo tra-
tamento manteve-se a 0,05 MPa de ¥w,
agui considerado como estresse hidrico.
Essas condigdes foram mantidas por sessen-
ta dias, guando o experimento foi colhido

A colheita do experimento foi realizada
retitando-s¢ uma repetiglo por dia, entre
11h30 e 12h30. Amostras de cada repetigio,
com cerca de 500 mg de matéria fresca, fo-
ram retiradas de folhas totalmente expandi-
das, dos caules (partes superior, mediana ¢
inferior) ¢ de raizes jovens. As amosiras
foram fragmentadas ¢ imediatamente
imersas em 4 m] de etanol B0% fervenie, ¢,
a seguir, armazenadas em "freczer”. Poste-
riormente, dessas amostras foram foram
determinados o8 teores de agicares soliiveis
totais e de amide (HODGE e
HODFREITER, 1962).

Os dados obtidos foram submetidos a
andlises de varifincia utilizando-se um es-
quema fatorial com desdobramento dos graus
de liberdade de espécie e de solo dentro dos
niveis de dgua, admitindo-se niveis de
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significincia menor ou igual a 10% de pro-
habilidade.

i, RESULTADOS E DISCUSSAOQ

A maioria das espécics apresentou au-
mentos nos eores de aghcares soliveis to-
tais gquando submetidas ao estresse hidrico.
Essc aumento foi significativo (F= 0,10)
para solo, espécie ¢ interagdo solo x espé-
cie. (3 maiores aumentos oCcomeram em
folha e caule (Quadre 1). Na raiz, as altera-
¢lies sfo pequenas, cm geral, com tendén-
cia de manutengio nos teores.

As espécies podem ser agrupadas quan-
0 & concentragdo de agucares: 1) aumentos
significativos nos trés drgfos ocorreram so-
mente no £ fereficornis nos dois solos; 2)
mantiveram ou mostraram tendéncia em
aumentar os teores nos trés orgldos, £
grandis, E. saligna, E. pellita, E. urophyila
¢ E. citriodora no solo argiloso e E. saligna,
E. wrophylla ¢ E. citriodora no solo franco;
3) ocorreram aumentos apenas em folha e
caule em E. cloeziana, E. camaldufensis no
solo argiloso ¢ E. cloeziana, E. grandis, E.
camaldulensiz, E. pellita no solo franco,

Os aumentos nos conteddos de agica-
res nilo OcorTeram na mesma proporgio que
o registrado com 0s aumentos nos teores,
U0 pouco, 0COMTETam necessariamente, nos
mesmos drglos. E. fereticornis foi a Gnica
espécie que manieve 0 mesmo padrio de
resposta, ou s¢ja, apresentou também au-
menlo no conteddo de aglicarcs nos trés or-
glos analisados. Portanto, esta foi a que mais
evidenciou a ocorréncia de ajuste osmdtico
na planta toda ¢, certamente, este efeito estd
relacionado com a total recuperagio no po-
tencial hidrico, conforme constatado por
LIMA (1996). O E. rereticornis foi uma das
espécies que apresentou menores redugies
devido ao estresse na drea foliar e no cres-
cimento geral; além disso aumentou signi-
ficativamente a eficiéncia no uso da dgua,
sugerindo ter alta condutividade hidraulica,

Além de E. rereficornis, as Gnicas ¢spé-
cies que apresenlaram aumentos significa-
tivos (P < 0,01) nos conteados de aguca-
res na folha foram E. cloeziana e E.
camaldulensis. E. cloeziana teve o cres-
cimento reduzido na mesma proporgdo
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QUADRQ 1, Teores ¢ conteados de agicares soliveis totais em folha, raiz e caule, em plantas
de Fucalvpius spp crescidas sem (-0,01 MPa) ¢ com estresse hidrico {-0,05 MPa) em zolo
argiloso e franco

AgGcares Soliveis Totais
I Solo Argiloso Solo Franeo
Espécies _ Teor - Uonteido Teor Conteddo
001 005 | 001 005 001 -005 [ -001  -0,05
mgfe Mat Secs — mgiparte — mg/g Mat Scca — mg/Parte —
Folha
E clovsiana 2941 M9 66909 99433 3228 3384 6E3.21 20306
E. wrophvlla 1596 1853 102105 BN 4227 43,017 J5EEY 73559
E. grondis 46,96 4664 125264 116905 446,13 4636 10134 87904
£ teveticarmis 6747 0094 170031 200578 SE12 8827 138077 174037
E. zaligna ke 4267 106424 97154 36,23 4934 THEH  T17.7T9
E. coamaldulensis To6T 11944 194502 196079 B 1MAT 126003 178719
E, pelliia BIAR G149 177202 139520 33,63 3230 132700 408
E. citrindorg a3 43 4% 12238K 11DR,19 353 3407 BOT31 61094
Raiz
£ cloeziana 01 3064 30139 19496 1596 3421 26221 2262
E. urophylla 24,13 1300 S4086 6677 WAI 1632 66281 616,13
E. grandis 2430 2641 40255 53052 M3 2R 0244 369,04
E. tereticornis 249 1377 47241 68493 BH0 2743 62143 670,33
E, saligna 29 340 468,17 264,04 WI4 2860 29516 196,72
E. camaldulensis 53 2065 RIRIT 471,39 2785 2580 BIL6O 471,56
E. peltita 2586 2570 33430 44005 2667 2474 424,62 412,13
E. citriodora 1532 4031 81902 B4392 626 3931 T 656,99
....................... Caule

E. cloeziana IT91 6528 79360 966,13 15,65 6890  TH201 119168
E. wrophyila SLIZ 9100 1469.01 191687 6092 B1,42 1740,86 172,15
E. grandis 4737 SS02 157123 1189,0) S120 61,97 118567 1192,26
£ terericornis S4,12 10592 152356 226057 52,54 70,11 117930 544,87
£ saligna $0,25 62,19 138641 131253 4552 5625 113542 869,08
E. camaldulensis 61,79 392 162333 140559 644 65,20 136798 1345,9)
E pellita 4549 6661 1262435 165004 4996 5790 124695 121225
E. citrlodora 6225 9E05 19501,0E 226641 h5,24 EIL19 167854 |B34,79
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entre folha, cawle ¢ raiz, porém com evi-
dentes murchas temporarias durante o dia

f. comaldulensis registron as maiores
redugdes no crescimento de folha e raiz e
manleve o crescimento de caule. Esses
resultados  evidenciam que o acimulo de
apicares nas folhas ndo estd associado ao
processe de translocagio, mas, provavel-
mente, 4s alteragies na alocagdo de carbo-
ne entre crescimento e manutengdo.

O E saligna (0 a inica cspécie que re-
gistrou redugio geral no conteddo de agi-
cares, apesar da tendéncia de aumento na
concentragio, Essa tendéncia ocorreu devi-
do a redugio geral no crescimento dessa
espécie (LIMA, 1996) ¢, associando ao faio
de ter apresentado evidentes murchas tem-
poririas durante o dia, sugere-se para essa
espécie, juntamente com E cloesigna, um
fraco desempenho sob estresse hidrico.

As demais espécies mostraram, sob
estresse hidrico, uma tendéncia de acamulo
de agiicares nos caules e, ou, raizes, Dentre
clas destacam-se E. grandis e E. pellita, os
guais apresentaram aumentos de matéria
scea de raizes quando submetidos ao estresse
hidrico (LIMA, 1996). Entretanto, além do
carbono utilizado para manutengiio, boa par-
te de fotoassimilados foi utilizada para cres-
cimento, refor¢ando, portanto, o significa-
tivo aumento na forga de dreno nas raizes
dessas espécies.

€ estresse hidrico promoves aumentos
nod teores de amido em caule ¢ raiz para a
maioria das espécies, Ocorneram aumentos nos
teores em folhas de E. wropivila, E. peilita e
£ citrivdora no solo argiloso ¢ E grandis,
£, pellita ¢ E, citriodorano solo franco (Qua-
dro 23,

Considerando-se os contetdos de ami-
do, notam-se aumentos nas folhas apcnas
para E. pellita nos dois solos ¢ para £
grandis e E citrivdora no solo franco (Qua-
dro 2). Relacionando-se os conteddos de
agicares ¢ amido existentes nas folhas des-

sas espécies, esta relagio apresenta
marcanies redugdes dependendo do solo e
do estresse, E. pellita no solo argiloso apre-
senla uma relagio agicares/amido de 1,63
sem estresse ¢ 1,64 com o estresse hidrico,
Mo solo franco, essa relagdo caiu de 3,09
para 2,19, E prandis e £ citriodora tive-
ram esta relagio diminuida de 1,05 para (1,90
ede 2,33 para 0,88, respectivamente, quan-
do submetidos ao estresse hidrico no solo
franco.

Redugdes na relaglo agicares/amido na
folha ndo seriam esperadas em plantas sub-
metidas a défice hidrico. Seria esperada uma
menor sintese ¢ maior degradagio do ami-
do em diregdo 4 sacarose, devido a redugio
na fotossintese (CHAVES, 1991). Atual-
mente admite-se que uma redugiio na sinte-
se de sacarose pode levar a um aumento na
sintese de amido cloroplastidico, ou a uma
restrigio na laxa fotossintética, devido a uma
limitagdo de Pi. Entretanto, isso ndo tem sido
constatado sob défice hidrico (CHAVES,
1991 ), mas ¢ comum sob deficiéncia de fos-
foro na planta (PORTIS JR., 1982; PRESS,
1982; RAO et al., 1989).

As oulras espécics, semelhante ao cons-
latado com os teores, apresentaram aumen-
tos nos contendos de amido em caule e, ou,
raiz sob estresse hidrico, gue representa uma
reserva para arrandue de crescimento quan-
do as condigdes de umidade no solo tornam-
s¢ propicias, Esse armazenamento ocorme
principalmenie nas células do parénguima
#o redor do xilema de pequenos brotos, ra-
mos, caule e raiz. As plantas lenhosas, de
modo geral, armazenam carbono nos perio-
dos em que a produglio de assimilados ex-
cede a demanda para o crescimento. Este
comportamento ¢ de particular importin-
cia para plantas crescendo em regides com
grandes variagdes sazonais de clima. Os pro-
dutos estocados (carboidratos, lipideos e
oulros compostos quimicos), sdo utilizados
durante a estagBo de crescimenio destas
plantas (DICKSON, 1991),
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QUADRO 1. Teores e conteiidos de amido, obtidos em folha, raiz ¢ caule, em planias de
Eucalyptus spp crescidas sem (-0,01 MPa) e com estresse hidrico (-0,05 MPa} em solo argi-
loso e franco

Amido
Solo Argiloso Solo Franco
Espécies Teor Conteddo Tear Conteddo

00 005 | 001 005 001 <005 | 001 D05
mg/g Mat Seca  — mg/Parie — mg/'g Mat. Seca  --- mg/Parte —

Folha
E. closzigna 16,00 1362 36090 238827 1746 13,60 37644 206,30
E. urophylia 3645 985 103895 EET99 MBS 34,72 BTLI9 599,86
E. grandis 4421 4524 112262 114344 4183 5121 95546 97341
E. ieveticormis 74T 1LI% 663,03 37646 IRA63 2432  GTRSS 480,23
K saligna 41,24 LM 112200 71234 5299 3509 113058 489,61
E. camaldulensis 2926 1858 TRLT9 300,19 B50 2565 61040 430,43
E pellita 17,61 3699 48E00 B46.90 1728 23,85 41946 439,46
E. citriodora 2352 .52 TILIR 9987 1498 3B68  M570 697,12

Raiz.

E. eloesiana 184 467 1504 2808 .77 435 13,32 29,51
E. urophyila 292 79 6528 15993 251 645  S8.28 10944
E. grandis 152 295 41.72 58 320 291 1948 4544
E. tereticormis 216 392 47,79 BO3T .79 307 TA60  ThA2
E. safigna 228 349 M 120 1,99 3,13 .57 2260
E camaldulensiy 254 BO5 6752 119 7% 10 81,07 127,12
E. peilita 244, 142 e 404l L 2,40 40,83 40.04
E. citrindora 2,74 250 4160 5233 3.20 1,08 6531 5179

B e T
E, cloeziana 1,77 211 815 3NN 1,68 1,82 3505 3149
E. wraphyila 635 11,89 1BALY] I50.TH 751 10,59 206,70 223,39
E, grandis 504 728 168,90 156,24 544 812 123459 134,17
E. rereticormiy 5$m B33 15026 13041 626 6,80 142,36 14889
E. saligna 550 9.4 14957 19180 468 621 111,51 10283
E. camaldulensis LIL5R 1325 30597 11253 10,76 1406 23768 28899
E. pellita 568 10,78 160,09 26949 684 10,18 17105 20729
E. itriodora 293 644  B9SS 14855 290 526 7074 11EED
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As espéeies que mais aumentaram os
conteddos de amido no caule ¢ raiz, em con-
junte, foram £ wrophyila, E. tereticormis e
E. camaldulensis indicando serem as espé-
cies que apresentlaniam maior arrangue de
crescimente num pos-estresse (Quadro 2).

4. CONCLUSOES

Observaram-se, em geral, aumentos nos
teores e conteddos de agicares soliveis to-
tais ¢ de amido cm raziio do estresse hidrico.
A magnitude desse efeito variou com o tipo
de solo ¢ com a espécie de eucalipto. Os
maiores aumentos, tanto em teores como
conteudos, ocomeram no solo argiloso, mas
em diferentes proporgies com relaglio is
espéeics ¢ aos orgdos envolvidos.

As espéeies que mais aumentaram o0s
contendos de amido no caule e raiz, em con-
junto, foram £ wrophylla, E. lereticornis ¢
E. camaldulensis, que apresentariam arran-
que no crescimento mais rapido num pos-
estresse.
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RESL MO

Este trabalho objetiva relacionar os da-
dos de incremento corrente anual 3 variacio
interanual hidrometeorologica real ocomida no
intervalo entre as medidas de volume de ma-
deira, para as dreas de plantagio de eucaliptos
da Aracruz Celulose S.A. localizadas no Es-
tado do Espirito. A variaglo hidro-
meteorologica interanual foi obtida através de
uma adaptagiio para periodos continuos do
balango hidrico simplificado de Thomtwaite
& Matter ( 1955). Foram calculados os balan-
¢os hidricos historicos (ou médios) para as
drens de estudo, Foram usados dados de in-
ventdrio Norestal do periodo 1986 a 1995 para
o8 principais clones plantados nas regidies dos
municipios de Aracruz ¢ Sho Mateus, FS,
abrangendo 56,5% da drea total plantada pela
empresa no Estado, para todos os tipos de
solos mais importanies, cquivalente 4 64,3%
da drea total,

As dreas plantadas apresentam, na mé-
dia, condiglies hidrolégicas muito favoriveis
a0 crescimento da plantagio de Fucalipio. Na
regifio de Aracruy, chove em média 1. 380 mm
(29 anos de dados); a evapotranspiracio po-
tencial ¢ 1,329 mm, ¢ odéficit hidnco é cerca
de 77 mm anuais. Ocome excedentes hidricos
da ordem de 125 mm permitindo manter dgua
disponivel no solo e alimentar periodicamen-
te o lengol fredtico. Em S0 Mateus (19 anos
de dados), a precipitacio sobe a 1.427 mm A
cvapotranspiragio podencial passa a 1 468 mm
como resultado de temperaturas médias men-
sais mais clevadas. (s solos apresentam me-
nores valores da Capacidade de .ﬁgln Dhspo-
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nivel (CAD) (80 mm contra 100 mm para
Aracruz) verifica-se que o déficit hidrico sobe
para 105 mm e o excedente cai para 65 mm,
com menos recarga do lengol fredtico. A CAD
foi estimada considerando as caracteristicas
fisicas dos solos e da profundidade média das
raizes dos plantios de eucalipto da empresa.

Na andlize de tendéncia isolando-se as
idades, tratando-se os clones em conjunto,
foi possivel constatar uma tendéncia consis-
tente de redugdo no crescimento com o au-
mento do déficit hidrico para as idades anali-
sadas (3,4, 5 e 6 anos). Observou-se que aos
6 anos, o déficit de dgua no solo influéncia
mais o crescimento das plantagdes de
eucalipto de que aot 5, 4 ¢ 3 anos, nesta or-
dem, considerando o potencial de crescimen-
Lir pera estas idades. Fim termos relativos, para
wmn déficit de agua no solo de 600 mm (classe
dos valores mais elevados encontrados neste
cstudo), o Incremento Corrente Anual ([CA),
sofre, em média, um decréscimo de 30% avs 3
anos ¢ de 50% aos 6 anos.

A correlaglo entre [CA ¢ Déficit hidrico
na solo mostrou-se melhor que aquela entre
ICA e precipitagdo. F obvio que déficit hidrico
¢ precipilagio sfio correlacionados; quanto
maior a precipitagdo ocorrida num
hidroperiodo menor o déficit hidrico corres-
pondente. Entretanto, o déficit hidrco insere
o efeito do meio de armazenamento de dgui, o
solo, no seu computo. Quando o solo cstd
saturado a precipitagio excedente ¢ perdida
por deflivio superficial ou drenagem profun-
da, ndo estando portanto disponivel para os
processos de fotossintese e de transpiragdo.
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Palavras chave: déficit hidnico, crescimento,
balango hidrico, incremento comente anuwal,
eucalipto.

ABSTRACT

This paper describes the relationship
between rates of Ewcalyptus plantation
growth (m3‘hafyr) and the interanual
hydrometeorological variability (integrated
water deficit (mm})) observed within two
consecutive volume measurements. The
hydrometeorological variability here is
expressed in terms of the water balance
method by Thorntwaite & Martter (1955).
Data representing 56,5% of the planted area
and covering 64.3% of all soil types were
analyzed. Water holding capacity of the soils
were also estimated from soil texture and
physical properties measurements. [Data from
the sites of Aracruz and 580 Mateus, ES were
analyred here,

The hydrological conditions of the
plantation areas, were found 1o be very good
for Eucalyptus growth, In Aracrur, for which
the mean water holding capacity, WHC, is
100 mm, the annual average rainfall is 1.380
mm, the potential evapotranspiration is 1.329
mm, the water deficit is 125 mm and the runofT
is | 25mm. For Sio Mateus, (WHC of B0 mm)
the rainfall was 1427 mm, the
cvapolranspiration was | 468 mm , the water
deficit rises to 105 mm and runofT falls w0 65
mim.

The tendency analysis between volume
increase and integrated water deficit was
carried out for four development stages
separately. It was found that the water deficit
produces a reduction in volume increment at
all stages, affecting older stages more than
younger, For awater deficit of 600 mm (class
ol the highest), the reduction goes from 30%
lor stands aged 3 o close W 50% lor 6 years-
old samples,

We found a better correlation between
volume growth and water deficit than the one
abtained berween precipitation and volume
increase, as expected. Although higher
precipitation rates imply smaller water
deficits, the soil water holding capacity is
included in its computation, When the soil is
in saturated conditions, precipitation goes (o
the nunoff compartment and will not become
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available to the plant growth process,
Key words: water deficit, plant growth, water
balance, annual volume increment, Eucealypiis,

L INTRODUCAQ

Em vianas partes do mundo tem surgido
comtroversia sobre o cfeito ambiental e social
dos plantios de cucalipto em larga escala, para
utilizagdo industrial. Um ponto chave nesta
questio ¢ do ponto de vista hidroldgico, com
relagdo ao uso da dgua pela plantagio de
eucalipto. Sabe-se que o crescimento das dr-
vores ¢ conseqiiéncia de virios processos fi-
siologicos que ocorrem compelidos pelas vari-
as condigies ambientais e caracteristicas ge-
néticas das espécies.

I"ara discutir o efeito do regime hidrico
nos processos fisiologicos em drvores, seria
necessdrio entender como os déficits hidricos
atingem um nivel suficiente para induzir uma
resposta negaliva na drvore, O déficit hidrico
pode se desenvolver a partir de: a) um decrés-
cimo no potencial hidrico do solo, que esta-
belece o potencial méximo que a drvore pode
alcangar; ¢ b) um aumento na demanda al-
moslérica e fou resisténcia ao fluxo de dgua do
solo para a stmosfera. Portanto, déficit hidrico
pode ser formado a partir de um declinio de
umidade no solo( resposta longa) e a partir de
um esgotamento de dgua em tomo da raiz (res-
posta curta), No presenie trabalho, foi consi-
derado o primeiro caso, onde a profundidade
¢ textura do solo determinam sua capaci dade
de retengdo de dgua, ¢ a quantidade de entrada
de dgua via precipitagio, podem influenciar a
fregiiéncia, severidade ¢ duragho do déficit

Em resumo, trata-se, neste trabalho, de
avaliar o efeite da variabilidade
hidrometeoroldgica interanual, sintetizada
pelo déficit hidrico no solo, sobre o cresci-
mento volumétrico corrente de plantagdes de
eucaliptos,

b 3 HE’I‘DD_O DE AVALIACAO DO BA-
LANCO HIDRICO

1.1 - Método de Thorntwaite.

) método de Thomiwaite para estimati-
va de Evapotranspira¢do Potencial mensal
(EF) pode ser deserilo comao:
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EP

al
I_l(i] lﬂTa
12 L30 I

n

£In que;
!, & o comprimento médio do dia (h),
N ¢ on.” de dias do més, Ta é atem-
peratura média mensal do ar ("Clea,
€ definido como:

8, =6T5x10"" - 77 x 107 P + 179 x 107
I+ 049
(2)

onde f & um indice anual de calor, obtidos a
partir de:

12 o151
&3, [
m=1
(3)

As vantagens do méodo de Thomtwaite
advém do fato de que 0 mesmo ¢ baseado na
correlaglo entre temperatura e radiagio e de
que requer apenas temperatura média mensal
como entrada; a longo termo T e ET s3o0 fun-
¢Oes similares de radiaglio liquida (Rn) e slo
autocorrelacionadas. As desvantagens sio
inerentes a0 método, ou seja, a simplificagio
assumida de se utilizar temperatura como
parfimetro para quantificar a energia disponi-
vel para convershio em calor latente. O méto-
do pode subestimar ET nos meses de méxima
Radiaglio Liquida, Bn, ¢ para periodos curtos
atemperatura média pode no significar uma
boa medida da radiaglo.

2.2, O balanco hidrico de Thorawaite-
Matter

Neste estudo faz-se uso do método de
Thomwaite-Matter de 1955 para chmputo
do balango de dgua no solo, haja vista que
historicamente apenas dados de temperatura
¢ de precipitaglio estdo disponiveis para as
regionais de plantio de eucaliptos da Aracruz
Celulose 5.A.
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Meste método, a capacidade de campo
{capacidade méxima de armazenamento de
dgua no solo) e a taxa de utilizagio de umida-
de do solo para evapotranspiragio dependem
da profundidade, do tipo e da estrutura do
solo. Existem na natureza considerdveis vari-
agies na capacidade de armazenamento d’dgua
pelos solos. Assim, definiu-se a capacidade
de dgua disponivel, CAD, do perfil do solo
em fungdo da profundidade de exploragio das
n.izm,p',ednmmdsﬁcm fisicas do solo:
capacidade de campo, BCC, ponto de murcha

OPM e densidade aparente, 4, Para cada ca-
mada do solo de profundidade z (até o limite
para = = p ), BCC,, OPM sio obtidos pela
curva de retengio de umidade para os valores
de 1/3 atm e 13 atm, nesta ordem, podendo
SEr EXPressos em porceniagem em peso, ou
volume, da dgua contida no solo. Para cada
camada de solo de profundidade = até o limite
da profundidade das raizes, quando os valo-
res de retengdo sdio dados em porcentagem
em volume, pode-se assumir a seguinte ex-

pressdo:

CAD:HE&.Z

100
(4)

em que CAD ¢ obtido em mm, quando z ¢
também expresso em mm. A CAD total do
perfil do solo ¢ a soma das CADs de cada
camada até z = p . Se os valores de retengillo
forem expressos em porcentagem em peso,
os valores obtidos pela equaclio 13 devem ser
multiplicados pela densidade aparente, o, em

Ouando ocorre um aumento na tensdio de
#gua no solo, a evapoltranspiraglio real, ER,
softe declinio. Neste método ER ¢ igual a EP
sc o ammazenamento de dgua no solo for mixi-
mo {igual a CAD) ou se a precipitagdo no més
for maior que a evapotranspiragdo potencial,
EP. Nos casos em que a dgua disponivel no
solo é menor que seu valor miximo e P-EP &
negativo, ER ¢ dada pela precipitagiio do més
somada a alieragio no estogue de dgua no solo,
Usa-se a seguinte relagdo exponencial entre
armazenamento d"dgua no solo, CAD e perda
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d’dgua acumulada:

(N4_/cap)
ARM =CAD-e' €

(5)

em que YAc é aperda d’dgua acumulada, ou
Negativo Acumulado, que é a soma dos valo-
res negativos acumulados de P-EP.

Para se computar o balango, foram de-
senvolvidas duas versbes de codigo em
FORTRAN 77:

1. a primeira realiza os balangos para um
periodo de | ano (12 meses) ou mais, com
inicio sempre em Janeiro, considerando os
valores médios mensais de temperatura e de
precipitagdo;

2, a segunda versdo foi desenvolvida para
realizar balangos continuos ao longo do tem-
po, de 12 meses ou mais, de manecira gue
hidroperiodos completos siio computados, ou
seja, 0 que ocome em termos de saida de dgua
do sistemna (ER, alteragio no estoque, ¢ exce-
dente, quando for o caso) no més de janciro
de determinado ano leva em conta o estado do
sistema no més de dezembro anterior.

E importante ressaltar que este método
nilo leva em conta o uso diferenciado de dgua
em funglio do tipo de vegetagio presente, O
solo, a0 atuar como reservatonio de dgua, re-
gula o processo de evapotranspiragio, de for-
ma que, o déficit hidrico (diferenga entre EP ¢
ER) relaciona-se melhor aos processos fisio-
Igicos do sistema vegetal presente que a pre-
cipitagilo, que pode escoar para fora do siste-
ma solo-planta por deflivio superficial ou
percolagio profunda, quando a dgua armaze-
nida no solo estiver na sua CAD ¢ a precipila-
¢élo superar a demanda evaporativa. Para exem-
plos de balango hidrico, ver Camargo ( 1975,
Galviio (1966), ICRISAT (1980), Maner
{1974), Almeida ¢ Soares (1996), descrevem
em detalhes a metodologia de balango hidrico
pele método de Thortwaite-Mauer (1955) e
sua adaptacio para periodos continuos.

3 METODOLOGLA
Foram inicialmente computados os ba-
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langos histdricos para as regides de AracTuz ¢
S&o0 Mateus, para estabelecimento dos pa-
driies de referéncia. Foram usados 29 anos de
dados para a regional de Aracruz e 21 anoy
para a regional de 530 Mateus. Com cste pro-
cedimento, tem-se a média do que ocorme nes-
tas regioniais em termos climéticos, com a con-
segilente estimativa do déficit hidrico médio
ou das variagies médias dos estoques de dgua
ao longo do ano. Como o que se busca € a
relagdo entre déficit hidrico e crescimento
volumétrico, & necessdrio estabelecer a condi-
¢io média padriio de déficit hidrico.

Foram computados s halangos hidricos
continuos do periodo 1986 - 1996 para todas
as microregides de influéncia dos virios pos-
tos meteorologicos das duss regides capixabas:
no total sdo 9 postos da regido de Aracruz e §
postos da regido de S&o Mateus. Foram con-
siderados os solos mais representativos no
cilculo da capacidade de dgua disponivel.

A anilise considerou quatro ¢lasses de
idades separadamente: 2 a 3 anos, 3 a4 anos,
4a5anos e 5 a6 anos. A andlise foi realizada
a partir dos dados de ICA X déficit hidrico
acumulado nos doze meses entre duas medi-
das biométricas para cada parcela amosiral
associada ao posto meteoroldgico mais pro-
ximo. Porexemplo, a um ICA de abril de 1993
para determinado clone e classe de idade, as-
sociou-se 0 halango hidrico de abril de 1992 a
margo de 1993. Para cada parcela ¢ associado
o tipo de solo e a CAD correspondente. Os
dados de inventirio correspondem ao perfo-
do 1988-1995.

A firea ocupada pelos clones aqui analisa-
dos representa 59,45% da drea total plantada
na empresa no ES. Os dados de incremento
corrente anual foram obtidos em 484 parcelas
permanentes na regidio de Aracruz (37% do
total )& 419 parcelas na regifio de S80 Mateus
(31% do total),

Nestas mesmas regides foram considera-
dos o8 principais tipos de solo na obtengilo
das CADs que slo constituidos basicamente
por diferentes tipos de solos Podzolicos
Amarelos ¢ Latossolos representando 64, 39%
da drea total de plantio da Aracruz Celulose
S.A. no Estado.

A anilise da relagfio entre ICA & déficit
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hidrico ¢ feita assumindo-se uma relagSo hinc-
ar ¢ negativa (decréscimo de [CA com aumen-
Lo do déficit hidrico), quantificada pelo cilcu-
lo do cocficiente de correlaglo, r.

4, RESULTADOS E DISCUSSAD
4.1. Balangos hidricos histricos para as
regidies de Aracruz e Sio Mateus

A FIGURA 1 apresenta o balango hidrico
historico para as regibes de Aracruz (esquer-

excelente clima para crescimento de eucalipto.

Verificou-se que choveu em média 1.380
mm em Aracruz; & evapotranspiragdo po-
tencial & 1.329 mm, ¢ o déficit hidrico foi
de cerca de 77 mm anuais, valores muito
baixos para provocar declinio no cresci-
menio de plantagdes de cucalipto. Além
disto, os excedentes hidricos da ordem de
125 mm permitem manter dgua disponivel
no solo e alimentar periodicamente o len-

da) e Sdo Mateus (direita). Trata-se¢ de um ol fredtico.
BH AR
210 . - 80
— e |
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FIGURA 1. Balango histdrico para a Regifio de Aracnuz (esquerda) e Sdo Matcus (direita)
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Comparando-se o balango historico para
a regido de S3o Mateus, ES (2] anos de da-
dos) an da regional Aracruz, foi verificado
que o déficit hidrico sobio para 105 mm, para
urna CALD de B0 mm. Choven mais, a precipi-
tagdo média foi de 1.427 mm. A EP passaa
1.468 mm como resultado de temperaturas
médias mensais mais elevadas, e o excedente
caiu para 63mm.

Segundo Calder (1992}, taxas elevadas de
transpiragdo resultam numa recarga reduzida
do aqilifero, assim como uma redugllo tam-
bém no escoamento superficial. Entretanto,
podemn ocorrer excedentes em meses nos quais
a precipitaglio ultrapassa a demanda
evaporativa com o solo na sua capacidade
mixima de retengiiode dgua.

4,2 Relagiio ente 1CA, déficit hidrico ¢
precipitacio - fontes de disperaio.

A FIGURA 2 (aeb)apresenta uma com-
paragio para as relaghes entre 1CA x délicit
hidrico e ICA x precipitagio, para plantios
com idade de 3 anos, A correlagio entre défi-
cit hidrico e ICA & maior que aguela existente
entre precipitagio ¢ ICA, o que confirma a
teoria, visto que a dgua usada pelas plantas
no processo de transpiracio e folossintese &
aquela armazenada no solo, e nfio necessaria-
mente a precipitaciio (entrada de dgua no sis-
temal, que muitas vezes pode ser escoada por
deflivio lateral ou drenagem profunda, por-
tanto indisponivel ao crescimento dos planti-
oa. Os coeficientes de correlaglo para 3 anos
sdio de 0,62 e 0,54, para 1CA X déficit hidrico
e ICA X precipitagdio respectivamente. A dis-
persdo é maior para precipitaghes supetiores
a 1.600 mm, como esperado (excedentes niio
usados nos processos (Tsicos de transpiragio/
fotossintese).

a7
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FIGURA 2. Relagho entre ICA e déficit hidrico (a)e entre [CA e precipitagdo (b) de Aracruz e Sio
Mateus, para plantios de eucaliptos com 3 anos de idade,

Embora as curvas de tendéncia que mos-
tram declinio no crescimento com a elevagio
do déficit hidrico, sejam consistentes, os va-
lores de coeficiente de correlagho refletem uma
dispersiio elevada dos pontos. As principais
fontes de dispersiio entendidas como fatores
que afetam o crescimento e que nllo slio obje-
tos deste estudo, silo descritas na seqliéncia;
o dados de ICA tomados para clones de de-
terminada classe de idade slo associados a
valores de déficits hidricos obtidos em dife-
rentes anos ao longo do periodo analisado
(1985-1995), portanto submetidos a diferen-
tes condighes de desenvolvimento, '

e uso de namero reduzido de perfis de solo
para estabelecimento de suas CADs. Desvi-
o8 na estimativa de CADs, implicam em fon-
te de dispersiio;

e dados de [CA tomados para lodos os
clones refletem diferengas inerentes ao mate-

rial genético;
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o diferentes condigdes a que possam Ler
sido submetidas as mudas dos diferentes
clones/talhdes pode influenciar no cresei-
mento;

o algumas dreas sfio rebrotadas apds o corte,
enquanto que outras sdo dress reformadas
{novo plantio).

4.3 Anilise de tendéncia 1CA X Déficit
hidrico considerando todos os clones por
classe de idade

As equagtes oblidas @ 08 respeclivos co-
elicientes de correlagflo estio na TABELA 1,
Para as classes de idade 3 e 4 anos a declividade
& bastante semelhante, variando de - 4.2 m3/
ha (de decréscimo de [CA ) para cada [ 00 mm
{de incremento ) de déficit hidrico para 3 anos
a- 4.4 m3/ha/ 10 mm para 4 anos. Da mesma
forma, para as classes de 5 e 6 anos as
declividades s30 equivalentes, de - 5.4 m3ha/
100 mm.
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TABELA 1. Anilise de tendéncia lincar por idade entre ICA e déficit hidrico para todos 0s clones
em conjunto, com os respectivos cocficientes de comelagio.

classe de idade equagde (v=HCA (vol'ha), 1= déficit hidrico (mm) | coeficiente de cormelugio
3 anos ¥=-0.042x + T9.BE6 r=-0.62
4 anos y=-0.043x + 70.506 r=-10.54
5 anos y=-0.054x + 68.712 r=-0.57
6 anos y =-0.054x + 60851 r=-063 |

A FIGURA 3 apresenta valores de
declinio na produtividade considerando um
déficit de 50 mm como referéncia padrio e
déficits de 200 mm, 400 mm e 600 mm, rclz-
cionados 4s idades de 3 a 6 anos {em termos
absolutos, 4 esquerda, e relativos, & direita).
Os desvios relativos mostram que em situa-
ghes de déficit acentuado (600 mm neste exem-
plo), pode ocorrer um decréscimo de ICA de
30% em relagiio a condigio dtima (50 mm,
referéncia) para a idade de 3 anos e de até
50% para a idade de 6 anos. Dois fatores sio
aventados para explicar este resultado:

1. medidas realizadas em Aracruz mos-
tram que o indice de drea foliar atinge seu
valor miximo aos 3 anos, da ordem de 3.0,

Consequentemente, a partiglio de radiagdo e
de momentum ocorre de maneira diferencia-
da, de forma que na idade de 6 anos tem-se
mais radiagdio (da ordem de 50% a mais) pe-
netrando o dossel, o que implica que a evapo-
rago na superficie do solo passa a ser maior
reduzindo 0 estogue de dgua.

2. sumento da resisténcia ao fhuxo de dgua
¢ consequenlemente reduglo de ABA
{(“Abisinsic Acid”, que ¢ formado no solo e
levado ds folhas com a dgua) em plantas mais
velhas, limitando o controle estomdtico de
transpiraglo. Assim, o fechamento dos
estdmatos, em funglio do déficit hidrico no
solo, seria retardado, induzindo alteragfes no
metabolismo, como a limitagio nio estomitica

caindo aos 6/7 anos para 2.0. de fotossintese.

8o
10
80

- 5 3 anoe

4 wnos

i 0 & mnos

a %0 '_l & anos
0
10

0 b
50 {reberdnca) 200 400 800
Déficit hidrico (mm) ®

59



Conferéncia IUFRO sobre Silvicultura ¢ Melhoramento de Evcaliplos

E B0 - P S S S S
50
: |
a0
§ ;
i 20
E 10
ﬂ'--—r—.— (b)
S0 (referéncia) 200 400 800
Deéficit Hidrico (mm)

FIGURA 3. Relaglo de ICA ¢ Déficit Hidrico (a) valores absolutos e (b) valores relativos, para
todos os clones analisados para as idades de 3 a 6 anos, para valores de déficit de 50 mum, 200 mm,

400 mm e 600 mm.

5. CONCLUSOES E RECOMENDA-
COES

&« Mesmo podendo ocorrer déficits hidnicos
da ordem de 600 mm por ano, as regides de
Aracruz e Sio Mateus no ES apresentam con-
digdes hidrologicas excelentes para o plantio
de eucalipto e outras espécies florestais de
crescimento rapido.

» Existe uma tendéncia consistente de redu-
¢iio no crescimento com o aumento do déficit
hidrico para todas as idades (3, 4, 5 e 6 anos).
Aos 6 anos, o déficit de dgua no solo influen-
cia mais o crescimento que aos 5, 4 ¢ 3 anos
nesta ordem. Em termos relativos, para um
déficit de dgua no solo de 600 mm, o ICA,
sofre, em média, um decréscimo de 309 aos 3
anos e de 50% aos 6 anos, em relaglio ao polen-
cial de crescimento em condigdes hidrologicas
representadas pela miédia histdrica.

o A correlaglio entre [CA e déficit hidrico no
sarlo mostrou-se melhor que aguela entre ICA
& precipitagio pluviométrica. O déficit hidrico
insere o eleilo do meio de armazenamento de
dpua do solo, no seu computo, Para periodos
em gue a precipitagio ultrapassa a capacida-
de de retengiio de dgua do solo, ocormem exce-
dentes, Portanto, trabalhar com varigveis de
balango hidrico que levem em conta a quanti-
dade de dpgua no solo (déficit hidrico ou arma-
zenamento) constitul vantagem considerdvel
quando se procura estudar a relagio entre dgua
e crescimento de Morestas,

11
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ECONOMIC ANALYSIS OF AN EUCALIPT PLANTATION PROGRAM IN THE
WENCESLAU BRAZ REGION, PARANA STATE
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RESUMOD

0 objetivo deste estudo fii avaliar a viabi-
lidade econdmica do programa de expansdo da
eucaliptocultura na regifio de Wenceslau Braz,
Estado do Parand. A andlise envolvew o cultivo
do encalipto solteirn, encaliplo consorciado com
culturas anuais em comparagio com a ativida-
de feijfio e milho, que é o principal sisicma
agricola da regifio. Para o encalipto, conside-
rou-se dois ciclos, ou seja, os periodos de corte
acs 7 e 14 anos. A rentabilidade econdmica foi
medida através da Relagho Beneficio/Custo
(RBC) e do Valor Anual Uniforme Equivalente
(VAUE). Os resultados mostraram que o cus-
to das mudas e das iscas para o combate das
formipas representam 26,9% do cusio de im-
plantagiio da cultura florestal e que o plantio de
eucalipto se constitui numa atividade econo-
micamente atrativa aos pequenos produtores,
Palavras-chave: Sistemas agro-floresiais,
fieijibo, milho.

ABSTRACT

This paper reports on the evalulion
economic feasibility of an eucalypits
plantation program in the Wenceslau Braz
region, Parana State, Brazil. The study involved
three traits: eucalypt stand, mixed plantation
of com and beans, and a stand mixed with
eucalypt, corn and beans. Eucalypts
production was based on two rotation (7 and
14 years old). The cconomic retums were
measured through the Benefit'Cost Ratio and
Amnual Equivalent Value. Results indicated that
seedlings and pesticides amounted for 26.9%
ofthe establishment cost and also that eucalypt
plantation is an attractive economic oplion
for small landowners in the region.
Key-words: Agroforestry syslems, smal
farming, Brazil,
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1. INTRODUCAO

A expanslo e modernizagio da
agropecudria paranaense, inegavelmente apre-
sentou significativos aumentos da drea culti-
vada e, consequentemente, da produgdo ¢ pro-
dutividade de produtos de origem animal e
vegetal. Isto ocasionou uma expressiva dimi-
nuigio da cobertura florestal e, portanto, tem
contribuido para que regides do Estado ndo
tenham mais condighes de atender a demanda
de produtos florestais.

Particularmente, essa situaglo ocorre tam-
bém na microrregido de Wenceslau Braz, no
norte pioneiro do Estado do Parand, onde,
além da pouca cobertura florestal para aten-
der o mercado consumidor de madeira, exis-
tem extensdes significativas de dreas degrada-
das e/ou em processo adiantado de degrada-
¢lo. Nessa regilo, para os priximos anos,
prevé-se um panorama critico na oferta de
produtos florestais. Atualmente a demanda
regional de madeira estd estimada em 414 mil
m/ano, cujo atendimento necessitarh reflores-
tar cerca de 2.000 ha/ano (PINTO, 1995),

Para atender essa necessidade de madeira
no curto prazo, o plantio de eucaliptos surge
como uma das melhores alternativas (HIGA,
1995). Além da madeira e carviio, o cucalipto
pode ser usado para a produgiio de mel, dleos
essenciais, dormentes, celulose e papel, ma-
deira serada, mourdes de cercas, postes, ma-
deira roliga para construgdes rurais, em plan-
lios para o controle de erosdo e quebra-ven-
10s, Messc contexto, ainda ndo existem espé-
cics florestais de outros géneros nativos ou
introduzidos que atendam melhor aos objeti-
vos acima citados do que os eucaliplos,

Apesar dos mais de 3 milhdes de hectares
plantados de eucalipto, no Brasil, estarem
concentrados, principalmenie, nas regides sul
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e sudeste, existem plantios pulverizados em
praticamente odo o territorio nacional. Par-
ticularmente na regifio de Wenceslau Braz,
exisiem pequenos plantios com mais de 20
anos que os agricultores vém utilizando a
madeira para atender 0 CONSUMo NAS SUAS pro-
priedades, Visando aumentar a oferta de ma-
deira na regifio, destaca-se as aghes do Projeto
Alternativas Agroflorestais - PAA, coonde-
nado ¢ executado pela EMATER e as do Ter-
mo de Cooperaglio Técnica entre a EMATER/
PR, Prefeituras Municipais e a Indistria de
Papel Arapoti 8. A. - INPACEL (PARANA,
1995),

Esse programa beneficia os pequenos pro-
dutores rurais, com dreas de até 50 hectares.
Nos dois altimos anos, j foram implantados
1.020 ha de eucalipto nessas propriedades,
correspondendo a 1.700.000 mudss distribui-
das.

Messa parceria, especialmente, a
EMATER ¢ a INPACEL tém as seguinics
atribuigdics: a) cadastrar, motivar, prestar as-
sisténcia técnica aps produtores e, organizar
a distribuigio das mudas e o0 combate das for-
migas (EMATER) e b) fornecer mudas de
eucalipto, e formicidas, sem Snus aos produ-
tores (INPACEL).

O referido programa, além das justificati-
vas apresentadas, vém de encontro & Portania
do [BAMA n. 441, de (9/08/89, que obriga a
reposigiio florestal na relagiio de 6 drvores/m3
de madeir consumida

Dado o panorama apresentado ¢ a neces-
sidade de oferecer alternativas economicamen-
te vidveis aos produtones rurais, este trabatho
avaliou a viabilidade econfmica do programa
de expansfio da eucaliptocultura na regido de
Wenceslau Braz, no Estado do Parana.

2. MATERIAL E METODOS

2.1. Caracterizaciio da regido

Meste trabalho, a regifio de Wenceslau
Braz, corresponde & drca contemplada pelo
Programa Altemativas Agroflorestais - PAA
da EMATER, situada no norte pionciro do
Estado do Paran. E formada por 18 munici-
pios, ocupando uma drea de 6.6035,7 km2, com
uma populagiiode 173,010 habitantes, repre-
sentando 3,31% da érea e 1,92% da popula-
§do estadual, respectivamente.
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2.2, Os dados

A base de dados utilizada neste trabalho
foi obtida através do levantamento realizado
junto a proprietdrios de olarias que plantam
cucaliplos, visando o atendimento do consu-
mo proprio ¢ de agricultores que plantam
cucaliplos e/ou feijio e milho, culturas essas
que formam o principal sistema de uso da
terra da maioria dos agricultores da regiiio
(EMATER, 1997).

A pesquisa foi realizada no periodo de
janeiro & margo de 1997, Através de formuld-
rios especificos, foram levantados os coefici-
entes téenicos sobre o uso de maquinas,
insumos, mio-de-obra, pregos pagos
{insumos, servigos ¢ mio-de-obra) e recebi-
dos (produgdo), drea plantada e produtivida-
de das respectivas culturas. Foram entrevis-
tados 34 produtores, todos assistidos pela
EMATER, sendo 15 produtores de feijio ¢
milho usando a tecnologia recomendada pela
assisténcia tdenica, 11 de eucalipto e 8 pro-
prietérios de olarias que plantam eucalipto,

1.3. Métodos de andlise

A relaglio de pregos refere-se & média de
pregos pagos pelos insumos, servigos, milo-
de-obra e recebidos pelos respectivos produ-
o8, no ano de 1996,

Com relagilo & mdo-de-obra, independen-
te da contratagio ou nio por parte dos agri-
cullores, considerou-se o respectivo custo
alternative ou custo de oportunidade, repre-
sentado pelo valor médio das didrins pagas na
regilio, no ano de 1996, que foi de RS 7,50/
dia.homem.

Apesar da remuneraglo de terra ser um
item wsual no cdleulo de custos de produgiio,
em funglio de todos os produtores amostrados
serem proprietnos ¢ nlo arrendarem terras,
esse cusio foi desconsiderado para todas as
atividades analisadas neste trabalho.

A rentabilidade econdmica foi medida
atraves da Relagio Benelicio/Custof RBC) ou
indice de lucratividade (TL).

Em fungdo da produgiio de eucalipio rea-
lizar-se ans 7 e 14 anos, utilizou-5e um crité-
rio alternativo que considera os descontos de
valores para esses periodos. O criténio ¢ o do
Valor Anual Uniforme Equivalente (VAUE)
também chamado de Valor Equivalente Anu-
al, que € igual ao Valor Liquido Presente (VLF)
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multiplicado pelo fator de equivaléncia anual
(VY (1 HYP -1

A RBC g 0 VAUE foram calculados atra-
viés das formulas:

RBC = E(R X1+ I ZCHI+H) e
VALE =(VLP) (i(1-+)'/ (1+)'- L,

sendo: R receitas, C custos,
i: taxa de desconto e t: lempo (anos).
Em todos os calculos, usou-se a taxa de
desconto de 6% a0 ano.,

3. RESULTADOS E DISCUSSAQ

3.1. Atividade feijio ¢ milho solteiros e
consorciados

Ma Tabela 1, apresenta-sc os custos, a
produtividade e a renda das culturas de feijfo
& milho cultivados solleiros ¢ nas entrelinhas
no primeiro ano de plantio do eucalipto. Em
fungio do produtores amostrados usarem a
tecnologia recomendada, a produtividade do
feijlio e do milho solieiros { Tabela 1) supera a
produtividade média paranaenses dessas cul-
turas em 49,5% ¢ 46,8%, respectivamente.

Dos produtores pesquisados, 30% culti-
vam o [eijllo ¢ o milho nas entrelinhas, no
primeiro ano de plantio do eucalipto. O plan-
tio do feijfio e do milho é feito manualmente,
enquanto gue, nas respectivas lavouras sol-
teiras, essa pritica € mecanizada, Em fungiio
das menores densidades de plantas de feijio e
milho, foram usados apenas 60% dos insumos
(sementes ¢ defensivos) e mio-de-obra e,
portanto, as produtividades das culturas quan-
do consorciadas com o eucalipto sfo menores
que as produtividades dos cultivos solteiros.

Mesmo plantados consorciados com o
eucalipto, o feijio ¢ o milho proporcionaram
rendas liguidas positivas, contribuindo, as-
sim, para reduzir os custos da implantaglio da
cultura florestal, produgio simultinea de ali-
mentos ¢ aumento da renda dos produtores
(Tabela 1).

3.1, O cultive do encalipto

A drea ocupada com eucalipto variou de
0,3 ha a 10,4 ha, com uma média de 4,1 ha/
produtor, Na regido, existem proprietarios de
olarias que, para o atendimento do consumao
proprio, necessitam manter dreas médias de

TABELA 1. Custos, produtividade e renda do feijdio e milho em cultivos solteiros ¢ consorciados,

(Valores em Rfha)

Varkiveis Cultivos solteiro Cultivos comsorcindos o encalipto
5 5. o Feijio Milho Feijdio Milho

1. Preparo do solo 150,00 125,00 — —

2, Insumos 321,80 277.04 139,80 JLCINHN]

1. Mio-de-obra 112,50 105,00 67,50 63,00

4, Custo total (1+2+3) 584,30 507,04 207,30 163,00

5. Produtividade 1.335 4.770 485 1.723

6. Valor da produgiio 62745 527,40 22795 206,76

7. Renda liguida 43 15 65,36 20,65 43,76

* 0 feijio e o milho se beneficiam do preparo do solo para o plantio de eucalipto,
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25 ha com eucalipto,

Mesmo considerando-se gue o cucalipto
possa produzir por varios ciclos, na amostra
estudada identificou-se produtores que estio
no segundo ciclo, ou seja, no segundo cone gue
corresponde aos 14 anos ¢, portanto, csse pas-
s0u a ser 0 horzonte analisado neste trabalho.

Cerca de T0% dos eucaliptoculiores cul-
tivam a espécie solleira ¢ reservam as melho-
res dreas para o plantio das culturas anuais,
plantando a floresia em dreas menos nobres.

Ma pesquisa de camipo, também foi cons-
tatado que; a) a cucaliptoculiura, exceto para
05 proprictirios de olanias, ainda € uma ativi-
dade complementar na propriedade; b) o ca-
lendério comparative de plantio, tratos cul-
turais ¢ colheita ¢ mais eldstico na atividade
fMorestal do gque nas culiuras anuais ¢ ¢} em
plantios de eucalipto, mesmo em drcas
declivosas, ocorre menor grau de erosdo gue
nag freas com culturas anuais.

Idade de corte - Cerca de 78% dos pro-
dutores, corlam os cucaliptos aos seic anos.
Essa operagho & feita com motoserras, onde
dois homens, em média, cortam e empilham
30m? de madeira/dia. Entretanto, alguns pro-
dutores cortam o eucaliplo com guatro, cinco
e seis anos de idade, enguanto outros, reali-
#am desbastes mantendo as melhores drvores
por 15 a 20 ou mais anos para, entllo,
comerncializi-las ou utilizd-las como madeira
sermada.

Custos - O maior custo da eucalip-

toculiura 0Come no primeiro ano, por ocasilio
da sua implantagio e manutengdo (Tabela 2).
0 custo de implantagio obtido foi 22% me-
nor que o custo médio do primeiro ano apre-
sentado pelas empresas reflorestadoras da re-
gido. Um dos itens de maior contribuiglo para
o maior custo das empresas ¢ a mio-de-obra,
cujo custo resulta dos saldrios mais o8 res-
pectivos encargos, enquanto que, a nivel de
produtor, considerou-se apenas seu custo al-
temativo, ou seja, o valor médio da didria paga
na regidio (RS 7,50 homem/dia).

Produtividade - Ma Tabela 2, sfio apre-
sentadas as produtividades do eucalipto de
225m’ e 215m’ aos 7 e 14 anos, respectiva-
mente. Vale ressalvar que a produtividade do
eucalipto, aos 7 anos, foi 8,9% inferior & pro-
dutividade média das reflorestadoras da re-
gido. Possivelmente a justificativa para isso
haseia-se no fato das empresas, com técnicos
mais especializados, realizarem as operagles
de forma mais homogénea e eficiente resul-
tando, assim, em maiores ganhos de produ-
a0,
Alerta-se que, na Tabela 2, constam ape-
nas 08 anos um, dois, sete, oito e quatorze,
quando ocorrem as operagdes de cultivo da
espécie Morestal,

F importante lembrar que plantios de
eucaliptos conduzidos em terras boas, em
média, apresentam produtividade de 40 mY/
ha.ano, resultando no rendimento de 280 m'/
ha, aos 7 anos.

TABELA 2. Custos, produtividade e renda do eucalipto, com cortes aos 7 ¢ 14 anos.

Variveis Ano | Ano 2 Ano 7 Ano§ | Ano 14
1. Mecanizagio { RS/ ha) 125,00 —_ — = -

2, Insumos (RS/ha)' 21296 — 22,00 32,400 -

1. Maop-de-obra (R$/ha) 82,50 15,00 142,50 30,00 120,00

4. Custo total (R$/ha) 420,46 15,00 164,50 62,40 120,00

5. Produtividade (m'/ha) — - 225,00 - 215,00

6. Valor da produgiio (R%/ha) —_ _ 1.350,00 — 1. 294,14

! Incluidos os custos das mudas (RS 99,96) e do formicida (RS 13,00}, doados aos produtores.

*Com o custo do formicida (RS 10,40).
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3.3, Rentabilidade econdmica
Analisando-se 08 custos e as receitas (Ta-
belas | e 2), constata-se que tanto o cullivo
do feijlio e milho como do eucalipto apresen-
tam rendas liquidas positivas aos produtores,
MNa Tabela 3, observa-se que a RBC do
sistema feijfio ¢ milho ¢ de apenas 1,10, en-
quanto gue, para o eucalipto solleiro, alcan-
gou 1,73, ou seja, 63% maior gue as duas
culturas anuais juntas. Em geral, a RBC evi-
déncia o menor desembolso moneténo do cul-
tivo do eucalipto, puro ou consorciado. O
VAUE mostra a superiondade do eucalipto
consorciado sobre o solteiro. Analisando-se a
receita liguida anwal do milho e feijdo
(R$108,51), verificou-se que esse valor su-

perow o do cucalipto solieiro em apenas 5%

(Tabela 3). No entanto, essa opgdo se loma
desvantajosa quando se considera o eucalipto
solteiro ou consorciado, em que 0s produto-
res recebem, gratuitamente, as mudas ¢ o
formicida, como ¢ o caso dos produtores do
norte paranacnse, Esse aspecto alesta que o

subsidio ds mudas e formicidas constitui-se
em fator importante na expansfio da
eucaliptocultura e aumento de renda dos pro-
dutores.

Cuando o ciclo de plangjamento passa
de 7 para |4 anos, o eucalipto solteiro ou
consorciado continua apresentando maiores
RBC gue o cultivo feijio ¢ milho (Tabela 3).

Embora nio analisado neste rabalho, vale
ressalvar que o plantio de culturas anuais tam-
bém pode ser realizado no segundo ano de
cultivo e na segunda rotagdo do eucalipto,
contribuindo assim para o aumento da pro-
dugdo de alimentos.

Mo caso dos produtores da regido estuda-
da, que recebem as mudas (equivalente a RS
99,96/ha) ¢ o8 formicidas (RS 13,00/ha) e que
esse valor de RS 112,96 representa 26,9% do
custo de implantagio do eucalipto ( Tabela 2),
denota-se a importincia dessa contrnbuigio &
politica de expansfio florestal bem como no
aumento de renda dos produtores contem-

phdosm'_ul:pmgrm

TABELA }. Indicadores do cucalipto aos 7 anos ¢ aos 14 anos feijdo + milho.

Varidveis Relaglio Beneficio/custo | Valor Equivalente Anual
Janos | 14anos Tanos | ldanos
Feijio + milho 1,10 1,10 108,51 * 108,51 *
Eucalipto o/ feijio + milbo 1,53 1,95 107,40 117,15
Eucalipto solteiro 1,73 240 094,32 109,87
Eucalipto soheiro - (nmdas  iscas) 216 2,68 117,26 123,42
Facalipto consorciad {maxdes o ) 1,72 249 130,33 130,70

* Renda liquida anual,
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4, CONCLUSOES

Tanto a eucaliptocullura como o plantio
de feijio e milho sio altermativas economica-
mente vidveis para o8 agricullores da regiio
de Wenceslau Braz, PR.

O sistemas agroflorestais, além da racio-
nalizagdo do uso do solo e da mio-de-obra,
diminuem os riscos téenicos de produglo e
aumentam a renda da propriedade.

As mudas e 08 formicidas representam
26,9% do custo de implantacio do eucalipto.

0 programa de assisténcia técnica da
EMATER e de doagfio de mudas e formicidas
pela INPACEL, reduz os custos, viabiliza a
expansiio do cultivo do eucalipto eaumentaa
renda dos produtores.
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SUMMARY

In the State of 580 Paulo and, generally in
Brazil, forest plantations are located on very
poor soils and, when harvested, several
questions must be answered, mainly related
to nutrient cycling sustainability. With this
purpose, several stands of different species
of Evcalypius: E. camaldulensis { 9-yr-old ),
E. grandis (9 and 2.5 yr-old ), E forelliona
(11yr-old) and E. saligna (11 yr-old ), were
studied, comparing annwal nutrient
atmospheric inputs with nutrients annually
accumulated in the compariments of trees
biomass: crown, trunk, and wood. The
biomass annually produced by stands of E.
grandis ( 9 yr-old ) was higher than the
produced by the other species with similar
age. E. grandis was also more efficient in
nutrient utilization, mainly for phosphorus.
However, young trees of this species ( 2.5
yr-old ) sccumulated more nutrients in the
leaves and branches than mature trees, and
the whole tree utilisation for pulp and energy
in shorter rotation could significantly reduce
the capacity of many infertile soils to replace
nutrient removed during harvesting. In many
cases, depending on site, stand age and
Euralyptus species, annual atmospheric input
would be sufficient to supply annual nutrients
accumulation only in the stemwood. However,
to maintain site sustainability it is suggested
that silvicultural rotation should be longer than
they usually are at the present (5 -7 years }
and only stermwood should be harvested from
the stand, conserving the nutrients and
increasing the organic matter in the soil.
Key word: Eucalyprus, atmospheric inputs,
nutrient use efficiency, harvesting,
sustainability.
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RESUMO

Comparacioentre a_enmtrada de nutrientes

i feraesuae em pl

de eucaliptos. Implicagies para a
sustentabilidade. - No Estado de 580 Paulo e
no Brasil, de maneira geral, as plantagies
florestais se localizam sobre solos de baixa
fertilidade e sua exploragio, devido &
exportagdo de nutrientes, gera diversas
controvérsias principalmente relacionadas
com o ciclo dos nuirentes ¢ a sustentabilidade.
Com esta finalidade, diversos talhdes
florestais de espécies diferentes de eucalipios.
E camaldulensis {9 anos ), £ grandis (9 e
2.5anos ), E. torelfiana( 11 anos ), e £ safigna
{ 11 anos ), foram estudados, comparando-se
a entrada anual de nutrientes via atmosfera
com os nutrientes anualmente acumulados nos
compartimentos da biomassa arbbrea: copa,
tronco e apenas o lenho do tronco. A blomassa
produzida anualmente pelo talhBio de E.
grandis { 11 anos ) foi maior do que a
produzida pelas outras espécies com idade
semelhante. E. grandis evidenciou-se mais
eficiente na utilizagfio dos nutrientes e
principalmente do fbsforo, Entretanto, as
dirvores mais jovens desta espécie, com 2,5
anos de idade, acumularam proporcionalmente
uma maior quantidade de nutrientes nas copas
do que as drvore maduras e, neste sentido, a
exploragiio total das drvores para celulose e
energia em rotagdes muito curtas reduziria
significativamente a capacidade do solo de
repor o8 nutrientes exportados através da
exploraglo da biomassa com consegiienie
prejuizo da produtividade futura do sitio.
Entretanto, pode-se concluir que, dependendo
do local, da idade do talhfio e da espécie, a
entrada anual de nutrientes através da
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precipitaghio atmosférica poderia ser sufici-
ente para suprir os nuirientes anualmente acu-
mulados apenas no lenho do tronco das drvo-
res, Para manter a sustentabilidade mutricional
do sitio, sugere-se que a rolagdo silvicullural
s¢ja mais longa do que o € usualmente (5-7
anos) € que apenas o lenho do tronco seja
exponado do tathfio, permanccendo as folhas,
05 ramos e a casca sobre o solo, conservando
assim o& nutrientes ¢ aumentando a guantids-
de de matéria orginica.

Palavras-chave: Eucalyprus, nutrientes, en-
tradas atmosféricas, eficiéncia nutnicional,
exportacio, sustentabilidade.

INTRODUCTION

The States of S0 Paulo and Mato Gosso
do Sul are located in the Southeast and central
regions of Brazil and are crossed by the Tropic
of Capricomn, including subtropical areas,
which one hundred years ago, were covered
in 80% by tropical forcst along the coast and
by semi-evergreen subtropical forest in the
central part, including also some areas of
Savannah {Campos cerrados).

At the present, only 5% of the land is
coverad by forest and are located mainly along
Serra do Mar and considered areas of
permanent preservalion by governmental
laws. Almost the total area of the State is
occupied by annual crops, sugar cane
plantation, and pastures. Besides this
transformation, the State of 580 Paulo has
become the most industrialised state of Brazil.
In 1995, just 10 supply the manufacture of
pulp and paper, 42 million m® of wood were
utilized, coming from Excalvprus and Pimes
plantations. Just in Sie Paulo, man-made
forest with Eucalyprus and Pinus species
amount to respectively 291,210 hectares
(ANFPC, 1995), while natural forests cover
approximately 2 million hectares, including
almost all the areas of permancnt prescrvation
of the State. The wood shonage for industries,
the distance of natural forest potential
producers of wood material for industry, and
the strong heterogeneity of the tropical trees,
clearly show the increasing impornance of
man-made forests. Considering, however, that
forest plantations are generally located on
very poor soils, several questions must be
answered, mainly related to nutrient cycling.
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The most notable interruption in the nutrient
cycle of managed forests results from routine
harvest. (Farrel ef ol 1986). This paper
presents several data showing atmospheric
inputs and nutrient accumulation in the
biomass of different species of Evcalyptus
plantations, located at several places of the
States of S8o Paulo and Mato Grosso do Sul,
and discuss the implications of long-term
management practices and harvesting on
nutrient conservation and forest sites
productivity. Also discuss the role of nutrient
retranslocation among the different
compartments of the trees that varies with

species, ages and growing conditions,

METHOD

The amounts of nutrients, coming from
the atmosphere and estimated through
precipitation, were compared with nutrients
accumulated annually in the biomass of
Eucalyptus plantations, supposing those
nutrients will be exported by harvesting at
the end of forest rotation. Considering that
forest plantations occupy in general heavily
weathered infertile soils, the rate of nutrients
released as a result of weathering is calculated
insignificant. Soil nutrient reservoir is also
very low to attend tree requirement of fast
growing forest of Evcalypius, and often more
than 50% of nutrients cycling among the
compartments of the system * tree biomass-
soil ™ are retained in the stand biomass
{Poggiani, | 985a).

The atmospheric inputs, showed in Table
1, were drawn from research-papers of that
analysed rain-water collected during many
years in several sites of the central part of the
State of S3o Paulo (Verdade and Kupper, 1955;
Lima, 1985; Coutinho, 1 979),

Mutrients accumulated in the tree
biomass of 5 forest stands of Eucafymus,
located at different places were estimated at
different times by Poggiani (1983 and 19835b),
and Schumacher and Poggiani (1993). In
order to determine tree biomass, 15 - 20 trees
of Eucalyvptus stands were selected from the
five DBH ¢lasses, felled and limbed. Each
component of the trees ( leaves, branches,
bark and wood) was separated and weighed
in the field.

To choose the best model to estimate the
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dry biomass componenis of the trees, a siep-
wise procedure was performed using as
independent variables DBH and total height,
and their transformed values. Samples of
leaves and small sections of the branches,
collected from the median part of the stem,
were weighed and sealed in polyethylene bags
for laboratory analysis. Moisture contents
of the different components was then
determined and the dry weight of tree
calculated. Weighed values for moisture
conilent in the samples were used to convert
green components weight to oven dry weight
Afler oven-drying, leaves, branches, and stem
samples (wood and bark separately) were
ground in a Willey mill and passed trough a 20
mesh sieve o determine nutnient concentration,
according to Samuge and Haag (1974).

In this paper, nutrient contents in the
following five stands of Ewcalypius are
compared: 1- E. comaldulensis, 2 - E gravdis,
3 - E. rorelliana, respectively 9, 9 and 11
vears old, growing at Anhembi Forest Science
Experimental Station of ESALQVUSP { Lat.
2243 § and long. 48" 10" W, alt. 500 m) on
Red Yellow Podzolic soil with low ferility
and sandy medium texture. 4 - E saligna, 11
years old growing in Piracicaba ( Lat. 22°42"
5 and long. 47° 38" W and alt. 540 m)on a
Podzolic soil with low/'medium fertility. 5 -
E grandis, 2.5 years old, growing at Trés
Lagoas - Mato Grosso do Sul (Lat 20° 47'S
and long. 51* 39" W) on a sandy Red Brown
Latosol with low fertility). The climate of all
the regions belongs 1o Cwa ( Koppen
classification), with annual rainfall around
1200 - 1 300 mm, mean lemperature 21- 23 %C,
hot and rainy summer and moderate and dry
winiers.

Mutrient use efficiency was also
calculated, mainly for stemwood, considering
the amount of harvestable biomass produced
per unit of nutrient accumulated.

RESULTS AND MSCUSSION
Empirical studies, about the impact of
more traditional forest management regimes
suggest that the whole-tree harvesting (e. g.,
removal of stem, branches, and foliage)
increases the rate of loss of nutrients by
several-fold relative to a conventional harvest
{e.g., stem or wood only} in which, usually,
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just a small fraction of the total nutrients of
the ecosystem is removed. (Crane and Raison
1980; Rezende, 1983; Poggiani, 1983),

Table 1 shows the blomass annually
produced and the amounts of nutrients
accumulated in total tree, trunk and only
stemwood in stands of different species of
Eucalhpius. Because nutrient requiremnent and
within-tree allocation patterns differ among
species, it should not be surprising that the
impact of timber harvesting on nutrient
removal is species dependent { Son and Gower,
1992). Taking in account the whole tree
utilisation, it is possible to verifies that the
biomass annually produced by stands of £,
grandis is higher than the biomass produced
by the other species with similar age,
However, the harvesting of £. grandis will
cause an higher nutrient exportation from the
site with strong implications for the future
site productivity,

Comparing the amounts of nutrients
annually accumulated in the whole tree of
Eucalyptus (9-11 years old, growing at
Anhembi and Piracicaba) with the nutrients
accumulated in the trunk, it is possible to
verifie that 1 5-40% are located in the crowns
(leaves + branches), 65-80% in the trunk
(wood + bark), However, the stock of
nutrients only in the wood are lower than
40% of the amount of nutrients accumulated
in the whole tree biomass, except for nitrogen.
Leaves present the higher nitrogen
concentration. Poggiani { 1985) found: 1.23%
of nitrogen concentration in the leaves, 0,26%
in the bark and just 0.071% in the wood of £
saligna growing at Piracicaba, Seems to be,
meanwhile, that Excalvprus species accumulate
in general heavy amounts of calcium, mainly
in the bark. Schumacher and Poggiani { 1993),
and Vital (1996), found the following
concentration: 3.34, 1.87, 1.46, and 2.78%
respectively in the barks of £ saligna, £
camaldulensis, E. grandis and E. torelllana.
Thus, nutrient accumulation in forest
plantation biomass , growing in similar soil
and climatic conditions, depend on the tree
species. Different species accumulates
different guantities of nutrients. Also,
Rezende er af. (1983 ) found that, apant from
nitrogen, £ saligna stands contained more
nutrients in the biomass than E gramdis.
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Leaves and branches contributed 20% or less
than total biomass, but contained 50-60% of
the nutrients,

A major way of nurient loss from forest
ecosystems is through removal of the harvest
crop. Estimates of losses have been monitored
for many years, specially by European
foresters, and they are known for several
species and sites (Pritchert, 1979). A forest
stand annually absorbs almost as much
nutrients from an hectare of soil as some
agricultural crops. However, less than onc
third of the absorbed nutrients are immobilised
in commercial stemwond, while the remamder
retums to the soil reserve as foliage, branches
fruits, and roos,

At the present, several companics in
Brazil, who praclice a good forest
management, peel the bark in the field, leaving
the nutrients in the site. The comparison
between annual atmospheric input and
mineral nutrients accumul ation in tree biomass,
gshowed in Table 1, it makes evident that
nutrients coming from rain-fall are not enough
to balance the annual accumulation, if whole
tree is considered, bul in many cases they are
sufficient to supply the growth of stemwood
hiomass, that will be exported by harvesting.
Nitrogen is an exception, because its high
concentration in lissues. However, this
nutrient is incorporated in the ecosystem by
other way like asymbiotic and symbiotic
fixation. Nitrogen fixation rates can reach
around 20 Kg/halyear in tropical forest
(Boring er al.,1988). In this sense, the
conservation of organic matter in the soil is a
very recommendable practice in man-made
forest management, because increases the
asymbiotic N fixation.

Comparing also the biomass annually
built in the whole Exncalypius stands at
Anhembi and Piracicaba, crowns represent
only 10% of the total, nevertheless in E.
grandis, 2.5 vearsold, growing at Trés Lagoas,
the crowns biomass attains 35% of the total
trees, including 81% of M, 63% of P, 58% of
K, B6% of Ca , and 73% of Mg This means
that a young trec accumul ales more nulrents
in the leaves and branches than a mature tree,
and the whole utilisation of tree for pulp and
cnergy in shorter rotation could significantly
reduce the capacity of many infertile soils W

Tl

replace nutrient removed during harvest,

I'rees can meet their annual nutrient
demands by removing nutrients from aging or
senescing tissues to new growing parts of the
tree { Cowling and Merril, 1966). This process
is dynamic and varies with age and growing
conditions and a particular nutrient
{Landsberg and Gower, 1997). On a stand
hasis, retranslocation of nutrient, especially
nitrogen and phosphorus, supplies a
significant portion of the annual nutrient
requirement. Turner and Lambert (1986)
estimated that 50-60% of the annual
phosphorus requirement of Pinus radiata
plantations were met by retranslocations.

A comparison between species and
hetween tissue types within species indicated
thai nutrient use efficiency for N, P, K, Ca
and Mg varied widely among species (ranging
up to 10-fold differences) and tissues (up to
15-fold). For the more of the studied
nutrients, stemwood and large branches are
the most nutrient-efficient tissue, followed
by small branches, bark and then leaves( Wang
et al., 1991).

Table 2 shows the nutrient use efficiency
of the different species of Ewcalvpius, only
considering the built of woodbiomass in the
trees of the stands, that will be harvested. To
become comparable the resulis, all the data
are presented as weight of biomass { Kg)
annually accumulated per weight (g) of
nutrient utilised.

E. safigna, 11 years old, is the most
cificient for nitrogen, potassium and
magnesium. However, £ grandis growing at
Anhembi is the most efficient for phosphorus
utilisation, building 25.60 kilograms of
woodbiomass per gram of phosphorus
imvested. In general, it is possible to verify
that Eucalyptus species are very efficient in
phosphorus utilization, According to Attiwill
{1980), the large adaptation of Eucalyprus
species in Australia, may be altributed to their
capacity to survive in infertile soils with very
low content of phosphorus. Rezende ef af.
{1983) also found that nutrient wiilisation
efficiency in £ grandis stands was greater in
higher density, however the whole tree
harvesting would remove a greater propartion
of nuirients from the site at higher density.

Comparing the nutrient use efficiency of
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TABLE 1. Comparison between annual stmaspheric input and mineral nutrients accumulation in
tree biomass of different species of Excalyptus planted in several sites of the State of $fo Paulo
and Mato Grosso do Sul. (Kg/ha/year).

Annual Inputs N P K Ca Mg
65-73 09 2.6-98506-16.00.9-52

Biomass and nwirients snnualy sccumulated in the;

1.1 E. camaldulensis stand at Anhembi ( 9 years old, spacing 3 x 1 m)

Biomass N | K Ca Mg
Total tree 14,000 294 1.2 203 313 4.7
Trunk 12,500 213 0.8 13.1 283 kJ |
Stem-wood 11,340 17.6 0.5 f.4 6.2 L6
|.2. E grandis stand at Anhembi { 9 year old, spacing 3 x 3 m)

Biomass N P K Ca Mg
Total tree 30,300 B0.3 2.9 41.2 53.9 12.7
Trunk 27,700 61.6 1.9 294 428 9.4
Stem-wood 25,600 26.9 Lo 143 1.3 2.6
1.3. E grandis stand at Tres Lagoas ( 2.5 years old, spacing 3 x 1.5 m)

Biomass N P K Ca Mg
Total tree 11,600 36.1 4.3 17.8 644 124
Trunk 1,500 10.9 1.6 7.5 9.6 i4
Stem-wood 6,500 | 0.6 1.2 3.5 1.3
1.4 E torelliana stand at Anhembi ( 11 years old, spacing 3 x 2 m)

Biomass N P K Ca Mg
Tolal tree 15,500 302 20 20.7 48.0 1.4
Trunk 13,900 21.2 1.7 8.4 41.3 5.8
Stem-wood 12,900 17.2 1.5 1.7 129 2.5
1.5 E saligna stand at Piracicaba ( 11 years old, spacing 3 x 2 m)

Biomass N P K Ca Mg
Tolal tree 16,900 199 55 17.3 86.7 7.4
Trunk 15,270 125 38 11.0 5.1 4.2
Stem-wood 14,400 10.2 1.1 6.6 9.4 1.4

TABLE 2. Nutrienl use efficiency of different species of Ewcalyprus planted in several sites of *
the State of 580 Paulo. Referring to rates of stem-wood biomass accumulation per unit nutrient
invested . (Kg of biomass accumulated / g of nutrient).

Euncalyptus Species N P K Ca Mg
2.1. E. Camaldulensiz, 9 years - Anhembi 064 260 178 18}  T.00
2.1, E Grandis, 9 years - Anhembi 095 2560 1.79 26 980
1.3, E Grandis, 2.5 years - Trés Lagoas 0.87 1080 200 1.80  5.00
2.4, E rorelliana, 11 years - Anhembi 0.75 860 1.10 1.00 516
2.5. E. saligna, 11 years- Piracicaba 140 1300 220 1.50 1030

72



Conferénein IUFRO sobre Silvicultura ¢ Melhoramento de Eucaliptos

E. grandis stand, 1] years old, growing at
Anhembi, with E grandis stand, 2.5 years
old, growing at Trés Lagoas, it is possible to
conclude that the older stand is more efficient
mainly for P, Also, according to Bangali
(1995), the nutrient use efficiency increascs
wil increasing plantation age and Crane and
Raison (1980) concluded that shorening
rotations increases the amount of P removed
per unitl of wood harvested in E delegaiensis.
A simmilar result was found by Poggiani er al.
{1983} in short rotation intensively cultured
plantation of Encelyprus gramdis. According
to Silva ef al. (1983), E. grandis was the mos!
efficient in phosphorus utilization among five
species of Eucalypiur growing on a very
infertile sandy soil in the central parl of the
State of S3o Paulo.

Baker and Attiwil { 1985) found in Pinus
reudiota, the annual gross demand for N and P
averaged 6.1 and 0.61 g/m?, and in Encalyphar
obfigua 4.9 and 0.28 g'm? respectively. They
stand oul that i P. radicata 34% of the demand
for P came from soil reserves, bulin £ obligue
only 108 of the demand for P came from soil
reserves. The annual gross demand for P found
by those researchers is very similar 1o the
gross demand observed in £ grandis stand,
11 years old, at Anhembi.

Finally, it is possible to conclude that
mone nutrients are removed when, at the end
of rotation, the older Excalypius plantations
are harvested due to the greater amount of
biomass harvested. Meanwhile, older stands
are mone efficient in nutrients wilization than
younger stands, mainly for phosphorus.
Moreover, the longer rolation of the older
forests provide more opportunily lor
nuirients to be replaced by natural inputs.
So, the impact of nutrienl removal is silc
specific, also depending on annual nutncnts
inputs coming from atmosphenc deposition.
Just considering stemwood harvest, this study
shows that nutrients inputs coming from
precipitation may be enough, in many cases,
to replace nutrients accumulated in stenmwood
biomass that will be harvested { Table 2). In
this sense, the silvicultural rotation should be
similar to ecological rotation or a tree rotation
which, at last, should permit the retumn of the
gite to the nutritional conditions that existed
prior to forest plantation.
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To warrant the site nutrient susienance,
silviculural rotation for Eucalypius plantation
in Brazil should be longer than they are at the
present { 5-7 years), and only the stemwood
should be harvested, leaving leaves, branches
and bark in the field as source of nutrients
and organic matter to the soil.
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RESUMO

A viabilidade econdmica de povoamentos
de Eucalyptus pellita e E. camaldulensis,
estabelecidos em nove espagamentos variando
de 3x1a9x% m, explorados para a produg3o
de carviio vegetal, foi analisada com o objetivo
de identificar espagamentos e idades de
rotagdo mais adequados para a regifio de
estudo. A produgio de madeira em metros
estéreos foi obtida por meio de fatores de
empilhamento para cada povoamento. A
avaliago econdmica envolveu trés horizontes
de planejamento: core ans 7 anos; cones aos
Te ld anos e, cortes aos 7, 14 ¢ 21 anos. (s
pregos de venda da madeira analisados foram:
LUSE7.50; LUSSE.50 e USSY.50/51. O valor
presente liquido (VIPL), o valor esperado da
terra (VET), o custo médio de produgio
(CMel’r), calculados utilizando-se wna tasa de
desconto de 6% a.a, e ataxa intema de retomao
{TIR) foram utilizados na avaliagdo
econdmica. £ pellita apresentou maior
produgho volumétrica média que E.
camafdulensis, sendo que o8 povoamentos no
espagamento de Ix2 m foram os mais
produtivos, Os cuestos de produgdo ¢
exploragio de madeira aumentaram com a
maior densidade populacional dos
poveamentos. De modo geral, niveis
crescentes de prego de venda da madeira e
prolongagio dos horizontes de planejamento
viahilizaram economicamente os projetos para
as duas espécies estudadas. A melhor
alternativa de investimento para £ peflila foi
0 espagamento de 3x2 m, no horizonte de
planejamento de 21 anos, quando o prego de
venda da madeira foi de US$9.50/s1. Os
povoamenlos, mnesse  espagamento,
apresentaram TIR de 11,72%, VPL de
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USE596.00/ha e VET de 1155844 00/ha. Para
E camaldulensis, a maior produgdo foi obtida
em povoamentos de 3x2 m, com 222 stha, ndo
obstante os povoamentos no espagamento de
Jnd m foram os mais vidveis economicamente,
com a maior laxa interna de retomo [ 14,6%),
custo de producio de LIS$ 8.24/51 e com VPIL
de LISS974.00/ha e VET de USS 1379.00/ha,

ABSTRACT

Boonomic viability were evaluated in seven
years old Fucalypius camaldulensts and
E. pellita established for charcoal production
at nive spacings varying from I x 1 m to
9 x 9 m.For all spacings, £ peflita showed a
greater volumetric production {slereoha) than
E. camaldulensis. Doth species presented the
greatest stem volume per hectare at the spacing
of 3x 2 m. The forest production and
exploitation cosl increased with stand density.
In general, increasing levels of wood sale
prives lor charcoal and the increasing number
ol rotations provided economie vishility for both
species. The best investment for charcoal
production for £ pellita was obtained in the
1 x 2 m stands, at the planing horizon of 21
years, and the wood sale prive of USE9. 50/t
At this spacing the Internal Rate of Return
{IRT) was 11.72%, the Present Net Value
{PVN) was US3596.00/ha and Soil
Expectation Value { SEV ) was L5584 (Wvha.
The greatest £, cameldufensis production was
obtainedat 3 x 2 m spacing ( 1949 st'ha), but the
stand at 3 x 4 m spacing was economically
maore viable with the greatest internal rate of
return ( 14,6%), production cost of USSE. 24/
st, the present net value was US$974.00/
ha and soil expectation value was
US51379.00/ha.



Conferéncia IUFRO sobre Silviculiur ¢ Melhommento de Eucnliptos

L. INTRODUCAO

Com o aumento da demanda de madeira,
a produgilo florestal deve ser obtida através
da adogdo de técnicas modernas de manejo
florestal, onde se integram aspectos
gilviculturaiz, ambientais e econdmicos a uma
silvicultura intensiva de aha produtividade. Em
linhas gerais, a implantag3o de projetos
florestais deve ser baseada em critérios
técnicos, onentados por uma andlise econdmica
conjunta da futura prodecio. A andlise e
viahilidade econdmica de um projeto ndo estio
vinculadas apenas aos retornos do
investimento, mas, também, dscondighes em
que esse retorno coorre ao longo do lempo ou
horizonte de plangjamento (REZENDE e
OLIVEIRA, 1993 ). A andlise econdmica dos
fatores envolvidos na produgio de madeira é
um instrumento imprescindivel para a sua
exploragio racional € maximizagio do retomo
através da minmimizagio dos cusios (LOPES,
1990),

A avaliagio dos aspectos ccologico-
ceondmicos em Norestas plantadas deve ser
assumio prionitano na delinigio das estralégpas
de manejo. Sempre gue possivel, além do
desenvolvimento e a exploragio dessas
Morestas, deve-se preocupar com a
manutengiio da produgiio e s conservagio do
meio ambiente, ogue implica em alternativas
e mangjo Morestal mais rcionais,

O presente trabalho tem por objetivos:
avaliar os aspectos econdmicos da produgio
¢ exploragio Norestal para um, dois ou trés
ciclos de corte de povoamentos de E pellita
¢ E, camaldulensis, implantados na regifio de
cemrado, em Minas Gerais ¢, comparar o
investimento na produgio de madeira para
carviio vegetal de diferentes espécies,
espacamentos, prego de venda da madeira, em
trés horizontes de planejamento, de modo a
identificar densidades populacionais e idades
de rotagio mais adequados para a regifio de
cerradi.

2. MATERIAL E METODOS

Foram analisados os aspectos econdmicos
envolvidos na implantagio, manutengdo, e
exploragio dos povoamentos de E.
camaldulensiz e £ pellita, implantados nos
espagamentos 3x1, 3x1.5, 3x2, Ix3, Ixd, 3x5,
Ix6, 46 e 9x9 m, na regido de cerrado de
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Minas Gerais, No presente estudo, cada
espagamento por espéeie representou um
projeto especilice, resultando na avalingfo de
1§ projetos nio convencionais & muluamente
exclusivos. MNa andlise econdmica, foram
congiderados trés hori zontes de plancjamento;
corte aos 7 anos; cortes aos 7 ¢ 14 anos ¢,
cortes ans T, 14 ¢ 2] anos, Foram consgiderados
trés nivels de prego de venda da madeira:
LISE7.50; USER.50 ¢ UUSS9.50/5t. O valor
presente liquido { VPL), o valor esperado da
terra { VET) ¢ a taxa interna de retomo (TIR)
e, o custo médio de produgio de cada projeto
foram calculados procurando melhorar a
andlise de scosibilidade da avaliagdo
Nnanceira. As receitas foram obtidas
considerando-sc a produgio volumétrica média
de cada povoamento, multiplicada pelos pregos
atualizados da madeira de eucalipto para a
produgio de carvio vegetal. Para a andlise
dos flhuxos de caixa dos projetos com diferentes
horizontes de planejamento, foram
considerados os custos de implantagio,
manutengdo no primeiro e segundo ano,
manutengdo do terceiro ao sétimo ano,
condugio da regeneragiio no primeiro ano,
condugio da regeneragdo durante o segundo
ano, condugdio de regeneragio entre o segundo
€ 0 sétimo ano ¢, a exploragio.

3. RESULTADOS E DISCUSSAOQ

A maior produgdo volumétrica aos 7 anos
de idade, para as duas espécies, fol obtida no
cspagamento de 3x2 m, sendo que nesse
espagamento £. peflira produzin 303 st/ha ¢
E. camaldulensis produziu 222 st/ha, Para as
rotages subsequentes de £ pedfita manejadas
por brotaglio foi considerada reduglio de 20%
na produgio e, para £, camafdulensis, 10%.

e modo geral, o8 custos médios de
produgfio dos povoamentos em cspagamentos
extremos (3x] ¢ 9%% m) foram mais elevados.
Analogamente, os projetos com horizontes de
plancjamento mais reduzidos apresentaram
custos médios de produgdo altos, O
povoamento de E. camaldulensis, no
espagamento de 9x9 m e horizonte de 7 anos,
apresentou o custo de produgdio mais elevado,
atingindo US$16.60/s1, Para £ pellitg, o
menor custo médio de produgio (1857, T3/st)
foi obtido no espagamento de 3x2 m, no
honzonte de plancjamento de 21 anos ¢, para
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£, camaldulensis, o menor custo de produgio
foi obtido com a venda da madeira a USS$R.24/
st, em povoamenlo estabelecido no
espacamento de 3x3 m, no horizonte de
planejamento de 21 anos, Os custos médios
de producio dos projetos foram mais reduzidos
com a prolongagiio do horizonte de
planejamento, sendo considerados vidveis,
economicamente, aqueles projetos cujo prego
de venda da madeira € supenor ao custo de
produgio.

s custos totais de implantagdo,
manuten;io e exploragiio aumenlaram com a
densidade populacional, em decorréncia do
maior requerimento de insumos (muedas,
fertilizantes, mio de obra ¢ oulros) nos
espapamentos mais fechados. Foi considerado
0 custo por metro estéreo de madeira
explorado em US 4.68, scgunde dados
fomecidos pelas empresas da regido, Para as
duas espécies, o espagamento de 3x2 m
apresentou o custo de exploragdo mais
elevado, em razdo da produgio volumétrica de
madeira ter sido superior aqucla obtida nos
demais espacamentos.

A exploragio de madeira das duas
espécies, em todes os horizontes de
planejamento, representou, em miédia, o maor
custo, englobando 56,9% do total, seguido dos
custos de implantagdo (22,4%), manutengio
(12,6%) e conduglo da regencragiio (8,1%).
A proporgllo dos custos de implantagiio foi
reduzida em decorréncia da prolongagio do
horizonte de planejamento, a0 passo que 05
custos de exploracio sumentaram quando sc
considermam varias rotaghes.

Os resultados das produgles e receitas
obtidas em cada rotagdo dos projetos avaliados,
em fungdio do aumento do prego de venda da
madeira, indicam que, embora a produgio do
£ pellita seja superior & de £ comaldulensis,
na primeira rotagio, cm alguns casos houve
inverslio na terceira rotagdo, em razio da
acentuada redugio da produgio de £ pellita
nas rolagdes subseqilentes.

Os irés critérios utilizades na avaliagdo
ccondmica apresentaram resultados
consistentes em funglo dos custos e receitas
envolvidos no processo de produg 3o florestal.
Com a utilizagio do valor esperado da terra
{VET), nio foi necessério equiparar o valor
presente liquide (VPL), j& que, como
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demonstrado por RIBEIRO ¢ GRACA (1996),
a normalizagfio de projetos é eguivalente ao
uso do VET, que possibilita, de forma
inteiramente andloga, comparar opgdes de
investimento que possuam fMuxos de caixa e
periodos de retorno distintos, De modo geral,
os horizontes de plancjamento mais
prolongados e aumento no prego de venda da
madeira repercutitam posilivamente
viabilizando economicamente 05 projetos
(Quadros 1 e 2). Para as duas espécies, nos
trés niveis de prego de venda da madeira, os
horizontes de planejamento de 7 anos
apresentaram os valores presentes liguidos e
os valores esperados da terra mais redusidos,

Comparando-se todas as alternativas, os
projetos com horizonte de plancjamento de 21
anos foram os mais vidveis do ponio de vista
econdmico. A melhor alternativa de
investimento para E. peflita foi obtida no
espagamento de 3x2 m a um prego de venda
da madeira de US$9.50/st; no horizonte de
planejamento de 21 anos, resultando no valor
presente liquido de US$596.00/ha; valor
esperado da terra de U$SH44.00/ha ¢ taxa
interna de retorno de 11,72%. Para csta
espécie, as alternativas menos vidveis incluem
os espagamentos mais fechados,
independentemente do horizonte de
planejamento e do prego obtido pela madeira.
A melhor alternativa de investimento para £,
camaldulensis fol obtida no espagamento de
3 x 4 m com prego de venda da madeira de
LISE9.50¢51 & horizonte de planejamento de 21
andes,

4. CONCLUSOES

o Eucalyptus pellita apresentou maior
produgiio voluméirica média do que
E. camaldulensis, sendo que, dentre os
espagamentos adotados, os povoamentos no
espagamento de 3 x 2 m, foram os mais
produtivos,

e Os custos de produgiio ¢ exploraglio de
madeira aumentaram na seguinte ordem com
a maior densidade populacional dos
povoamentos: exploragdo > implantagio =
manutengdo > conduglo da regeneragiio,

& Niveis crescentes de prego de venda da
madeira ¢ prolongagio dos horizontes de
planejamento viabilizaram economicamente os
projetos para as duas espécies estudadas,
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& A melhor alternativa d¢ investimento para
Eucalyprus pelfita foi o espagamento 3 x 2 m,
no horizonte de planejamento de 21 anos,
enquanto para E. camaldulensis, o
povoamento no espacamentode 3 x 4 m foio
mais vidvel economicamente.
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QUADRO 1. Valor presente liquido{USS/ha), valor esperado da terra(US%/ha) e taxa interna de
retorno(%a), dos povoamentos de E camaldilensis e E. pellita com diferentes precos de venda da
madeira e horizonie de plancjamento de 7 anos, na regilo de cerrado ¢m Minas Gerais,
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QUADRO 2. Valor presente liquido (U15$ha), valor esperado da terra (US$/Mha) e taxa interna de
retorno (Yo} dos povoamentos de £ camaldulensis ¢ E. pellita com diferentes pregos de venda da
madeira ¢ horizonte de planejamento de 21 anos, na regidio de cerrado de Minas Cerais,
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RESUMO

Este trabalho trata da implementagdo do
método de Penman-Monteith para estimar a
transpiragio ¢ o balango hidrico de plantagies
de cucalipto (hibridos de £, grandiz). Estudo
anterior sobre o efeito do déficit hidrico no
Incremento Corrente Anval (ICA) das
plantagies de eucalipto (Almeida & Soarcs,
1997), mostrou gue o délicit de dgua no solo
pode ser considerado wm preditor de
crescimento, Maguele estudo o déficit hidrico
¢ pbtido no balango hidrico de Thomiwaite
adaptado para periodos continuos.
Conscquentemente, ¢ exiremamentc
importante melhorar a precisio da estimativa
do balango hidrico a partir da implementagio
¢ ajuste de um método mais preciso da
estimativa da saida de dgua do sistema {via
transpiragio), de forma a reduzir o erro sobre
a previsdo de ICA com base na transpiragdo
real acumulada no periodo comespondente.
580 apresentados os resultados preliminares
da implementagio do método de Penman-
Monteith e balango hidrico para a regido de
plantagdo de eucaliptos em Aracruz, ES. O
modelo usado para fazer o balango hidrico
pressupde fluxos de entrada e de saida e a
variagio no estoque de dgua no solo. As
premissas do modelo sfo: 1) A precipiiagdo
¢ a entrada de dgua no sistema; 2) Partc da
precipitagho € interceptada no dossel,
proporcional ao Indice de Area Foliar, IAF;
termo denominado fmtercepragdo; 3) A dgua
interceptada no dossel ¢ evaporada (desde que
haja energia suficiente para o processo),
Evaporagio do dossel; 4} A diferenca enire a
Precipitagiio e a Interceplaglio, p-intercp, & a
entrada liguida de dgua no solo; 5) Se o sole
estiver saturado (aqui considerado como
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estando na sua Capacidade de Retengfio de
ﬁgua. CAD), havera rumoffl {escoamento
superficial ou dremagem profunda para fora do
sisicema radicular); 6) A rranspiragde da
vegetagio, obtida pelo método de Penman-
Moateith, ¢ a principal saida de dgua do
sistema; ¢ 7) Outra saida de dgua do sistema
¢ a evaporagdo do sole, também estimada
pela parametrizagio de Penman-Monteith, A
resisténcia do dossel  transpirac3o varia no
tempo ¢ depende do controle estomdtico ao
transporte de vapor d’agua no dossel. Este
controle reflete principaimente a disponibilidade
dgua no solo ¢ de luz, associados i influéncia
de déficits de press3o de vapor. A transpiracio
€ portanto uma fungio do estoque de dgua
disponivel no solo, da radiag3o disponivel e da
umidade do ar. Para o ano de 1996, a
precipitag3o medida foi de 1.274 mm; a
transpira;3o estimada pelo método de Penman-
Monteith foi de 920 mm;, uma evaporagdo de
dgua interceptada de 101 mm; uma evaporagio
a superficie do solo de 28 mm
{evapotranspiraciio total de 1.04%9 mm) e uma
variacio no estoque de dgua no solo de 12 mm,
Ocormeu um “rnmoll™ de 237 mm. Ao longo do
ano a transpiragio didgna vara de 8 mm a
praticamente nula guando o controle
estomatico alua em condigdes de potencial de
agua na folha proxima de -2 MPa ( para uma
disponibilidade de dgua no solo de
aproximadamente 10% de seu valor méiximo),
A radiagio liquida é a principal fonte de
variagdo na transpiraglo didria quando as
condighes hidricas sho semelhantes. Foi
ulilizado um TAF de 3,0 neste balango com
base nos dados reais medidos. Foram
ulilizados valores de parimetros de literatura
¢ medidas de campo dos plantios de Aracruz,
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para descrever a relaglo entre condutincia
estomitica, potencial de dgua na folha, dgua
disponivel no sistema radicular, interceptagio
¢ [AF. Slio apresentados ainda neste trabalho
resullados de andlise de sensibilidade sobre
varidveis ¢ condigbes iniciais do sistema solo-
planta na transpiragio ¢ balango hidrico anual,
Palavras chave: eucalipto, balango hidrico,
transpiragio, Penman-Monteith,

ABSTRACT

This paper describes the implementation
of the Penman-Monteith method for estimating
Eucalyptus (£ grandis hibrids) plantation
transpiration within a simple one dimension
water halance model. The test area is the site
of Aracruz, ES (33,153 hectares). The water
balance miodel takes into consideration the dasly
precipitation as the main input 1o the soil
compartment, Part of the precipitation is
intercepted by the canopy and re-cvaporated.
The water reaching the soil fulfills the water
holding compartment till it is at ficld capacity.
Surplus poes oi T as runoff. Transpiration is the
main outpul of water, soil evaporation is
considered and estimated. The canopy
conductance varies with time as a function off
the soil water availability, soch that the stomata
control allows transpiration to fall down. For
year 1996, precipitation was 1.274 mm,
transpiration was 920 mm, cvaporation of
intercepted water was 101 mm, soil
evaporation was 28 mm, and runoff was 237
mm. Unbalance is explained by variation in
stored water, On a daily basis, transpiration
ranged from 8 mm to almost {} when the leaf
water potential came close to -2 MPa. Net
radiation is the main source of modulation in
the teanspiration for similar soil water
availahility conditions. Sensitivity analysis done
over the main parameters and siale variables
of the maodel, is also discussed.
Key words: Eucalvprus, waler balance,
transpiration, Penman-Monteith,

1. INTRODUCAO

Estudos anteniones realizados na cultura do
eucalipto { hibrido de E. grandis) na regido de
Aracruz (entre 19°35°S, 40°00°W e 20M08°5,
40°19°W) e S8o Mateus 18°20°S, 39741" e
18°418, 40"09W) ES, Brasil, aponiam a
deficiéneia hidrica como um dos principais
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fatores limitantes i produtividade florestal. O
efeito do déficit hidrico no solo sobre o
incremento corrente anual (ICA) das
plantagdes de eucalipto mostrou que pode ser
considerado um preditor de [CA (Almeida &
Soarcs, 1997). Adicionalmente, foi possivel
estabelecer diferentes correlagdes entre
parimetros fisioligicos e fisicos do ambienie
que demonstraram diferencas significativas no
efeito do déficit hidrico sobre virios clones de
eucalipto avaliados sendo que alguns destas
varidveis (condutdncia estomatica e taxa de
fotossintese liquida) poderdo ser empregados
no diagnastico de clones com resisténcia i
seca (Miclke & Penchel, 1997).
Consequentemenie, ¢ muito importante
melhorar a precisdio da estimativa do balango
hidrico a partir da implemeniagio e ajuste de
um método preciso da estimativa da saida de
dgua do sistema com base na transpirag3o real
acomulada, de forma a reduzir o erro sobre a
previsdode ICA.

) objetivo deste trabalho & obter o cilculo
final do balango hidrico de plantages de
eucaliptos através do método de Penman-
Monteith, para cilculo da transpiraglo do
dossel de eucalipto, de forma detalhada. E
também apresentado um modelo de balango
hidrico que acopla a condutincia estomdtica
do dossel 4 disponibilidade de dgua no solo.
Este modelo leva em conta a atenuacio de
radiacHo liguida pelo dossel, interceptagio de
figua pelo dossel (e re-evaporagio), alem de

evaporagio i superficie do solo. S3o0 também
realizados testes de sensibilidade sobre

pardmetros e condigdes iniciais do sistema
para direcionar esforgos de coleta de
informagdes de campo para validar o método,
tomando-o operacional.

2. DESCRICAO TEORICA

1.1. Método de Penman-Monteith

Monteith (1963,1964), citado por
Rosenberg et al. { 1983) introduziu termos de
resisténcia no método de Penman para produir
um mélodo gue eatima evapotranspiraglio (ET)
de superficies com suprimento otimo ou
limitado de dgus:

. M'Rh +S}+pncp{'ef _Eu-]"f 5
= A+y(l+rir)

LE

(n
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LE é em unidades de densidade de poténcia
(Wm?), A é a declividade da curva de
saturagiio de vapor (e (7)), & temperatura T,
£n é a radiagho liguida, § ¢ o Mluxo de calor no
solo, p_éadensidade do ar, y € a constante
psicrométrica, C_éo calor especificodoar, ¢,
e ¢, 8o as pressdes de vapor 4 saturaglo e
atual, r e r slio as resisiéncias scrodinimica
& estomatica, na ordem,

Running and Coughlan (1988), usam a
equagio de Penman-Monteith para calcular a
transpiragdo de florestas de Coniferas de 7
regifes de climas diferenties dos EUA,
assumindo uma aproximagio “big leaf”, isto é
para uma folha de indice de Area Foliar, LAF,
de Im’. Na forma usada por Running and
Coughlan ( 1988) a transpiragio em midia é
dada por;

{A‘L +pele—e)r,
mes= AR
1E- 10D
2

Nesta equagio, A ¢ emmbar °C. R_éa
radiagio liquida interceplada pelo dossel da
vegetagdo (lei de Beer, estimada cm fungdo
do IAF e do coeficiente de extingdio do dossel,
(ver abaixo)em W m?2, CpéemJ kg °C, o
¢ em Kgm™, y é em mbar °C”, LE ¢ o calor
latente de vaporizagho (Jkg'). A fragio do
lade direito di a transpiragio em m/IAF s IAF
€ em mm ¥ e DAYL ¢ o comprimento do dia
em segundos, e, porlanto, a transpiracdo é
dada em midia. O (Tuxo de calor no solo, 3, da
equagio original, ¢ considerado como nulo na
média didria, O termo LAF surge do fato de
gue a resisténcia do dossel é dada por

r,-IAF -

A radiagio liquida interceprada pela
vegetaglio pode ser calculada como em
Running e Coughlan (1988} usando-se a
formulagio baseada na Lei de Becer:

R, =R (1-eqfic- I4F/22)/ (- 14F/22)
(3)

B2

em que R ¢ a radiagdo liquida medida (ou
eslimada) acima do dossel, & & o coeliciente
de extinglio. Running e Coughlan { 1988) usam
o valor -0, 5 para Pinnus, enquanto Hatton et
al. (1992) usam o valor -0}, 42 para Eucalyprus
maculata,

Flovestas slio superficies muito rugosas
{bem acopladas & aimosfera, ou seja, bem
ventilados), de forma que muitas veses, a
rugosidade acrodindmica é rratada como
pequena ¢ independente da velocidade do
vento ¢ da estabilidade atmosférica. Hallon
ef al. (1992) usando a formulagio de
Penman-Monteith no modelo Topog-1RM,
assumem o valor de 12 sm™* de resisténcia
acrodinimica para uma floresta de Eucalvpius
maculata.

Por outro lado, o termo resisténcia do
dosscl, r, varia no tempo, e depende do
controle estomitico ao transporie de vapor
d’agua no dossel. Fste controle reflete a
disponibilidade de luz e dgua, associados i
influéncia de temperatura ¢ déficits de pressio
de vapor. Running e Coughlan ( 1988) usam a
scguinte parametrizagdo para clculo de r ;

Inicialmente se calcula o polencial maximo

de aguana lhlu,pnl‘ametnmlb LT
0.15
Ly =57 —
/CAD

(4)

em que £__¢ o potencial maximo (em M)
de dguana fotha num dado dia (logo antes do
nascer do sol. equilibrio com o solo), 01 € a
umidade do solo integrada no perfil do solo e
CAD ¢ a capacidade de agua disponivel no
solo{ valor maximo que pode ser retidio no perdil
em fungdo das propriedades lisicas do solo,
capacidade de campo ¢ ponto de murcha
permanente ).

Entdo, calcula-se a condutincia
estomitica do dossel em fungio de L edo
déficit de umidade absoluta:

CG, = CGoui~DCGly,~ )

(5)
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em que CC, é a condutiincia do dossel, OC__
¢ a condutiincia méxima do dossel (quando [
¢ minima, antes do nascer do sol e 8= CAD),
DCC, € a declividade da reta de ajuste CC
em fungllo de L. dada pela relagio CC_/
(L . -L em que L___ ¢ o polencial
miTi.imu T:}‘igua na folha induzindo o
fechamento dos estbmatos e L_, € o valor de
referéncia em condiphes dtimas de suprimento
de digua (e ao nascer do sol). Hatlon ef af.
(1992} usa o valor de 1.8 MPa para o valor
minimo de potencial de dgua na folha induzindo
o fechamento de estdmatos para Excalyprur
maculaia. Running ¢ Coughlan (1988)
utilizaram o valor de 1.6 MPa (L”_.J el.5
MPa(L ) para Coniferas em geral.

Finalmente, corrige-se o valor de CCw em
fungio do déficit de umidade absoluta no
interior da folha na forma:

cc, = CC, - (CC,DCC,ABSHD)
©)

em que OC, €8 eondutincia do dossel, com
redugiio de umidade, CC vem da oquailio (5),
DCC, ¢ a declividade de CC vs. ABSHD em
ms”' g'm*); e ABSHD € o déficit de umidade
absoluta (g m™). Running ¢ Coughlan (1988}
usam o valor 0.05 ms” g'm’ paraa DCC, de
coniferas. A reduglio na condutincia devido
ao déficit de umidade absolula ¢ uma
compensa¢io quando a umidade relativa do
ar cai muito baixo da condiglio de saturaciio
(proximo de 100% logo antes do nascer do sol)
guando CC=CC, . A entrada ¢ saida de dgua
das células guarda mudam sua turgidez e
moedulam a abertura ¢ fechamento dos
estomatos. Como as células-guarda estdo
expostas & atmosfera, podem perder dgua
diretamente por evaporagio. Um processo de
fechamento hidropassivo pode ocomrer em
condiges de baixa umidade do ar, quando a
perda de dgua das células guarda € ripida
demais para compensar 0 movimento de dgua
das células epidérmicas adjacentes para o
interior das células guarda.
Assim, obtém-se r em s m”' por:

n

Presslio de vapor a saturagio e , presslio
atual de vapor, declividade da curva de
saturaglio de vapor e déficit de umidade
absoluta do ar, slo calculados a partir de
principios climatologicos clissicos (ver, por
exemplo, Rosenberg ev al., 1993).

2.1, Balango hidrico

) modelo usado para fazer o balango hidrico
pressupde fluxos de entrada e de saida e a
variacio no estoque de dgua no solo, conforme
ilustrado na Figura | abaixo. As premissas sio:
® A precipitagdo € a entrada de dgua no
sistenna;

s Parte da precipitagiio & interceptada no
dossel, proporcional ao indice de Area Foliar,
termo denominado inferceptagdo;

» A dgua interceptada no dossel é evaporada
{desde que haja energia suficiente para o
processo), evaporagdo do dossel,

» A diferenga entre a Precipitagho e a
Interceplagio, p-intercp, € a enirada liquida
de dgua no solo;

# Se o soloestiver saturado (aqui considerado
como estando na sua Capacidade de RetengSo
de Agua, CAD), haverd runoff(escoamento
superficial ou drenagem profundal;

« A ranspiragdo pela vegetagio, obtida pelo
método de Penman-Monteith, € a principal
saida de dgua do sistema;

Ouira saida de dgua do sistema ¢ a
evaporagio do solo, também estimada pela
o procedimento de Choudhoury & Monteith
{1988), que considera a evaporagio ocorrendo
no topo de uma camada Gmida pela difusiio
molecular da dgua através dos poros do selo,
na camada scca.

0 fluxo de radiagio liquida que chega &
superficie do solo (usado em Penman- Monteith)
¢ dado pela Lei de Beer na forma:

R, = R explx - IAF)
(8)

A dgua que chega ao solo “preenche” o
reservatdrio (solo) até que a Capacidade de
Retenglio de Agua scja atingida. O excesso
vai para o compartimento de Runoff. A dgua
disponivel no solo ao final do dia (/) é dada
pelo estoque do dia anterior (i-1), somada da
entrada, p-intercp, e diminuida da saida
(transpiragdo + Eintercp+ Esolo + runaff):
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Ao ()= Ay (i=1)+ (P — Intercp )=(Trans + E, .,

+ E_,, + Runoff)
(9

R-.

Intercp
P—Inl:ercp
F..,h Rumff

Capacidade de

Rehem;andﬂﬁgua

Zona imida raizes |

l Runoff
FIGURA 1. Termos modelados do balango de dgua para plantagies de eucaliptos.

A demanda evaporativa e transpiragiio do
dossel podem ser normatizadas para também
expressar o potencial de produtividade da
cultura em determinado local e periodo, através
do cileulo indireto da eficiéncia do uso da dgua
(EUA).

D = WiW__

(10)

Onde a biomassa seca fracionada é OV
D, sendo expressa relativa & produgio
miaxima de biomassa em condigio otima de
dguanosolo D__ . A EUA fracionada W/W__
¢, do mesmo modo, relativa & transpiragio
médxima do dossel, que pode ocorrer em um
determinado sitio com o teor dtimo de dgua no
solo (Kramer & Boyer, 1995).

Esta abordagem tem a vantagem sobre o
método direto para cilculo da EUA de, por
exemplo, para o uso da dgua relativo 4 metade
do potencial transpiratdrio, metade da biomassa
mixima poderd ser predita. Isto simplifica o

84

trabalho de estimar o impacto do déficit hidrico,
entretanto, requer a medigdo da produtividade
de biomassa e transpiragio da cultura na fase
inicial. Desta forma, a transpiragio do dossel,
calculada rotineiramente e de forma
operacional, poderd ser utilizada como um
preditor do crescimento da plantagio,

3. IMPLEMENTACAO DO MODELO E
SELECAO DE PARAMETROS

Foi elaborado um cddige executdvel, com
rotinas para cada um dos termos do balango
hidrico, & uma rolina especial permitindo
interaglo para realizagdo de testes de
sensibilidade de parametros no modelo
associados a fungiio de calculo da resisténcia
do dossel, r, a0 IAF, a capacidade de retengdio
de dgua no solo (CAD).

Foram realizados testes de validagio para
as varias rotinas do programa, comparandao
valores retormados a valores calculados de
forma independente, recompilando o programa
para testar cada varidvel critica de forma

independente e criteriosa
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Foi realizada uma ampla pesquisa de
literatura para estabelecer o melhor conjunto
de valores de parimetros ¢ condigdes iniciais
do modelo, Foram realizados testes de
sensibilidade para parimetros ¢ condigdes
iniciais do sislema.

A Tabela | apresenta o conjunto utilizado
de valores de parimetros ¢ condigdes iniciais
utilizados, Os valores utilizados foram obtidos
na literatura cspecializada citada, i exceglo
de cocficientes de interceptagio de dgua, IAF,
{medidas “in situ™ de interceptagio e LAF em
microbacia experimental da Aracruz Celulose
5.A.) ¢ de medidas “in situ” dos valores de
condutincia estomitica e potencial maximo de
fgua na folha, de Mielke & Penchel, 1997, (k
demais pardmetros vem de Hatton et al., 1992,
Dwye, 1987; Landsberg e Hingston, 1996,
McMurtrie, 1993; Pacheco e Louzada, 1991
Running e Coughlan, 1988. A Tabela | é uma
amostra do arquivo de entrada de dados.

As varidveis forcantes atmosféricas sio
precipitagdo (mm), temperatura média ¢
minima do ar {*C), umidade relativa do ar
média e minima (%), e radiaglo liguida
integrada entre o nascer e o por-do-sol
(W *dia'). O intervalo de tempo & didrio.

4. RESULTADOS E DISCUSSAD

4.1 Balanco hidrico em 1996

Parao ano de 1996, a precipitagio foi de
1.274 mm, a evaporagio do dossel foi de 101
mm, a evaporagdo do solo foi de 2B mme a
transpiracio de Penman-Monteith foi de 920

mm (evapotranspiragio total de 1049 mm).
Houve uma “reposigdo de dgua” de 237 mm,
neste caso, através do runoff (escoamento
superficial ou drenagem profunda para nivels
do perfil onde a dgua ndo esti disponivel para
as raizes), que ocormre principalmente em fungdo
da distribuiglo de chuvas com concentragio
maior nos ilimos meses do ano e precipitagies
didrias de até 80 mm; a evaporagio do dossel é
da ordem de 10% da evapotranspiragio real e
do solo ¢ da ordem de 3%.

A Figura 2 mostra a comportamento das
varidvers dgua disponivel ¢ transpiragio. Como
esperado, nola-sec claramente que a
transpiragdo depende subsiancialmente da
disponibilidade de agua, que em iltima instincia
controlz a condutincia estomdtica visto que o
polencial de dgua na folha reflete uma
condigdo de equilibrio entre a folha & o solo
(a0 nascer do sol). Em owtras palavras, quando
a umidade do solo € reduzida, a condutdncia
cstomaticae o potencial hidrico foliar diminuem
(.}, consequentemente, a transpiragio. Por
outro lado, em condigfes de boa disponibilidade
de dgua, a flotuagdo de alha freqlléncia da
transpiragio estd associada a disponibilidade
de eocrgia (radiagdo liquida), conforme mostra
a Figura 3. E notavel, sobretudo que quando a
disponibilidade de dgua no solo é elevada
aparcnicmente o controle estomatico nfo &
excrcide. A flunagdo didria do déficit de
pressio de vapor (varidvel intermedidria; ndo
consia da saida do modelo) também modula a
da transpira¢io, mas consideravelmente menas
que a da radiagSo liquida.

TABELA 1. Parimetros/condigdes iniciais de referéncia. Alguns parimetros sio adimensionais.

Parametro/condicio inicial Valor
I Cochiciente de atenuagio de radiagio (Tei de Beer) 047
2 Cocficiente de interceptagiio de dgua de chuva 0.25 (mm.IAF")
3 Potencial referéncia de dgua na folha (a0 nascer do sol) 0.4 MPa
4 Condutincia estomitica média maxima 0.007 ms"'
5 Potencial fechamento estomatico 1.7 MPa
6 Constante fungio L= fig ) 0.15
7 Radiaglio de referéncia para abertura de estématos 2000 W.m™
8 Declividade reduglio CC x déficit de pressio de vapor 0.05
9 Capacidade de Retenglo de Agua 200 mm
10 Agua Disponivel inicial 200 mm
11 indice de Area Foliar 3.0 m'm*
12 Resisténcia aerodinimica 12.0 s.m

RS
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4.2, Testes de sensibilidade

A Tabela 2 sumariza os resultados da
andlise de sensibilidade realizada considerando
o8 virios parimetros do modelo
individualmente. (s valores de referéncia da
Tabela 1 siio alterados para mais ou menos,
em valores percentuais, ¢ a sensibilidade aqui
apresentada ¢ a alteragdio relativa (em %) nos
valores de transpiragfio obtidos ao final de um
ano, no caso 1996,

Para a transpiragdo anual, 0s parimetros
que mais interferem sdo: umidade inicial, IAF
. condutiincia estomatica e CAD associndo a
umidade inicial do solo, nesta ordem. Assim
s¢ for reduzido a umidade inicial em 30% ¢
50%a transpiragio anual serd afetada em
-5,7% ¢ -10,3% respectivamente; o IAF
variando em ~30% afeta a transpiragio em
-8.0% ¢ 5.1%; alieragio da condutincia
estomatica em ““20% altera -5. 8% e 5.0% da

Agua disponivel (mim)
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FIGURA 3. Evoluclo didria da Radiaglio Liquida versus Transpiragio
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transpirngo, finalmente uma alteragiio de 3%
do CAD associado a umidade inicial do solo
implica em taxas de variagio na transpiragio
inicial de-5.0 ¢ 5.3%, ver Tabela 2.

Portanto, mesmo sendo sempre descjivel
trabalhar com o melhor conjunto possivel de
valores de parimetros/varidveis de estado que
definam o sistema modelado (vegetagio, solo,
clima, ), ¢ sobretudo necessanio focalizar
atengdo nos parimetros gue mais contriboem
na sensibilidade do modelo para a estimativa
da transpiragio, Assim, € necessario medir a
condigdo inicial de umidade do solo (contra
apenas estimar a condigdo inicial), a
profundidade do sistema radicular, as
propriedades fisicas do sole (textura,
capacidade de retengio de dgua e curva
caracteristica), indice de drea foliar e

condutincia estomitica em condigdes de
diferentes iensdes de dgua ao nivel do sistema
radicular. Como o objetive final da
operacionalizaglio do método de Penman-
Monicith ¢ do balango hidrico da plantagio de
cucalipto ¢ o cstabelecimento da eficiéncia de
uso de dgua por clone, idade, periodo e clima,
Para tal, sc faz necessdrio quantificar
parimetros adicionais (IAF, condutincia
cstomitica) para diferentes genotipos ¢ idades
do eucalipto, bem como, em diferentes
cspagamentos ¢ profundidades do sistema
radicular.

5, CONSIDERACOES FINAIS

= (O método de cilculo de transpiragdo por
Penman-Monteith foi implementado de forma
satisfatdria, haja vista a coeréncia dos

TABELA 2. Sensibilidade da Transpiracio, em valores percentuais, ds alteraciies nos pardmetros
e condides iniciais de referéncia. Agua Disponivel inicial (11) acompanha a variaglo da Capacidade
de Retengdo de Ajgua( 10). Neste caso tnico, o teste ¢ realizado sobre as duas ao mesmo tempo.
A dpua disponivel inicial n3o pode superar o valor de CAD.

Farlimetro (Ve variacio) novo valor Transp {mm)
034 0.7
1 Cpeficiente de atenuagio de radiagdo (20%)
050 0.3
2 Coeficiente de interceptagio {30%) 0000325 2.1
0.000175 il
4 Potencial referéncia de dpua na folha (20%) 048 1.7
0.32 -1.3
5 Condutincia mixima dossel (20%) 0.0084 5.0
0.0056 -5.8
& Potencial fechamento estomdtico (20%) 205 0.3
1.37 0.9
7 Constante fungiio Lyp= fig: (20%) 0.18 -1.3
012 1.7
# Radiaglo minima p/ abertura estomatos (50%) 3000 -2.7
1000 1.3
9 Declividade reduglo CC x déficit de pressio de 0.06 -1.3
vapor { 20%)
0.04 1.5
10 (11) Capacidade de Retenglio de Agua (30%) 260 53
140 -5.0
11 Agua Disponivel inicial (30 e 50%) 140 5.7
100 -10.3
12 indice de Area Foliar (30%) 39 5.1
21 8.0
13 Resisténcia aerodindmica (20%) 14.4 1.5

9.6 -1.4
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resultados com o que se publica na literatura
especializada. Da mesma forma, o balango
hidrico também produz valores que
representam um comportamento fiel 4
realidade. A utilizagio do mé&odo de Penman-
Monteith, acoplada a um modelo capaz de
estimar a disponibilidade de dgua no solo,
representa um avango considerivel no
entendimento de como as relaghes hidricas
solo-planta afetam o desenvolvimenio do
eucaliplo,

o A introdu;do de algumas medidas criticas
tomadas “in situ”™ como o TAF, interceplagio
de chuva e condutiincia estomalica para o
cucaliplo, aumenta a confianga no desempenho
do modelo. I necessrio redurir a inceneza
sobre parimetros ¢ variaveis de estado
{condigdes iniciais), para s guais os lernmos
do balango hidrco sfio mais sensitivas, como
condutincia estomatica ¢ desenvolvimento do
sistema radicular gue interfere na capacidade
de retengio de dgua, para diferentes materiais
genéticos e idades, umidade do solo inicial, e
propricdades fisicas do solo.
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BIRD FAUNA AND VEGETATION IN NATURAL WOODLANDS AND
EUCALYPTUS PLANTATIONS IN THE HIGH ANDES IN BOLIVIA
-IMPLICATIONS FOR DEVELOPMENT OF SUSTAINABLE AGR()-
FORESTRY TECHNIQUES

By Thor Hjarsen®
* (Centre fior Tropical Hiodiversity, Zoological Museam, University of Copenhagen, Universitetsparken 15,
2100 Copenhagen, Denmark. Fax: + 45 35 32 10 10, E-mail: T arsendiizmue ku.dk

S5UMMARY

Bird species diversity and natural
vepgetation heterogeneity was assessed in
endangered High Andean natural forest and
exotic eucalyptus and pine plantation habitats
in Marthern Central Bolivia. A marked
displacement of bird species and abundances
was found inexotic plantations. The natural
vegelation struciure was also affected by exotic
plantations, Furthermore signs of erosion and
disruption of water balance was seen due (o
introduction of plantation forestry, It is
recommended that forestry programs operaling
in this ecologically sensitive ronge adjusi
strategies and methods,

1. INTRODUCTION

South America’s probably mosi
cndangered forest ecosysiem 15 the Polylepis
forests of the High Andes. The forest cover
has diminished mainly due to bad land
management practise dunng the last 4-500
vears, Recently Kessler ( 1995) estimated the
Bolivian distribution of Pol vlepis woodlands
to 630 km2 down from $0.000 km2 in potential
distribution. In the Eastern Andes of Bolivia
only 1-2% of this forest habitat is left and now
highly fragmented.

Some of the most endangered birds of the
continent are associated with the Palylepis
{orest habitat. One species, the Cochabamba
Mountain-linch, is only known from a small
arca of Northern Central Bolivia and
considered threatened by TUCN and BirdLifc
International {Collar et al. 1994). Other bird
species, such as Giant Conebill, are closely
adapted vo the Polylepis habitat and has today
a very disjunct distribution due to the
fragmentation of the habitat (Fjeldsd and
Krabbe 19490).
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The research (Hjarsen, in press) presented
here was aimed to identifly the impact on
bindiversity of: 1) farmers present use natural
forest resources, and 2) exolic plantation
foresiry promoted by international aid
programs. The results will be used o develop
and recommend more sustainable foresiry
activities and land management in the area.

1. BACKGROUND

In recent years conphasis has been put on
identifying arcas in the World where theis a
high concentration of endangered or potentially
threatened specics of animals and plants. By
this effort high prionty arcas for conservation
can be located an fundings for conscrvation
activities can be directed to the right places
with mimimum nsk of wasting investments.

One such effort was done by BirdLife
Inmternational (ICBF 1992) by computer
calculation to identify arcas with concentration
of bird specics with limited distributions. Such
specics are commonly know as endemic, when
their total distribution area is lass than 50.000
km’. Such areas, endemic bird areas (EBA's),
thus contains species in risk of extinction due
to small distribution areas and narmow habitat
preferences.

Ome ERA is located in the High Andes of
Bolivia covering the Eastern Andean slopes
from La Paz Southeast to Cochabamba. This
EBA constitutes of several bird specics only
cccurming in the natural forest vegetation of
upper cloud forest zone and Polyfepis
woodlands. This has earlier been documented
by Fjeldsd (1992), wha also identified areas
along the Andes where there is a high
concentration of young bird species in
evolutionary lerms, This indicates that these
arcas are active species evolulion ventres,
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probably due high predictability of climate and
WILCT FCSOUrCes,

The presence of high land forests is by
Fjeldsd assumed to be the main stabilising
factor (Fjeldsh and Rahbek, in prep.): An
important ecological function of the High
Andean natural forests is the capability to
“eomb" humidity out of the air, When humidiry
clogged air from the Amazonian lowlands rises
above the Andes, the air masses cools down
and humidity condenses on the surfaces of the
trees. Such water is incorporated in the
vegetation and slowly released 1o areas below.
{Fjeldsh and Kessler 1996).

Andean farmers are raditionally clearng
and using small fields close to or inside the
natural forests. By these means, crops gels
protected from the harsh mountain climate and
benefits from a favourable microclimate. The
natural forests also provides fodder to domestic
animals and wood and food resources For
farmers household use (Hensen 1990; Fjeldsa
and Kessler 1996; Hjarsen, in press).

These hiological, ecological and
sociological factors makes the conservation
and regeneration of High Andean natural
forests very important. Unfordunately several
forestry programs operating in the Bolivian
Andes doesn’t give high priorities 1o these
areas. Instead the programs rely on exotic
species in afforestation, dominated by
Eucalypius globudus and Pinus radiata.

3. METHODS AND MATERIALS

During 3 months of field work 52 study
areas where visited in montane arcas. all
between 3,000 and 4,000 m.a.s. in the
proximity of Cochabamba town, Bolivia
(17°25°S 65°43"W ). All arcas arc considered
to be in the same ecological and climatical 2one.
Each study area is placed on a gradient of
human disturbance (natural habitats; by
landuse pressure ) or age (plantations habitats;
by tree height/DEH). In each habitat of natural
forests or plantation, a survey arca of 3
hectares where established. In these areas the
bird fauna, vegetation structure, and human
landuse pressure where assessed by the
Tollowing mcthods;

Bird fauna: 20 Species Lists is a new
rapid assessment technique for identi fying the
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relative diversity and abundances of the bird
fauna (Poulsen, in pres. ), T though adjusted the
methaod for lower diversity in higher altitudes,
In each study arca a continuos list where made
on all visual or vocal observations of resident
hirds, When the observer - the sume throughout
the whaole lield work - assumed that no new
species or individusals where encountered inside
the 3 hectare plod, the bird observation ended,
This point where visualised by drawing
accumulation curves for bird species for cach
area (Poulsen, in press). For additional
identification of difficult species mist-netting
and voice recordings where used in some
arcas.
From the collected data Shannon's
DMiversity Index was calculated for each area.
The Shannon Diversity Index gives weight to
the number of species and individuals observed.

All species where also given a Rarity
Score toillusirate grade of “endemism” in each
study area. Each species is given a score which
is the reciprocal of each species’ occurrence
in 1 geographical grids. This information is
compiled at the Zoological Museum in
Copenhagen in a WorldMap database on
distributions of all South American bird species.
The Rarity Score was calculated by summing
for cach observation in each study area.

Vegetation structure: Various indicators
for the complexity and structure of the natural
vegetation where used:
= coverage of plants in flower,

« pumber of plant strata,

« coverage and heights of major plant groups
(canopy and emerging trees, bushes, herbs,
grasses, bromeliads, mosses, lichens etc. ),

» density and species of trees ( Point Centred
Quarter Method),

» diameter of tree trunks at breast height,

» Index for general plant species richness.

Thesc indicators where also applied to the
plantation habitats to asses whether these
habitats will be capable of substituting the
natural forests” biological richness.

Human landuse pressure: In cach study
area we also quantified the pressure from
human landuse. We gave scores to the major
human activitics affecting the vegetation: grass
burning, grazing by domestic animals, wood
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logging, collection of firewood, agriculiure, and
traffic by humans. It is admitted that our
guantification of these factors are subjective
and methods for more detailed and objective
measurement needs to by developed.
Furthermore factors such as humidity and
topography where quantified. Coordinates,
altitude and inclination was of course
catablished for each area using appropnate

clectronic and optical equipment.

4. RESULTS

Table I and Table 2 summanses the
cffects of plantations om biodiversity
indicators assessed in this research. In all
biclogical indicators measured we found the
natural forests to be more “valuable™ than the
plantations.

Average coverages of most vegetation
categories where hipher in natural vegetation,
while coverage of grass where in average
highest in the eucalyptus plantations.
Characteristic where also the higher
complexity of natural vegetation assessed on
vegetation strata, overall species richness index
and number of occurming vegetation classes.

A clear difference in bird community
giructure was seen between natural forest
vegetation and exotic plantations. The high
priority and endangered bird species where
never observed in the plantations. Bird species
richness, number of occurring bird individuals
and number of birds with restricted distribution
ranges (:endemics) where in all cases highest
in the natural vegetation habitats,

Human activities such as collection of
firewood and agriculiure where also quantified,
but no correlation was seen between this and
bird species richness. According to the resulis
the rarest and endangered bird species also
seemns (o live well in arcas intensively used by
farmers.

5. DISCUSSION

This research is the first publicised work
on the effects on bird fauna of human landuse
in natural forests and exotic plantations in the
High Andes.

The limited vegetation in the exotic
plantations is due 1o intra-species competition
between the cxotics and the native flora. When
the Pines grows higher, the trees starts over-
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shadowing and thus inhibiting the growth of
ground vegetation. In the Eucal yptus plantadions
leaves of Eucalyptus after defoliation inhibits
growth of ground vegetation due to leaching
of phenols. Similar effects has earlier also heen
documented on germination of tropical crops
{Lisanework and Michelsen 1993}, Our results
on the effect on vegetation of plantations are
in accordance with Bolivian studies { Crespo
C. 1989, Femandez T. 1996)

When people are walking inside the
plantations or the ground vegetation is grazed
by domestic animals the ground vegetation is
rapidly worn down. Top soils then gets exposed
and especially on slopes we observed that this
caused erosion. This has also been observed
in Portugal (Kardell et al. 1986).

The exotic plantations are established to
boost village economies according to the
forestry projects involved, But the recent
development of replacement of natural forests
with plantations will very likely limit water
resources and thus agricultural output.

Furthermore, the rural populations relics
on the natural forests non-wood resources;
Plants for traditional medicine and cloth dying,
mammals and birds for hunting, branches for
fencing of fields and firewood etc. (Hensen
1991, FAO 1994, Fjeldsi and Kessler 1996},
[f such resources are depleted by insufficiently
regeneration of natural forests, the farmers
gets more dependent on money to purchase
similar resources on village markets,

According to our experience plantations
did not remove the logging pressure from the
natural forests. This was due to high market
prices on exotic plantation timber causing the
farmers to protect the exotics against logging
and instead continuously collect firewood and
branches in the natural foresis.

Selection of sites is also questionable.
Several examples are known of exotic
plantations made inside or very close to
Polylepis forests causing these to die. In other
areas the plantations has been made on
grasslands without proper management 1o
prevent erosion.

During the last 12 years one forestry
project: “Programa de Repoblamiento Forestal™”
{PROFOR) has planted of more than 15 million
trees in the Andean zone of the Cochabamba
Department. About 80% of the trees are
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species of Eucalypius or Pinus. This and other
forestry projects inthe Andes has unfortunately
neglected the importance of the native forests,
and some projects has unclear objects and is
directly misinforming the Bolivian public on the
subject,

Foresters has argued that my study lack
1o compare biological richness in the plantations
with what was in the arcas before the
plantations where made. The plantations are
made both on pastureland and in degraded
natural forest vegetation. The argument is
somewhat correct if the plantation are only
considered as “cropland”. But when the
Bolivian forestry projects claim the plantations
can substitute several of the natural forests®
functions: protection of wildlifc, ccosysiems
and water resources, this should be assessed.

This study has showed that the exotic
plantations in the Bolivian High Andes does
not provide any protection of the endangered
bird fauna. Furthermore, 1 guestion the
hydrological and long-term socio-economical
benefits from these plantations.

More focus should instead be put on
plantation of native species and development
of more appropriate use of exotics. This is
possible without any further investments.
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TABLE 1: Indicators for impact on bird fauna of exotic plantations compared with natural foreats
habitats in the High Andes of Bolivia.

Eucalyptus  Pinus Polylepi  Other
plantations  plantations s forest natural forest

habitats  habitats
Average bird species ;
number
Average number of 36,1
bird individuals
Diversity Index for [,48 1,66 2,65 87

birds (Shannon)
Bird Rarity Score © 0,27 0,26 1,23 1,52

*} The Bird Rarity Score is calculated as the inverse distribution area of all occuring birds in stucy areas of
each habitat catcgory. Distribution areas is defined by occurrance in 17 geografical grids. Areas with many
birds of small species distributions thus gets a higher score.

TABLE 2: Indicators for impact on natural vegetation structure of exotic plantations compared
with natural forests habitats in the High Andes of Bolivia.

V A Eucalyptus  Pinus Polylepis Other
INDICATORS plantations  plantations  forest natural forest
habitats habitats -

Average numbor o =,
plant strata

Average coverage of ’ 14.5% 26,3%
bushes

Average coverage of : 10,5% 10,4%
epiphytas™

Average Species AL 1 2.8
Richness Score

Average humidity iy | 7.
index {1-5, 5 highest)

*) Epiphytas assessed: Bromeliads, mosses, lichens and lianas.
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CLASSIFICACAO ECOLOGICA PARA REFLORESTAMENTO, DO
TERRITORIO BRASILEIRO SITUADO AO SUL DO PARALELO 24°8 - UMA
ABORDAGEMCLIMATICA
ECOLOGICAL CLASSIFICATION FOR THE REFORESTATION OF
BRAZILIAN TERRITORY SOUTH OF LATITUDE 24°S - A CLIMATIC BORDER

ACOSTA,V.H., REIS, M.GG.F.} ¢ REIS, G.G. dos’
'Universidad Nacional de Santiago del Estero. FCF{4200) Santigo del Estero, Argentina
HUniversidade Federal de Vigosa. DEF (36571.000) Vigosa-MC-Hrasil

RESUMO

O presente trabalho consiste na classifi-
cagdo ecoldgica do territdrio brasileiro situa-
do aosul do paralele 24°8, utilizando-se da-
dos de altiade e 30 varidveis climiticas, pro-
venientes de 82 estagfes meteoroldgicase 72
postos pluviométricos; a altitude foi oblida,
também, para cutras 58 localidades. Foram
determinadas equagdes de regresslio que per-
mitiram estimar temperaturas minimas, mé-
dias ¢ miximas das localidades desprovidas
de estagiio meteorologica, com o objetivo de
adensar o3 dados de temperatura. Inicialmen-
te, 05 dados pertencentes 4s diferentes varid-
veis foram interpolados, visando homogeneizar
a distribuigho dos mesmos sobre a drea de

por aun ver, subdivididos em células de 13 9‘2
% 13,92 km, Posteriormente, os dados
interpolados por blocos, foram submetidos a
uma andlise ftorial, gue gerou quatro fatores,
os quais explicaram 88,09% da varidncia das
varidveis iniciais, Utilizando-se as cargas
fatoriais com valores iguais ou superiores a
0,7, formaram-se quatro indices, permitindo
o ¢Aleulo de novos valores para cada célula.
Estes novos valores foram submetidos & and-
lise de agrupamento e, posteriormente, 4 and-
lise discriminante, resultando na identifica-
¢io das células pertencentes a cada grupo.
Estes resultados foram wiilizados para pro-
duzir um mapa com a delimitagdo c caracteri-
zagio das regibes ecologicas ¢ na posterior
caracterizago das mesmas.

1. INTRODUCAO
Cavango desmedido do homem sobre o5
ecossisternas com o objetivo de obter produ-
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tos florestais e agricolas, bem como construir
infra-estrutura para o seu bem-estar, levou ao
desmatamento de amplas dreas na Ameérica
do Sul, com a conseqiiente redugiio da dispo-
nibilidade de produtos da madeira. Ao final
da década de 60, o governo brasileiro incenti-
vou os reflorestamentos comerciais mediante
a utilizagdo de espécies cxdticas de rdpido
crescimento. A maioria destes reflorestamen-
tos apresentaram baixa produtividade em ra-
ziio de diversas causas, entre as quais o uso
de materiais genéticos ¢ de técnicas
silviculturais inadequadas (REIS ¢ REIS,
1990, 1993).

Para subsidiar a escolha adequada de es-
pécies florestais para o estabelecimento de
plantios comerciais foram desenvolvidos, no
Brasil, trabalhos de delimitaglio de regides
bioclimdticas (GOLFARI, 1967, 1975;
GOLFARI ¢ CASER , 1977, e GOLFARI ¢
alii, 1978). O desenvolvimenio destes
zoncamentos ecoldgicos permitiram a obten-
¢lio de ganhos significativos na produgiio Ao-
restal.

Considerando a maior disponibilidade de
dados climdticos, eddficos, geoldgicos,
fisiogrificos e da vegetagdo nativa,. desde a
década de oitenta, vem sendo desenvolvida na
Universidade Federal de Vigosa uma metodo-
logia de classificagio que interrelaciona essas
varidveis, para diferenciar, numa primeira eta-
pa, regidies e, numa segunda etapa, sub-regides
ecoligicas, que sdo dreas com diferentes ca-
pacidades produtivas, para fins de refloresta-
mento (MARTINS 1991, TRISTAOQ 1992,
REIS er afii, 1993, ANDRADE 1995),

O presente trabalho tem como objetivo a
delimitacdo de regides ecoldgicas para o lem-
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tdrio brasileino compreendido ao sul do para-
lelo 2478, mediante a utilizaglo de varidveis
climdticas e de altitude de modo a facilitar a
indicaglio de espécies ¢ procedéncias flores-
tais para reflorestamento.

2. MATERIAL E METODOS

Este trabalho refere-se 4 primeira clapa
deste sistema de classificagio ccologica, que
envolve a divisio do temitonio brasibeino locali-
zado ao sul do paralelo 24° 8, totalizando uma
drea de aproximadamente 556,000 km2, em
regifes ecoldgicas, com base nas vandves cli-
miticas e de altitude. A drea de estudo foi
subdividade em quatre blocos para facilitar 2
interpolagio de dados.

As varidveis utilizadas neste trabalho fio-
tam: ALT (Altitade), TMINJAN ( Temperatu-
ra Minima de Janeiro), TMINABR (Tempe-
ratura Minima de Abril), TMINJUL (Tempe-
ratura Minima de Julho), TMINOUT (Tem-
peratura Minima de Outubro), TMEDJAN
( Temperatura Média de Janeiro), TMEDABR
(Temperatura Média de Abril), TMEDJUL
( Temperatura Média de Julho), TMEDOUT
{ Temperatura Média de Outubro), TMAXJAN
(Temperatura Maxima de Janeiro),
TMAXABR { Temperatura Mixima de Abril),
TMAXJUL (Temperatura Mixima de Jubhio),
TMAXOUT (Temperatura Mixima de Outu-
bro), PTMJAN (Precipitaglio Total Média de
Janeiro), PTMABR (Precipitagiio Total Mé-
dia de Abril), FTMJUL (Precipitagio Total
Meédia de Julho), PTMOUT (Precipitagio To-
tal Média de Outubro), PFTMAN (Precipita-
¢lo Total Média Anual), URMEDJAN (Umi-
dade Relativa Média de Jameiro),
URMEDABRN (Umidade Relativa Média de
Abril), URMEDJUL (Umidade Relativa Mé-
dia de Julho), URMEDOUT (Umidade Rela-
tiva Média de Outubro), URMEDAN {Umi-
dade Relativa Média Anual), PCTI (Percent.
Média de Chuvas no 1° Trimestre), PCT2
{Percent. Média de Chuvas no 2° Trimesire),
PCT3 (Percent. Média de Chuvas no 3° Tri-
mestre), PCT4 (Percent. Média de Chuvas no
4° Trimestre), IETPAN (Indice de
Evapotranspiragiio Potencial Anual), NMDH
(Nimero de Meses com Déficit Hidrico), VDH
( Valor do Déficit Hidrico), TMEDAMN (Tem-
peratura Média Anual). As trés Gltimas vana-
yeis foram utilizadas somente na descngio das
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regides ecologicas,

Foram calculadas as equagdes para eati-
mar as lemperaturas minimas, médias e mixi-
mas do ar, mensais e anuais em funglo da
altitude, longitude e latitude, por meio de re-
gressies, empregando-se o modelo lincar ge-
ral.

A seguir foi realizada a interpolagiio das
varidveis com hase nos dados disponiveis para
cada varidvel, individualmente em cada bloco,
Adotou-se o processo de interpolagio numé-
rica para calcular todos os valores para uma
rede de quadriculas de tamanho comresponden-
tea 13,92 x 13,92km aproximadamente, para
todas as variaveis climaticas e de altitude, wti-
lizando-se 0 mddulo INTERFOL do soffware
IDRISI for WINDOWS 1.0. Como resultado
deste processo de interpolago foram obtidos
o8 arquivos para cada bloco, commespondentes
acada uma das varidveis climaticas ¢ de alti-
tude, para serem, posteriormente, submetidos
is técnicas de andlise multivarada correspon-
dentes.

A andlise fatorial das varidveis climéticas
e de altitude foi realizada utilizando-se como
entrada uma matriz onde as linhas foram cons-
tituidas pelos valores das células € as colunas
corresponderam aos valores respectivos de
cada uma das varidveis utilizadas neste traba-
Iho de classificagdo. Foram utilizadas as car-
gas fatoriais com valores de coeficiente de
correlagio superior a 70% para s obter com-
binagfes lineares entre as cargas fatoriais e
as respectivas varidveis, constituindo, assim,
os Indices. Mediante csses indices foram cal-
culados os valores para cada eélula, cujos va-
lores foram posteriormente wlili zados como
dados de entrada para a aplicagiio da andlise
de agrupamento.

Para a realizaglio da andlise dé agrupa-
menio, os dados de entrada foram constitui-
dos por uma matriz onde as linhas foram for-
madas pelas células que contém o territdrio
brasileirn, € as colunas, pelos valores cormes-
pondentes a cada um dos indices constituidos
a partir dos fatores retidos na andlise fatorial,
Em fungiio do grande nimero de dadoes, foi
uiilizado um agrupamento ndio-hierdrquico, € o
método foi o convergente, resultando na dis-
tribuigdo das células que correspondem a cada
uma das regides ecologicas em que foi classi-
ficada a drea em estudo, para cada um dos
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agrupamentos estados.,

Os resultados das andliscs de agrupamento
foram submetidos & andlise discriminante que
segundo KLECKA (1975), visando avaliar a
gualidade do esquema classificatdrio, verifi-
cando se 0s grupos estabelecidos slio efetiva-
mente distintos entre si, a coesfo intermna dos
grupos estabelecidos e se os individuos estlio
incorretamente classificados, e tambem a de-
cisfio do niimero de grupos.

3, RESULTADOS E DISCUSSAD

Foram desenvolvidas equagles que per-
mitiram estimar as temperaturas médias, mi-
nimas ¢ miximas, em fungdo dos valores de
Latitude, Longitude ¢ Altitude de cada locali-
dade com alta precisdo.

3.1, Interpolagio dos dados

O processo de interpolag&o numérica per-
mitiu determinar valores relativos ds 31 varié-
veis paraas 4.912 células em que foi subdivi-
dida a regido em estudo.

Aphs processada a interpolaglio, as célu-
las fora da drea de estudo (paises vizinhos ou
oceana) foram excluidas do arquivo, restando
um total de 2.870 células para toda a drea de
estudo, das quais 518 pertencem ao bloco 1,
B86 ao bloco 2, 1.014 ao bloco 3 e, 452 a0
bloco 4.

3.2. Andlise Fatorial

Como eotrada para a andlise fatorial, utili-
zou-se a matriz constituida por 2.870 linhas
{células) ¢ 28 colunas cormespondentes aos
valores respectivos de cada uma das varii-
veis utilizadas totalizando 80.360 dados. O
resultado da andlise fatorial constituiv-se de
quatro fatores retidos, com uma percentagem
de explicagdio acumulada de 88,09% da
varifincia contida nas vanidveis onginais.

Foram formadas composighes lmeares (ou
indices), no modelo de regressiio linear milt-
pla, que serviram de dados de entrada para a
andlise de agrupamento.As equagles que
constituem os indices sio:

Indice Térmice de Altitude e
Evapotranspiragiio (ITAE)=-0,78ALT +
0,98TMINJAN + 0.90TMINABR +
0,86 TMINJUL + 0,90TMINOUT +
0, 88TMEDJAN + 0,98TMEDABR +
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0,.9TMEDJUL + 0.91TMEDOUT +
0,86 TMAXJAN + 0,90TMAXABR
+H,12TMAXOUT + 0,941IETPAN.

indice da Umidade Relativa (IUR) =
0,74TURMEDJAN + 0,8S0URMEDABR +
0,799URMEDJUL+ 0, 944URMEDOUT +
0,949 RMEDAN

fndice da Distribuiclo ds Precipitagiio
(IDP} = - 0,766PTMJUL - 0,778PCT3 +
0,860PCT4

indice da Precipitagio (IPT) = -
0,844PTMOUT - 0,95IPTMAN

13, Apilise de Agrupamento

A matriz constituida por 2.870 linhas (cé-
lulas) e 4 colunas correspondentes aos valo-
res respectivos de cada um dos indices resul-
touem 11.480 dados. Foram testados distintos
agrupamentos, com nimeros de grupos vari-
ando de 4 a 10. Na decisfio sobre o niimero de
grupos procurou-se niio dividir a regifio num
miimero excessivamente grande de grupos com
muitos sub-grupos constituidos por uma ou
poucas células; a generalizagho em demasia;
encontrar analogias com outros trabalhos rea-
lizados para a regiflo e o seu grau de acerto,

3.4, Anilise Discriminante

(s resuliados obtidos na andlise de agr-
pamento foram testados por meio da and-
lise discriminante, que demonstrou que A
percentagem de acerto do agrupamento
que contém 6 grupos (regides ecoldgicas)
foi de 96,79%, que foi o que apresentou
um maior grau de acerto no que se refere
# alocaglio das células nos grupos aos quais
elas tém maior probabilidade de pertencer.
Além de considerar-se o grau de acerto dos
diferentes agrupamentos estudados, procu-
rou-se, na escolha do ndmero de grupos,
evitar uma generalizagfio ou uma divisdo
excessiva da drea, assim como éncontrar
analogias com trabalhos similares realizados
na regido estudada.

Foram realocadas 92 células que apresen-
taram uma maior probabilidade de pertencer
a uma regido ecoldgica diferente da classifi-
cagdo orignal e, além dessas, também, foram
realocadas 15 células que ficaram isoladas
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dentro de outra regidio. E com o objetivo de
diminuir a amplitude entre os valores extre-
mos de cada varidvel em cada grupo, foram
realocadas 18 células,

3.5, Delimitagio e Descrigio das Regifes
Feolbgicas

Pela filosofia desta metodologia, so de-
tectadas ¢ classificadas como pertencentes a
uma mesma regido ceoldgica, células que se
encontram distantes geograficamente, mas que
allo “equivalentes™ entre =i, a partir das carac-
teristicas determinadas pela interacio das va-
rifveis utilizadas no processo de classificagiio.
Fsta interagio permitiu a obtencio de seis re-
gidies ecologicamente homopéneas (Figura 2).
que siio postecriormente descritas com base nos
valores minimos, médios e maximos das vari-
dveis utilizadas no presente estudo.

Como exemplo, s3o apresentados no Cua-

dro 2, valores interpolados médios minimos e
maximos de 5 das 31 varidveis utilizadas no
presente trabalho,

4. CONCLUSOES

Tomados em conjunio os resultados do
presente trabalho permitivam:

- desenvolver as equagdes de regressio
para estimar as temperaluras minimas, médi-
a5 ¢ maximas para o locais onde nfo existem
cstagdes metearoldgicas, aumentando a den-
sidade de dados disponiveis;

- a interpolago de dados climéticos e alti-
tude permitiu distribuir os dados de forma ho-
mogénea na drea de estudo;

- delimitar as regites ecologicas para o
territdrio brasileiro situado ao sul do paralelo
de 2475, com elevado grau de especificidade
e coeréncia.

As informagdes geradas no presente tra-

QUADRD 2. Valores imerpolados minimos, médios ¢ miximos, de 5 das 31 varidvels
climdticas ¢ de altitude, para cada uma das seis Regides Ecolégicas do termitdrio brasileiro

localizadoe ao sul do paralelo 24° S

Varidveis Miimero das Regides Ecoldgicas

1 2 3 4 3 6

Minimmo 25 21 184,5 20 dE4 6266

ALT Médin 2033 n23 398.7 732 TE50  HE4,
Mo 5604 W56 6833 3656 0 10999 14018

Minimo LL LY 1.6 82 58 56

TMINJUL  Médio 107 105 9.1 94 90 79
Miiximio 150 137 128 123 124 10,4

Minimo 26,7 260 257 80 252 231

TMAXIAN  Médio 303 s 292 299 276 26,5
Mindmo 27 27 7 325 302 293

Minimeo 176 173 169 16,6 15,5 132

TMEDAN  Madio 202 202 186 19,1 17,9 16,9
Miximao 218 2R riErg 212 206 20,1
Miniro 16866 14454 13118 11769 16494 12529
PTMAN Médio IB856 16334 15870 14004  1B70.0 1569,
Mo 23608 1901,1 18089 15598 21306 19134
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balho, referentes aos valores médios, mini-
mos ¢ miximos para cada uma das 31 varia-
veis originais, podem ser utilizados, dentre
Oulros, para suportar i indicagio de cspécies
Morestais para fins de reflorestamento.
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SUMMARY

Farm forestry is an imponant component
of social forestry programmes that are now
underway in India. Economics of farm forstry
varies from region Lo region and from farm to
farm within a region depending upon 2 number
of tactors. This paper explores the economics
of Eucalvptus plantations grovwn under a famm
forestry programme in a tribal village of
Shankerpura in Western Indian State of
CGiujarat. Net Presenl Value, Benefit-Cost
Ratio, and Financial Internal Rate of Retun
are used as indicators of financial viability of
Eucalyptus plantations. Eucalvpius plantation
was [ound to be financially viable and
ecologically sound use of marginal (degraded)
land, I transformed the entire village economy
from a backward one 10 a prosperous one and
the landscape from desolate to green.

1. INTRODUCTION

The practice of planting trees is as old as
cultivation of other crops, the need for
government intervention to promote farm
forestry in India was anticulated in mid
seventics by the National Commission on
Agriculture (NCA 1976). The Government
of India (GOI) accepred the NCA's
recommendations and subsequently farm
forestry programmes were initiated in some
states in the lale seventies, According to mid-
term appraisal of social forestry programmes
by USAIDWorld Bank (1988), success of
farm forestry component in many regions of
India has been remarkahble.

Profitability of farm forestry varies from
region to region and from farm to farm within
aregion. It may not be economically desirable

for a farmer to plant trees on good lands which
have very high opportunity cost in terms of
value of agricultural production foregone.
However, tree planting may be profitable for a
farmer in a region prone Lo recurring droughts
and having unproductive soil which is not fit
for growing agricultural crops. In India, there
is still vast scope for implementing farm forestry
programmes in regions which are not yet
brought within the fold of tree plantation
schemes and in which there is acute shortage
of fuelwood, limber and other forest produce.
The area available for growing trees on
cultivated land (including degraded cultivated
land) is difficult b estimate but all, or almost
all cultivated area is fit for growing trees
(Chambers et af. 1989),

Many researchers and social scientists
have found that farm forestry plantations on
privately owned lands in various regions in India
are financially feasible, This paper examines
the economics of Eucalvprus plantations
promaoted by a non-governmental organisation
{NGO) under its farm forestry programme,
The NGO involved NM Sadguru Water and
Development Foundation, hereafter referred
o as Sadguru. It is involved, inter alfa, in
implementing programmes of tree plantation
in privately owned lands of tribal people in
Western Indian State of Giujarat in India,

1. RESEARCH METHODOLOGY
Shankerpury village in Panchmahal district
of Gujaral slate in India was selected
purposively for the case study. [tisthe village
where Sadguru launched its farm forestry

programme first. A sample of 20 tree growery
from the village was selected using the

""This paper was prepared for presentation at the Symposium on *Silviculure and Genetic Improvement of

Eucalyptus " 10 be held st EMBRAPA-CNPF, Colombo, Brazil on August 24-29, 1997 This paper forms part
of the research work being camied out by the author lor his Ph.D. {Economics) thesis entitled, “Financing
of Afforestation of Wasielands in India®. The thesis is to be submined to the Sardar Patel University,

Vallabh Vidvanagar, India.
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systematic random sampling design. A sample
of 20 households (approximately 10% of the
todal number of households) was selected for
the purpose of in-depth imterviews. Both
primary and secondary data for the study were
collected, Collection of data was accomplished
using both the case study and the interview
medhod, The information so collected pertained
to the relerence year 1993-94.

Todetermine the financial feasibility of
farm forestry plantations in village Shankenpura,
Met Present Value (NPV), Benefit Cost Ratio
{BCR) and Financial Internal Rate of Return
(FIRR) methods were used (Ciittinger, 19%82).

To compute these values cashflows were
compounded at 10 per cent rate of interest,
using market prices for costs and benefits
prevailing in the respective years of occerrence
for a period of 1 1 years (July 1982 w October
1993). All the figures of costs and benefits
have been expressed at 1993 prices.

For determining financial feasibility of farm
forestry, the sample respondents were grouped
into the following three categories according
to the size of their land holdings:

Category Land holding (acres)
Small 2470 4.
Medium  4.95 10 9.88
Large 9.89 and above
I'here were no sample respondenis in the

marginal category (having landholding less than
2.47 acres).

3. A RESUME OF SADGURU

Sadguru, a non-political, non-profit making,
secular, non-governmental organisation was
calablished in the vear 1969, Its head office is
located al Dahod in Panchmahal district of
Gujarat in India, The main ohjective of
Sadguru is to improve the living conditions and
rural and tribal people and to remove their
poverty, mainly by implementing environment-
friendly programmes, which may in tum
improve the natural resources base of the arca.
Though social and farm forestry is a part of
the broad watershed development programme,
itis given special atiention by Sadgun in view
of its tremendous polential in the area.
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3.1. Farm Forestry Programme of Sadguru

Farm forestry programme of Sadgury was
started in the year 1982 on anexperimental basis
in village Shankerpura in Panchmuhal district,
After witnessing the encouraging resulls of the
first farm forestry plantations i Shankerpura and
nearby villages, and on the request ol the tritals
from other villages, Sadguru adopled farm
forestry as a major activity along with its various
other activities. Tree plantation is done mostly
on private waste/inferior lands, ficld bunds, fickd
strips, etc. Sadguru has deliberately chosen to
concentrate its afforestation activitics on private
wastelands for the reason that there is substantial
extent of private wastelands available in its arca
of operation.

4. A PROFILE OF VILLAGE
SHANKERPURA

Village Shankerpura is wholly inhabited by
tribal population All the inhabitants are
cultivators and there is no landless family in
the village. There are 212 families with a total
population of 1,596 in the village according to
1991 census. The total geographical area of
the village is 588 hectares (ha) and al most all
of'the land is used for one or the other purpose,
The maost valuahle asset cwned by the villagers
is some 10 lakh trees mostly Eucalyptus
growing on their private lands. The situation
was different before 1982, the year when
Sadguru started its farm forestry programme
inthe village. According o a survey conducted
by Sadguru in 1976, there were only 100 trees
existing on private farm land in the village,

5. LAND UTILIZATION PATTERN OF
SAMPLE TREE GROWERS

Out of 20 tree growers selected for our
sample, 4 belonged to small farmers” category,
11 belonged to medium farmers' category and
5 belonged to large farmers’ category, On an
average the sample tree growers were having
7.17 acres of land holding. Out of a total of
143.5 acres of land holding owned by sample
tree growers, 96, 39,75 and 7.75 acres of land
was under cultivation, tree plantation and
pasture/grazing respectively. A sizable chunk
(27.7%) of the sample tree growers land was
under Encalypius plantation as they have
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brought their pasture/grazing land under
plantation during the last 11 years and this has
been increasing vear aller vear due Lo higher
profits aceruing from Eucahpius plantation.

6. PATTERN OF Eucalyptus
PLANTATIONS IN MFFERENT
YEARS

A total of over two lakh saplings of
Eucalyptus were planted by the sample tree
growers between the year 1982 w0 1993, The
sample tree growers have planted trees on
marginal land {uncultivated land. pasture land,
and barren land ), cultivated kand and field bunds.
Cm an average, 1.99 acres of pnivaic land was
plarted under block plantation during 11 years.
This excludes the plantation on field bunds by
the sample tree growers. Eighty five per cent
of the total plamtation excluding plantation on
bunds have been carried out in marginal land
whereas the rest of it was carried out on
cultivated land. This explains that only a
meagre proportion of cultivated land was put
under plantation by the sample tree growers
and so Exvcalyptus plantations did not affect
agricultural production adversely.

On an average, 10,221 saplings of
Eucalyptus were planted by sample tree
growers whereas the number of surviving trees
after one year was 7,973, Likewise, almost
all the households of village Shankerpura have
a good asset in the form of Eucalvptus
plantations which they harvest and sell
whenever they need cash to meet their
multifarious needs.

7. FINANCIAL ANALYSIS OF
FEucalyptus PLANTATIONS

Financial analysis was done for the
Eucalyptus plantations carmed out by the
sample tree growers in the year 1982, Only
the bleck plantations were considered for the
financial analysis. In the year 1982, small,
medium and large category of sample tree
growers have planted 5 acres, 12 acres and
9.5 acres respectively under block plantation.

Sadguru provided assistance to the tree
growers of village Shankerpura in the form
production inputs like fertilisers, imgation and
saplings free of cost. In addition, it also provided

103

cash incentives in the form of Indian Rupees
{INR)0.50 per plant for planting trees in their
privale lands, Financial analysis was carried
oul both with subsidy and without subsidy.

In the following sections cost of plantation;
benefits from plantation; financial anal ysis with
and without subsidy; and emplovment
generation have been described, All the figures
of costs, benefits and financial feasibilty
indicators have been presented at 1993 prices.

T.1. Cost of Plantation

T.1.1. Establishment Cost

The establishment cost includes the
imputed value of family labour and free services
provided by the volunteers organised by
Sadguru. The cost of using agricultural
machinery and equipment has been computed
using the straight line method of calculating
depreciation. The annualised capital cost of
fencing around plantation has also been
included. The variable cost of establishment
on per acre hasis has been calculated by both
including and excluding the subsidy provided
by Sadguru. The overall average establishment
cost of plantation excluding subsidy provided
by the Sadguru was estimated to be INR 3,305
for all the sample tree growers',

Likewise, on average, establishment cost
was found to be INR 7,894 per acre. This
included the subsidy provided by Sadguru
which accounted for almost 48 per cent of the
total establishment cost, One of the reasons
Tor the success of fanm forestry in Shankerpurn
can be attributed to the subsidy provided in the
form of necessary inputs to the farmers,

7.1.2. Recurring Cost

The recurring cost includes all expenditures
incurred by tree growers after establishment
of plantation. Here, in this analysis, it includes
all the variable costs incurred on replacement
of dead saplings, waich and ward, irrigation,
cleaning, pruming, weesding, soil working, etc., in
different vears. The recurming cost per acre was
found tobe INR 4,147, INR 4,315 and INR 4,560
for small, medium and large tree growers
whereas the overall average cost forthe sample
mee growers was found to he INR 4,371,
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7.1.3. Harvesting Cost

The harvesting cost includes all the costs
ineurred in culling grasses, thinning of
plantations and the cost of final harvesting.
Almost all the beneficiaries harvested grass
during the first two (o three years afier
plantation whereas those having large
plantations, harvested grass for the first five
to six years after plantation. Treating the
gestation period of Evcalypfus as 6 years, the
tree growers have harvested their tree crops
at least twice during the period of eleven years.
This was possible because of coppicing namore
of Excalyprus. The harvesting cost includes
all the impurted cost of family labowr used for
cutting fuelwood for their own use. The overall
harvesting cost per acre for sample tree
growers was found to be INR 2,123 only.

The overall average cost including
establishment, recurring and harvesting cosis
was found 1o be INR 9,800 acre excluding
subsidy and TNR 14,388 acre including subsidy
provided by Sadguru,

7.2, Benefits from Plantation

The sample tree growers told us during
the course of our inlerviews with them that
returns from Eucalypius plantations accrue Lo
them in the form of timber, fuelwood, grass.
The overall average income per acre was INR
18,996, INR 30,698, INR 32,833 and INR
4,242 from grass, fuelwood, timber and
miscellancous produce respectively. On an
average, grasses, fuclwood, timber and
miscellaneous produce contributed 23,64 per
cent, 35.21 per cent, 36.33 per cent and 4.82
per cent respectively to the 1otal income of the
sample tree growers from the plantations.

All the tree growers have become totally
self-sufficient in fuelwood. Most of them have
been meeting their foll requirements of
fuelwood from their plantations for the last 7
to & years. Now they do nol go o nearby
forests for collection of fuclwood as all of them
use fuelwood from Eucalypius plantations and
agricultural by-products. They use as fuelwood
all the lops and tops left after converting
Eucalyptus trees into poles, planks or beams.

Wood in the form of poles, beams, planks
and pillar is also harvested by the tree growers

at different stages of the life cycle of
Eucalyprus according to their needs, They use
Eucalypius for house construction in the form
of poles, beams, side beams, planks for making
roofs, window frames, doors, ete. Earlier, the
villagers of Shankerpura used to live in small
huts thatched with grasses and locally available
materials. But now they have built houses
using Ewcalyprus timber. The tribals of
Shankerpura and other nearby villages classify
Eucalyptus timber into different categories
according to size, viz., poles (INR 13-73), side
beams ( INR 75-300), main beam { [NR 300-
300}, pillars (INR 500-1,000), and price each
of them differently. Ewcafyprus timber has
become synonymous with their improved
standard of living.

An analysis of the sample tree growers
revealed that on an average received a total
income of INR 32,838 per acre from
Eucalypius timber. I converted into annuity %,
this figure works Lo be INR 5,055 during 1982
1o 1993, The sample tree growers they also
use Eucalyprus wood for a number ol other
purposes, viz., making agnculiural implements,
furniture, using small woodsticks (or giving
support W agnicultural crops and lor fencing
the agricultural fields,

Om the whole, over a span of | | years, on
an average, the sample tree growers received
the total income (on per acre basis) of TNR
86,769 with an annuity of INR 13,359, The
respondents revealed that the farm (orestry
plantations are the only asscts they are owning
which help them to meet their contingency
needs during drought years which are a
common feature of the tribal belt of
Panchmahal district.

The officials of Sadguru revealed that
village Shankerpura has become a model of
farm forestry plantations for the people of the
tribal belt in Panchmahal district and now
nearby villages are also trving and vying with
one another to emulate the same course Lo
boost their economy.

7.3. Financial Analysis with Subsidy |

The Fucalypius plantations owned by all
the three categories of sample tree growers
ane all financially feasible in erms of hoth NPY

? An annuity is a senes of perodic cash Mows (payments or receipts) of equal amounts { Chandra, 1987:216).
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and BCR criteria. The NPV was found 1o be
INR 53,572, INR 68,489 and INR 99,996 for
small, medium and large categories of tree
growers respectively and the overall BUR was
found to be 8,85, Both these measures indicate
that Encalypnes plantations are a profit eaming
adventure for the tree growers,

The overall average FIRR for all the
sample tree growers was found to be 103
percent. It was highest(159.94%) for the large
farmers " category. It implies that it would he
financially desirable lo invest money in
Euralyvprus plantations so long as the rate of
interest on Eucalyprus plantation loans @ equal
to or less than 105 percent. In India there s a
large proportion of rural population living in
areas where large chunks of lands are lying
unutilised and productivity of land which is in
use is low. Manting Eucalypmus on such lands
will help the rural poor nisc above the poverty
lineg as has been clearly demonstrated by
Sadguru in village Shankerpura.

7.4, Financial Analysis without Subsidy

The financial feasibilty measurcs, NPV,
RCR and FIRE, calculated by excluding the
amaount of provided by Sadguru during the
establishment of Eucalypius plantations in
1982 also showed that Ewcalypius plantations
were financially viable. The overall estimatcs
for NPV, BCR, and annuity were found to be
INR 72,391, 6,03 and INR. 11,144 respectively.
The overall average FIRR for all the sample
tree growers' was 51,78 percent.

The financial feasibility analysis done here
clearly shows the role of subsidy as an
instrument of improving the financial desicahility
of Encalyptus plantations,

7.5. Employment Generation

The Ewcalyptus plantations have
generated quite a significant amount of gainful
se¢lf-employment to tree growers since its
ingeption. On an average, 41 man davs of
employmenl per acre per annum were
generated in various plantation activities for 11
vears, The effect of Excalyprus plantations
on employment can also be judged on the hasis
of seasonal migration which was 73 percent in
the year 1976 and has been reduced 1o 3.5
percent in 1993,
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8. MARKETING OF TREE PRODUCE

I'he marketing stratcgy adopted by the
sample tree growers of village Shankerpura is
unique in the region. The tree growers have
complete control over the pricing of the produee
and as mentioned earlier they classify the
Eucalyprus wood according to its size and
quality. There is no role of middlemen in the
marketing and thus no exploitation of the tree
growers. This system of direct sale helps them
fetch higher prices for their tree produce. The
villagers of the nearby villages come over to
the village Shankerpura for buying Encalvptus
wood which they get at lower prices as
compared o the prices prevailing in the nearby
markets. When a buyer approaches a tree
grower of Shankerpura, the latter earmarks
the trees according to the choice of the buyer
in the plantation area. However, the felling
ol trees, debarking, and their conversion into
timber s done by the buyer himsel Fherselfand
that way the tree growers. There is no tree
ETOWETs Co-Operalives or any govertiment
intervention for marketing of tree produce in
the arca, But the tree growers on their own
have evolved this unigue marketing strategy
which is mutually benelicial to themselves as
well as the buyers.

9, CONCLUSIONS

The case study revealed that the sample
tree growers have dong most of the
Eucalyprus plantations {B0%) in various years
on their privately owned marginal lands other
than the cultivated lands, The linancial
feasibility analysis of Encalvpius showed that
they are financially viable, Encalvprus
plantation programmes as initiated by Sadguru
can be taken up in the other parts of the India
and in other parts of the World where waste/
marginal lands privately owmed by the nural poor
are in abundance and the opportunity cost of
using such lands for tree plantations is almaost
zero. The study revealed that the inbal villagers
of Shankerpura who were once deficient in
fuelwood and timber are now not only self-
sufficient but also sell quite a high proportion
of their tree produce to nearby villagers. To
sum up, we can say that tree growers of village
Shankerpura have tremendously benefited
from the Eucalypius plantations. This is
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reflected in their higher standard of living and
in the attention that the villagers have received
from foresters, environmentalisis and
government officials, The three basic
necessities of life, i.e., food, shelter and
clothing, have all been provided in plenty by
Eucafyprus plantations to the people of village
Shankerpura.
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ESTUDIO DE IMPACTOSOCIO - ECONOMICO DEL DESARROLLO
DFLSUB-SECTOR FORESTAL EN URUGUAY
A SOCIO-ECONOMIC STUDY OF THE DEVELOPMENT OF THE FORESTRY
SUBSECTOR IN URUGUAY

Basso L.; Carridn J.; Echeverria R.; Garcia H.P.; Juin E.; Puppo J.; Sancho L.;
San Roman I, v Tamasiunas, M.
Ingenieros Agrénomos. Stall técaico de la Divisién Plancamiento de la Direccién Foresial -
Minisierio de Ganaderia Agricultura y Pesca de la Repiblica Oviental del Uruguay

1. ANTECEDENTES

La Repiblica Oricntal del Ureguay,
localizada en Ameérica del Sur entre los 33 ¥
357 de Latitud Sur ¥ 53 y 58° de Longitud
Oeste, tiene una superficic de 18 millones de
hectireas, la actividad econdmica gue susienta
los saldos exportables es la agropecuaria, que
hoy ocupa el 88% del drea productiva.

Hace mas de 25 afios sc trata de promover
la forestacién por medio de diferentes
instrumentos, en una primer etapa con el
objetivo de sustituir importaciones, ¥
actualmente para lanzarlo como rubro con
potencial exportador. Para esie desarrollo se
cuenta con 3,6 millones de ha de aptitud
forestal ¥ condiciones climéticas y socio -
econdmicas favorables.

La cubierta forestal del pais es de
aproximadamente 980 mil ha entre bosques
nativos y bosques cultivados.

Los tipos vegetales dominantes en
Uruguay son la pradera y la vegetacién
subarbstiva, con arbustos y drboles de mayor
porie concentrados a lo largo de cursos de
agua , o en los cerros, El bosque nativo ocupa
620 mil ha, compuestas por mas de 100
especies arboreas v otras tanlas arbustivas.
Tiene escaso valor comercial, salve comao
madera para combustible, y presenla en
general lentos crecimientos y mala
conformacion,

Se destaca su alto valor para la
conservacion del suelo y cursos de agua, como
fuentc de diversidad genética y como
protector de la fauna silvesire. Esta
expresamente protegido por la actual Ley
Forestal, que prohibe su tala con fines
comerciales.

Los bosques implantados, 260.00 ha, se
caracterizan en tres grandes grupos :

e Bosques de servicio a la actividad
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agropecuaria (abrigo,corlaviento,sombra},
de pequefia extension v alta dispersion en
el territorio.

e Bosques de proteccidn costera,
hédsicamemnte de Pinus pinaster para la fijacion
de dunas arenosas .

» Bosques con objetivo industrial, base del
desarrollo econdmico del rubro , implantados
desde 1970.

Dichaos bosgues son del género Eucalypius
{75%) predominando las especies £ grandis
v E globulus, del género Pinus (20%),
mayoritariamente P.ellioft y P.taeda, y las
Salicaceas {5%), limitindose aalgunos suelos
aluviales ¥ como complemento de los dos
géneros principales,

Los crecimientos medios anuales son
elevados, de acuerdo al tipo de suelo se pucden
alcanzar incrementos medios anuales (IMA)
de 35 M3 en eucaliptos y 30 M3 en pinoa,
toméndose como promedio para las
previsiones de produccidén 25 M3 para
eucaliptos y 20 M3 para pinos.

La distribucidn por tamafio y tenencia de
los bosques industrializables indican que los
emprendimientos pequefios y medianos (hasta
500 ha) representan un 88% del total del drea
forestada. En esta franja encontramos
productores agropecuarios, inversores de
olros sectores de la economia , asociaciones
de profesionales , casi enun 100% del dmbito
nacional,

Los bosques de mas de 501 ha ocupan el
12 % del drea y ademas de los
emprendimientos nacionales cabe destacar la
presencia de inversiones de cmpresas
madereras de Finlandia, Holanda, Espaiia y
Chile. 5i bien en una primera ctapa
predominaron los emprendimientos de
inversores nacionales, es a partir del afio 1992
que las empresas extranjeras comienzan un
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proceso de inversion en ¢l Sector Forestal que
s¢ ha ido acentuando en los dltimos aflos.

La extraccion anual de madera rolliza se
ubica entre los 2.5 v 2.8 millones de m3 por
affo. Tomando como hase el afio 1993 del 1ol
de madera rolliza extraida el 67% ( 1.860.000
M3} fue utilizada como combustible. La lefia
representa el 15.6% de loda la energia que
consume el pais, en casi todos los casos
provenientes de bosques de cucaliptos, con
gran incidencia del consumo industrial,

2. POLITICAS DE PROMOCION DEL
SECTOR FORESTAL

La normativa legal de promocion forestzl
tiene su origen en la Ley 13723 sancionada ¢l
28 de diciembre del afio 1968, Considerd tres
mecanismos de promociGn pero solo a partit
de 1974 se pusicron en prictica dos de los
tres previstos, la exoneracion imposiliva v la
reinversion de impuestos en plantacion v
manienimicnto,

Si bien los resultados ablenidos no
alcanzaron las metas esperadas, permiticron
pasar de 950 Has. anuales que s¢ venian
forestando, a 2.500 ha de promedio anual; la
distribucion de géneros en ese periodo fue de
54% eucaliptos ¥ 36% pinos.

Come consecuencia de cambios en la
politica tributaria (Ley Nro. 14,948/79) fue
eliminada la posibilidad de deducir, por
conceplo de inversion impositiva, los costos
de forestacion, disminuyendo el ritmo de
implantacion de bosques, a un promedio anual
de 2,000 Has,

En 1987 se sanciond la Ley Nro. 15,939,
v de acuerdo a lo establecido en los Am. 1=,
2%y 6", se declara de interés nacional la
defensa, el mejoramiento, la ampliacidn, la
creacion de los recursos forestales, el
desarrollo de las industrias forestales, y en
general, de la coconomia forestal.

La politica forestal instrumentada a partir
de la promulgacion de la Ley Nro. 15939 ha
tenido como objetivos centrales:

a. uso racional del recurso bosque nativo

b. proteccion de los principales cursos de
agua y embalses hidrocléctricos

c. incremento de la base forestal con especies
introducidas de rapido crecimiento en
suelos de baja productividad para los usos
allemativos de los mismos por parie del resto
de las actividades agropecuarias

d. desarrollo sustentable del sector forestal
c. desarrollo industrial en zonas donde el
mismo es inexisiente o tiene un desarrollo
reducido

f} debido a las caracteristicas del mercado
interno ¥ de las posibilidades del mercado
externo, desarrollo de un modelo exportador
de productos con un alto valor agregado,

Los instrumenios de la actual politica
para el desarrollo de las forestaciones ya
existenies, la creacion de nuevas plantaciones
¥ la proteccion del bosque nativo radican en ;
« exoneraciones de todas las cargas
impositivas a quien posee bosques v a lay
industrias que procesan madera se las exonera
de impuestos a la importacion de bienes ¢
INSWmos.

* mecanismos de reintegro parcial de los
costos de plantacidn
» lineas de crédito para la actividad {orestal,

Para aceeder a estos beneficios se deben
cumplir algunos requisitos, como ser cl
forestar en las areas de aptitud forestal con
especies predeterminadas y con una superficie
minima de 10 ha. Las especies fueron
seleccionadas en funcidn de las condiciones
edalo-climdticas del Uruguay v la posibilidad
de obiener materia prima no excesivamente
diversilicada y que presente buenas
perspectivas de colocacion. Con ese ubjetivo
se han elegido: Encalypus granes, F. plobwlus
s getobadues, E globudus ssp maidenii, B, salfgme,
Pinus elliondi, P.iaeda, P pinaster; Populus
delioides ¢ hibride 63/51; Salix alba var
coerulea e hibridos 130/25y 131727,

Todos los emprendimicntos deben
presentar un Plan de Gestidn que os sometido
a cvaluacion previa a su ejecucion por parte
de la Direccidn Forestal,

Las plantaciones que superen la 100 ha y
que se realicen en suclos no declarados de
Prioridad Forestal deberdn tener aprobado no
solo un Plan de Forestacion, Manejo y
Proteccidn por parte de la Direccidn Forestal,
sino gue también deberdn presentar ante el
Ministerio de Vivienda y Medio Ambiente
un informe técnico de Impacto Ecoldgico el
que serd evaluado por la Direccion de Medio
Ambiente.

3. RESULTADOS
Lo resultados de la politica de promocion
han sido ampliamente satisfactorios; el
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numero de proyectos prescatados en el
periodo 1989- 1995 representa el 85% del total
registrado desde 1975, comrespondiendo a una
superficie de mas de | 70.000 ha , alcanzando
en el trienio 1993 - 1995 las 40.000 ha planta-
das por aio, La tendencia en cuanto a géneros
utilizados, fue marcada en favor del Eucalipto
(0],

En forma creciente con la mayor tasa de
forestacion se produjo un significativo
incremento en las solicitudes de importacion
de insumos y bienes de capital relacionados
con la forestacion. Se destaca un importante
aumento de la inversidén en equipos para el
aserrado de madera.

Las provecciones de produccion , en base
a las superficies plantadas y la estabilidad
que se espera en el ritmo anual de las mismas
hasta fin del siglo, muestran que partir del
aflo 1998 comenzara ridpidamentc a
incrementarse dicha oferta, que superara los
H.O00.000 de metros clibicos en los pnmeros
aiios de la proxima década, esperandose, de
acuerdo a la tendencia en la plantacion de
bosques, que continde aumentando en los afios
subsiguientes. La composiciim de csta oferta
serd fundamentalmente de madera con fines
industriales y con destino a la exportacidn,
cumpliendo con los objetivos marcados por
la politica de incentivos,

4. ESTUDIO DEL IMPACTO SOCIO -
ECONOMICO DEL PLAN NACIONAL
FORESTAL

El Plan Nacional de Forestacion incluye
un monitoreo continuo del mismo.

En esta linca de trabajo es que han sido
llevados a cabo estudios de Impacto Socio-
econdmico y de Impacto Fiscal del actual
marco de Legislacion y Politica Forestal,
Los mismos han sido llevados a cabo con
la participacion de técnicos extemos a la
Direccidn Forestal v la evaluacion por
parte de los especialistas del servicio
forestal,

Cabe mencionar gue en la actualidad se
estdn instrumentando acciones para la
evaluacidn de los Impactos Ecologicos de la
actividad forestal.

En lo que refiere al Estudio del Impacto
Socio - Economico, el mismo se propone
contribuir a la mejor estimacion cuantitativa
de los impactos objetivos obtenidos por ¢l
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Programa de Desarrollo Forestal, en términos
de empleo, ingresos v otros resultados
econdmicos y sociales, agregados anivel local,
regional y nacional.

4.0 Enfogque del trabajo

El estudio se baso en un enfoque que
implicd la combinacion de un andlisis detallado
de dreas locales con estudios de nivel regional
¥ nacional. A partir de una perspectiva de
tipe interdisciplinario que incluye
componentes téenicos, econdmicos y sociales,
¢l estudio busco, adicionalmente, formular una
metodologia susceptible de ser replicada en el
futuro, de forma de facilitar el monitoreo de
los impactos del desarrollo forestal.

La evaluacion implicé un andlisis del
impacto del Proyecto de Desarrollo Forestal
cn res niveles geograficos diferentes yen tres
horizontes de tiempo distintos:

a En primer lugar, a nivel de drea loeal,
donde se procuran identificar los principales
impactos demogrificos, econdmicos,
sociales ¥ culturales de la implantacion de
proyectos forestales en varias zonas
diferentes.

b. En segundo lugar, a nivel del pais en su
conjunto, donde se procuran identificar los
principales impactos econdmicos v sociales,
con énfasis en los aspectos de empleo,
inversiones, balanza comercial y
resultados fiscales.

¢. En tercer lugar, una ves identificado ¢l
impacto a nivel de cada drea y a nivel del pais
en su conjunto, se especifican los impactos
econdmicos y sociales a nivel de regiones

4.b. Metodologia
Los objetivos seilalados anteriormente
fueron alcanzados a partir de la combinacién
de distintas técnicas de investigacion.
« Encuestas y entrevistas a los agentes
Los distintos agentes del sector fueron
estudiados a partir de técnicas de encuesias,
utilizando muestreos aleatorios, y entrevistas
en profundidad en los casos que no existian
marcos muestrales de referencia.
» Entrevistas en profundidad
Adicionalmente fueron mantenidas
entrevistas con informantes claves anivel local
y departamental. Se realizaron un promedio
de treinta entrevistas por region, entre las que
se incluyeron autoridades departamentales,
responsables locales de empresas y servicios
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publicos, maestros, médicos, y otros
profesionales, comisarios, gerentes de
empresas, capataces, obreros y responsables
de instituciones pablicas.
o Informacidn secundaria

Finalmente, se utilizd una amplia gama
de fuentes de informacion secundaria, de tipo
cuantitativo o cualitativo:
- Fstadisticas generadas por la Direccidn
Fuorestal
- Censos Agropecuarios
- Censode Poblaciion v Viviendas 1985,
- Imstituto Nacional de Estadistica, Encuesta
de Hogares ¥ Censo Econdmico Nacional,
1988,
- Metodologia utilizada por la Oficina
Nacional
& [nformacion de drea local

En casi todas las dreas estudiadas se
selecciono un centro wrbano y se replicd la
ficha dizefiada por la Oficina Macional de
Accion Comunitana y Regiomal (ACOR), Los
resultados si bien son validos exclusivamente
para esa localidad, procuran dar una medida
objetiva de la evolucion gue, al menos en ese
lugar, se observd. Sin embargo es importanie
puntualizar, que csta evolucién no liene
porqué haberse debido exclusivamente a la
forestacion, pudiendo haber otros elementos
en jucgo quizés mds importanies que la
actividad en andlisis,

4.c. Principales conclusiones

El andlisis de los resullados permilid
extraer una serie de conclusiones de las cuales
se presentan a continuacion las principales :
# La actividad forestal implica un uso
particularmente intensivo de la mano de obra
en dreas que anteriormente se dedicaban a la
aclividad ganadera. De acuerdo a las
estimaciones, sin considerar el empleo
indirecto, ¢l coeficiente de empleo por hectirea
dedicada a la actividad ganadera alcanza a
0.0047 micntras ¢l dedicado a la actividad
forestal alcanza a 0.0125 si se contabilizan
solamente los empleos permanentes ¥ a
0.0255 =i se contabilizan los zafrales.
Consiguientemente, en la hipotesis de que se
llegara a forestar la totalidad de la superficie
forestal del pais se requeririan
aproximadamente 90.000 personas, de las
cudles aproximadamente 44.000 serian
permancnles. Eslas cifras no incluyen el
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empleo que s¢ Agregaria como consceueneia
del ingreso de volimenes crecientes de
plantaciones en fase de cosccha,

+ Como consecuencia de lo anterior, desde
va puede advertirse que el Plan Nacional de
Forestacion ha tenido un considerable impac-
to en términos de empleo directo ¢ indirecto
v en términos del desarrollo social de las dre-
as directamente afectadas por el mismo,
Razonablemente, ese impacto crecerd
significativamente en los préximos afos.

& Entérminos de empleo directo en viveros,
plantaciones ¥ aserraderos, estimamos que
hasta 1995 los proyectos financiados por el
Programa generaron aproximadamente 7.200
empleos directos en viveros, plantaciones ¥
aserraderos. De estos empleos algo mas de la
mitad son empleos estables y reclutan mano
de obra femenina v juvenil en proporciones
apreciables -significativamente mayores que
la ganaderia, que era la ocupacion anterior mas
frecuente de la mayor parte de los ocupados.
Los operadores estiman que estos empleos
crecerdn aproximadamente un 75 % en los
proximos cinco afios, llegando
aproximadamente a los 12,500
Adicionalmente, el namero de empleos se
ampliardn considerablemente a poco que se
ingrese en la fase de cosecha.

e [in términos de empleo indirecto en
actividades de cosecha y transporte, cabe
estimar que el programa contribuyd a generar
al menos otros 1.000 empleos de eardcter
indirecto, que seguramente tamblén tendran
una expansion muy importante cuando las
planiaciones ingresen en las fases de cosecha,
Aungue no existen estimaciones precisas sobre
el potencial de crecimiento, razonablemente
debiera pensarse que crecenia al menos en igual
medida que el empleo directo, 51 no bastante
mis.

« En términos de remunecraciones el
desarrollo forestal implicé un aumento
significativo respecto a las remuneraciones
generadas porla ganaderia. Las comparaciones
cualitativas de sueldos tantoa nivel de peones
como de capataces permnilen pensar en salarios
que son sustancialmente superiores en el rubro
forestal, entre peoncs por lo general se
registraron valores superiores al 20 % de los
salarios pagados por la ganaderia. Sitodos los
contratos laborales se atwvieran a las leves -lo
que es muy dificil de evaluar en este estudio,
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la actividad forestal generaria actualmente mds
de LSS 2.000,000.- anuales para ¢l B.P.S.
suponiendo siempre que se aporte sobre la
base de salarios minimos,

¢ En términos de resultados fiscales,
comviens marcargue las exoneracionss fiscales
han sido numerosas, pero para analizar el
retorna de la inversion realizada a partir de
este conjunte de exoncraciones habria que
incluir como ingresos las externalidades
positivas gue el desammollo de las plantaciones
forestales han provocado y provocarin sobre
sectores vinculados directa e indirectamente,
La presente investigacidn permite conchar guc
en todos los sectores considerados la
aprobacion de la ley ha tenido un efecto
positivo, cfectos que en algunos casos -viveros
¥ CmpIcsas que prestan servicios de
plantacion ya se han notado, mientras que en
otros -asemraderos, empresas cosechadoras y
transportistas- recién se empiezan a obsorvar,
No eabe dudas que la mayoria de los agentes,
en todos los sectores analizados, ticnen
cxpectativas de crecimiento e inversion,
previendo un desarrollo importante para los
proximos aftos.

#« En términos de balanza comercial,
ruzonablemente, no se han producido impactos
importantes en la medida en que no se han
iniciado las cosechas. Consiguieniemente, ¢l
nivel de exportaciones del secior s todavia
bajo: estas representaron durante ¢l afio 1994
solo el 1,4 % de todo lo que ¢l pais exportd,
Efectivamente, duranie ese aflo ¢l sector
exportd LSS 26.600.000, en tanto que las
exportaciones totales del pais, se ubicaron en
los LISS 1.913.400.000. De cualquicr manera,
debe tenerse presente que la mayor parte de
las hectdreas foresiadas fueron plantadas
durante la presente década, por lo que las
presentes cifras variaran en forma importante
en log préximos afios.

& Entérminos de dreas locales los nesultados
indican que en todos aquellos casos en que se
pucden obtener resultados comparables con
situaciones anteriores al comicnzo de los
proyectos se han verificado impactos
significativos en 1érminos de poblacidn,
empleo, ingresos ¥ localizacion de servicios.
En algunos casos cstos desarrollos implican
cambios de tal nivel que las dreas deben ser
recalegorizzadas en témminos de la metodologia
utilizada por ACOR en funcidn de su dotacion

de servicios.

s En términos regionales los impactos del
desarrollo forestal se han distribuido cn
diferentes zonas del pais, alcanzando niveles
de desarrollado bastante dilerenciales, Si se
analizan los agentes directamente vinculados
al sector a partir del andlisis de variables como
produccion, empleo, inversiones v nivel
tecnoldgico, se obsérvan situaciones
claramente diferentes enire la region Este del
pais, ¥ las oitras dos analizadas -Litoral y
MNorte/Centro- Por lo general, v si bicn existen
matices, la region Este es la que presenta
menaores niveles de desarrollo, Estos matices
se vinculan fundamentalmente a los viveros,
donde se registraron empresas con desarrollos
tecnoldgicos destacables. Por lo general, la
region del Litoral ¥ la Norte/Centro del pais,
se alternan en el primer puesto en los aspectos
anteriormente sciialados.
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EVALUATION OF 23,5 - TRIPHENYLTETRAZOLIUM CHLORIDE
REDUCTION AS A MEASURE OF DROUGHT - AND HEAT TOLERANCE
IN Eucalyptus grandis

Merwe, T. van der, Staden, L. van, Mescht, A. van der and Laurie, R.
Vegetahle and Omamental Plant Instinme, Private Bag X293, PRETORLA, 0001

The 2,3,5 - riphenyltetrazolium chloride
viability assay has been modified to predict
drought - and heat tolerance in 20 Excalypius
grandis clones. After a drought acclimation
treatment, the leaf discs were subjected to
simulated drought by exposure o osmotic
potentials. A lower absorbance value in the
control treatment compared io the stress
treatment, indicated a tolerant reaction. This
is in contrast with a sensilive reaction where
the absorbance value in the stress treatment
will be lower than in the control treatment. The
clones were ranked according o the difference
between the mean absorbances of the control
treatment and the stress treatment. The clones
were listed with 1 as the most drought tolerant
and 20 as the most drought sensitive. Drought
simulation in the laboratory can diflfer from field
conditions as heat stress cannol be eliminated
in ficld trials. Thus the clones were also tested
for heat tolerance. The clones were ranked
with 13 as the most heat tolerant and 16 as the
most heat sensitive. A stress index can be
established which will enable breeders to
distinguish hetween plant responses to heat and
drought.

INTRODUCTION

Stress, in some from or another, 1s & highly
probable occurence for almost any plant
growing under either natural or cultivated
conditions. Temperature is among the major
variables that effect the growth and
development of plants'. Several physiological
processes begin to break down when plant
temperature rises §-10° C above the normal
growing temperature. Exposure of plantstoa
nesr lethal temperature often leads to a degree
of adaption so that the plant can withstand an
otherwise lethal heat treatmeni. Since there is
an interaction between heat and drought, both
were tested”,

1z

OBJECTIVES

Moderate and lethal heat or drought stress
treatments were measured for accumulation
of formazan - the reduced form of 2,3,5-
triphenyltetrazolium chloride (TTC). This
method is proved to be very reliable measuring
heat tolerance in plants’. Inhibition of TTC
reduction is an indication of enzyme
imactivation. The aim of this study is to evaluate
the variation in drought and/or heat tolerance
in Excalyptus grandis cultivars,

MATERIALS AND METHODS

Twently cultivars were growth in a
glasshouse at 26/16°C (day/night temperatures}
and watered twice a week. Mannitol was used
as an osmoticum for simulation of drought.
There were four treatments applied. Each
sample consisted of five leafdiscs (4 mm in
diameter) thus five repeats over six time
intervals.

Drought was induced by subjecting the
leaf dises too firstly a modemte siress of three
hours in 3.0 ml of 0.5 M mannitol for
acclimation. A control treatment was
subjected to three hours in 3.0 ml of 0.2 M
sodium phosphate buffer. Thereafler both
stress and control leaf treatments were placed
in 3.0ml of 1.0 M mannitol solution at 29°C",

When the reaction to heat was tested, the
control treatment was placed at 29°C in sodium
phosphate buffer and the stress treatment al
40°C. After three hours the heat stress and
control leaf discs were incubated at 50°C*,

Samples of each treatment were taken at
30 minute intervals, resulting in six different
time periods. The discs wene vacuum-infilirated
with TTC for five minutes and then left
overnight at 29° C in the dark. The discs were
washed with distilled water followed by the
addition of 3 ml of 95% ethanol. The ethanol
was boiled till dry and the discs resuspended
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agrupamentos testados,

Os resultados das andlises de agrnupamento
foram submetidos i andlise discriminante que
segundo KLECKA (1975), visando avaliar a
qualidade do esquema classificatdrio, verifi-
cando se 05 grupos estabelecidos sio efetiva-
mente distintos entre si, a8 cocsdo interna dos
grupos estabelecidos e se os individuos estio
incorretamente classificados, ¢ tambem a de-
cisfo do nimero de grupos.

3. RESULTADOS E DISCUSSAO

Foram desenvolvidas equagies que per-
mitiram estimar as temperaturas médias, mi-
nimas e maximas, em fungdo dos valores de
Latimde, Longitade e Altinude de cada locali-
dade com alta precisfo.

3.1. Interpolagio dos dades

O processo de interpolag 3o numérica per-
mitiu determinar valores relatives is 31 varis-
veis paraas 4.912 células em que foi subdivi-
dida a regifio em estudo,

Apds processada a interpolagdo, as célu-
las fora da drea de estudo ( paises vizinhos ou
oceanc) foram excluidas do arquivo, restando
um total de 2.870 células para toda a drea de
estudo, das quais 518 pertencem ao bloco 1,
BE&6 a0 bloco 2, 1.014 ao bloco 3 ¢, 452 a0
bloco 4,

3.2. Anilise Fatorial

Como entrada para a andlise fatorial, wili-
zou-se a matriz constituida por 2.870 linhas
{células) e 28 colunas correspondentes aos
valores respectivos de cada uma das varid-
veis utilizadas totalizando 80.360 dados. O
resultado da andlise fatorial constituiu-se de
quatro fatores retidos, com uma percentagem
de explicagio acumulada de 88,09% da
varifincia contida nas varidveis oniginais.

Foram formadas composiches lineares (ou
indices), no modelo de regressio linear milti-
pla, que serviram de dados de entrada para a
andlise de agrupamento.As equagles que
constituem os indices slo:

Indice Térmico de Altitude e
Evapotranspiracio (ITAE)=-0,7RALT +
0,98 TMINJAN + 0,90TMINABR +
0. B6TMINIUL + 0,99TMINOUT +
0,BBTMEDJAN + 0,98TMEDABR +
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0,90TMEDJUL + 0,91TMEDOUT +
0,86TMAXJAN + 0,90TMAXABR
H),T2TMAXOUT + 0,94IETPAN.

indice da Umidade Relativa {IUR) =
0,74TURMEDJAN + 0,850URMEDABR +
0, 7TMURMEDIUL+ 0,944URMEDOUT +
0,949 RMEDAN

indice da Distribuiciio da Precipitagio
{IDPy =- 0,766PTMIUL - 0,778PCT3 +
0.860PCT4

indice da Precipitagio (IPT) = -
0,844PTMOUT - 0,953PTMAN

3.3, Anilize de Agrupamento

A matriz constituida por 2.870 linhas (cé-
lulas) e 4 colunas correspondentes aos valo-
res respectivos de cada um dos indices resul-
touem 11.480 dados. Foram testados distintos
agrupamentos, com niEmeros de grupos vari-
ando de 4 a 10. Na decisfio sobre o nimero de
grupos procurou-5e ndo dividir a regifio num
nizmero excessivamente grande de grupos com
muitos sub-grupos constituidos por uma ou
poucas células; a generalizagilo em demasia;
encontrar analogias com outros trabalhos rea-
lizados para a regidio e 0 seu grau de acerto.

3.4, Andlise Discriminante

s resultados obtidos na andlise de agru-
pamento foram testados por meio da and-
lise discriminante, que demonstrou que a
percentagem de acerto do agrupamento
que contém 6 grupos (regides ecolbgicas)
foi de 96,79%, que foi o que apresentou
um maior grau de acerto no que se refere
i alocaglo das células nos grupos aos quais
elas tém maior probabilidade de pertencer.
Além de considerar-se o grau de acerto dos
diferentes agrupamentos estudados, procu-
rou-se, na escolha do nimero de grupos,
evitar uma generalizag®o ou uma divisfo
excessiva da drea, assim como encontrar
analogias com trabalhos similares realizados
naregido estudada.

Foram realocadas 92 células que apresen-
taram uma maior probabilidade de pertencer
auma regido ecoldgica diferente da classifi-
cagio original e, além dessas, também, foram
realocadas 15 células que ficaram isoladas
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dentro de outra regido. E com o objetivo de
diminuir a amplitude entre os valores extre-
mos de cada varidvel em cada grupo, foram
realocadas 18 células.

3.5, Delimitagio e Descrigio das Regifes
Ecoldgicas

Pela filosofia desta metodologia, sio de-
tectadas e classificadas como pertencentes a
uma mesma regifo ecoldgica, células que se
encontram distantes peograficamente, mas que
sfio “equivalentes” entre si, a partir das carac-
teristicas determinadas pela interagdo das va-
ridveis utilizadas no processo de classificagdio.
Esta interaglio permitin a obtengdo de seis re-
gites ecologicamente homogeness (Figura 2),
gue sfin posteriormente descritas com hase nos
valores minimos, médios e maximos. das van-
dveis utilizadas no presente estudo,

Como exemplo, s8o apresentados no Chua-

dro 2, valores interpolados médios minimos ¢
maximos de 5 das 31 varidveis utilizadas no
presente trabalho,

4. CONCLUSOES

Tomados em conjunto os resultados do
presente trabalho permitiram;

- desenvolver as equagdes de regressiio
para estimar as temperaturas minimas, meédi-
&5 ¢ mdximas para o8 locais onde ndo cxistem
estagles meteoroldgicas, aumentando a den-
sidade de dados disponiveis;

- a imterpolagdo de dados climéaticos e alti-
tude permitiv distribuir os dados de forma ho-
mogénea na drea de estudo;

- delimitar as regides ecoldgicas para o
termitdrio brasileiro situado ao sul do paralelo
de 2475, com clevado grau de especificidade
€ COCTEnCIA.

As informagdes geradas no presente tra-

QUADROD 2. Valores interpolados minimos, médios ¢ maximos, de 5 dak 31 varidveis
climiticas e de altitude, para cada uma das seis Regides Ecoligicas do termitorio brasileiro

localizado ao sul do paralelo 247 §

Varidveis Niimero das Regides Ecologicas
| 3 4 5 6

Minimo 25 21 184S 20 41 6266

ALT  Médio 2933 1123 3987 732 TS50 884
Miximo 604 3956 633 3656 10999 14018

Minimo B8 LU B2 S8 56
TMINJUL  Médio 107 105 9] 9 90 79
Miximo 150 137 128 123 124 104

Minimo %7 260 257 260 252 23
TMAXJAN  Médio 303 05 202 299 26 265
Miximo 27 »7 37 125 302 293

Minimo 176 113 169 166 155 132

TMEDAN  Médio 202 202 186 191 179 169
Miximo 28 28 27 212 06 200

Minimo 16866 14454 1318 11769 16494 12529

PTMAN  Médio 18856 16334 15870 14004 18700 15691
Mibdmo 23608 19011 18089 1598 22306 19134
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balho, referentes aos valores médios, mini-
mos ¢ miximos para cada uma das 31 varid-
veis originais, podem ser utilizados, dentre
outros, para suportar i indicagdo de espécies
lurestais para fins de reflorestamento.
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ECONOMICS OF Eucalyptus PLANTATIONS : A CASE STUDY IN A TRIBAL
AREA IN WESTERN INDIA'
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SUMMARY

Farm forestry is an important componenit
of social foresiry programmes that are now
underway in India. Foonomics of farm forestry
vanes from region o region and from farm o
{arm within a regon depending upon a number
of factors, This paper explores the cconomics
of Encalypis plantations grown under a farm
forestry programme in a tnbal village of
Shankcrpura in Western Indian State of
Gujarat. Net Present Value, Benefit-Cost
Ratio, and Financial Intemal Rate of Retum
are used as indicators of financial viability of
Eucalvptus plantations. Excealyprus plantation
was found to be financially viable and
ecologically sound use of marginal {degraded )
land. It transformed the entire village economy
from a backward one to a prosperous one and
the landscape from desolate to green

L. INTRODUCTION

The practice of planting wees is as old as
cultivation of other crops, the need for
govemnment intervention to promote farm
forestry in India was articulated in mid
seventies by the National Commission on
Agriculture (NCA 1976). The Government
of India (GOI) accepled the MCA's
recommendations and subsequently farm
forestry programmes were initiated in some
states in the late seventies. According to mid-
term appraisal of social forestry programmes
by USAID/World Bank { 1988), success of
farm forestry component in many regions of
India has heen remarkable.

Profitability of farm forestry varies from
region Lo region and from farm 1o farm within
aregion. I may nol be economically desirable

for a farmer (o plant trees on good lands which
have very high opportunity cost in terms of
value of agncultural production foregone,
However, tree planting miay be profitable for a
farmer in a region prone to recurring droughts
and having unproductive soil which is not fit
for growing agricultural crops. In India, there
is still vast scope for implementing famm forestry
programmes in regions which are not yet
brought within the fold of tree plantation
schemes and in which there is acute shortage
of fuelwood, timber and other forest produce.
The area available for growing trees on
cultivated land {including degraded cultivated
land) is difficult to estimate but all, or almost
all cultivated area is fit for growing trees
{Chambers er al. 19849),

Many researchers and social scientists
have found that farm forestry plantations on
privately ovwned lands in various regions in [ndia
are financially feasible. ‘This paper examines
the economics of Ewcalypus plantations
promated by anon-governmental organisation
(NG under s farm forestry programme,
The NCICY involved NM Sadgury Water and
Development Foundation, herealler referred
1o as Sadgurw, 1t is involved, inter afia, in
implementing programmes of tree plantation
in privalely owned lands of tribal people in
Western Indian State of Gujarat in India,

1. RESEARCH METHODOLOGY
Shankerpura village in Panchmahal district
of Ciujarat state in India was selected
purposively for the case study. [Uis the village
where Sadguru launched its farm foresiry
programme first. A sample of 20tree growers
from the village was sclected using the

'"This paper was prepared [or presentation at the Symposium on “Silviculture and Genetic Improvement of
Fucalvprus” tobe held at EMBRAPA-CKNPE, Colomba, Brazil on August 24-29, 1997, This paper forms part
of the research work being carmried out by the author for his Ph.D. (Econemics) thesis entitled, “Financing
of Afforestation of Wastelands in India™. The thesis is to be submitted to the Sardar Patel University,

Vallabh Vidvanagar, India,
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systematic random sampling design. A sample
of 20 households (approximately 10% of the
total num ber of households ) was selecled for
the purpose of in-depth interviews. Both
primary and secondary data for the study wene
collected, Collection of data was accomplished
using hoth the case study and the interview
method. The information so collected pertained
to the reference year 1993-94,

To determine the financial feasibility of
farm forestry plantations in village Shankerpura,
Metd Present Value (NPV), Benefit Cost Ratio
(BCR) and Financial Intemal Rate of Return
(FIRR) methods were used {Gittinger, 1982).

To compute these valvues cashflows were
compounded at 10 per cent rate of interest,
using market prices for costs and benefits
prevailing in the respective vears of occurrence
for a peniod of 11 years (July 1982 to October
1993). All the figures of costs and benefits
have been expressed at 1993 prices.

For determining financial feasibility of farm
forestry, the sample respondents were grouped
into the following three categories according
to the size of their land holdings:

Calegory Land holding {acres)
Sl 24T w0494
Medium 4,95 10 9.88
Large 9.89 and above

There were no sample respondents in the
marginal category (having landholding less than

2.47 acres).

3. A RESUME OF SADGURU

Sadguru, a non-political, non-profit making,
secular, non-governmental organisation was
established in the year 1969, lis head office is
located at Dahod in Panchmahal district of
Gujarat in India. The main objective of
Sadguru is to improve the living conditions and
rural and tribal people and to remove their
poverty, mainly by implementing environment-
friendly programmes, which may in tum
improve the natural resources hase of the anca.
Though social and farm forestry is a part of
the broad watershed development programme,
itis given special attention by Sadgum in view
of its tremendows potential in the area.
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3.1, Farm Forestry Programme of Sadguru

Farm forestry programme of Sadgum was
staned in the vear 1982 on anexperimental basis
in village Shankerpura in Panchmahal district,
Alfter witnessing the encouraging results of the
first farm forestry plantations in Shankerpuea and
nearby villages, and on the request of the tribals
from other villages, Sadguru adopted Farm
forestry as amajor activity along with its variouws
other activities. Tree plantation is done mostly
on private waste/inferior lands, field bunds, field
strips, etc. Sadgum has deliberately chosen to
concentrate its afforestation activities on private
wastelands for the reason that there is subsiantial
extent of private wastelands available in its arca
of operation.

4. A PROFILE OF VILLAGE
SHANKERPURA

Village Shankerpura is wholly inhabited by
tribal population All the inhabitants are
cultivators and there is no landless family in
the village. There are 212 families with a total
population of 1,596 in the village sccording to
1991 census. The total geographical area of
the village is 588 hectares (ha) and almost all
of the land is used for one or the other purpose.
The maost valuable assct owned by the villagers
is some 10 Jakh trees mostly Eucalyptus
growing on their private lands. The situation
was diflerent before 1982, the year when
Sadguru started its farm forestry programme
inthe village, According to a survey conducted
by Sadguru in 1976, there were only 100 trees
cxisting on private farm land in the village.

5. LAND UTILIZATION PATTERN (F
SAMPLE TREE GROWERS

Ot of 20 tree growers selected for our
sample, 4 belonged o small frmers” calegory,
11 belonged to medium farmers” category and
5 belonged to large farmers’ category. On an
average the sample ree growers were having
7.17 acres of land holding. Out of a total of
143.5 acres of land holding owned by sample
tree growers, %6, 39,75 and 7.75 acres of land
was under cultivation, tree plantation and
pasture/grazing respectively, A sizable chunk
{27.7%) of the sample tree growers land was
under Eucalyprus plantation as they have
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broughi their pasture/grazing land under
plantation during the last 11 years and this has
been increasing year after year due to higher
profits aceruing from Encalyphus plantation.

6. PATTERN OF Eucalyptus
PLANTATIONS IN MFFERENT
YEARS

A total of over two lakh saplings of
Eucalvptus were planted by the sample tree
growers between the year 1982 1o 1993 The
sample tree growers have planied trees on
marginal land {uncultivated land, pasture land,
and barren land), cultivated land and field bunds.
O an average, 1.99 acres of private land was
planted under block plantation during 11 years.
This excludes the plantation on field bunds by
the sample tree growers. Eighty five per cent
of the total plantation excluding plantation on
bunds have been camed out in marginal land
whereas the rest of it was cammied out on
cultivated land. This explains that only a
meagre proportion of cultivated land was pul
under plantation by the sample tree growers
and so Eucalyprus plantations did not affect
agricultural production adversely.

On an average, 10,221 saplings of
Eucalyptus were planted by sample tree
growers whereas the number of surviving trees
after one yvear was 7,973, Likewise, almosi
all the households of village Shankerpura have
a good asset in the form of Eucalyptus
plantations which they harvest and scll
whenever they need cash 1o meet their
multifariows needs.

7. FINANCIAL ANALYSIS OF
Evcalypius PLANTATIONS

Financial analysis was done for the
Eucalyptus plantations carried out by the
sample tree growers in the year 1982, Only
the bleck plantations were considered for the
financial analvsis. In the year 1982, small,
medium and large category of sample tree
growers have planted 5 acres, 12 acres and
9.5 acres respectively under block plantation.

Sadguru provided assistance to the tree
growers of village Shankerpura in the form
production inputs like fertilisers, irrigation and
saplings free of cost. Inaddition, it also provided
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cash incentives in the form of Indian Rupees
(TNR)0.50 per plant for planting trees in their
private lands. Financial analysis was carried
oant both with subsidy and without subsidy,

In the following sections cost ol plantation;
benefits from plantation; financial analysis with
and without subsidy; and employment
generation have been described. All the figures
of costs, benefits and financial feasibilty
indicators have been presented at 1993 prices.

7.1. Cost of Plantation

T.1.1. Establishment Cost

The establishment cost includes the
impated value of family labour and free services
provided by the volunteers organised by
Sadguru. The cost of using agricultural
machinery and equipment has been computed
using the straight line method of calculating
depreciation. The annualised capital cost of
fencing around plantation has also been
included. The variable cost of establishment
on per acre basis has been calculated by both
including and excluding the subsidy provided
by Sadguru. The overall average establishment
cost of plantation excluding subsidy provided
by the Sadguru was estimated to be INR 3,305
fior all the sample tree growers'.

Likewise, on average, establishment cost
was found 1o be INR 7,894 per acre. This
included the subsidy provided by Sadguru
which accounted for almost 48 per cent of the
total establishment cost. Une of the reasons
fior the success of farm forestry in Shankerpura
can be attributed to the subsidy provided in the
form of necessary inputs to the farmers,

7.1.2. Recurring Cost

The recurring cost includes all expenditures
incurred by tree growers after establishment
of plantation. Here, in this analysis, it includes
all the variable costs incurred on replacement
of dead saplings, walch and ward, irrigation,
cleaning. pruning, weeding, soil working, elc., in
different years. The recurming cost per acre was
fioumndd to be INR. 4,147, INR. 4,315 and INR 4, 560
for small, medivm and large tree growers
whereas the overall average cost forthe sample
tree growers was found to be INR 4,371,
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T.1.3. Harvesting Cost

The harvesting cost includes all the costs
incurred in culling grasses, thinning of
plantations and the cost of final harvesting,
Almost all the beneficiarics harvested grass
during the first two (o three years after
plantation whereas those having large
plantations, harvested grass for the first five
to six years afier plantation. Treating the
gestation peniod of Evcalyvprus as 6 years, the
tree growers have harvested their tree crops
al least twice during the period of eleven years.
This was possible because of coppicing nature
of Eucalyprus. The harvesting cost includes
all the imputed cost of family labour used for
cutting fuelwood for their own wse. The overall
harvesting cost per acre lor sample tree
growers was found to be INR 2,123 only.

The overall average cost including
establishment, recurring and harvesting costs
was found to be INR 9,800 acre excluding
subsidy and TNR 14,388 acre including subsidy
provided by Sadguru.

7.1. Benefits from Plantation

The sample tree growers told us during
the course of our interviews with them that
retums from Ewcalypus plantations accrue o
them in the form of timber, fuelwood, grass.
The overall average income per acre was INR
18,996, INR 30,698, INR 32,833 and INR
4,242 from grass, fuelwood, timber and
miscellancous produce respectively. On an
average, grasses, fuelwood, timber and
miscellaneous produce contributed 23.64 per
cent, 35.21 percent, 36.33 per cent and 4.82
per cent respectively 1o the total income of the
sample tree growens from the plantations.

All the tree growers have become totally
self-sufficient in fuelwood. Most of them have
been meeting their full requirements of
fuelwood from their plantations for the last 7
to & years, Now they do not go to nearhy
forests for collection of fuelwood as all of them
use fuelwood from Eucafyphes plantations and
agricultural by-products. They use as fuclwood
all the lops and tops left after converting
Encolyptus rees inlo poles, planks or beams.

Wood inthe form of poles, beams, planks
and pillar is also harvested by the ree growers

at different stages of the life cycle of
Fucalypius according to their needs. They use
Eucalypius for house construetion in the fonm
of poles, beams, side beams, planks for making
roofs, window frames, doors, ete. Farlier, the
villagers of Shankerpura used to live in small
huts thatched with grasses and locally available
materials. But now they have buill houscs
using Euwcalyprus timber, The tribals of
Shankerpura and other nearby villages classify
Eucalyptus timber into different categories
according tosize, vie., poles (TNR 15-75), side
beams (INR 75-30:0), main beam {INR 300-
500, pillars (INR 300-1,00d), and price each
of them differently. Eucalypius timber has
become synonymous with their improved
standard of living,

An analysis of the sample tree growers
revealed that on an average received a total
income of INR 32,838 per acre from
Encalypius timber. If converted into annuity |
this figure works to be INR 5,055 during 1982
to 1993, The sample tree growers they also
use Eucalyptus wood for a number ol other
purposes, viz., making agricultural implements,
furmiture, using small woodsticks for giving
suppaort to agricultural crops and for fencing
the agricultural fields.

On the whole, over a span of 11 years, on
an average, the sample tree growers received
the total income {on per acre basis) of INR
86,769 with an annuity of INR 13,159, The
respondents revealed that the farm lorestry
plantations are the only assets they are owning
which help them to meet their contingency
needs during droughl years which are a
common feature of the tribal belt of
Panchmahal district.

The officials of Sadguru revealed that
village Shankerpura has become a model of
farm forestry plantations for the people of the
tribal belt in Panchmahal district and now
nearby villages are also trying and vying with
one another to emulate the same course to
boost their economy,

T.3. Financial Analysis with Subsidy |

The Ewcalyprus plantations owned by all
the three categories of sample tree growers
are all financially feasible in terms of both NPY

* An annuity is a series of periodic cash flows (payments or receipts) of equal amounts {Chandra, 1987:21 5},
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and BCR criteria. The NPV was found 1o be
INR 53,572, INR 68,489 and INR 99,996 lor
small, medium and large categories of tree
growers respectively and the overall BCR was
found 1o be 8.85. Both these measures indicate
that Excalypius plantations are a profic eaming
adventure for the tree growers.

The overall average FIRR for all the
sample tree growers was found o be 105
percent. [twas highest({159.94%) for the large
farmers’ category. It implies that it would be
financially desirable to invest moncy in
Eucalyprus plantations so long as the rate of
interest on Eucalyptus planiation loans is cqual
to or less than 105 percent, In India thereisa
large proportion of rural popuelation living in
areas where large chunks of lands are lving
unutilised and productivity of land which is in
use is low. Planting Eucalypius on such lands
will help the rural poor risc above the poverty
line as has been clearly demonstrated by
Sadguru in village Shankerpura.

7.4, Financial Analysis without Subsidy

The financial feasibilty measures, NPV,
BCR and FIRR, calculated by excluding the
amount of provided by Sadguru during the
establishment of Eucalypris plantations in
1982 also showed that Encalyprus plantations
were financially viable. The overall estimates
for NPV, BCR, and annuity were found 1o be
TNR 72,391, 6,03 and INR 11,144 respectively.
The overall average FIRR for all the sample
tree growers' was 51.78 percent.

The financial feasibility analysis done here
clearly shows the role of subsidy as an
instrument of improving the Ginancial desirability
of Eucalvprus plantations,

7.5. Employment Generation

The Ewcalyptus plantations have
generated quile a significant amount of gainfil
self-employment to tree growers since ils
ingeption. On an average, 41 man days of
cmployment per acre per annum were
penerated in various plantation activitics for |1
vears. The effect of Eucalyprus plantations
on employvment can also be judged on the basis
of seasonal migration which was 75 percent in
the year 1976 and has been reduced to 3.5
percent in 1993,
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8. MARKETING OF TREE PRODUCE

The marketing strategy adopted by the
sample tree growers of village Shankerpura is
unique in the region. The tree growers have
complete control over the pricing of the produce
and as mentioned earlier they classify the
Eucalyptus wood according 1o it size and
quality. There is no role of middlemen in the
marketing and thus no exploitation of the tree
growers. This sysiem ol direct sale helps them
fetch higher prices for their tree produce. The
villagers of the nearby villages come over to
the village Shankerpura for buying Encalypus
wood which they get at lower prices as
compared o the prices prevailing in the nearhy
markets. When a buyer approaches a tree
grower of Shankerpura, the latter earmarks
the trees according to the choice of the buyer
in the plantation area. However, the felling
ol trees, debarking, and their conversion into
timber is done by the buyer himselfherselFand
that way the tree growers. There is no Lree
ETOWETS Co-Operatives or any government
mtervention for marketing of tree produce in
the arca. But the tree growers on their own
have evolved this unique marketing strategy
which is mutually beneficial 1o themselves as
well as the buyers.

9. CONCLUSIONS

The case study revealed that the sample
tree growers have done most of the
Eucalypius plantations {B0%) in various years
on their privately owned marginal lands other
than the cultivated lands, The financial
feasibility analysis of Eucalyprus showed that
they are financially viable, Ewcafyprus
plantation programmes as initiated by Sadguru
can he taken up in the other parts of the India
and in oiher parts of the World where waste/
mnarginal lands privately owned by the rural poor
arc in abundance and the opportunily cost of
using such lands for ree plantations is almost
zero. The study revealed that the tnbal villagers
of Shankerpura who were once deficient in
foelwood and timber are now not only self-
sufficient but also sell quite a high proportion
of their tree produce to nearby villagers. To
sum up, we can say that ree growers of village
Shankerpura have tremendously benefited
from the Ewcalypius plantations, This is
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reflected in their higher standard of living and
in the attention that the villagers have received
from foresters, environmentalists and
government officials. The three basic
necessities of life, i.e., food, shelter and
clothing, have all been provided in plenty by
Encalyptus plantations to the people of village
Shankerpura.
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ESTUDIO DE IMPACTO SOCIO - ECONOMICO DEL DESARROLLO
DEL SUB -SECTOR FORESTAL ENURUGUAY
A SOCIO-ECONOMIC STUDY OF THE DEVELOPMENT OF THE FORESTRY
SUBSECTOR IN URUGUAY

RBasso L.; Carridn J.; Echeverria R.; Garcia H.P.; Juin E.; Puppo J.; Sancho L.;
San Roman D. vy Tamosiunas, M.
Ingenieros Agrénomos, Seff téenico de la Divisién Planeamiento de la Direccidn Forestal -
Ministerio de Ganaderia Agricultura y Pesca de la Repiblica Oriental del Urnguay

L. ANTECEDENTES

La Replblica Oriental del Urnguay,
lpcalizada en América del Surentre los 33 y
35° de Latimd Sur ¥ 53 y S8° de Longitud
Oleste, tiene una superficie de 18 millones de
hectireas, la actividad econdmica que sustenta
los saldos exportables es la agropecuaria, que
hoy ocupa el 88% del drea productiva.

Hace mas de 25 afios se trata de promover
la forestacidn por medio de diferentes
instrumentos, en una primer etapa con el
objetivo de sustituir importaciones, y
actualmente para lanzarlo como rubro con
potencial exportador. Para este desarrollo se
cuenta con 3,6 millones de ha de aptitud
forestal y condiciones climdticas y socio -
econdmicas favorables,

La cubierta forestal del pais es de
aproximadamente 980 mil ha entre bosques
nativos v bosques cultivados,

Los tipos vegetales dominantes en
Uruguay son la pradera ¥ la vegetacidn
subarbustiva, con arbustos y drboles de mayor
porie concentrados a lo largo de cursos de
agua , o en los cermos, El bosque nativo ocupa
620 mil ha, compuestas por mas de 100
especies arhdreas v otras tanias arbustivas.
Tiene escaso valor comercial, salvo como
madera para combustible, ¥ presenta en
general lentos crecimientos v mala
conformacion,

Se destaca su alto valor para la
conservacion del suclo y cursos de agua, como
fuente de diversidad genética ¥ como
protector de la fauna silvestre. Estd
expresamente protegido por la actual Ley
Forestal, que prohibe su tala con fines
comerciales.

Los bosgques implantados, 26000 ha, se

caracterizan en tres grandes grupos :
» Bosques de servicio a la actividad
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agropecuaria (abrigo,cortaviento,sombra),
de pequefia extension v alta dispersion en
el territorio.

o Bosgques de proteccidn costera,
hésicamenis de Pimur pinaster para la Gjacidin
de dunas arenosas .

» Bosgues con objetivo industrial, base del
desarmollo econdmico del rubro , implantados
desde 1970.

Dichos bosques son del género Excahptus
(75%) predominando las especies E grandis
¥ E globulus, del género Pinus (20%),
mayoritaniamente P, ellioit v Poloeda, v las
Salicaceas (5%), limitindose aalgunos suelos
aluviales y como complemento de los doa
gineros principales.

Los crecimientos medios anuales son
elevados, de acuerdo al tipo de suelo se pueden
alcanzar incrementos medios anuales (IMA)
de 35 M3 en eucaliptos y 30 M3 en pinos,
tomindose como promedio para las
previsiones de produccidn 25 M3 para
eucaliptos y 20 M3 para pinos,

La distribucidn por tamafio y tenencia de
los bosques industrializables indican que los
emprendimientos pequeiios y medianos (hasta
500 ha) representan un 88% del towal del drea
forestada. En esta franja enconiramos
productores agropecuarios, inversores de
otrus sectores de la economia , asociaciones
de profesionales , casi enun 100% del Ambito
nacional.

Los bosques de més de 501 ha ocupan el
12 % del 4rea y ademas de los
emprendimientos nacionales cabe destacar la
presencia de inversiones de empresas
madereras de Finlandia, Holanda, Espafla y
Chile. Si bien en una primera etapa
predominaron los emprendimientos de
inversores nacionales, es a partir del aflo 1992
que las empresas extranjeras comienzan un
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proceso de inversion en el Sector Forestal que
se ha ido acentuando en los dltimos aflos,

La extraccion anual de madera rolliza se
ubica entre log 2.5 y 2.8 millones de m3 por
afo. Tomando como hase el afio 1993 del wial
de madera rolliza extraida el 67% (1.860.000
M3) fue utilizada como combustible, La lefia
representa el 1K.6% de toda la encrgia que
consume el pais, en casi todos los casos
provenientes de bosques de eucaliplos, con
gran incidencia del consumo industrial.

2. POLITICAS DE PROMOCION DEL
SECTOR FORESTAL

La normativa legal de promocion forestal
tiene su ongen en la Ley 13723 sancionada el
28 de diciembre del afio 1968, Considerno tres
mecanismos de promecion pero solo a partir
de 1974 sc pusicron cn practica dos de los
tres previstos, la exoneracion impositivay la
reinversion de impuestos en plantacion y
mantenimiento,

Si bien los resultados obtenidos no
alcanzaron las metas esperadas, permitieron
pasar de 950 Has. anuales que se venian
forestando, a 2.500 ha de promedio anual; la
distribucion de géneros en ese periodo fue de
54% cucaliptos y 36% pinos.

Como consecucncia de cambios en la
politica tributaria (Ley Nro. 14.948/79) fue
eliminada la posibilidad de deducir, por
concepto de inversion impositiva, los costos
de forestacién, disminuyendo el ritmo de
implantacion de bosques, a un promedio anual
de 2,000 Has,

En 1947 se sanciond la Ley Nro. 15.939,
y de acuerdo a lo establecido en los Ant. 17,
2%y 6, se declara de inlerés nacional la
defensa, ¢l mejoramiento, la ampliacion, la
creacion de los recursos forestales, el
desarrollo de las industrias forestales, y en
general, de la economia forestal.

La politica forestal instrumentada a partir
de la promulgacion de la Ley Nro. 15939 ha
tenido como objetivos centrales:

a  uso racional del recurso bosque nativo

b, proteccidn de los principales cursos de
agua v embalses hidroelécincos

¢ incremento de la base forcstal con especies
introducidas de rapide crecimiento en
suclos de baja productividad para los usos
alternativos de los mismos por parte del resto
de las actividades agropecuarias
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d. desarrollo sustentable del sector forestal
c. desarrollo industrial en zonas donde el
mismo ¢s inexistente o tiene un desarrollo
reducido

1) debido a las caracteristicas del mercado
miermno v de las posibilidades del mercado
extemo, desarrollo de un modelo exportador
de productos con un alto valor agregado.

Los instrumentos de la actual politica
para el desarrollo de las forestaciones ya
existentes, la creacion de nuevas plantaciones
¥ la proteccion del bosque nativo radican en
s exoneraciones de todas las cargas
impositivas a quien posee bosgues y a las
industrias que procesan madera se las exonery
de impuestos a la importacion de bienes ¢
INSWIMOS.

& mecanismos de reintegro parcial de los
costos de plantacion
« lineas de crédilo para la actividad forestal,

Para acceder a estos beneficios se deben
cumplir algunos requisitos, como ser cl
forestar en las dreas de aptitud forestal con
especies predeterminadas v con una superficic
minima de 10 ha, Las especies fueron
seleccionadas en funcidn de las condiciones
edalo-climiticas del Uruguay y la posibilidad
de oblener maleria prima no execsivamente
diversilicada y gue presente bucnas
perspectivas de colocacion, Con ese objetivo
se han elegido: Encalypius grandls, £, globulis
s getodudies, E o ssp meidenii, . saligna,;
Pinus elliondi, P.iaeda, P.pinasier; Populus
delioides ¢ hibride 63/51; Salix alba var
coerwlea e hibridos [31/25y 131727

Tedos los emprendimicntos deben
presentar un Plan de Gestidn que es sometido
a cvaluacion previa a su ejecucidn por parte
de la Direccidn Forestal,

Las plantaciones que superen la 100 ha ¥
que se realicen en suelos no declarados de
Priondad Forestal deberin tener aprobado no
s0lo un Plan de Forestacion, Mancjo ¥
Proteceion por parte de la Dircecion Forestal,
sing que también deberan presentar ante el
Ministerio de Vivienda vy Medio Ambiente
un informe técnico de Impacto Ecologico el
que serd evaluado por la Direccion de Medio
Ambiente.

3. RESULTADOS
105 resultados de la politica de promocion
han side ampliamente satisfactorios; ¢l
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numero de proyectos presentados en el
periodo 1989-1995 representa el 5% del total
registrado desde 1975, correspondiendo a una
superficie de mas de 170,000 ha , alcanzando
en el trienio 1993 - 1995 las 40.000 ha planta-
das por aflo. La tendencia en cuanto a géneros
utilizados, fue marcada en favor del Fucalipto
(90%).

En forma creciente con la mayor tasa de
forestacidn se produjo un significativo
incrementa en las solicitudes de imponacion
de insumos y bienes de capital relacionados
con la forestacion. Se destaca un imporianie
aumento de la inversion en equipos para el
aserrado de madera.

Las proyecciones de produccion . en base
a las superficies plantadas v la estabilidad
que s¢ cspera en €] ntmo anual de las mismas
hasta fin del siglo, muestran que partir del
afio 1998 comenzara rapidamente a
incrementarse dicha oferta, que superara los
B.000. 004 de metros cibicos en los primeros
afios de la proxima década, esperandose, de
gcuerdo a la tendencia en la plantacion de
bosques, que continie aumentando en los afios
subsiguientes, La composicion de esta oferta
serd fundamentalmente de madera con fines
industriales ¥ con destino a la exportacidn,
cumpliendo con los objetivos marcados por
la politica de incentivos.

4, ESTUDIO DEL IMPACTO SOCIO -
ECONOMICO DEL PLAN NACIONAL
FORESTAL

El Plan Nacional de Forestacidn incluye
un monitoreo continuo del mismo.

En esta linea de trabajo es que han sido
llevados a cabo estudios de Impaclo Socio-
gcondmico ¥ de Impacto Fiscal del actual
marco de Legislacion y Politica Forestal.
Los mismos han sido llevados a cabo con
la participacion de técnicos externos a la
Direccion Forestal y la evaluacidn por
parte de los especialistas del servicio
forestal.

Cabe mencionar que en la actualidad se
estdn instrumentando acciones para la
evaluacion de los Impactos Ecolégicos de la
actividad forestal.

En lo que refiere al Estudic del Impacto
Socio - Economico, el mismo se propone
contribuir a la mejor estimacion cuantitativa
de los impactos objetivos obtenidos por el
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Programa de Desarrollo Forestal, en términos
de empleo, ingresos v otros resultados
econdmicos y sociales, agregados anivel local,
regional y nacional,

4.4 Enfoque del irabajo

El estudio s¢ basd en un enfogue que
implicd la combinacion de un andlisis detallado
de dreas locales con estudios de nivel regional
y nacional, A parlir de una perspectiva de
tipp inlerdisciplinario que incluye
componentes iécnicos, coondmicos v sociales,
€l estudio buscd, adicionalmente, formular una
metadologia susceptible de ser replicada en el
futuro, de forma de facilitar el monitoreo de
los impactos del desarrollo forestal.

La evaluacidn implicd un andlisis del
impacto del Provecto de Desarrollo Forestal
en tres niveles geogrificos diferentes v entres
horizontes de tiempo distintos:

a En primer lugar, a nivel de drea local,
donde se procuran identificar los principales
impactos demogrdficos, econbdmicos,
sociales y culturales de la implantacion de
proyectos forestales en varias zonas
diferentes.

b. En segundo lugar, a nivel del pais en su
conjunto, donde se procuran identificar los
principales impactos econdmicos y sociales,
con énfasis en los aspectos de empleo,
inversiones, balanza comercial y
resultados fiscales.

¢. En tercer lugar, una vez identilicado ¢l
impactoa nivel de cada drea v a nivel del pais
en su conjunto, se especi fican los impactos
econdmicos y sociales a nivel de regiones

4.b. Metodologia

Los objetivos seflalados anteriormente
fueron alcanzados a partir de la combinacidn
de distintas técnicas de investigacion.
= Encuestas y entrevistas a los agentes

Los distintos agentes del sector fueron
esiudiados a partir de técnicas de encuestas,
utilizando muestreos aleatorios, v entrevistas
en profundidad en los casos que no existian
marcos muesirales de referencia
= Entrevistas en profundidad

Adicionalmente fueron mantenidas
entrevistas con informantes claves anivel local
y departamental. Se realizaron un promedio
de treinta entrevistas por region, entre las que
se incluyeron autoridades departamentales,
responsables locales de empresas v servicios
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plblicos, maestros, médicos, y otros
profesionales, comisarios, gerentes de
empresas, capataces, obreros y responsables
de instituciones publicas.
& Informacion secundaria

Finalmente, se utilizé una amplia gama
de fuentes de informacion secundaria, de tipo
cuantitativo o cualitativo:
- Estadisticas generadas por la Direccidn
Forestal
- Censos Agropecuarios
- Censo de Poblacidn y Viviendas 1985,
- Instituto Macional de Estadistica, Encuesta
de Hogares ¥ Censo Econdmico Macional,
198E,
- Metodologia utilizada por la Oficina
Macional
»  Informacion de drea local

En cas todas las dreas estudiadas se
selecciond un centro urbano ¥ se replicd la
ficha disefiada por la Oficina Nacional de
Accion Comunitana v Regional (ACOR). Los
resultados si bien son vialidos exclusivamente
para ¢sa localidad, procuran dar una medida
objetiva de la evolucion gue, al menos en ese
lugar, se observad, Sin embargo es importante
puntualizar, que esta evolucion no tene
porqué haberse debido exclusivamenic a la
forestacion, pudiendo haber otros clementos
£n jucgo quizis mis importanies que la
actividad cn analisis,

4.c. Principales conclusiones

El anélisis de los resultados permitid
extraer una serie de conclusiones de las cuales
se presentan a continuacion las principales :
# La actividad forestal implica un uso
particularmente intensivo de la mano de obra
en dreas que anteriormente se dedicaban ala
actividad ganadera, De acverdo a las
e¢slimaciones, sin considerar el empleo
indirectp, ¢l cocficiente de emploo por hectarea
dedicada a la actividad ganadera alcanza a
0.0047 mientras el dedicado a la actividad
forestal alcanza a 0.0125 si se contabilizan
solamente los empleos permanentes y a
0.0255 =i se contabilizan los zafrales.
Consiguientemente, en la hipdtesis de que s2
llegara a forestar la totalidad de la superficie
forestal del pais se requenrian
aproximadamente 90,000 personas, de las
cudles aproximadamente 44,000 serian
permanentes. Estas cifras no incluyen el
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empleo que e agregaria Como COnSeCUencii
del ingreso de volGmenes crécientes de
plantaciones en fase de cosecha,

» Como consecuencia de lo anterior, desde
ya puede advertirse que ¢l Plan Nacional de
Forestacion ha tenido un considerable impac-
to en términos de emplee directo ¢ indirecto
¥ en términos del desarrollo social de las dre-
as directamente afectadas por el mismo,
Razonablementle, ese impacto crecerd
significativamente en los proximos afios,

o Entérminos de empleo directo en vivenos,
plantaciones v aserraderos, estimamos gue
hasta 1995 los provectos financiados por el
Programa generaron aproximadamente 7,200
empleos directos en viveros, plantaciones y
asemaderos, D estos empleos algo mas de la
mitad son empleos cstables v reclutan mano
de obra femenina v juvenil en proporciones
apreciables -significativamente mayores que
la ganaderia, que cra la ocupacion anterior mas
frecuente de la mayor parte de los ocupados.
Los operadores estiman que estos empleos
crecerdn aproximadamente un 75 % en los
proximos cinco  afios, llegando
aproximadamente a los 12.500,
Adicionalmente, el nimero de empleos se
ampliarin considerablemente a poco que se
ingrese en la fase de cosecha.

« En términos de empleo indirecto en
actividades de cosecha ¥ transporte, cabe
estimar que el programa contribuyo a generar
al menos otros 1.000 empleos de cardcter
indirecto, que seguramente también tendrin
una expansién muy importante cuando las
plantaciones ingresen en las fases de cosecha.
Aunque no existen estimaciones precisas sobre
el potencial de crecimiento, razonablemente
debiera pensarse que creceria al menos en igual
medida que el empleo directo, si no bastanie
mis.

# En términos de remuneraciones ¢l
desarrollo forestal implicé un aumento
significativo respecto a las remuneraciones
generadas por la ganaderia. Las comparaciones
cualitativas de sueldos tanto a nivel de peones
comao de capataces permiten pensar en salarios
que son sustancialmente supenores en el robro
forestal, entre peones por lo general se
registraron valores superiores al 20 % de 1oy
salanios pagados por la ganaderia. 5i todos los
contratos laborales se atuvieran a las leyes -lo
que es muy dificil de evaluar en este estudio,
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la actividad forestal peneraria actualmente mis
de USS 2.000.000.- anuales para el B.P.5,
suponiendo siempre que se aporte sobre la
base de salarios minimos.

¢ En términos de resultados Mscales,
conviene marcar que las exoneraciones fiscales
han side numerosas, pero para analizar el
retorno de la inversion realizada a partir de
este conjunto de exoneraciones habria que
incluir como ingresos las extemalidades
positivas que el desarrollo de las plantaciones
forestales han provocado y provocaran sobre
sectores vinculados directa ¢ indirectamente.
La presente investigacion permile conclar gque
en lodos los sectores considerados la
aprobaciom de la ley ha tenido un efecto
positivo, efectos que cn algunos casos -viveros
¥ ¢mpresas que prestan scrvicios de
plantacion va sc han notado, mientras que en
otros -asermraderos, empresas cosechadoras y
transportistas- recién sc empiczan a observar.
Mo cabe dudas que la mayoria de los agentes,
en todos los sectores analizados, tienen
expectativas de crecimiento e inversion,
previendo un desarrollo importante para los
proximos afios.

s En términos de balanza comercial,
razonablemente, no se han producido impactos
importantes en la medida en que no se han
iniciado las cosechas. Consiguientemente, el
nivel de exportaciones del sector es todavia
bajo: estas representaron duranie el afio 1994
solo el 1,4 % de todo lo que el pais exportd.
Efcctivamente, durante ese aflo el sector
exportd USS 26.600.000, en tanto que las
exportaciones totales del pals, se ubicaron en
los LISS 1.913.400.000. De cualquier manera,
debe tenerse presente que la mayor parte de
las hectdreas foresiadas fueron plantadas
durante la presente década, por lo que las
presenies ¢ifras variardn en forma importante
en los préximos afios.

* En términos de dreas locales los resultados
indican que en todos aquellos casos en gue se
pueden obtener resultados comparahles con
situaciones anteriores al comienzo de los
proyectos se han verificado impactos
significativos en términos de poblacidn,
emplen, ingresos ¥ localizacidn de scrvicios.
En algunos casos estos desarrollos implican
cambios de tal nivel que las arcas deben ser
recategorizadas en términos de la metodologia
utilizada por ACOR en funcion de su dotacidn

de servicios.

« [En términos regionales los impactos del
desarrollo forestal se han distribuido en
diferenics zonas del pais, alcanzando niveles
de desarrollado bastante diferenciales. Si se
analizan los agentes directamente vinculados
gl sector a partir del andlizis de variables comn
produccion, empleo, inversiones v nivel
tecnoldgico, se observan situaciones
claramente diferentes entre la regidn Este del
pais, ¥ las otras dos analizadas -Litoral v
NorteCentro-. Por lo general, ¥ si hien exisien
matices, la regidn FEste es la que presenta
menores niveles de desarrollo, Fstos matices
se vinculan fundamentalmenie a los viveros,
donde se registraron empresas con desamollos
tecnoldgicos destacables. Por lo general, la
region del Litoral ¥ la Norte/Centro del pais,
se alternan en el primer puesto en los aspectos
amteriormente sefialados.
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EVALUATION OF 2,3,5 - TRIPHENYLTETRAZOLIUM CHLORIDE
REDUCTION AS A MEASURE OF DROUGHT - AND HEAT TOLERANCE
IN Eucalyprus grandis

Merwe, T, van der, Staden, L. van, Mescht, A. van der and Laurie, R.
Vegetable and Omamental Plant Inatinote, Privae Bag X293, PRETORILA, 0001

The2,3,5 - triphenyltetrazolium chloride
viability assay has been modified to predict
drought - and heat tolerance in 20 Euvcalypius
gramdis clones. After a drought acclimation
treatment, the leaf discs were subjected to
simulated drought by exposure to osmotic
potentials. A lower absorbance value in the
conlrol treatment compared to the stress
treatment, indicated a tolerant reaction. This
i3 in contrast with a sensitive reaction where
the absorbance value in the stress treatment
will be lower than in the control treatment. The
clones were ranked according to the difference
between the mean absorbances of the control
treatment and the stress treatment. The clones
were lisied with | as the most drought tolerant
and 20 as the most drought sensitive. Drought
simulation in the laboratory can differ from field
conditions as heat stress cannol be eliminated
in field trials. Thus the clones were also tested
for heat tolerance. The clones were ranked
with 13 as the most heat tolerantand 16 as the
most heal sensitive. A stress index can be
established which will enable breeders o

istinguish between plant responses 1o heat and
drought,

INTRODUCTION

Stress, in some from or another, is a highly
probable occurence for almost any plant
growing under cither natural or cultivated
conditions. Temperature is among the major
variables that effect the growth and
development of plants'. Several physiological
processes begin to break down when plant
temperature rises 8-10° C above the normal
growing lemperature. Exposure of plantstoa
near lethal temperature often leads to a degree
of adaption so that the plant can withsiand an
otherwisc lethal heat treatment. Since there is
an interaction between heat and drought, both
were tested’.
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OBJECTIVES

Moderate and lethal heat or drovwght stress
treatments were measured for accumulation
of formazan - the reduced form of 2,3,5-
triphenyltctrazolivm chloride (TTC). This
method is proved to be very reliable measuring
heat tolerance in plants®, Inhibition of TTC
reduction is an indication of enzyme
imactivation. The aim of this study is to evaluate
the variation in drought and/or heat wlerance
in Evcalypius grandis cultivars,

MATERIALS AND METHODS

Twenty cultivars were growth in a
glasshouse at 26/16°C (day/night temperatures)
and watered twice a week. Mannitol was used
as an osmoticum for simulation of drought.
There were four treatments applied. Each
sample consisted of five leaf discs (4 mm in
diameter) thus five repeats over six time
intervals,

Drought was induced by subjecting the
leaf dises too firstly a moderate stress of three
hours in 3.0 ml of 0.5 M mannito] for
acclimation. A control treatment was
subjected to three hours in 3.0 ml of 0.2 M
sodium phosphate buffer. Thereafter both
stress and control leaf trestments were placed
in3.0ml of 1.0 M mannitol solution ai 29°C",

‘When the reaction to heat was tested, the
control treatment was placed at 29°C in sodium
phosphate buffer and the stress treatment at
40°C. After three hours the heat stress and
control leaf discs were incubated at 50°C*,

Samples of each treatment were taken at
30 minute intervals, resulting in six different
with TTC for five minutes and then left
overnight at 29° C in the dark. The discs were
washed with distilled water followed by the
addition of 3 ml of 95% ethanol. The ethanol
was boiled till dry and the discs resuspended
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mineralizagho liquida, a ponto de promover
imobilizagho liguida no tratamento em que o
fiertilizante foi aplicado em linha, sendo tal fao
observado somente sob a faixa de aplicagio
do fertilizante, Tais resultados slo inespera-
dos ¢ conlririos aos ohservados por RAISON
et al. (1987}, que verificaram que a fertiliza-
¢lo nitrogenada em povoamentos de Pinus
radiara quadruplicou a taxa de mineralizagiio
im sitw, elevando-a de 2.4 para 9.7 mg kg de
solo de N, apds um periodo de 70 dias. Para
tais condighes, o N-NO," foi a forma predomi-

nante,

(s valores de lixiviagio potencial mdxima
e de mineralizagio liquida, estimados de acor-
do com a metodologia proposta por RAISON
et al. {1987), so apresentados no Quadro 2,
Contudo, aalta variabilidade dos resultados,
expressa pelo desvio-padrdo, evidencia a di-
ficuldade de se obter uma estimativa precisa
dos fluxos de N e ressalta a heterogeneidade
provocada pela adiglio do fertilizante
nitrogenado, principalmente quando este foi
concentrado na linha.

QUADROD 1. Taxas didrias de mineralizagio liquida de N in sifu" ™ {mg.kg ' de s0l0) em solo
arenoso de cerrado sob E. camalddensis, em povoamentos de 13 & 37 meses, influenciadas pelo
modo de aplicagdo do fertilizante NK, em Jodio Pinheiro, Minas Gerais

13 meses 37 meses
Testemunha Testemunha

0-05 cm 0,43+0,08 005 cm 0,53 0,04
5-10cm 0,21+£0,10 5-10cm 063£0,14
10-20cm 0,38+ 0,08 10-20cm 0,61+£0,17
20-40 cm 0,42+0,03 2040 cm 0,52 + 0,04
0-05 cm =336+ 1,50 005 cm -2.53+£2.84
5-10cm <0,13+0,70 5-10ecm 1,76+ 1,01
10-20 cm 0,46+ 0,52 10-20em 2,28+0,57
20-40 cm 041+0.26 20-40cm 2,64 0,39

| Adubaglo em drea total Adubaglio e dreatotal |
0-05 cm 0,14£0,19 0-05 cm 0,28+0,23
5-10cm 0,140,15 5-10cm 0,36+ 0,18
10-20 cm 0,21£0,16 10-20 ¢m 050 0,16
20-40 cmi 0,13+037 20-40cm 0,48 £ 0,06

¥ Médias = desvios-padriio,

¥ alores negativos mdicam imobilizago.

¥ Estimada sobre a linha de aplicagio do festilizante.
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QUADRO 2, Fluxos estimados de N inorgiinico, na camada de 0-40 ¢m " ¥, para o periodo de -
34 dias" apis imposiclo dos tratamentos em povoamentos de 13 ¢ 37 meses de £ camaldulensis,

em Jollo Pinheiro, Minas Gerais

Mincralizagio Liguida Lixiviagio Potencial Maxima
13 meses 37 meses 13 meses 37 meses
e =
Testemunha 730(120)  107,0(17,0) LO(I60)  10,0(44,0)
Adubagioem linha®  680(150)  115.0022.0) 60(180)  29,0(47,0)
Adubagioemreatotal  290(510)  86,0(24.0) 0 4,0(20,6)

" Valores cormigidos com base em TFSE ¢ densidade 1,41 g.dm™ de solo.

#%alores entre parénteses comesponden a0s desvios-padrio (n=6).

¥ Periodo de 4 de dezembro de 1993 atf 6 de janciro de 1994 (34 dias apés a fertilizagio).
* Estimativa considerando 0,10 m faixa de aplicacio do fertilizante.

A mineralizagio liquida e a lixiviagio-po-
tencial mixima de N foram influenciadas pela
forma de aplicagdo do fertilizante nitrogenado
¢ potassico, sendo 05 maiores valores obser-
vados quando o fertilizante foi adicionado em
linha para o povoamento de 37 meses,

Os resultados obtidos para os tratamen-
tos sugerem que cm Areia Quartzosa a inten-
sidade de fendmenos como absorglio ¢
lixiviagdo do potissio, onde ocorreu a fertili-
zaglio, deverd ser maior, principalmente nos
34 dias iniciais, quando ji se observa um acen-
tuado decréscimo nos teores de K disponivel
do solos (Figura 3), Apds esse perlodo, a
maior porgio do K aplicado jé foi removida
do sistema, quer seja por absorglio pela plan-
ta, quer seja por lixiviacho, e ji nlo se detecta
efeito residual do fertilizante potdssico,

Para todos os tratamentos, verificou-se que
os teores de K disponivel no final do estudo
estlio priximos aos niveis criticos relatados por
BARROS etal. (1981), 7-10 mg kg de solo,
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para o estabelecimento de mudas de E
grandiz, isto €, 30 a 40 dias apds o plantio.
Portanto, em solos similares ao deste estudo,
para que se obtenham produtividades cleva-
das, a adubaglo de manutenglio tem de ser
parcelada e freqlente.

A lixiviagio potencial foi influenciada pela
forma de aplicaglio do fertilizante potissico
{Quadro 3), sendo os maiores valores obser-
vados quando o fertilizante foi aplicado em frea
total para o povoamento de |3 meses. Entre-
tanto, tais valores deveriio ser substancialmen-
te alterados, considerando-s¢ somenie o es-
treita faixa de concentragio do fertilizante, pary
o tratamento em que este loi aplicado em li-
nha, quando se observa uma maior lixiviagiio
potencial de K sob a lixa de aplicagio do fer-
tilizante. Dessa forma, as perdas por lixiviagio
seriam bem maiores, Contudo, a alta variabili-
dade dos resultados decorrentes da metodolo-
gia utilizadas ndio permitiu detectar precisamen-
te of fluxos do K no solo.
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FIGURA 3. Variaghes nos teores de K disponivel nas camadas de 0-35, 5-10, 10-20 e 20-40 cm de
solo de cerrado, sob povoamentos de E camaidulensis com 13 e 37 meses, influenciadas pelo

modo de aplicagdo do fertilizante NK. (auséncia de :dubﬂ;ﬁﬂ=0; l.dubncinurmli.nhn=n;c
adubagio em drea total = A), em Jodo Pinheiro, Minas Gerais.
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QUADRO 3. Lixiviago potencial estimada de K, na camada de 0-40 cm "™, para o periodo de 0-
34 dias* apos imposigio dos iratamentos em povoamentos de 13 e 37 meses de £ camealdulensis,

em Jollo Pinheiro, Minas Gerais

Lixiviagho Potencial Mixima"
13 meses 37 meses
kg ha'
Testemunha 5,0(18,0) 0
Adubagio em linha® 8,0(21,0) 40(2,5)
Adubagdio em drea total 39,0(31,0) 16,0(32,0)

¥ Yalores corrigidos com base em TFSE e densidade 1 41 gom de solo.

¥ Yalores entre parénteses commespondem ao desvic-padrdo {n=6).

¥ Periodo de 4 de dezembro de 1993 até 6 de janeino de | 994 (0-34 dias apds a fentilizagio).
* Estimativa considerando 0,10 m faixa de aplicaciio do ferilizante.

4. CONCLUSOES

s resultados obtidos mostram que a adi-
¢fo de fertilizante nitrogenado e potdssico fa-
voreceu a dindmica de N e do K nos solos sob
E. camaldulensis, principalmente no trata-
mento em que o fertilizante foi aplicado em
linha. A lixiviagio de N, na forma amoniacal,
¢ de K apds a fertilizagiio ocorre em um curto
periodo de tempo, havendo uma ripida redu-
¢llo nos teores de nitrogénio e potdssio no solo,
pouco tempo apds a sua aplicaclo a Areia
Quartzosa. Por isto, o parcelamento da adu-
baglio e o uso de técnicas de manejo que pro-
porcionem maior absorglio e acumulagio de
nutrientes na biomassa florestal parecem ser
essenciais para manuteniio da produtividade
florestal,
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FOREST SITUATION IN PAKISTAN AND PLANNING ITS FUTURE

Panhwar, F.
Sindh Rural Women's Uplift Group
157-C, Unit No.2, Latifabad, Hyderabad (Sindh}, PAKISTAN

GENERAL

In Pakistan the setual forest area is 3.06
million hectares comesponding to only 3.8%
ol the wotal land area In Sindh there are 32,000
hectares of riverine and inland (irrigation)
forest plantations, apart from 835,000 hectares
of mangrove forests and range land. About
52% of national domestic energy requirement
comes from fuel wood. Pakistan is expected
to have fuel wood supply deficit of 17.5
milllons cubic meter by the year 2000 A.D.
The forest is under threat due to species
destruction through human action, population,
primarily habitat destruction and introduction
of food and fibre crops in to residual natural
environments. The regeneration of forests is
limited by the fragility of the seeds of its trees.
Those of most specles germinate within a few
days or weeks, They have little time to be
carried by animals or water, Curments across
the stripped land into favourable sites for
growth, Most sprout and die in the hot, dry
and sterile soil of the cleared land. The
monitoring of logged site indicates that
regeneration of mature forest may take
centuries, The greater damage is combined
with low soil fertility, no active forest exists
near by to provide seeds, restoration might
never occur without human intervention. Il the
forests can be saved in @ manner thal improves
local economics, the biodiversity crisis will be
dramatically eased.”

INTRODUCTION

Sindh covers an area of about 141,000
square kilometers and has an estimated
population 24.2 millions. About 70% of rural
population lives in setllements of less than 5040

The forests of Pakistan are a good source
of soft wood and hard wood timber and they
protect the watersheds of the most of rivers.
In Sindh 320,000 hectares come under nveraine
or nom itrigated forests. The Sindh *forests and
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inland plantation represent about 2.3% of total
land area and 5.93% of irrigated area.

e Acacia Tortilis.

* Acacia Maodesta,

Failure of forestry projects

» Lessinvolvenent of local people.

» Socio-cconomic conditions of local people,
particularly the habits of the shifting cultivation
and traditional land use,

» Supervision and project implementation by
un-skilled staff.

« An inefficient management.

e Very weak planning and evaluation of
research.

» [nefficient methods used for transfer of

technology.

The silvi-cultural operations on selected
aatural and man-made forests are:

o Improvement of utilization technology.

« Water shed rehabilitation,

# Reforestation

& Support of applicd forest research,

» Community forestry and inatitution building,

Sindh a case study

During Molocene, warming started and the
river Indus started discharging its waler o the
Arabian sea through Sindh. The delta head had
started some where below Panjnad and above
Kashmaore. The slopes of land in Sindh were
very low and therefore velocities of water
started reducing. The Indus and its
distributaries were carrying large amount of
silt from the Siwaliks and Potohar and it was
below Panjnad that it started depositing silt.
The river would remain in high spate from
April-October and flood an area of 20,000
square miles called Indus Flood Plain and there
grew natural forest of species suiting hot-sub-
tropical climate consisting of acacia, prosopica,
poplar and Tamarisk. These thick forest were
responsible for producing food, feed and fodder
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for hunter food gathers and many animals and
their predators. the river channels and
depressions called lakes provided habitat for
various kinds of fishes, hippopotamus,
elephants, cattle, sheep, goat, pig, dog, deer,
jackal, wolf, huynea, rhinoceros, lions, tgers,
wild cat, water buffalo, migratory birds, fowl,
nilgai, have percupine gazelle, Unia, Morcopolo
sheep, and hog deer.

The forests kept environment un-pol hued
for many a millinia, until the man entered the
Indus alluvis! forest some 6, (04 years ago and
started clearing forests for agriculiure. The
method used was “slush and burn™, ie.,
particular area of forest was cut down in winter
and wood was set to fire. As a land was flat
the summer inundation flooded it and coversd
it with silt. On receeding of floods, he planted
winter crops of cereals, oil-seeds and
vepetables. The soil having organic matter and
nutrients accumulated over centuries produce
humpercrops lor 5-7 years, and then he had 1o
select a new area for “slash and bum™ and
abandoned the land so exhausied. The river
flooded it again producing forest trees, shrub
and grasses by natural process in a few years,
when he ahandoned the land already exhausted
and turned back to the land abandoned some
years ago but now under forest again. The (otal
land under annual cultivation could hardly
exceed a few hundred thousand acres, until
the historical times when irmi gation canals were
established and high spot land free from annual
Noods was cullivaled yvear aller year, Yet there
wias one redeeming factor, The river would
change its course in a centurics or (wo,
abandoning some half a million acres under
canal irri gation and starting clsc where. Minor
changes the course of river Indus have
ocewred almost year to yvear, abandoning a few
hundred thousand acres every time. Man had
to built new irrigation canals and abandoned
area was re-forested by natural process. The
sysiem kept the population within abowt 2 million
people and it was only under a few dynastics
like those of Vahlikas, Rais, Habris, Soomras,
and Khloras, that the population increase
beyond one and half million people. The ratio
of population of Sindh to that of area under
irrigation was usually 1:0.66 throughout the
history and land was not degraded 1o the extent
as it is today.

With the British conguest of Sindh came
construction of levess or embankmenis 5 miles
away from either bank of the river and confing
it within 10 mile width, The forest land out-
side the riverain embankments had (o be
irrigated and water requirement of the trees in
being almost 30 times that of field crops raised
year around, it became difficult (o maintain
non-irmigated forests economically, Yet ol the
1.8 million acres of land within the river
embankments or levees depended upon annual
floods. This Land in general was divided in three
categories of utilization. Approximately ong
third of the area was under forest, the other
one third was imder winter crops on preserved
moisture and the last one third was riverain
courses active and abandoned and depressions,
In addition to this abowt one million acres were
under mangroves along the coast where river
and sea water met.

The construction of barrages on the up-
stream side of the nver in the Punjab and Sindh
have reduced the water going to the sea not
only in terms of volume but also in term of
days of flow. today it is only about 56 days a
year, when water discharges in to the sea. This
15 has affected a riverain environments and bio-
diversity. The forest area and the mangroves
are being destroyed and in the irrigated aren
the ratio of population to land has increased
to 1:3 against 1:0.66 as was 150 years ago.

Present problems and the future of the
Sindh

Post World War-1l irrigation developments
in India and Pakistan lead to construction ol a
large number of barrages and water storage
dams on the Indus and Its eributaries, This
resulted in reduction in water in the lower Indus
entering Sindh, during summer and drying up
in winter below Sukkur, No water flows below
Kotri for 10th months of the year ant there is
only re-gencrated (scepage) water from
embankments between Sukkur and Kotri for
& months of the year and its volume reduces
to less than 1,000 cusecs the months March to
May each year. This has lead to environmental
changes in the whole riverain areas in Sindh,
Of the total 1.8 million scres between the
levees one third was agmculture land one third
forests and balance one third abandoned and
aclive niver channels. Since 1973 the post
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l'arbela era the riverain forests in Sindh have
dwindled. The agriculture land which was
flooded one a vear for preserved moisture
cultivation is no longer getting moisture and
cannot be cultivated, except by tube-wells,
which are very costly and are always prone to
be flooded by periodic high flood coming once
in a decade. The natural vegetation on which
animal hushandry had survived is no longer
available in quantities as before, hitling this
industry very hadly. The riverain area had no
wind erosion problems, which now have
multiplied. Riverain fisheries have been totally
lost. The natural fauna of the Indus iver have
been reduced in population. In the coastal
areas, where sea and river waters met and
these brackish water were taken by sca waves
ard estuaries some 25 10440 kms inland and were
responsible for supporting 1.0 million acres of
mangroves, as well as making these vast forest
as breeding ground or shnmp, lobesicr and hilsa
or Indus palla are effected badly and the catch
has reduced considerably. The mangroves
which provided fruat as food for populance, feed
for cattle, crustaceans hilsa and other fishes,
timber and fue] wood for urban use, are dying,.

Because of very low slopes of the ground,
the tides travel some 80 kas upstrcams the
levees, causing decay of a large number of
settlements like; Ghorahari, Keti Bandar, Shah
Bandar and many others, because water not
only within the river levees, but also out-side
has tumed brackish and human ant cattle can
not survive on such water, This desentification
oceurred in last 20 yvears,

The agricultural and forests land in the
riverain areas employed about one person per
acre interms of fuel, timber, fruits, vegetable,
cattle, feed and fisheries. An estimated 1.6
million people have become un-employet tue
o environmental degratation,

Solution

The climate of Sindh is comparable to that
of Baja California, and Hermosillo in Mexico
and Souther-California of USA and Iz most
sultable for raising fruit crops as is being done
in areas mentioned above. In order to reduce
carbondioxide in the atmosphere, il will be
worth while raising forests and tree fruil crops
in place of field crops and this should reduce
carbondioxe in the hio-sphere.
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Again in order to reduce production of
carbondioxide it is essential that all measures
should be taken to increase thermal efficiency
of wood, coal, gas and petroleun products used
in the industry and kitchens. The low thermal
efficiency of boilers, steam turbines, gas-
turbines, automotive equipment, automobiles
ant etc, as of today can almost be doubled by
enforcing strict measures, for example by
raising the price of gas the industry woult be
compel to use more efficient hoilers, by
enforcing anti-pollution measures and the public
transport woult improve engine efficiency hy
timely over-hauls. In the same way the thermal
efficiency of the kitchen heating equipmment can
be improvet. All above measures woultleal 1o
increase in thermal efficiency, reduction
carbondioxite formation and tree-crops,
converting carhontioxite in to uselul products
like; firuits, feed, fodder, timber anl ete,

Man for execution

In no longer possible 1o raise forest in the
riverain areas withoul some kind of irmgation,
it is suggesiet thai wbe-wells may be instal] in
the riverain areas for supplying irmgation water
about once a month between April and June,
During the rest of the months water table is
high enough that trees will gel their waler
requirement form the grount water, Fruit tree
crops could be encourage in the irmiRated
areas. There are fruil trees suiting all the
climatic 2ones of Sindh,

FUTURE PLANS

= Developing and agro-silvo-pastoral land use
system adopted to local needs, where all
measures preventing desertification and
securing sustained yield should be combined,

& Local peasant population to be involved in
tree plantation project as the part of self-help
e

s Increasing environment prolection
awareness.

# [ncreasing the production of gum, arabic,
fodder,, food and wood,

= Improve efficiency of the forestry service.
= Benefits - both non consumptive (tree for
covironmental stabilization enclosure, soil
regeneration) and consumptive {i.e., wood for
fuel and construction material) - that users
derive from renewable resources.
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e Instituting policies and programs that
encourage the use of alternative energy
sources such as biogas and solar heat.

¢ Conserving existing fuel wood sources.

& Test planting the best native fuel woods.

# Test planting selected exotic species.

In Pakistan forest cover only 3.7% of total
land area, which is too small in quantity to meet
national requirement, so the future plan must
be based on;

- Planning and coordination development of the
forest resources.

- Mountain forest must be preserved.

- Development of fast growing Lree species
especially on the farms and whan areas on
the road sides.

- Forest harvesting techniques improved, and
reduced the wastage from unplanned and
inefficient cutting of forests.

- Controlling deforestation and save soil crosion,
resulting in to rapidly silting up the Mangla ant
Tarbela Dam reservoirs by adding silt load of
42,000 and 100,000 fi annually.

= Protection of watershed arcas through more
efficient plant cover ant resticted deforestation.
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GANHOS ECONOMICOS COM APLICACQOES DE NITROGENIO,
POTASSIO E CALCARIO DOLOMITICO EM POVOAMENTO DE Eucalypus
wrophyllaS.T. BLAKE.

ECONOMIC GAINS OF E. urophyila PLANTATION WITH NITROGEN,
POTASSIUM AND DOLOMITIC LIME APPLICATION IN A
QUARTZPSAMMENT SOIL

Valeri, 8.V.', Alvarenga, 5.F.%, Martins, M.LE.G." ¢ Banzato, D.A.'
'FCAVANESP, Rodovia Carlos Tonanni, km 5, CEP 14870-000, Jaboticabal - SP,
Fone: (016) 3232500, Fax: (016) 3224275, funep@convex.com.br,
*CELPAV Florestal S.& C P &, CEP 14210-000, Luiz Antdnio - 5P,

RESUMO

Lim plantio de Fucalyptus wrophylic, es-
tabelecido em 1984 em Areias (Quartrosas,
no municipio de Altindpolis, Fstado de S3o
Paulo, apresentou em 198% um incremento
médio anual do volume cilindrico das drvores
de apenas 13,97 m'hafano e sintomas de de-
ficiéncia de nitrogénio, polissio & magnésio.
Aos 4,33 anos apds o plantio loram aplica-
dos duas doses de nitrogénio (0 e 10 glirvore
dee N), de potissio (0 e 20 giarvore de K. O) e
de caledrio dolomitico (0 e 500 gfarvore), com-
binadas num fatorial 2 x 2 x 2, no delincamen-
to experimental de blocos a0 acaso com gua-
tro repetigdes, visando estudar a recuperagio
da taxa de crescimento das drvores. O presen-
te trabalho avaliow a viabilidade econdmica da
calagem ¢ das adubagdes nitrogenada ¢
potissica na produglio volumétrica de madei-
ra das drvores aos 7,58 anos apds o plantio,
guando foi realizado o cone raso no povoa-
mento, MNesta idade, houve efeito da interagio
N x K x calcirio dolomitico na produgio de
madeira. Na auséneia de nitrogénio ¢ calcdrio
dolomitico, a aplicagio ¢ incorporagio manu-
al de 20 g/planta de K0, na projecio da copa,
ans 4,33 anos de idade, proporcionou um au-
mento, no volume real de madeira, da ordem
de 42,9% ¢ um ganho de USE86.79 porha. A
mesma dose de polassio, associada com | 0g’
planta de N, na forma de uréia e 500 g de
caleanio por plantia, também promoveu um
aumento volumétrico de 51,7 %, porém o gan-
ho econdmiceo foi de apenas LISS8.89 por ha.
Palavras-chave: produtividade, ganho eco-
nimico, fertilizagdo, evcalipto

1L INTRODUCAQ
A lertilizagio Norestal se restnngia alé ha
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pouco lempo atrds 8 uma adubagio de plan-
i com NPK. Quando o reflorestamento co-
megou a ser feito em Areias Cuartzosas de
baixa fertilidade, esta adubagio de plantio fa-
VOrecia apenas o crescimento inicial das drvo-
res, que estagnava a partir do terceine ou quarto
ano de idade. Além da redugdo da taxa de cros-
cimento, as Arvores apresentam sintomas vi-
sumis de deficiéncia de nutrientes, WELLS &
MILLER (1994) mostraram a viabilidade de
recuperar o crescimento das Arvores com de-
ficiéncia nutricional, através da adubagiio,
apds o periodo de fechamento do dossel. No
Brasil, GONCALVES & DINIZ (1981)
observaram que a aplicagiio de 150 g de NPK
de formulagdo 10:34:6 no plantio e
complementagdes em coberturas com 50 g da
mesma formula no 2° ¢ 4° anos foi o melhor
tratamento para o desenvolvimento das drvores
de E saligra medido aos cinco anos de idade.
O modo de aplicagdlo de fertilizantes em
povoamentos implantados exerce influéneia no
ganho de produtividade (SANTANA et al,,
1995). Estes autores verificaram gque a
adubag¢do de manutengdo trouxe retorno
econdmico, com ganhos relalivos d testiemunha
(sem adubagldo), de 15.9% e 4,6%,
respectivamente, sem e com incorporagiio do
adubo NPKE, considerando taxas de juros de
12% ao ano. Os autores salientam que o
ganho ccondomico obtido com a ndo incorpo-
ragio do adubo se deve ao rendimento
operacional.

Sendo assim, o presente trabalho teve por
ohjetivo avaliar a viabilidade econdmica da
calagem e das adubagdes nitrogenada e
potissica na produg S de madeira de um po-
voamento de Eucalvpres wropfvlia, com de-
ficiéncia nuiricional em Areias Quartzosas,



Conferéncia IUFRO sebre Silviculiurs ¢ Melhoramentn de Eucalipioa

em drea da CELPAV Florestal 5.A., no muni-
clpio de Altindpolis, Estado de Sdo Paulo.

2. MATERIAL E METODOS

A firea expenmental localizava-se no mu-
nicipio de Altindpolis - SP (Latitude: 21902°S,
Longitude: 4723 W.Gr., Altitude: 920 m),
em solo classificado como Areias Quanzosas
distrofico dlico A moderado textura arenosa,
relevo suave ondulado. Oclima da regido édo
tipe Aw segundo a classificacio de Kdppen.
E um tipo de clima tropical chuvoso dec
savana, com temperatura superior a 18°Cem
tewdos os meses. Em 27 de sctembro de 1984,
foi realizado o plantio da drca em curvas de
nivel, com espagamento de 3 x 2 m, wtilizan-
do-se mudas formadas a partir de scmentes
de Fucafypius wropfidla S.T. Blake. Na vés-
pera do plantio, foram aplicados no sulco de
plantie 35 g/planta, equivalente a 91,07 kg'ha
de adubo NPK de férmula 8-30-10. Apds
quatr meses, fioi realizada uma adubacio de
cobertura com 101,99 kg'ha da mesma formu-
I,

Na instalaglo do experimento, aos 4,33
anos apos o plantio, foram aplicados duas
doses de nitrogénio (0 e 10 gfirvore de N), de
potissio (0 e 20 glarvorede K (e de calcinio
dodomitico (0 e 500 gfirvone), combinadas mum
fatorial 2 x 2 x 2, no delineamento experimen-
tal de blocos ao acaso com quatro repetigbes,
totalizando 32 parcelas. Todos os tratamen-
tos receberam uma adubagdo basica de 10 gf
drvore de uma mistura comercial de
micronutrientes {(FTE BR 10). Cada parcela
ocupou uma drea de 482 m? (27 x 18 m), com
81 drvores, A drea Ol da parcela experimen-
tal foi de 150 m?, comespondente is 25 drvo-
res centrais. Os fertilizantes ¢ comelivos fo-
ram incorporados na camada de 0a 15 cm do
solo com o auxilio de enxada, na projecio da

copa das drvores,

Antes da instalagio do experimento, fo-
ram coletadas as amostras de solo para avali-
ar a fertilidade do solo. () corte das drvores
ocorreu nos ans 7,58 anos apds o plantio,
guando foram obtidos os dados
dendrométricos e determinado o volume real
de madeira sem casca do fuste, pelo método
da cubagem rigorosa, empregando-se a fir-
mula de Smalian.

Para avaliar a viahilidade econdmica do
uso da adubagdo ¢ calagem, foi utilizado o
méodo do orgamento parcial que possibilita
mensurar varagies de custos & receitas, de
acordo com SHANG (1990). Para o cilculo
das variagbes de custos ¢ receilas foram
considerados os valores de 12 de abril de
1996, que foram o0s scguintes; a) urdia a
US$350.394; b) cloreto de potassio 4
US$262.637; ¢) calcario dolomitico a
US$15.00/t; d) mistura de micronutricntes 8
US5414.90t; e) distribuigio manual do ferti-
lizante ou corretivo na projeqiio da copa, com
um rendimento de 0,7 diaria‘ha; f) incorpora-
¢do manual do fertilizante ou corretivo, com
um rendimento de 1,31 didrna‘ha; g) didria a
US$23.23 ¢ h) madeira em pé, no campo, a
US$6.00/5t. Considerou-se ainda a moeda
real igual a US$0.99 ¢ juros de capital de 12
% a0 ano. O custo do volume real de madein
em pé, sem casca, fol estimado em
US$13.84/m”, com base na relagfio existente
entre o volume de madeira empilhada ¢ o vo-
lume real de madeira do experimento, que foi
de 2,306,

1, RESULTADOS E DISCUSSAQ
Observa-se, na Tabela 1, que o solo da
area expenimental apresentou elevada acider
¢ teores classilicados como baixo de maténa
orginica, muito baixo de potassio e baixo de

TABELA 1. Caracteristicas guimicas do solo a 0 - 20 cm de profundidade, aos 4,33 anos apos o

plantio, antes da aplicagio dos tratamentos.

p M.O. pH K' Ca™ Mgt H+APT W
resina gdm®  Call, mmole.dm* i
mg.dm*
Medias a2 17,38 333 026 Lo Lo 41,7 4,54
9.2 11,30 1,55 47,89 0 0 1451 1405

CV. (%)
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cilcio ¢ magnésio e uma porcentagem de satu-
ragho por bases de apenas 4,9 %, conforme
RALI etal, (1995).

Houve efeito da interaglo N x P x CD no
volume real de madeira, ¢ com o
desdobramento dos graus de liberdade da
interagdio, verificou-se que a aplicagiio de
potissio, na auséncia de nitrogénio e calcanio
dolomitico, aumentou o volume em 43% e, na
presenca de nitrogénio e calcéno, promoveu
um aumento de 52% { Tabela 2). Entretanto, a
maior produgio de madeira (54,38 m'/ha) foi
obtida apenas com a aplicagio de 20 gfarvore
de K,0.

A partir das variaghes dos custos ¢ receitas
de produgfo, constalou-se que 3 aplicacio e
incorporagio de 33,33 giplanta de cloreto de
potissio, na projeciio da copa das drvores aos
4,33 anos apds o plantio em sctembro de 1984,
promoveu um ganho volumétrico de madeira
de 16,33 m'ha (43% em rclagdo a sua ndo
aplicagdio), uma receita adicional de
1158226.0), um custo adicional de US$139.22,
gerando um ganho de US386.7%ha. Para a

sobre Silviculture @ Melhoramento de Lueoliptos

mesma dose de cloreto de potissio associada
com 22,22 g/planta de uréia ¢ 500 g/planta de
caledrio dolomitico, os resultados também
foram promissores, com um ganho volumétrico
de 15,09 m'/ha (52% em relagfio a sua ndo
aplicagdo), uma receita adicional de
UIS$208 83, um custo adicional de USS199.96,
gerando um ganho de USS8, 89/ha, Este ganho
econdmico foi bem menor do que o anterior
devido ans custos da uréia ¢ do calcirio,

Considerando um prego real de mercado
equivalente a UUS$12.00/m’ de madeira em pé,
semelhante ao utilizado no presente estudo,
CALDERON (1992} constatou que as
plantagiies de £, globwlus no espagamento
de 3 x3m, com o uso de herbicida
(Round-up) ¢ aplicagio de adubos (uréia,
superfosiato e bérax), foram melhores do
que as feitas no cspagamentode 2x 2 m e
que foram apenas adubadas, por produzirem
um maior volume de madeira, apresentarem
um menor custo ¢ promover uma rentabilida-
de superior a 12%.

TABELA 2. Quadrados médios ¢ médias de volume real de madeira de E. urophviia, nos 7,58

anos apds o plantio, com o desdobramento dos gra
dolomitico (CID).

us de liberdade de interagiio N x K x caleario

Causas dl_'t;";ri.lglﬂ - . G.L. o..'& .rldu Médios
K dentro de N* CD? 1 532,8480°
K dentro de N* CDY 1 54615m™
K dentro de N' CD° 1 D4613™
K dentro de N' CD' 1 4557181+
Residuo 21 86,5276
o mYha
Niveis NO CDO NOCDI NI CDO NI CDI
K" I805b 46,88a 4209 29,19k
K! 54.38a 4523a 4427a 44,28 u
(a,b) = MNamesmacoluna, médias acompanhadas de mesma letra, ndo diferem entre 51 (P = 0,05)
ns = Naosignificativo(P>0,05)
u = Significativo (P<0,05)
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4. CONCLUSAD

A adubagiio potdssica, na auséncia da
nitrogenada e de caleirio, proporcionou uma
produgio de madeira de 54,38 m'/ha, conira a
produgdo de 38,05 m"ha sem o sew uso, re-
sultando em um ganho ligGido de 1S$86.79
por ha. A mesma dose de potdssio, associada
com 10 g/planta de N, na forma de unéia e 500 g
de calcdrio por planta, também promoveu um
aumento volumérico, de 51,7 %, portm o ganho
econdmico fiod de apenas USS$8.89 por ha.
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RESLUMO

Cingilenta e oito unidades de amostra com
480 m2 (20 x 24 m) de plantages de
Eucalvptus grandis, aos 5,5 anos de idade
foram agrupadas em irés classes de qualidade
de sitio. A Andlise Discriminante T0i usada para
identificar as caraclenisticas ambientais que
determinam ¢ separam as trés classes de
qualidade de sitio. Com o modelo gerado,
86,2% das parcelas foram classificadas
corrctamente; 92,%% na classe 1; 77.3% na
clagse 2; ¢ 90,9% na classe 3. O modelo
discriminante apresentou cardter holistico, mas
com o predominio de caracleristicas relativas
i fisiografia.

1. INTRODUGAO

A identificagdiio ¢ a avaliaglio dos ainbulos
e da qualidade do ambiente, isto &, de seu
potencial produtive ¢ das suas principais
limitages, tornam-se essenciais quando se
ohjetiva o uso silvicultural de uma detorminada
drea ou regifio. Desse modo, a disponibilidade
de Agua, nutrientes e luz, dentre outros fatores,
aliados 4 escolha da espécie mais adaptada e
tecnologicamente adequada, e is praticas de
manejo florestal convenientes, irdo determinar
a capacidade produtiva potencial de cada local
ou regifio. [ss0, ceramente, ambém permilird
o uso racional do solo, evitando 2 sus exaustio
guimica ¢ a degradagio de suas propriedades
fisicas, bem como na tomada de decisio
concemente  aquisigio de terras para o uso
florestal (CARMO et al., 1990).

As classificagdes de capacidade
produtiva, baseadas em levantamentos de solo
ou estudos da relagdo solo-sitio, ndo t8m se
mostrado satisfatdrias na regifo do Mar de
Marros, Minas Gerais, devido ao grande
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nimero de fatores envolvidos {SANTANA,
1986; FABRES etal., 1987). O uso de técnicas
de estatistica multivariada, gerando uma
classificaglio de sitios, pode ser adequada, pois
avalia simultaneamente win grande nimero de
vandveis, identificando aguelas com real poder
de discriminagiio dos sitios e permitindo a
compreensido dos relacionamentos entre as
varidveis e as classes de qualidade de sitio
(WILLIAMS, 1983: HARDING et al., 1985,
LAAR, 1987; BURTON etal, 1991, ROWE,
1992; FINCHER e SMITH, 1994).

Este trabalho teve como objetivo identi ficar
as caracteristicas ambientais que determinam
a qualidade dos sitios ¢ sua importincia na
produtividade Norestal na regidlo de mar de
maorros, Minas Gerais,

1. MATERIAL E METODOS

Um projeto de 1.465 ha, localizado no
municipio de Sio Jolio Evangelista-MdG,
implantado em dezembro de 1987, pertencente
# CENIBRA FLORESTAL, foi escolhido para
execugdo do trabalho,

O projeto localiza-se na extensa regiflo
denominada Mar de Morros, amplamente
usada para plantio de florestas comerciais de
eucalipto. Nessa regiflo, predominam os solos
da classe Latossolo Vermelho-Amarelo
distrivfico fase floresta subperenifilia relevo
forte ondulado & montanhoso, formados sobre
embasamento granito-gnaisse do Grupo
Paraiba {BRASIL, 1970), A precipilagio
média anual de 1.400 mm, temperatura média
anual de 21°C, com maxima média de 27C e
minima média de 14°C (ANTUNES, 1986),
ahitude entre 800 e 1.030 m.

s dados de crescimento do povoamento
florestal foram ohtidos de Inventirio Florestal
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Continuo, em 58 parcelas de 20 x 24 m
(480 m2), com 80 drvores, aos 5.5 anos de
idade (idade-indice). As 58 parcelas foram
classificadas em trés classes de capacidade
produtiva, tomando como base o indice de sitio.

Inicialmente 85 varifveis foram analisadas
incluindo caracteristicas fisicas e quimicas do
solo, nas profindidades de 0-20 e 40-60 cm,
caracteristicas fisiogrificas como
exposigiio, aspecto, pedoforma, declividade
¢ caracteristicas climiticas como radiagio
em diferentes épocas do ano. As vanidveis
cujo o teste de F foi significativo ao nivel
de 0,10 foram pré-selecionadas.
Postcriormente, varidveis adicionais foram
testadas e incluidas.

Uma vez eleitas as varidveis iniciais
bésicas, procedeu-se a Andlise Discriminantc
com o conjumto das 58 unidades de observagiio,
previamente classificadas em irés classes de
qualidade de sitio, buscando identificar as
caracteristicas das unidades de amostra que
melhor as separam nas trés classes. O método
de Anilise Discriminante usado foi o Sicpwise,
tendo como critério de selegio das varidveis a
maximizagio da Distdncia Generalizada de
Mahalanobis (122) entre as duas classes mais
préimas,

Foi derivado um modelo discriminanis com
duas fungdes lineares. () melhor modelo foi
escolhido considerando-se o grau de
classificagiio correta das parcelas nos grupos
originais. A importdncia de cada fungio
discriminante foi avaliada observando-se a
porcentagem relativa dos autovalores, os
cocficientes de correlagBo candnica ¢ o teste
de significincia Qui-Quadrado.

As andlises estatisticas s3o descritas por
COOLEY e LOHNES (1981) ¢ foram
cxecutadas com o Software Statistics Package
fior the Social Sciences (SPSS, 1990). Maiores
detalhes metodoldgicos sdo descritos por
BRAGA (1997).

3. RESULTADOS E DISCUSSAQ

A distribuigBo das 58 parcelas em trés
classes de capacidade produtiva ¢ apresentada
no Quadro 1.

como polencialmente discriminadoras das 58
parcelas amostrais nas trés classes de
qualidade de sitio.

A caraclerizagio basica de cada classe
de qualidade de sitio pode ser visualizada pelas
médias de cada varidvel na respectiva classe

{Quadro 2).

QUADRO 1. Classificagiio das 58 parcelas em trés grupos de capacidade produtiva

~ Classes e Sitio indice de Sitio (m) Niimero de Parcelas
1 2181-25,6 14
25,6294 2
3 294332 2
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QUADRO 2. Médias ¢ significincias estatisticas das varidveis potencialmente discriminantes
das trés classes de qualidade de sitio

Classes de Sitio
Vagiiveis| 1 2 3 Significncia F
Floculagdo A (0-20 cm) B135 86,31 20,31 0, 1768
Silte/Argila B (40-60 cm) 0,84 0T 061 0,031
Declividade 214 1963 16,40 00,1210
Aspecto 45 0589 128 1,52 0,0159
Aspecto 58 091 1,24 149 0,0256
Toposseqiiéncia om 56,04 6345 0,0171
Altitude 897,85 BER.63 86477 0,000
Pedoforma .50 025 (120 00018
Ca/Soma de Bases (0-20 cm) 028 037 033 0,1858
Ca/Soma de Bases {40-60 cm) 052 042 039 0,0925
Rad fevereiro 3382 3891 39,42 0,0453
Rad margo 35,25 36,18 3701 0,0030
Rad abmil 30,07 ie 329 00141
Fad maio 2547 2704 28K 00238
Rad junho 23,00 2533 2663 (2HE
Rad julbicr nm 26,06 2133 (L0270
Rad agosto 747 2941 30,59 0,0190
Rad setembro a7 13,78 M3 0,076
Rad outubro 36,89 3736 38,00 00013
Rad ano 39502 406,43 416,11 0,042
Rad outono 90,79 95,62 98,80 00129
Rad inverno "2 B0 K2 84,56 00249
Rad primavera 109,24 1 10,65 112,55 0,0014
Aspecto 40 088 129 152 0,0138
Aspecto 30 088 1,30 151 00158

| Textura ¢ fertilidade do solo (EMBRAPA, 1979); Aspecto X = | + coseno (exposigho - X) (BEERS et al.,
1960); Toposseeqiifncia: topo =0 ¢ base = 100%; Pedoforma: C+P - (0); C+PO(1/2); CHP+(13, COP - (-1 2%
COPO (0}, COP + (1/2), C-P - {-1); C-PO(-1/2); C-P + (0) - C = curvanura, P = perfil; convexo (-1), linear (0},
cincave (1); Radiaclo solar no topo da stmosfera no 1 5o, dia do més, segundo IQBAL, 1983,
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QUADRO 3. Coeficientes das fungdes discriminantes

Varidveds Fungiio | Fungiio 2
Silte/Argila B -1,163573 0,1999493
Declividade 0374713601 0,6411483E-01
Altitude -0,2053804E-01 0,280581 SE-02
Pedoforma 00539083 07516874
Ca/SBA 08569947 6,660531
Ca/SRB -1,296139 -6,119400
Rad outubro 1005353 0,5475184
Floculagio A 0,5614981E-01 -0,7929475E-0]
{Constante) 2339884 -17,07061

QUADRO 4. Nimero de casos e percentagens de classificagiio usando o modelo discriminante

Classes MNimero Classificagdo Prevista
de Sitio de Casos 1 2 3
1 14 13 0 1
92.9% 0,0%% 7.1%
2 z 3 17 2
13,6% T7.3% 9,1%
3 .t 2 0 .|
9,1% 0,0% N0,9%
Total geral de classificoges conretas: 86,2 1%.
QUADRO 5. Estatisticas do teste de selegdo de fungdes discriminantes
At Yoda Vartinda Correlaglo  Amtes
Vidor Variiinca  Acunwlbads  Candnica FD QuisQuadrado Signif,
0 55,583 00000
13947 859 .1 | 0,7632 1 1610 01566
0,2288 14,09 100,00 04315
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Com o modelo obteve-sc B6,2% de
classificagdes correta das parcelas nas classes
de sitio (50 entre 58 casos). Ou scja, obleve-
se um ganho de 6,9% em relagio ao primeiro
moedelo, O segundo modelo classificou 92,9%
das parcelas corretamente na classe |; 77,3%
na classe 2; ¢ 90,9% na classe de sitio 3
{ Quadro 4).

A primeira funglo acumulou 86% da
variincia total envolvida no modelo, com uma
correlagio de 0,70%. A segunda funcio
explicou 14% da varidncia 2 teve uma
correlagio de: 0,44 (Quadro 5). A correlagio
candnica expressa 3 Associagio entre a fungio
¢ as classes de sitio.

A funglo 1 reflete, basicamente, as
caracteristicas fisiogrificas e climdticas dos
sitios, enguanto a fungdo 2 relaciona-se mais
com as condigles de fertilidade do solo
{Quadro 6). Nesse caso, as caracteristicas

fisiograficas do ambiente foram mais
determinantes da produtividade do que as
caracteristicas de fertilidade do solo, ou seja,
quando uma unidade amostral ocupa uma
posicio adequada em termos de exposigio,
posigio na toposseqiiéncia, declividade etc., a
fenilidade do solo tem efeito pouco expressivo.
Entretanto, ao sair daguelas situagdes
fisiogrificas ideais, a fertilidade do solo passa
a ser importante na definigdo da capacidade
prodtiviva

Portanto, na escolha de locais para o
plantio de Norestas comerciais mais produtivas
na regido de Mar de Mormros, deve-se dar
maior énfase 45 condigdes fisiograficas do
terreno, mesmo porgue elas ndo se alteram com
o passar do tempo. No Quadro 7 sfo resumidas
as condigdes ambientais consideradas ideais
para a produtividade florestal na regifio em
questio.

QUADRO 6. Correlagdes combinadas intragrupos (pooled-within-groups) entre as variiveis ¢

as fungdes discriminantes

WVaridvels Fungio | Funglio 2
Altituide 057830 0,13607

Pedoforma <051 300 003251
Aspecto 45 038884 024618
Toposseqiéncia 0,38305 025697
Declividade 028501 03779
Silte/ Argila B 4614 0,04101

Ca/’SBA 008035 048743
Ca/SBB 026205 4131165
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FIGURA 1. Mapa territorial das trés classcs de qualidade de sitio, gerado pelo modelo
diseriminante,

QUADRO 7. Condighes ambientais para obtenglo de maxima produtividade florestal na regiiio
de Mar de Morros, ¢ o percentual de casos observados para cada condiglio e classe de qualidade
die silio

Condigdes Classes de Sitio

Ambicntais | 2 3
Azimute de 315 a 135 (aspecto entre 1 e 2) 36% T3% Rt
Declividade £ 2086 43% 59%, 2%,
indice pedoforma * 0 29% 41% 1%
Silte/Argila < 0,7 (profundidade 40-60 cm) 0% 45% HEYy
Posiclio na wposeq. * 508 (0 =topo; 100 = sopé) % 6% TT%
Altitude <870m 14% 41% T3%
Ca'Soma de bases * 0,3 {profundidade 0-20 ¢m) 5% T3% 59%%
Ca'Soma de bases £ 0.5 {profundidade 40-60 cm) 5% B6% H%
Radiacio outubro * 37,5 (15" dia, Ml.m-2 dia-1) 2% S Q5%
Floculagio 0-20 cm * %% 41% 6% 6EY
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4, CONCLUSOES

O uso da Andlise Discriminante mostrou-
s¢ hibil e eficiente na classificaclio de sitios
florestais, bem como permitiv identificar as
caracteristicas ambientais determinantes da
produtividade florestal na regido do Mar de
Morros de Minas Gerais,

As varidveis incluidas nos modelos
discriminantes incluem, na sua maioria,
caracteristicas fisiograficas do temeno.

As dreas mais produtivas tém baixa
declividade, estio voltadas para o quadrante
nordeste (NE), possuem pedoforma concava
e peupam as porgdes mediana ¢ inferior da
encosta, relativamente distantes dos topos de
paisagedn.
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RESUMO

Este trabalho avaliou os impactos
ambicntais das plantagdes de Eucalypius no
Brasil sobre 08 verlehrados silvestres. Foi
utilizade o método do “checklist™ para a
identificagio dos impactos. Demonstrou-se
que os impactos sdo similares dqueles
enconirados cm outros tipos de monoculiuras
florestais, o gque comprova que decorrem do
regime silvicultural praticado - plantio em
extensas dreas, uniformidade de material
genético, uso intensive de biocidas ¢ corle
raso.
Palavras-chave: impacto ambiental,

vertebrados silvestres ¢ Euncalyvprus.

ABSTRACT

The environmental impacts from Brazilian
Eucafyptus plantations on wild vericbrates
were assessed. The checklist method was
applied for the identification of such impacts.
The results pointed out that the impacts were
similar to those found in other monoculture
forest plantations. This lead to the conclusion
that those impacts derive directly from the
silvicultural regime applied - forest plantations
on large areas, high level of uniformiry for the
genetic pool, imensive use of biocides and clear
felling.
Key words: environmental impact, wild
vertebrates and Ewcalypius,

1. INTRODUGAO

A formagio de grandes macigos florestas
no Brasil, com destaque para as éreas
plantadas com o género Ewcalyprus, foi
marcadamente influenciada pela pritica do
incentivo fiscal. Este mecanismo de fomento
4 atividade florestal perdurou de 19635 até
meados de 1988, demarcando, didaticamente,
uma época caracterizada pela ocorréncia de
uma séric de equivocos na implantagio,
condugdo ¢ exploragio dos plantios,
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especialmente no periodo entre 1965 a 1975,
haja vista que a atividade florestal brasileira
estava tomando seus primeiros numos,

Amalmente, o setor florestal brasileirno
enconira-se engajado no que sc denomina
“novos modelos de plantios”, tendo superado
imimeras técnicas hoje contestadas, tais como;
uso intensivo da queima de restos vegetals na
implantagio e reforma dos talhdes, plantios em
Areas de veredas e em terrenos de forte
inclinagio; utilizagdo de tragado ortogonal no
estabelecimento da malha vidria e do
talhonamento dos projetos florestais; emprego
massivo de cortes rasos, independentemente
da situaglio topogrifica da drea (Capitani e
al., 1992 & Maia eval., 1992 citados por SILVA,
1996).

Mo entanto, ainda que seja notdria a major
preocupaglo com a questio ambiental nos
projetos forestais brasileiros, incluindo-se os
plantios com eucalipto, deve-se reconhecer que
a atividade Norestadora/reflorestadora induz,
de forma inerente, uma vasta gama de impacios
ambientais negativos ou positivos, soba forma
fisica, bidtica ou antrdpica. Assim, faz-se
necessdrio direcionar esforgos para um melhor
entendimento das alteragdes ambientais
promovidas pela atividade floresial, com o
objetivo de compor a base cientifica que tratard
da minimizagio ¢ da potencializaghio dos seus
impactos ambientais positivos ¢ negativos,
respectivamente.

Dentre os vdrios compartimentos
ambientais, a biota é um dos mais sensiveis &
essas alteragfes promovidas pelos plantios
florestais, principalmenie pela simplificacio do
habitat advinda da introduglio da espécie
comercial, bem como pelo uso de diferentes
tipos de biocidas na drea, entre outras agles
{EVANS, 1982; HUNTER JUNIOR, 199(),
MATHER, 1990; SILVA, 1994).

Com base no exposto, o presente trabalho
tem como objetivo bdsico efetuar a avaliagdo
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de impactos ambientais de plantios de
eucalipto sobre o8 vertiebrados silvesires, a
partir da identificaglio destes impactos, com
suas respectivas medidas mitigadoras ou
potencializadoras, conforme o caso. Também
¢ propdisito do trabalho, o delineamento de
medidas gerais que 18m a capacidade dc
heneficiar a vida silvesire nos projetos
florestais, entendidos agui como o conjunto
formado pelos talhdes comerciais ¢ dreas
ocupadas por vegetagdo nativa (reserva
Morestal legal, terrenos de preservagio
permanente ¢ sub-bosque dos plantios ).

2. METODOLOGIA BASICA

Os impactos dos eucaliptais sobre oz
vertebrados silvestres foram identificados pelo
método denominado de “check-list”, que se
baseia na composicio de uma listagem de
controle dos impactos mais relevantes
{MOREIRA, 1985). E um método de facil
aplicaglo, ajustando-se perfeitamente aos
propositos do presente trabalho.

0 delineamento das medidas mitigadoras
(impactos negativos) ou potencializadoras
{impactos positivos) também obedeceu um
critério de elencamento, reflelindo agles
exequiveis para a realidade empresarial
brasileira. () mesmo critério se adotou no
vislumbramento das medidas gerais, que visam
beneficiara vida silvestre nos eucaliptais.

A identificaglio dos referidos impactos
ambientais considerou o conjunio de stividades
relacionadas 4s 3 (irés) etapas clissicas de
um empreendimento forestal: implantagio,
manulenglio ¢ exploragiio e transporte,
conforme recomenda SILVA (1994).

A etapa de implantaglo compreende
aquelas atividades que visam dotar a drea da
infra-estrutura necesséria aos propdsitos da
empresa florestal, como estradas, aceiros,
cercas e viveiros, bem como as agdes
relacionadas ao plantio propriamente dilo,
incluindo-se produgio de mudas, limpeza do
terrena, preparo do solo etc.

A etapa de manuicngio envolve os
tratamentos silviculturais, exatamente para
garantir o patrimdnio florestal implantado,
como controle de espécies vegetais
competidoras - por controle manual, mecinico
ou quimico -, controle de pragas e doengas,
manutencdo de aceiros, estradas e cercas,
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eventual aplicagio de desbastes, entre outros,

A ctapa de exploraglo e transporte, por
sua vez, relaciona-se i colheita do material
lenhoso, sendo composta das atividades de
corte, baldeio (extraglo) e transporte do
material para estaleiros ou locais de consuma.

3. IDENTIFICACAQ DE IMPACTOS
AMBIENTAIS E RESPECTIVAS
MEDIDAS MITIGADORAS OU
POTENCIALIZADORAS

A seguir, s8o identificados 08 seguintes
principais impactos ambientais de eucaliptais
sobre vertebrados silvestres, com suas
respecltivas medidas mitigadoras ou
potencializadoras:
» Redugio espacial do hdbitat silvestre,
quando da erradicagiio da cobertura vegetal
nativa para implantar o empreendimento, ou
seja, estradas, aceiros, acampamentos etc.
Medidas mitigadoras: priorizar a implantagio
do empreendimento em dreas ji alteradas
antropicamente; implantar esse tipo de infra-
estrutura, de tal forma que os remanescentes
vegetais nativos do empreendimento sejam
contiguos e representem as melhores dreas,
em termos de estado de conservagllo; e
melhorar a capacidade de suporte dos
remanescentes vegetais nativos do
empreendimento, com plantios de
enriquecimento, principalmente de espécies
frutiferas, meliferas ¢ forrageiras,
s Incorporagio de agroecossistemas (pastos
e lavouras) a ambientes florestais, ainda que
em regime de monocultura de eucalipto,
ampliando a capacidade de suporte do meio
para virios tipos de vertebrados silvestres,
principalmente pelo estabelecimento de sub-
hosque no eucaliptal e maior oferta de sombra
(regulagio térmica) e poleiros. Medidas
potencializadoras: utilizar dreas fortemente
alteradas pela pritica agropecudria, ou seja,
que possuam baixa capacidade de suporte 4
fauna silvestre; implantar os eucaliplais em
dreas proximas a remanescentes vegetais
nativos, de modo a ampliar a ocupagiio do
solo com ambiente florestal, o que
representaria, na pritica, a interligaciio destes
fragmentos florestais.
+ Diminuigio da capacidade de suporte do
meio para os vertebrados silvestres, em fungiio
do controle de sub-bosque. Medidas
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mitigadoras: efemar este controke, de modo que,
no interior dos talhes, existam diferentes
estddios de sucessio vegetal, o que aumentaria
a diversidade floristica da drea e, portanto, a
possibilidade de atender ds necessidades de
um maior nimero de espécies animais; ¢
diminuir a intensidade do controle do sub-
bosque nos talhdes limitrofes ds drcas de
grande relevincia ecoldgica, como vercdas,
hanhados, matas ciliares ele,

» Afugentamenio dos veriebrados silvestres,
causado por ruidos ou pela presenga humana
na drea. Medidas mitigadoras: desenvolver
MAGUINANEs que causem menos nikdos; e limitar
avelocidade em certos trechos da rede vidna
florestal, proximos de locais com concentragio
faunistica.

# Morte de espécimens de vertebrados
silvestres, quando do uso do fopo na drea
Medidas miti gadoras: restringir o uso do fogo
na drea, principalmente na queima de restos
de vepetaciio, apds o desmatamento; e efetuar
aqueima apenas em glebas, evitando o uso do
fogo em extensas dreas, de uma inica ver.

+ Aumento da oferta de alimento para os
vertebrados silvestres, em fungio do
revolvimerdo do solo e consequente sungimento
de pequenos organismos (anelideos
principalmente) que slo base de cadeia
alimentar, Medida potencializadora: disciplinar
o trabalho no campo, evilando a presenga
humana, durante os primeiros dias, nas drcas
em que o solo foi revolvido receniemenie, de
tal sorie a permitir um maior afluxo de fauna
silvestre,

¢ Depreciagio da qualidade da dgua utilizada
para dessedentagio de vertebrados silvestres,
pelo aumento da sua mrbidez - causado pelas
interferéncias diretas no solo (abertura de
estradas, revolvimento de solo elc) - e
concentragio de biocidas - devido o uso
intensivo de herbicidas, inseticidas cic nas
viéirias fases do desenvolvimento do cucalipto.
Medidas mitigadoras: evitar imterferéncias
desnecessanas no solo, a pantir da observincia
da técnica de cultive minimo; locar
racionalmente arede vidria florestal; aplicar
bincidas com menor tempo de degradaco do
seu principio ativo; restringir o uso de biocidas
na drea, mediante o estabelecimento de
programa de controle bioldgico de pragas ¢
doengas; e realizar o descarie de embalagens

152

dos biocidas dentro dos padries tenicos ¢
lemis.

* Diminuigio da capacidade de suporte do
meio para 05 vertebrados silvestres, guando
da ocorréncia de danos mecinicos na
vegelagdo de sub-bosque. Medidas
mitigadoras: desenvolver e utilizar
equipamentos de extragio, que minimizem
esies danos mecinicos; e desenvolver e
empregar sistemas de exploragio florestal em
mosaicos, de tal forma que os danos mecinicos
i vegetagio de sub-bosque ocorram em glehas
e ndo em extensas dreas, de uma Gnica vez,
e Possibilidade de imoxicagdo e eventual morte
de diferentes tipos de vertebrados silvestres,
por se alimentarem de insetos controlados por
via quimica (inseticida ). Medidas mitigadoras:
restringir o wso de mseticidas na drea, mediante
o estabelecimento de programa de controle
bioldgico de insetos; ¢ aplicar inscticidas com
menor lempo de degradagio do seu principio
ativo,

4. CONSIDERACOES FINAIS

Com base nos impactos ambientais
identificados no item anterior, a primeira
consideragio a ser feita é que, o3 mesmos ndo
diferem, em sua esséncia, daqueles originados
em outras monoculturas florestais. Em outras
palavras, os impactos decorrem
fundamentalmente do regime silvicultural,
baseado na inversiio de extensas dreas para
plantio, com tendéncia & uha grande
uniformidade gendtica, bem como em modelos
de corte raso e uso intensivo de biocidas,

lomando isso como base, parece logico
estabelecer estralégias de miligagio ou
potencializagiio de impacios negativos ¢
posilivos, respectivamente, gue contemplem
agdes generalistas € nio, ligadas apenas &(s)
espécie(s) em si, no caso do género
Eucalyptus. Neste sentido, seria oportuna a
adogio das seguintes medidas gerais, com o
objetivo de melhorar as condigfes do meio
{eucaliptais e as dreas de vepetaglo nativa do
empreendimento (lorestal ) para abrigar
vertehrados silvestres:
# Realizar levantamento faunistico qualitativo
{que espécics cxistem na drea”) e quantitativo
{para algumas espécies mais importantes,
como aguelas que estdo ameagadas de
extingdo, com status de praga, que sofrem
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pressiio de caga ele) dos venicbrados silvestres
presentes nos projetos florestais, Os resultados
deste levantamento constiluem-se em base
indispensivel para se avaliar cometamente os
impactos ambientais sobre a vida silvestre
decorrentes das priaticas adotadas no
emprecndimento florestal.

s Efetuar levantamento pré-exploratirio das
arcas liberadas para corte (raso ou seletivo),
com o proposito de identificar a presenga de
ninhos ¢ outros tipos de abrigos dos animais
gilvestres, tanto na vegetagdo comercial
{eucalipto) quanto na de sub-bosque. Caso
estes abrigos sejam identificados na drea, a
mesma deverd receber atengio especial, bem
coma a sua circunvizinhanga, sendo hberadas
apenas quando o animal nio mais estiver
ocupando esle espago para procriagdo,

e Aumentar o niamere de habitats,
principalmente apudes, que podem sc constituir
em impartanics fontes de desscdentagio para
o8 vertebrados silvestres,

» Distribuir cstratcgicamente as reservas
florestais nativas, de modo a ficarem
conectadas, Em caso de projetos jd
estabelecidos ¢ cujas reservas estejam
fragmentadas, efetuar a interligagio por meio
da indugiio 4 regeneracio natural ou mesmao
plantio de espécies nativas. Em alguns casos,
pode-se desbastar o plantio de eucalipto, a fim
de favorocer o desenvolvimento do sub-hosque
¢, assim, promover a referida imerligaciio.

o Distribuir faixas de vegetaglo nativa ao
longo dos eucaliptais, de forma a atenuar os
efeitos adversos da vegetaghio comercial sobre
0% vertebrados silvestres,

& linriguecer, com hase em inventino foristico
& Mtessocioldgico, a flor presenic nas reservas
naturais. Especial atengio deve ser dada ao
malerial genético regional, com énfase nas
espécics meliferas, frutiferas, forrageiras ou
que possuAm caracteristicas impares [ comao
por exemplo a arquitetura da copa, imporianic
para a nidificaglio de algumas espécics de
aves).

® Favorecer a diversidade ctaria das
plantagiies de cucalipto, criando, assim, um
mosaico de habitats, importante para a vida
silvestre como um todo.

« [ncrementar aghes de fiscalizag3o ambiental
na drea, a partir de uma maior e mais efetiva
interagao com os drgdos compelentes.
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s Implantar programas de educagilo ambiental
Jjunto s comunidades que vivem nas cercanias
dos projetos forestais ¢ gue, porventura,
mantenham relagies indesejdveis com a drea,
na forma de caga, pesea, retitada de lenha,
entre ouiras,

= Implantar os eucaliptais preferencialmente
em areas degradadas, evitando, com isto, a
expansdo honzontal dos plantios em ambientes
pouco alterados ou primitivos.

& Adolar priticas de manejo diferenciadas nos
talhdes de cucalipto que divisarem com
ambicntes importantes para os vertebrados
silvestres, como por exemplo banhados,
verodas, matas ciliares ete. (3 que se esth
apregoando € um zoneamento do projelo
florestal, de modo a serem identificadas, em
mapa, dreas que deverfio receber atengdo
especial, exatamenie por concentrarem vida
silvestre.
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IRRIGATION INCREASES GROWTH AND IMPROVES FIBRE QUALITY
OF Eucalyptus globulus AND Eucalvptus nitens

Beadle, C.L.""; Banham, P.W."; Worledge, D."*; Russell, S.1."; Hetherington, 5.J.%*;
Haneysett, LL." and White, DA,
CSIRO Forestry and Forest Products and
*‘Cooperative Research Centre for Temperate Hardwood Forestry, GPO Box 252-12, Hobart 7001
and "Awstralia and Australisn Newsprint Mills, Boyer, Tasmania 7140, Australia
Contact numbers; Tel.; 61-362-267911, Fax: 61-362-267942 - e-mail: chris. beadle@Mp.cairo.au

An experiment in southern Tasmania has
provided a unique opportunity 1o study the
impact of continuous irrigation or cycles of
drought stress on growth and wood quality of
the two major species, Eucalypius globulus
Labill, and Ewcalyptus mitens (Deane and
Maiden) Maiden, that are established for
pulpwood plantations in southemn Australia.
Growth and water use were measured over a
six-year period and fibre guality was assessed
at age six vears,

Height of E. globulus was greater than
that of E. mitens irrespective of water status.
In the imigated trestment diameter increment
was greater in E mitens than in E. globulus in
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the third and fourth vear of growth, Annual
incTements in stem volume were maintained
at higher levels in E. globwlus than E. nirens
m the first five years of growth. The effects
of drought stress were more apparent in £.
nitens than E. globufus. In the irrigated
treatment total water use was similar for each
species, increased until canopy closure and then
approximated pan evaporation {crop factor =
1.0 Imigation led to lower basic density, longer
average fibre length in E. nitens and lower
coarseness of fibre in £ globulus. [rrigation
also led to improved strength properties when
tested for cold caustic soda (CCS) pulping
characteristics.
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IS THERE AN ASSOCIATION BETWEN THE COOLIBAH TREF, Excalyptus
victrix L. Johns & K. Hill AND THE GRASS Setaria dielsii (Herrn)?

Florentine, S.K. and Fox, J. E. D,
School of Environmental Biology, Curtin University, GPO Box Ll 1987 Perth 6001,
Western Australia, Avstralia

ABSTRACT

MNutrients in soil close to bole and away
from mature trees were measured in
coolibah woodland, in the Pilbara district
of Western Australia. The levels of total
N, Mg, K, 5, electrical conductivity (EC)
and other soil characteristics under the
trees were significantly higher close to bole
than those away from the tree. Ca, Na,
Fe, and organic carbon did not differ. ltis
suggested that Eucalyprus vicerix enhance
soil surface nutrition and that soil nutrient
status favours growth of Seraria dielsii.
The soil temperatures beneath the canopy
may also help to condition the seeds of 5.
dielsii 1o germinate beneath the canopy
than in open area.
Key words: Encalypius, Setaria. association,
nutrients. soil temperature, soil moisture.

INTRODUCTION

WVarious North American and Australian
soil studies have shown that nutrients may
become limiting to biological production
during times when moisture availability is
not limited {West & Skujins, 1978). Vertical
and horizontal distribution of soil nutrients
is strongly linked to wvegetation
distribution, composition, and biomass
(West & Klemmendson 1978). Grass
production can be greaily enhanced by
removal of trees (West 1969), but there is
also evidence that trees may have a
beneficial effect on growth of grass and
other shrubs (Bosch & Van Wyk, 1970).
Some grasses grow exclusively in close
association with tree canopy cover with
markedly higher productivity compared to
grass growing in open areas (Kennard &
Walker, 1973). Bosch & van Wk (1970)
suggest that in the northern Transvaal low
veld this association is due to a higher soil
nutrient availability under trees as physical
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and chemicals soil propertied will vary
from the bole of the tree outward{ Zinke,
1962; Belsky er af ., 1989, Wetzin &
Coughenour, 1990}. In general woody tree
species can change the densily and growth
capacity of understorey plant species
{Foster et af 1984), or the competition of
herbaceous species composition beneath
the tree canopy (Hawoth & McPherson,
1994). Beneath the tree canopy nutrient
gradients associated with an individual tree
may contribute to a zonal pattern of
herbaceous vegetation (Johnsen, 1962;
Amold, 1964; Evertt eral ., 1983; Belsky
ef al., 198%; Mc Pherson ef al., 1991).

Stem flow may play an important role
in establishing moisture and mineral
gradients radiating out from the tree hole
(Carlisle et al., 1967; Pressland, 1973,
1976, Gersper & Holowaychuk, 1971;
Thurow er al., 1987: Weltizin &
Coughenour, 1990; Callaway er af., 1991),
An accumulation of litter can change the
chemical composition of the soil beneath
the tree and small shrubs species of arid
and semi-arid areas (Roberts 1950;
Fireman & Hayward 1952 Paulsen 1953},
Two potentially important ecological
factors soil moisture and soil temperature
can be maintained by tree canopy. The
canopy can reduce evaporation and
thereby retain soil moisture near the tree
bole {Weltzin & Coughenour, 1990), In this
way lemperatures can also be kept lower
(Tidemann & Klemmedson, 1977,

The annual grass species Setaria dielsii
readily establishes and form pure stands
beneath the canopy of mature E wvaluprus
vicirix but seldom occurs in open areas or
under other tree or shrub species of the
coolibeh woodland. A similar association with
FPanicum decompositum B. Br. is reported
by Kennard & Walker (1973) under the
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canopy of Brachystegia spiciformis (Benth)
and Sufbernardia globiflora{ Benth). Vigorous
growth of Panicum decompositum is
associated with mixtures of species such as
Combretum molle (R.Br ex Don), Terminalio
serica (Burch ex DC) and Albizzia sp.
According to Wong er al. (1985) many C-4
grasses, particularly those in the genera
Panicum .. and Setaria 1.. have unusual
growth capacities under wooded pasture
conditions,

£. victrix is the dominant tree specics in
the wooddland and 1t is abundant on red loamy
s0il, often on seasonally (lood plains and creck
sides. Il has a wide spread but scattcred
distribution spreading across central regions
of the northermn pant of Western Australia (
Brooker & Klcinig, 199%)). In the coolibah
woodland, particularly under mature £ victrix
trees, growth of the glabrous annual C-4 grass
species 8 diclsii is abundant. [t usually prows
in clumps up to lm in height.

Cimate

The study was conducted in coolibah
woodland of the Pilbara region of Western
Australia at Roy Hill (22* 48.35°8, 120°
09.43"E). The Pilbara is characterised by
arid to semi-arid climatic conditions. The
average rainfall varies from 180 1o 300 mm
per annum. OF this some 15 - 40% is
cyclonic, the remainder being mostly
received lrom summer thundersiorms
(Beard 1975). The mean maximum
temperature ranges from 40°C in January
and December, 1o 23°C in July, whilst
minimum temperaturcs range from 25°C in
Januwary te 9°C in July (Bureau of
Meteorology, Perth, Western Australia,).

I'he aim of this study was to examine the
association between the tree £ victriv and the
grass 8 dielsir. by examine following three
hypothesis,

1. Could be associaled with differcnt
nuririent status 2. Could be associated
with different water status and 3, could be
associated with different soil temperatures.

MATERIALS AND METHODS

Soil sampling
Soil samples (approximately | kg ) were
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taken from depth of 100 - 120 mm. For cach
of ten randomly chosen trees Ewcalvprus
victrix, one sample was near the main stem
tree and a second sample was taken ata distance
of 5m from the bole of the tree, Soil samples
were bagged and transported to Perth for soil
chemical analysis by

Using similar sampling methods three
samples were taken between 100 - 120 mm
for soil moisture analysis. Samples were
collected at 1 m, 3 m and 5 m from the
bole of the tree. Soil samples were placed
in carefully sealed labelled tins. Initial
masses were obtained using an electronic
balance. Then the tins were opened and
placed in an oven for 24 hours at 105°C 1o
obtain dry mass.

Soil Chemical Analysis

Available phosphorus and potassium
were measured wsing the Colwell method
{Colwell 1965), Ammonium and nitrate
nitrogen were measured simultancous]y using
a lachet Flow Injection analvser { Scale 1984),
pH {water of the extract in both water and
Cacl, ) was measured with a combination pH
electrode and electrical conductivity measure
using a conductivity calibrated against 0.01m
KO {Rayment & Higginson 1992), Organic
carbon was calculated by the Walkley - Black
method (Walkley & Black 1934), Sulphur was
determined by the KCI - 40 method (Blair er
al 1991). Iron was determined using a flame
atomic absorption spectrophotometer at
248.3 nm,

Temperature Recording

At each location temperature probes were
carefully buried in o dilferent known depths.
Air temperature was also measured for 24
hours at 10 minutes intervel. Each set of
probes were mainly buried at the open area
and shade area. All these probes were
connected by wire cable to a data logger
(Datataker DT 2000). Then 1MB diskette
(MF31MI1-LCDATO] ¢ MELCARD
Mitsubishi) was fixed to the data logged o
save the data,

Statistical analysis
Soil data were analysed by students /-
test and ANOVA using the MINITAB
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statistical package (Version 8.2).
RESULTS

Soil analysis

The soil close £. vicrrix is significantly
higher in total mitrogen, magnesium,
potassium, sulphur and electric
conductivity {EC) than 3m from the bole
(Table 1). Soil samples did not differ
significantly with respect to phosphorus,
calcium , sodium, organic carbon iron and
pH. Other chemicals and nutrients
analysis showed no significance different
between under Seraria diefsii and Sm
away from the tree. However the mean
value of phosphorus, organic carbon %,

Iron, were higher than soil nutrients from
Sm away from the bole, Although soil
maisture is highest under the tree 3 and
Sm away this difTerence is not significant
(Table 2),

Soil temperatures beneath the trec
canopy differ from those in the canopy
free area. (Fig la &b) During summer soil
temperatures decrease (except 15 em ) with
s0il depth (10, 15 & 30 cm) in both beneath
the canopy and bevond the canopy. The
temperature measurements at 15 cm and
30¢m both in open and shade were similar.
Maximum surface temperature in open
{43.5 "C) was higher and fluctuate more in
summer than the shade surface temperatuore
{ 34. 5°C).

TABLE 1. Mean + 5D soil nutrient compaositions from close to the tree bole of Evcalypius victrix

and 5m away from the tree. Sample size = 20

Close to the bole Sm away Significance
Tot. N{mg/kg) 179+ 10.1 10.4 + 2.99 0.048 *
P( mg/kg) 3754145 29,70 4 16.3 0.27NS
K (meg/100g) 4.1420.70 2,94+ 0.97 0.0062 **
S ( mg/kg) 797+284 4294117 0.0036 **
Mg (meg/100g) 4.14 £ 0.55 3.64 £ 047 0.043 *
Ca{meg/100g) 1326+ 1.08 13,63+ 1.58 0,55 NS
Na (meg/100g) 0.1240.04 0.12 £ 0.04 1.ONS
EC1:5 HO(dS/m) 018+ 0.05 0.11 0,02 0.025 *
O, Carbon (%) 0.97 2 0.50 0.61 +0.33 0.74NS
Fe(mgkg) 1012 4 143 941 + 304 0.51NS
pH in CaCl, 7.62 = 0,08 160,12 0.09NS
pHw  HO 7.58"1.58 8.01£0.15 D4INS

® = P< 0,05, ** = P < 0,01, NS= not significant

TABLE 2. Mean, + SD of soil moisture {percentage) Im, 3m and 5m from the main stem of
Eucalyprus victrix tree. Sample size=10

Im 3m Sm Fvalue F

Soil moisture (%) 640+ 1,34 590 = 1.87 597£0.73 0.04 0,67

MS = not significant (P> 0.05)
Although soil moisture is highest under the tree than ar 3 and 3m away the no significant
differences.
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FIG 1. Maximum temperature of summer and winter in an open and beneath the canopy ol

E.ucalyprus vicerix in the coolibah woodland.

L —
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MSCUSSION

Gutierrez ef af {1993} documented that
the level of soil nitrogenn phosphorus and
organic matter were significantly higher
undemneath than out side the canopics of
Porliria chilensis shrubs (Zygophyllaceae).
Ticdemann & Klemmedson ( 1973) concluded
that the levels of nitrogen, potassium, sulphur,
soluble salts and organic matter in soil under
mesquite tree was greater than between trees.
Our data also indicate that the soil nutrient
concentration at the level between at 100 -
110 mm {just below the surface soil) has high
tetal nitrogen, magnesium, potassium, sulphur
and electrical conductivity. These resulis
suggest that the close association between £
victriz and 8. dielsii is mainly due to nutrient
availability under £ vicrrix. Similarly Bosch
& Van Wyk (1970) also claimed that in the
northern Transvaal the Pamicum - tree
association may be associaled with 1 soil
enrichment by the tree and also soil
temperature under the canopy may help w
seasoning the sceds of S dielsii. It is most
likely that the £, vicirix tree is associated with
enhanced nutrient status.

Soil moisture levels at different depths
indicates that moisture is depleted fastest in
sites with closed canopies and showest in sites
in the open or under an open canopy (Kennard
& Walker, 1973 ). In contrast our soil moisture
data indicates that soil near the bole is not
significantly differ to that away from the bole.
This may be due to the large accumulation of
litker both under and away from the bale of
the tree,

The grass canopy creales a below surface
microclimate which clevates the extreme
temperature. fluctuations experience at the
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surface and provide a good germination
environment fore seed The canopy of grass
species is likely to have an enormous impact
on the season of seed germination and on seed
dynamics { Lumt 1995) High temperatures also
reduce the growth of some forbs (Willis &
Groves 1991). Possibly the absence of .
dielsii in open area inhibit the growth by high
summer temperature, and the temperature
maintenance under the grass canopy may
provide suitable temperatures for seeds to
germinate at any time ofthe year { Lunt 1995).

This study is noteworthy to explain
certain important reasons for the striking
association. We found out that this association
is possibly due to soil nutrient status
difference between the tree and open
woodland and several papers also suggest
that this semi arid environment, under the
woody plant canopies soil more ferlile than
open grassland {Ebersohn & Lucas 1965,
Charley & West 1975; Aggarwal et af, 1976,
Barth 1980; Belsky er af 1989), Further
decreasing density of the 8. dielsii towards
the edge of the canopy may be due to
competition for light { Parker & Muller 1982)
and soil moisiure | Tiedemann & Klemmedson
1977, Smith & Stubbendieck 1990) by
competition from other species (Schott &
Picper 1985),
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MEASUREMENT AND PREDICTION OF NITROGEN LOSS DUE TO
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ABSTRACT

Little is known about the effect of erosion
o nitrogen loss (N-loss) from forest scils, and
how to model it. In this study, erosion and
associated MN-loss of three forest soils were
measured in simulated rainfall experiments.
The: concentration of N in sediment (V) was
generally greater than that of the uneroded soil.
Ennchment rtio, £, i.e. the concentration of
a substance in sediment divided by its
goncentration in the uneroded soil, was
predicted from measured sediment loss t.“i‘t}
using a model developed by Menzel ( 1980).
Using £, predicted from values of Menzel's
model we estimated M-loss in sediments, A
new method was developed to estimate 5
directly from §,, without using the concentration
of N in sediment or in the uneroded soil. This
new method requires less measuremenis than
Menzel's method, because N analysis is not
required, Predictions of §, using both
methods agreed well with the observed values.
Such predictions of N-loss may be used as
management tools to estimate potential erosion
hazards in forests and plantations.

INTRODUCTION

Losses of nitrogen (N) from agricultural
land are estimated (o range between | to 100
kg N ha year' {White, 1986; Rose and Dalal,
1988), making erosion one of the major causes
of fertility decline in agricultural soils. Intree
farms, soils are likely to be more vulnerable
to erosion during the period between planting
and canopy-closure than afier the canopy-
closure due to a lack of adequate soil-cover.
Before canopy-closure, forest soils may
contain substantial amounts of nutrients if
they contain large amownt of decomposed or
undecomposed plant residues. These
nutrients may be lost from the site via erosion.
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Infarmation on erosion and nutrient loss
from forest soils is seldom reported in the
literature.

Organic residues and fine soil material
are known to be the first of the soil
constituents {0 be removed by erosion, due
to either their low density or low
depositability. These conatituents tend to be
rich in sorbed nutrients, which makes
sediments usually richer in nuirients than the
uncroded soil. The extent of this selective
loss of nutrients is interpreted to arise from
the relative contribution of rainfall and runofT
in causing erosion . Higher deposition rates
of soil material occur when rainfall
predominates over runoff, which result in finer
and lighter sediment (Stoltenberg and White,
1953; Rose and Dalal, 1988).

Enrichment ratio of N, £, is the
magnitude of N-concentration in the sediment
compared to that of the uneroded soil. An £,
> | denotes enrichment of N compared o the
uncroded soil, while £ < 1 denotes
impoverishment. |f values of £, are known,
these can be used to estimate N concentration
of sediments, from the N-concentration of
the uneroded soil. Menzel (1980) developed
a regression maodel to predict E, of N, which
can be further used 1o estimate N-loss. This
method of estimating N loss has not been
explored for forest soils, as information on
E, for forest soils or tree-farms s limited.
This paper aims at { 1) quantifying N-loss in
forest soils due to erosion, and (2) 1o predict
N-loss due to erosion.

MATERIALS AND METHDDS
Erosion Experiments

We applied four erosion freatments to
three forest soils and replicated each
combination of soil and erosion treatments
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three times, The erosion trealments were:
treatment | with low rainfall kinetic energy
{KE) and low slope (2°); treatment 2 with
high rainfall KE and low slope; and treatment
3 with high rainfall KE and high slope (16%).
Treatment 3 was sub-divided into treatments
Jaand 3b, which were identical in all respects,
except that 3b experienced a drying cycle of
14 days prior to crosion.

The soils used are refermed 10 here by
their locations, i.c. Dover (D), Ridgley (R),
and Maydena (M). These soils are classified
as Redoxic Hydrosol, Red Ferrosol and Grey
Kurosol, respectively (Ishell, 1996). SoilDis
a poorly aggregated loamy sand with 0.15 %
of M and 3.63 % of organic carbon (OC); soil
R is a strongly aggregated clay, with 0.41 %
of N and 9.25 % OC; and soil M is aclay loam
with low aggrepate stability when wet, 0.16 %
of N and 2.16 % of OC. Other properties of
these spils, as well as a detailed account of the
erosion experiments are reported in Teixeira
and Misra (1997).

Air dry soil was packed in an erosion
tray and was pre-wetted hefore being exposed
to a simulated rainfall of intensity 116+ 1.8
mm k' for 40 minutes. Runoffand sediment
were collected from an area of 0.8 m’ a1 the
lower end of the tray at various times for
each erosion event. Sediments were sampled
wt 0-5 and 35-40 min after runoff started; these
sediment samples, along with samples of
uncroded soil, were analysed for total-N in
this study.

Data Analysis

Nitrogen loss in an erosion event is the

amount of N in sediment (VMoss, kg ha''), i.e.

Nloss=S§, - Ny

where N, is the concentration of N in sediment
(kg kg"),and 5 is the total quantity of sediment
produced (kg ha') in a given event. N-loss
can be predicted in two steps using Menzel's
{1980) regression equation of £, and S, as
fiollorws:

n

In(E,') = a-bIn(S,)» @

where ER "is the predicted valve of ER, and a
and b are regression parameters. Mean values
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for a and & were 2 and 0.2, respectively,
reported Menzel (1980) obtained from the
analysis of data of 952 erosion events using 14
difTerent soils, under natural as well as
simulated rainfall. From the knowledge of
E_"and the concentration of N in the uneroded
soil (¥, kg kg"'), the predicted value of N-
loss is obtained from:

Nloss= E“N,-§, ¥

Without considering £, it is also possible
o predict N-loss by direct regression of N-
loss against sediment loss, § , ie.

S.\’ =0 SL . 4}

In this study., we used the data from
experiments described here, as well as data
published by DeBano and Conrad (1976), Catl
er al. (1994, Hansen and Nielsen 1 995), and
Richardson and King { 1995}, which were not
used by Menzel (1980). these data on N-loss
and 5L were obtained for 78 measurements
of erosion on & different soils under natural
and simulated rainfall. Our value of & was
0.017 with a r* =0.92 (p < 0.001},

In this study we compare values of N-loss
predicted with either equations (2) and {3) or
equation (4) with the measured values (i.e.
equation 1).

RESULTS AND IMSCUSSION
Measured £, and N Loas

N-concentration in uneroded soil (N, ) was
significantly higher (p = 0.01) for soil R
{0.41%), when compared with soils 13 {0.15%)
and M (0.16%). 5, was significantly
influenced by soil type (p < 0.001 ), and erosion
treatment {p < 0.001). There was also a
significant interaction between soil type and
erosion treatment (p < 0.001). Soil R had
significantly less erosion than soils M and [,
For all erosion treatments, sediment loss was
in the order M > 13 > R, and increascd
generally with increasing slope and rainfall KE
(Table 1.

The concentration of N in sediment (V)
was generally greater than that in the uneroded
soil, as indicated by values of E,>1 (Table
2). The highest magnitude of £, was 4.3 for
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soil I with erosion ireatment 2, ie, with a
high rainfall KE but low slope. In most cases,
E, was in the order D > R > M. For all soil
types, higher £, values were observed for
crosion treatments with low slope (treatments
| and 2). At low slope, the ranoff water had
little erosive power lo transport large and/or
heavy soil material, hence sediment was
composed mainly of small or light materials
like clay and organic debris, The high specific
surface areaof clay mincrals, and high mutrient
concentration in organic debris presumably
ladtuE*h- 1 in treatments 1 and 2.

Mean value of £, reported 1o be 1.76
(s.e. = 0.101, for n=43) for a variety of
agricultural soils under different crops,
cultivation and weather conditions {Massey
and Jackson, 1952; Sharpley, 1985; Rose and
xalal, 1988; Palis er al., 1990: Catt e al,
1994, and Hanzen and Mielsen, 1995). Mcan
value ol £_obtained for the for forest soils in
our experiment was 1.70 (s.e. = 0,179, for

n=24}), which was comparable with those
previously reported,

N-loss was generally in the order M =D
> R, despite N-concentration in sediment (V)
being in the order B > D > M (data not shown),
N-loss followed closely the sediment logs (5)
for all soils and treatments, and was
independent of the values of ¥,

For the three soils used here, variation in
N_ was much smaller than that in N-loss. For
example, for soil D, §, increased more than
90 times from treatment T1 to T3a, whereas
corresponding values of ¥, decreased less than
3 times. Thus differences in N-loss were
principally duc to the differences in 5, rather
than that due to N An example of sediment
and M-loss due to erosion for soil M is
presented in Fig. 1, where it ¢an be seen that
MN-loss follows a trend similar to sediment loss,
Prediction of ER and N-loss

Prediction of N-loss using Menzel's
method (Fig. 2) and the method proposed here

TABLE 1. Sediment loss per unit area (5, kg ha') at 0-5 and 35-40 minutes of erosion for the
svils and erosion treatments studied. Values of sediment followed by same letter{s) are not

significantly different al p <0.05.

Sediment loss (kg ha™)

Treatrment | Treatment 2 Treatrent Ja Treatment 3b
Soil “Smin 40 min  Smin  d0mn 3 min Amin~ Smin 40 min
] 114b  125hc S0Bed 38Sc 12126 f 32Me  2360e 3233e

Ba 9a 114 91b 118b 100 b 339e  19%c¢
M 24bc 98D 1548e 1246d 15295fg 5996 5350f 3234e

TABLE 2. Enrichment ratio of nitrogen ( £,) for various soils and erosion treatments, at 5 and 40

minutes of erosion.

Uhbscrved E,
Treatment | Treatment- 2 Treatment Ja Treatment Ib
Soi1 Smin  d0min >mm 40 min 2mm 40 min 2min 4 min
(B] 30 2.7 43 29 1.1 12 1.2 0.9
R 2.2 29 1.7 1.7 20 1.2 1.2 1.1
1.6 1.6 14 1.2 0.8 1.1 1.0 1.1
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(Fig. 3) provided a good comespondence with
the measured N-loss. The regression of
predicied versis observed values of N-loss in
Figs, 2 and 3 were good as > 0.92 (p <
0,001}, when the lines cross the axes in the
origin. The regression line in Fig. 2 is not
significantly different from the 1:1 line, and it
had no significant intercept. In Fig. 3 the
regression line is significanily different from
the 1:1 line and, when it is nol forced through
the origin, the intercept is also significantly
different from zero, (at a 95% level).

The relationship between N-loss and 5,
described in equation (4) was valid for a set of
data oblained from our expenments as well as
those from recently published literature. This
suggrests thal this equation, presented here, may
have a more general application. It should be
noted that use of equation (4) greatly simplifies
the calculations of N-loss by erosion, since it
only requires the measurement of total
sediment loss, Equations similar to that in (4)
can be incorporated in models that predict
erosion (sediment loss ), and make allowance
for M-loss. The procedure outlined here may
enable simple assessment of N-loss via erosion
from forest soils,

CONCLUSIONS

Our study shows that the concentration of
N in sediment is generally richer than that of
the uneroded soil. In erosion events, where
rainfall dominated over runoff, values of £,
were higher than in evenis where both rainfall
and runoff were equally important. These
results are in agreement with current theory
of erosion and deposition.

Two different ways (o estimate N-loss due
to erosion were tested in this study. Baoth
methods were well suited to predict N-loss in
sediments. Prediction of N-loss by erosion,
using a simple linear equation relating N-loss
with sediment loss provided a good
approximation to the measured N-loss in a
range of soils and erosion conditions, and it
simplified data collection and measuremenis.

The method of estimating N-loss provided
here, together with a predictive model of
crosion may be useful in sustainable
management of soll and nitrogen m forest
plantations.
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MEIO AMBIENTE E TRABALHO NOMUNDO DO EUCALIFTO:
UM ESTUDO DE CASONA BACIA DO RIO PIRACICABA, EM MINAS GERALS
ENVIRONMENT AND WORK IN THE EUCALYPT WORLD: A CASE STUDY
FROM THE PIRACICABA RIVER REGION, IN MINAS GERAIS, BRAZIL

Guerra, C.B.
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ABSTRACT

The installation in the 20°s of charcoal
steel making plants in east of Minas Gerais
State contributed for a massive and fast
devastation of the native forests of Mata
Atlintica complex since they provided the
basic raw material for those plants. However,
even with the abundance of the natural
resources, the distance between forests and
production units increased every year, wath
strong implications on production costs,

The expansion of the cucalyptus
monoculture started in Brazl at the end of
the 40°s, firstly, inthe Piracicaba river basin,
east of Minas Gerais State. The main reason
for such expansion was the necessity Lo
guarante the supply of wood as close as
possible to the industrial plant, reducing,
therefore, the production costs. Decades later,
companies started arguing that the reason was
to reduce pressure on native forests.

From 1966 onwards, Brazilian Federal
Government implemented aremarkable policy
of incentives and subsides for reforestation
programmes. Eocalyptus plantations arcas
expanded exponencially in the country,
specialy in Minas Gerais State where from
60,000 ha in 1967 they jumped to almost
2,000,000 ha, in 1982,

During 15 months a multidisciplinary
team of Agéncia Terra NGO carried ou a
research in order to assess the emvironmenial
and social impacts caused by the ocupation
of large areas with the monoculture of
cucalyptus in the Piracicaba river basin. To
know better that reality and to achieve the
proposed objectives this study utilized
several tools such as bibliographic research,
theoretical studics of ecological effects of
eucalyptus plantations, secondary data
survey in the countryside, formal inlerviews
with workers and other “local actors™.

166

Besides, several field works within
eucalyptus plantations, during dry and rain
periods, were done carrying on a qualitative
assessment of practical problems such as use
of fire and pesticides, reduction of
biodiversidty, erosion and silting of water
courses, harvesting effects ete Also a
domiciliary survey interviewed |84 worker’s
families distributed along ? municipalitivs of
the region, inguiring about their quality of life.

Brazil has become one of the world leaders
on renewable forestry base products,
developed its own technology and has
compelitive prices in the international market
ol cellulose, In our study area companics
really created jobs, pay taxes regulary,
improved the conditions and opened new
vicinal roads. This has been well shown to the
great public via midia by the very professional
environmental marketing of the reforestation
CoOmpanies.

However, the very intensive silviculture
with sucessive rolations (harvesting every 7
years), after 40 years of commercial
exploitation in the Piracicaba river basin, has
provoked inumerous environmental and social
impacts. What was found by this study in
that region were significant changes in the
regional landscape, occupation of agricultural
lands, drastic reduction of the regional
hiodiversity, indiscriminated and abusive use
of fire to clear enormous areas before planting
or for replanting works, water erosion afler
the harvesting of large areas in a mountainous
region, greal consumption of fertiliziers and
pesticides el

Besides, from the economic an social
point of view, there was a process of land,
income and political power concentration in
companies hands, a weakening of the social e
cultural values of local communitics and also
an unacceptable level of labour force
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exploitation. The conditions of work and the
quality of life of workers and their families
are pretry low. Families income is not enough
to feed children in the rural arcas, where
education, health and public transport services
simply don’t exist.

The smdy concluded that within the
principles of sustainable development only a
responsible and consequent forestry
management could guarante the maintanence
of biodiversity, sustainability and a reasonable
quality of life for the workers and theirs
families in that region.

1. INTRODUCAD

) Estado de Minas Cerais possui a maior
drea plantada com as floresias de encaliptos
do Brasil. (ABRACAVE19%4; SALOMAO
1993}, O processo de ocupagio de grandes
drcas ¢ de exploragio comercial das “Tloresias
plantadas” iniciou-s¢ no nosso pais no final
da década de 40, na bacia do Rio Piracicaba,
¢m Minas Gerais, onde j4 s¢ instalara, desde a
década de 20, o polo sideringico a carviio ve-
getal de maior porte do pais. Ressalta-se gue
¢sta regidio, cra tolalmente ocupada pelas
florestas nativas do Complexo da Mala Allan-
tica,

Este estudo ¢ o produte de uma pesquisa
realizada duranic |5 meses por uma equipe
multidisciplinar de uma ONG da drea de meio
ambiente, a Agéneia Terra, Ele € um inventéno
das questdes decorrentes da implantagio da
monocultura do cucalipto na  bacia do Rio
Piracicaba. S8o analisados, a pantir dos
trabalhos de campo e de consulta a literatura
pertinente, tanto as questdes referentes aos
impactos fisico-quimicos ¢ bidticos da
monoculiura do evcalipto como a redugio da
biodiversidade, a toxicidade proveniente do
uso de vasto arsenal guimico, o8 impaclos
negativos sdbre os solos, quanio os aspeclos
socip-ccondmices ¢ culturais fais como a
concentracio fundidna ¢ da renda, as condicies
de trabalho, a terceirizagio do trabalho etc
resultantes da implantagio e expans3o da
monocultura do eucalipto naquela regifio em
Minas Gerais.

Orestudo se imicia pela caracten zagdo da
area pesquisada do ponto de vista sdcio-
ceontmico ¢ ambiental, far uwna andlise critica
da cvolugdo do setor florestal brasileiro e do
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modelo de administragilo dos recursos {lo-
restais la implantado. Ele busca assim enten-
der a globalidade do processo e suas determi-
nagdes histdricas. A devastagio da Mata
Atlintica, antes dominante na regifio, nio foi
provocada somente pela implantagio da
monocultura de eucaliptos para a produgio
de carvio vegetal, mas ela foi fator de acelera-
o do processo.

Em seguida, & descrita a situagio preciria
das condighes de vida e trabalho de um
contingente expressivo de trabalhadores do
“mundo do eucalipto ™.

(O estudo descreve também os impactos
ambientais e sociais advindos da implantag 3o
de grandes dreas continuas com a monocultura
de eucaliptos na regifio. Finalmente, sdo
apresentadas algumas recomendagdes para a
solugdo desses problemas.

Este estudo de caso contribui para uma
abertura do “Mundo do Eucalipto™, cendrio
no gual a produtividade estd entre as mais
altas do planeta, mas a qualidade de vida dos
trabalhadores ¢ suas familias ¢ extremaments
baixa. A floresta renovavel de cucaliptos tem
sido vista apenas como uma “unidade de
produgiio de madeira”, sendo ignorados o
contexto ambiental, social e cultural da regido
onde se instalam, { KENGEN, 1985), O
estudo constatou a inexisténcia de uma
politica de manejo Norestal consequente, gue
signifique um minimo de garantia da
biodiversidade ¢ sustentabilidade da regifio,
embora scja eate o discurso do marketing das
empresas li operando.{ GUERRA, 1995 )

2. A AREA DE ESTUDO E SEUS
PROBLEMAS

Localizada na regilio leste de Minas
Cierais, a bacia do Rio Piracicaba cobre uma
drea de 6.000 Km2 ¢ abrange 19 municipios
entre 05 quais alguns de grande importineia
ccondmica ¢ historica como Ipatinga, Jodio
Monlevade, [tabira, Mariana, Santa Béirbara
etc. Ela foi a “porta de entrada™ da
monocultura de encaliptos em escala comercial
naquele Estado, servindo assim como um bom
exemplo para s fazer uma andlise global dos
impactos socio-econbmicos e ambieniais
desta atividade econdmica,

Extremamente rica ¢m Tecursos
minecrais| cspecialmente o minério de fermo) a
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regillo foi palco do surgimento, em meados
da década de 20, do primeiro polo sideniirgico
a carvilo vegetal de Minas Gerais.Outrora
amplamente coberta pelo Complexo da Mata
Atlintica, a regifio tinha matéria prima farta e
barata, Entretanto, o que ocorreu ol um
avassalador processo de desmatamento seja
para produzir carviio vegetal ¢ lenha seja para
a formaghio de pastagens. Como consequéncia,
a madeira comegou a ficar cada vez mais
distamte: da using sideningica, o que aumentava
o8 custios de producio. No final da década de
40finicio dos anos 50, slo plantadas as
primeiras florestas de eucaliptos, cujo
ubjetive principal era entfo reduzir os custos
de produgio pela obtengio da madeira (e do
carviio ) o mais proximo possivel da umidade
industrial. { OSSE, 1961) Décadas depois, as
empresas reflorestadoras comegam a
argumentar que os plantios de eucaliptos
poderiam reduzir a pressiio sobre as matas
nativas ali existentes.

A partir de 1966, o Governo Federal
implementou uma arrojada politica de
incentivos fiscais e subsidios a programas de
reflorestamento, o que contribuiu para um
crescimento exponencial das dreas de plantios
com eucaliptos no nosso pais, superando
inclusive aquelas de culturas tradicionais como
a do arroz, feijllo e café. ({ BACHA, 1991).
Segundo dados oficiais, em Minas Gerais,
essas dreas passaram de 62.000 ha, em 1967,
para quase 2.000.000 ha em 1982, (
GONCALVES, 1991). Assim, a estimativa é
gue hoje a bacia do Rio Piracicaba tem,
aproximadamente, um lergo de sua arca
ocupada pela monocultura de eucaliptos ( em
tomo de 200,000 ha ).

3. AMETODOLOGIA DA PESQUISA

Entendendo bacia hidrogrifica como um
“gistema temestre e aguitico, geograficamen-
te definido, composto por sistemas fisico,
bioldgico econdmico ¢ social”
(BIODIVERSIDADE, POPULACAO E
ECONOMIA 1997), este nos pareceu o
sistemna natural mais indicado para um estudo
abrangente das complexas interagdes dentro
do ecossistema regional, provocadas pela
presenga da monocultura de eucaliptos em
grandes dreas continuas.

Objetivando entender a dindmica socio-
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econdmica ¢ ambiental e avaliar os impactos
causados pela presenga da monocultura de
cucaliptos naquela bacia hidrogrifica a pes-
guisa langou mio de um extenso levantamen-
to bibliogrifico, estudo tedrico dos efeitos
ambientais do eucalipto, levantamento de da-
dos secundirios nas empresas e orglos pibli-
cos, entrevistas formais com os trabalhado-
res € outros “atores locais™ envolvidos na
questio como fazendeiros, comerciantes, pro-
fessores do meio mural, liderangas comuniti-
rias, engenheiros das empresas, etc . Além
disso, foi realizada uma pesquisa domiciliar
em 9 mumicipios da bacia, envolvendo 12 ni-
cleos de trabalhadores. No total foram entre-
vistadas 184 familias de trabalhadores envol-
vidos na produglio de madeira ¢ carvlio vege-
tal, utilizando-se de um questiondrio de 40
perguntas sobre a qualidade de vida, (dados
pessoais, escolaridade, renda, sancamento,
habitagio, satde, atividades sociais, aspectos
culturais, relacionamento familiar etc ) (
AGENCIA TERRA, 1995 )

Mo aprofundamento da problemdtica
shcio-econdmica procuramos responder a
duas perguntas basicas ;

1.Como vivern os trabalhadores ¢ suas
familias no “mundo do eucalipto”™ 7

2, Qual a perspectiva de futuro dessas
pessoas 7

Mo aproflundamento da problemitica
ambiental, fizemos vérios levantamentos ¢
verificagbes de questdes praticas no campo,
permanecendo por virios dias nas dreas das
florestas tanto no periodo de seca como no de
chuvas. Esta avaliagio qualitativa englobou
aspectos como eroslo dos solos e
assoreamentos dos cursos dagua, tragado das
estradas dentro dos plantios; redugiio da
hiodiversidade; vso de lertilizaniey; uso de
agroldxicos nos viveiros de mudas, na capina
guimica ¢ no combate a pragas; uso de
formicidas no controle sistematico de formipas;
uso rotineiro do fogo para a limpeza de
enormes dreas antes do primeiro plantio, no
replantio & na recuperagdo de plantios;
ocupa¢do de toda a drea Giil do terreno,
incluindo ai fundo de vales, topo dos momos,
nascenles elc

4. ASINTESE DOS RESULTADOS
A implantagdo da silvicultura intensiva
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em enormes dreas continuas na bacia do Rio
Piracicaba{MCi), com a espécie Eucalvphis
Grandis e num regime de corles sucessivos a
cada 7 anos, provocou uma séric de proble-
mas interrelacionados, sendo os principais
deles descritos, resumidamentc, a scguir.
{GUERRA, 1995 ; LIMA,1993; DRIESSEN
1989}

Impactos ambientais :

» Dristica mudanga na paisagem regional,
com a predomindncia da homogeneidade e
uniformidade {mesmo plantio e espécie). Isto
leva a uma simplificagio do ecossistema
florestal da regifio ¢ @8 um aumento da sua
susceptibilidade 3 ocoméncia de pragas.

& Grande consumo de fertilizantes{ 200K g/
ha plantado, cm meédia)e agrotixicos| a maiona
persistcntcs no meio ambiente), necessdrios
4 manutengio dos altos indices de
produtividade dos plantios.

¢ Erosio provocada pela dgua das chuvas,
especialmente apos o plantio e o corle raso
das drvores. Ressalta-se que a topografia da
regido é muito acidentada o que contribui para
um aumento na velocidade e volume das en-
xurradas, as quais, correndo superficialmen-
te, carmegam uma grande quantidade de resi-
duos dos fertilizantes e agrotbxicos para os
corpos diagua, que muitas véses servem a
populagdo local. Assim, alémda redugiio na
recarga dos lengdis fredticos { menor infiltra-
o) ocorre também uma queda na qualidade
da fgua e o assoreamento dos cormegos.

s Lso indiscriminado do logo gue conti-
nua provocando uma perda direla de nu-
trientes dos solos, além de contribuir
pard uma reduglio significativa de sua
atividade microbiologica.

¢ Dristica redugio da Biodiversidade
regional, principalmente pela ocupacio de
enormes areas continuas com as (lorestas
renoviveis  pobres em biodiversidade ), antc-
riormente ocupadas pelas Morestas antigas
{ricas em hiodiversidade). Com isto, um gran-
de nimero de plantas, passaros ¢ mamiferos
simplesmente desaparcceram desta regido,
conforme depoimento prestados a nds por
fazendeiros que L residem ha mais de 40 anos.
+ Desperdicio de biomassaf energia) na con-
versdo da madeira em carvio vegetal, que apre-
senta baixo rendimento térmico (em tomo de
40% - CEMICG, 1987 ). Isto sigmifica quc mais
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da metade das Norestas renoviveis para fins
siderdrgicos slio cortadas para serem trans-
formadas em fumaga.
Impactos sdciais e econdmicos :
# Houve uma mudanga considerdvel no per-
fil da agropecuiria local, composta por quase
10.000 propriedades rurais, das quais 75%
12m dreas menores que 50 ha. ([BGE, 19835),
A “agriculiura de milhares™ se contrapds a
“silvicultura de poucos” : o sistema de
produgio ¢ comercializaglo dos produtos
locais enfragueccu ainda mais e estd em fase
de colapso. A mio de obra local foi quase
Loz direcionada para as grandes empresas
rellorestadoras e, mais recentemente, para
SuAs cmpreiteiras.
+ Houve uma mudanga signilicativa na
estrutura fimdidria e na posse da terma na regido,
om um aumento acentuado do ndmero de
propriedades com dreas maiores que | ) ha
devido i expansdo dos plantios de cucaliptos,
O municipio de Antdnio Dias, por exemplo,
tem 40% de seu terrildrio nas mios das
empresas reflorestadoras, Além disso, a
monocultura de eucaliptos ocupou drcas
perfeitamente agriculldveis ¢ mecanizdveis
como constatado por nds et municipios come
Santa Hédrbara, Antdnio Dias ¢ Sio Domingos
do Prata. Na verdade muitas dessas Areas cram
anteriormente ocupadas por plantios de
culturas empordrias, no regime de agricultura
de subsisténcia. GUERRA, 1995)
# Houve uma grande desestabilizagio das
comunidades locais gue passaram a depender
em quase tudo das empresas reflorestadoras,
Com isso, ocorreu um enfragquecimento de
seus valores sociais e culturais, uma vez que
s¢ mudou nilo 36 a paisagem mas o proprio
contexto social e cultural local, Sendo uma
das bases de sustentaglo da economia
regional, essas empresas passaram também a
exercer enorme influéncia nas sdministragtes
municipais e nos Orgdos cstaduais de
fiscalizaglo e fomento. O paternalismo
passou 3 ser a tomica das relages entre
empresas ¢ as comunidades.
»  Ascondigdes de trabalho da mio de obra
si0 muito precarias e a qualidade de vida dos
milhares de trabalhadores & suas familias ¢
muite baixa, especialmente dos carvoeiros,
A Pesquisa domiciliar mostron gque os
servigos de transporte, educagio, satde, lazer
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praticamente incxistem no meio rural. As con-
digdes ambicntais no trabalho sfio muito difi-
ceis ¢ a alimentagiio € insulicienle para uma
atividade onde o maior reguisito € o esforgo
fisico. A renda familiar de 82% das familias
entrevistadas chega a 1,0 salano minimo.
(AGENCIA TERRA, 1995)

Os trabalhadores gue se encontram numa
situacio mais critica sfo 0s “carvogitos
volantes” das cmpreiteiras, cujo conlingente
vem aumentando a cada dia com a crescente
terceirizagio no setor de producio de carvio
vegetal. Vivendo em condigics de moradia,
higiene, saide, educagdo, transporie,
alimentacio absolutamente desumanos esies
caryoeiros se submetcm a condigdes de
trabalho onde os riscos fisicos, quimicos,
binldgicos e ergondmicos 3o permanentes ©
continuos. Como unica forma de aumentar a
renda familiar, estes trabalhadores,
normalmente, requisitam a ajuda de suas
mulheres e criangas. Com isto, toda a familia
trabalha em condigdes absurdas e totalmente
em desacordo com as Normas
Regulamentadoras do Ministério do Irabalho
(NR's)

A expansiioda monocultura de eucaliptos
na bacia do Rio Piracicaba acompanhou o
crescimento do setor florestal brasileiro, que
hoje ocupa a lideranga mundial na produgdo
de madeira de bases renoviveis. () setor
desenvolveu tecnologias adapiadas i realida-
de brasileira (exceto na produgdo de carvilo
vegetal ) e a produtividade dos plantios atingiu
nomeros admirdveis. A terceirizaclio ¢ um
fendmeno crescente e contribui eletivamente
para a redugho dos custos de produgio.Os
balangos cmpresariais sdo allamente
positivos: aumenta-se a produgio ¢ as
exportagbes de cclulose, agos ¢ fermo gusa.

A chepada e a expansiio das drcas de
plantios com eucaliptos criaram empregos,
aumentaram a arrecadagdo de impostos,
melhoraram a infra-estrutura no meio rural
especialmente pela construgio e manutengdo
de estradas vicinais e contribuiram para o
aumento de divisas para o pais guando da
exportagao de produtos (celuloss, lemo guss,
ete)

Por outro lado, as cmprcsas
reflorestadoras se tornaram as grandes pro-
prietirias das terras da bacia do Rio Piracicaba
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e também uma das mais importantes forgas
econdmica, social e politica all presente, Em
apenas 40 anos de exploragio comercial, es-
Las empresas, embora tenham fortalecido a
econamia da regido, reordenarum espagos ge-
ograficos, mudaram o perfil da agricultura e
da paisagem local, provocaram indmeros pro-
blemas ambientais, contribuiram para uma
alteragio de habitos & valores culturais, cria-
ram dependéncias econdmicas e socials, O uso
rotineino do fogo, de agrotdxicos e o proces-
so de erosio numa regido montanhosa tém
afetado negativamenile seus s0los & corpos
dagua. (GUERRA, 1995, ZANUNCIO,
1993)

Litilizando mecan smos muito particula-
res as empresas reflorestadoras, desenvolve-
ram suas atividades ignorando o uni verso dos
milhares de agricultores e trabalhadores rurais,
bem como as necessidades e prioridades das
comunidades locais. Elas ndo s¢ integraram
nocontexto regional como “atores locais™, mas
sim como seus “dirctores”. Assim,
preccupados exclusivamente em expandir
suas dreas de plantios ¢ ampliar sua margem
de lucre estas empresas tém cumprdo pouco
sua fungdo social se especializando, porém,
em resolver seus problemas socinis ¢
ambientais através de inteligentes
mecanismos de “lobby” . (CARVALHO,
1988; RUSCHELL, 1993)

Finalmente, vale ressaltar que, desde de
1985, a FAQ vem expressando oficialmente
que "o eucalipto nio deve ser plantado cm
larga escala sem uma cuidadosa e inteligente
avaliagdo de suas consequéneias econdmicas
e sociais, além de um balango de suas vantagens
e desvantlagens, [sto poderia ser felto através
de uma avaliagdo das condighes ambientais da
regide, bem como das necessidades da
populagio local “,

As pesquisas da Agéncia Terra ¢ do Pro-
grama BIODIVERSIDADE, POPULACACQ
E ECONOMIA, da UF.M.G, no periodo
1994-1995, na bacia do Rio Piracicaba mos-
tram claramente que nenhuma das recomen-
dagdies da FA(Q mencionadas acima foram
seguidas e que a0 crescimento das empresas
ndo comresponden o desenvolvimento social
da regido. Niao houve distribuigio darenda e
melhona na qualidade de vida da populagiio,
especialmente no meio rural, o que contradiz
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o8 argumentos amplamente propagados pelo
Governo Federal e empresas do setor flores-

tal desde o final da década de 60.

Somente um modelo responsivel ¢
consequente de administraglo dos recursos
florestais, dentro dos principios do Desen-
volvimento Sustentdvel, poderia trazer o pro-
gresso e a modernizagho tio prometidos para
aregido, além de garantir sua sustentabilidade
e uma qualidade de vida razodvel para os tra-
balhadores ¢ suas familias, Infelizmenie, o que
temos visto ¢ um belo discurso de desenvol-
vimento susientdavel das empresas mas com
poucas aples priticas, excecdo para scus tra-
halhos no campo do marketing ambicntal.
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MORPHOLOGICAL, PHYSIOLOGICAL AND ANATOMICAL
ADAPTATIONS TO WATERLOGGING BY
SEEDLINGS OF Eucalyptus victrix

5. K. Flarentine and J. E. D, Fox
School of Environmental Binlogy, Curtin |niversity of Technology, GPO Box L) 1987, Perth 6001,
Western Australia, Australia.

ABSTRACT

This study examines the influence of long-
term waterlogging on seedlings of the flood
plain tree Eucalyptus victriz.  Flooding
treatmeni significantly increases seedling stem
diameter but curtails root development. Large
numbers of adventitious roots are developed
and lenticels proliferate on the submerged
portion of the siem. Flooding significanily
reduces photosynthesis, ranspiration and
stomatal conductance. Flooding does nol
increase shoot fresh ordry weight on 1-, 2-or
5- month old seedlings or root weights of 3-
and 5- month old scedlings. Leal emergence
is stimulated on Nooded seedlings n compeanson
with unflooded seedlings.
Keywords: adventitious roots, anoxia, coolibah,
Encalypius, Nooding, lenticels,

INTRODUCTION:

Tree species thal occur in Nood plain
environments expenence exposure to flooding
that may be regular or irregular and of vanied
duration and frequency. Species of the large
Australian genus Evcalvptus arc adapted to,
and have become acclimatised to, a wide range
of climatic and edaphic conditions (Cioor &
Barney 1968). A few species vernacular
names oflen indicate olerance of environments
subject 1o Nooding: e g flooded gum- E
graefie Hill ex Maiden; £ rudfis Endl; swamp
gum E camphora R. T. Baker; £ ovala
Labill.; swamp mahogany E robusfa Sm.
These specics can withstand some degree of
inundation. The river red gum (£
camaldulensis Dehnh.), in south-eastern
Australia, is dependant on periodic flooding.
Seed germinates on flooded areas following
flovd recession (Parsons ef al 1991). The
coolibah species E mecrotheca F. Muell. s an
important plantation trec grown with flood
irrigation in the Sudan ( Ahmed 1977)
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A few studies have examined flooding
tolerance of Eucalyprus species ¢ g E,
robusta (Clemens & Pearson 1977y E,
robusta, E. grandis and E. saligna Smith
{(Clemens et al 1978); E. ovafta and .
viminaltv [amll, {Ladiges & Kelsa 1977} and
E. marginata Sm. (Davison & Tay 1985,

When soi] becomes waterlogged, the air
within the soil 15 replaced by water, Since
diffusion of oxygen in water 18 four orders of
magnitude slower than in air, continued oxygen
demmand of soil organdsms and plant roots rapidly
depletes the oxygen content of waterlogged
soil (Dionigi et al 1985). Several woody
angiosperms develop hypertrophic stem
growth and produce adventitious roots in the
inuniated part of the plant, This adaptastion may
contribute to survival in the waterlogged
condition (Kozlowski 1984, Hook |984,
Kozlowski et al 1991). This change is
attributed to endogenous hormones (Y amamoto
ctal 1995), Flooding is associated with ethvlene
production in both herbaceous and woody plants
(Kawase 1972, Tang and Kozlowski 1982, Reid
and Bradford 1984, Jackson and Drew 1984,
Jackson 1985, Yamamoto and Kozlowski
1987a). Itis also reported that ethylene has a
major role in cambial growth (Y amamoto and
Korlowski 1987 e, 1987 1, Savidge 1988} and
adventitious rool formation (Rivo and Yang
1989, Bollmark and Eliasson 1990, Liv ¢t al
1990

Few sudics on adventitious root suggesting
that the large number of adventitious root
produced through lenticels after plant exposed
to flooding condition, and it is believed that
there is an anatomical relationship between
formation of lenticels and production of
adventitious roots (Gomes & Kozolwskl 1980,
Mewsome et al 1982) but Angeles ot al ( 1986)
reported that on Ulmus americana scedlings
only few adventitious root emerging through
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lenticels. It has also been reporied that
remarkable anatomical difference between
adventitious root and lateral rood system. The
adventitious root has relativel v large cells and
extensive intercellular spaces, apart from this
vascular cylinder and endodermis are similar
in both roots. Hypertrophic stem is another
morphological change take place when the
plant exposed to flooding condition. Several
species has shown this adaptation species like
Alnus japonica, Fraxinus mandshurica have
shown hypertrophic stem growth when they
introduced to flooding condition. This stem
cnlargement has been attributed to the
regulatory effects of endogenous hormones
(Yamamoto ef af 1995,) substantial amount of
cambial activity or production of wood
(Yamamoto et af 1987), some occasions due
to the increase thickness of the bark was
reported in the conifers seedlings (Yamamoio
& Kozlowski, 1987a 1987Th) however in species
Fraxinus mandshurica the hypertrophy growth
of stem was mainly due to number and size
wood fibres, but not bark thickness.

In the Pilbara district of Western Australia
the smooth barked coolibah, Ewcalypius
vicirix L. Johnson & K. Hill { = Encalypirus
coolibah Blakely & Jacobs var rhodoclada
Blakely) (Brooker & Klcinig, 1994) forms open
grassy woodlands in the flood plain of the
Fortescue River (Xin, Jeancs & Fox 1996), The
area usually floods during summer thunder
storm rain between February and March.
Depending on the topography of the woodland,
flood water some times remains for about a
memth. The present study was underiaken fo
examine the flood tolerance of different aged
Eucalvptus vicirix seedlings.

METHODS
Seed collection and storage

Capsule of Eucalypfus vicirix were
collected in of Apnil 1994 from the coolihah
woodland in Pillar districts WA (23°21' 37" 5,
119* 43" 30"E). Collected sceds were then
slored in a sealed jar (approximately 21°C).

Seed Germination

Eucalyptus vicirix seeds were taken
from the stored seed lot and separated from
frass. Black plastic 13 cm diameter pots were
chosen and bottom openings were tightly
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sealed with plastic draining tapes, Pots were
filled with coolibah woodland soil, Seed loty
were st out at each of August 14, November
15, December 27, 1995 and February 1996
respectively to give 1, 2, 3 and 5 month old
seedlings at the imposition of waterlogging,
Three seeds were buried in each pots at below
0.5 cm depth, and light mod shire was given (rain
waler) three times a week. These pots were
placed on a heat bed {approximately 25°C) for
germination occur, and then the seedlings
thinned w one,

EXPERIMENT L

There wens bwo experiments which were
underiaken with the species. First experiment
was mainly delt with three and five month old
scedlings and second one was delt with one
and two month old seedlings. In each
experiment secdlings were acclimatised for 5
days before treatment were imposed, and side
branches removed to allow height comparable
measurements. Water logged treatment were
in fibreglass tanks filled with rainwater and
water levels maintained at 1cm above soil level,
Control seedlings placed adjacent to the tanks
and these seedlings were maintained in a freely
drained condition and pots were watered Lo
samration three times a weck,

EXPERIMENT I

On the Tth of March 1996, 16 pols were
selected from one and two month old seedlings
were selected for flooding experiment, As
mentioned in experiment I, similar ireatment
wais given o one and two month old seedlings,
The main aim of this experiment was to
understand the anatomical changes in the stem,

Measurements

For both experiments seedlings height,
mumber of leaves, length and width of six leaves
from each seedling were measure. New leaf’
emergence and leaf death were also recorded
on aweekly basis commencing from one week
after the start of the experiment. Changes in
seedling morphology, particularty stem swelling,
leaf colour changes and development of
adventitious roots were noted.

Gas Exchange Measurements
For three and five month old seedlings net
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photosynthetic rate (P, transpiration rate (E),
stomatal conductance (g ) and intenal CO,
comcentration (ci) of one leave from each of
seedlings wenre measured every week at 1200
to 1300 hours using an portable gas exchange
system (LLCA-3, Analytical Development Co.,
Hoddesdon, England) attached to a Parkinson
leal chamber (FLC-031 {3B), Analytical
Development co., Hoddesdon, England).

Harvesting

Seedlings were harvested after 32 weeks
of experiment of flooding and carefully
removed from pots. Fresh weights of root and
shoot were obtained. Plants were then put in
scparately labelled paper bags snd dry weights
obtained after for 24 hours in 105°C.

Anstomy

Inundated part of one and two month old
seedlings stem (| cm from the lignotuber) and
roota (2 cm from the soil surface) were
proserved in AA solution { formaldehyde/scetic
acid! ethyl alcohol 5/5/90 mi) immediately afler
removal from the water-logged condition
preserved Defore sectioning, specimens were
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rinsed in 50 % alcohol. Samples were sectioned
tranaversely waing a double edged hlade,
Sectioned were mounted in glycerol on aclear
glass slide and obaerved under light
microacope, Permanent seclions were made
alter staining with salranine-fast green solution
and mounted in Diatex,

Statistical analysis
Statistical analysis of the treatment effect

were undertaken using ANOVA by MINITAB
Version B.1.

RESULTS

Survival and growth of seedlings
Two seedlings from one month old

secdlings set died afler § months of flooding,
one month old seedlings rest of the seedlings
survived during the experiment period of 32
weeks of Mooding whereas unflooded
seedlings of all age survived throughout the
experiment.

Pn (net photosynthetic rate) rate of
control plants decreased alightly during course
of study period. Plants subjects to fMlooding
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FIG LA & 1B Nei photosynthetic rate of three { 1a ) and live (1b) month old seedlings measured

dhuring the study period.
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reaulted in a gradual decrease in P, rate of
waterlogged plants (Fig 1a & 1b). However,
after walerlogging was imposed the Mooded
plants showed an increased in P_first 2 weeks
of walerlogging. 1n the following period Mooded
plants had a significantly lower Pn rate.

The trend in g (stomatal conductance) was
similar to that of P_(Fig 2a & b) For control
plants, (g) gradually decreased during the
study period, As with P_rate of waterlogged
immediately after exposure to waterlogging
but the trends was in reducing subsequent
pericdd.

Transpiration rate of three and five month
old Nood and control seedlings shown in the
above (Fig 3a &3b) . In both age flooded
seedlings has reduced during the period of
Nooding, However towards the they seema to
be increasing,

In all four di (Terent age seedlings the shoot
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hei ghit was not 8 gni Ncantly different compared
with the unflooded seedlings. There is no
significance different in the fresh and dry
weight of the shoot except three month old
seedlings had shown remarkable difTerent in
fresh weight of the shoot,

Experiment I:

The rool and shoot data of treated and
control seedling of three and five month old
were analysed (Table 1 ) there were
significantly dilference (P<10.05) in root length,
stem diameter and rumber of adventitions root.
There was & significant interaction between
flooding and age of the seedlings was also
observed in shoot height and length of root.

Experiment 11:

In the one and two month seedlings (Table
2) analysis also shows a similarity to the
experiment 1. There were signilicantly
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FIG 1A & 2B. Stomatal conductance of three (2a) and five {2b) month old seedlings.
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difference (P<0.05) in root length and dry mass
and stem dinmeter and number of adventitious
root. The analysis between treatment and age
between one and two month old seedlings
shows that there were no significant differonce
in shoot height, shoot and root dry mass, siem
diameter and production of adventitious root,
Treatment has a grest impact on the root length
of seedlings. In both the trestment Mooded
scedlings rool were blacken in colowr and
decaying. Just above the dead root, white
colour adventitious roots were also clearly
observed.

Further it was also observed lenticels (Fig
4) on the stem base hypertrophied developed
in the inundated portion ofthe stem. In contrast
no morphological changes like adventitions root
of lenticels formed in enflooded seedlings.

DISCUSSION
Transpiration rale of three and five month
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=

-

100 =

Diays
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Transpiration oumol

old flooded scedlings increasing towards the
end, the same irend was also observed in the
four month old Fraxinus pennsylvanica
Mooded seedlings. This was correlated withe
the well developed adventitious root (Gomes
and Kordowsaki, 1980), on our study also suggest
that three month old seedlings had produced
higher number of adventitious five month old
seedlings.

Plant reaction to walerlogging vary with
the duration, season, and tolerance to the stress
{Ranney & Bir, 1994). Growth of Evcalypfus
victrix seedlings was well adapted when they
were exposed to flooding for eight months. This
indicates that this species have a high possibil ity
for wide distribution. The high perceniage
survival was mainly due to all seedlings exhibit
morphological and physiological adsptation to
the long term Nooding by producing lenticels,
adventitious root and reducing photosynithesis,
transpiration, Co, concentration during

—{}— Control

—o0—  Flonded

o
iRy
40
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FIG 3A & 3B. Transpirstion of three {3a) and five (3b) month old seedlings.
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flooding,

Production of adventitious root and
formation of lenticels cells were the main
adaptation, In other cucalypius species also
have produced substantial amount of
adventitious root during the waterlogged period.
This root will compensate for the lose of root
function (Gill 1970, Gomes & Kozdowski 1980),
It was clearly observed in the E.
camaladulensis has produced large number
of adventitious root than E globulus seedlings
{Gomnes & Kodowski 1980). Further production
of adventitious root was correlated with
reopening of stomata which had closed shortly
after seedlings were exposed to flooding
condition,

The production of adventitions root mainly
due to flooding injury and may also have been
associated with production of ethylene. Firstly,
some times production of ethylene in unflooded
plants is associated with symptoms like leal
cpinasty (Denny & Miller 1935),
hypertrophy of lenticels and cortex (Abeles
1973). formation of adventitious root (Abeles
1973}, stem thickening {Zimmermann &
Hitcheock 1933 ); Secondly evidence ethylene
production is agitated in poorly aerated soils
or possibly in waterlogged plants (Smith &
Russell 1969, Smith & Restall 1971, Kawase
1972, 1974); and finally artificial application
io the ethylene releasing chemicals produce
symploms similar to those of flooding (Abeles
1973, Kawase 1974).

Producing of lenticels help seedlings o
survive in the long term by helping to get
aeration to stem and root an it may also serve
a5 openings for toxic compounds to be relesed.
{ Kodowski, 1984),

It was clearly observed that the production
of the root length of all the four difTerent age
E. vietrix seedlings was drastically reduced.
In the flooded conditions the underground
growth of plants becomes oxygen limited
{Glinski & Stepniewski 1985), which limit
physiological activity, further water and nutrient
supply through root reduced and normal
hormonal balance governing root shoot
developed can be disturbed ( Kozlowski 1982),
This adaptation may suggest that by reducing
amount of respiratory root tissee and facilitaic
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oxygen diffusion to roots {Naidoo & Naidoo
1992; Vocsenek & Blom 1989). The fresh
weight and dry weight of root mass clearly
shows that nevertheless the root elongation
was reduced by the flooding but the seedlings
has produced large number of adventitious root
as the result booth fresh and dry biomass of
rool has increased.

The stem diameter increment possibly due
to the absorption of water by the bark, In £.
globulus 10 days afier flooding, submerge
portion of the stem was swollen, (Gomes &
Kozlowski, 1980). Similar type of ohservations
were also made in E. viminalis, E. ovato and
E. robwsia. (Ladiges & Kelso 1977; Clemens
& Pearson 1977).

We alzo observed difference in the leaf
dynamics of the flooded seedlings. Although
the flooding has minor impact on stem
clongation, it did not affect the new leaves
formation, the new leaves was remarkably and
significantly increased
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NUTRITIONAL MONITORING AS A STRATEGY FOR RECOMMENDING
FERTILIZATION FOR YIELD MAINTENANCE IN Eucalyprs STANDS AT
VOTORANTIM CELULOSE E PAPELSA
MONITORAMENTO NUTRICIONAL COMO ESTRATEGIA PARA
RECOMENDACAOQ DE ADUBACAQ PARA MANUTENCAO DA
PRODUTIVIDADE EM POVOAMENTOS DE EUCALIPTO DA VOTORANTIM
CELULOSE E PAPEL S.A.
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'"T&M Consultoria Agro-Florestal Lida., Rua José Borges da Costa, 377, 14025-660,
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SUMMARY

The object ol this paper was lodevelop a
methodology 1o assess the nutritional status
of eucalyptus stands al different ages and
situations {species planted. type of soil, etc. ),
in order 1o define, both quantitatively and
qualitatively, the need for maintenance
fertilization at 24 and 36 months of age. The
methodology developed, which is still at an
adjustment stage, is based on the definition
of an ideal nutritional condition for a certain
genetic material, with a specific age and
edapho-climatic condition, curves for growth
and nutrient absorption as a function of the
age generated by a given vicld expectation at
the end of the rotation.
Index terms: Eucalvprus-Fertilization,
Eucalyprus-Nutrient absorption

Procurou-se desenvol ver uma metodologia
que permitisse avaliar o estado nutricional de
povoamentos de ewcalipto em diferenles
idades e situagdes (espécie plantada, tipo de
aodo, e1e.), de modo s definir, de forma
quantitativa ¢ qualitativa, a nccessidade de
adubagdes de manutengiio aos 24 ¢ 36 meses
de idade, A metodologia desenvolvida, que
cncontra-se em fase de ajustes, tem como hase
para definigio da condiglo nutricional ideal
para um determinado material genélico, com
uma idade e sitwagho edalo-climatica
especificas, curvas de crescimento ¢ de
ahsorgfio de nuirentes como fungdo da idade
geradas para uma dada cxpectativa de
produtividade no final da rotaciio.

Palavras chave: Eucalypto-fertilizagdo,
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eucalipto-absorgdo de nutrientes.

INTRODUCTION

Eucalypius fertilization al a first rotation
is characterized by fertilization at the time of
planting of the forest (Barros & Novaes,
1990}, and one or more coverage or
maintenance ferfilizations, normally carried
out in a syslematic manner based on
experimentation data. As of 1993, the
fertilization strategy at VCP Florestal - Luiz
Antonio Unit began to include a nutritional
moniloring when stands reached 18 and 30
months of age, respectively, after planting.
The other coverage fertilizations carried out
aL 3, 6 and 12 months would be done in a
svslemalic manner with variations as a
function of the type of soil. With the
introduction of this new criterion, we tried to
develop a methodology that would enable us
tor assess the mutritional status of the forest at
different ages and situations (species planted,
type of soil, etc.) so as o compare il 10 a
nutritional condition considered as ideal for a
given yield expectation at the end of rotation,

METHODS

The methodology utilized, which is still
at an adjustment stage, is based on growth
and mutrient absorption curves as a function
of age for the definition of the ideal nutritional
condition, jointly determined with the
Cooperation Program for Soils and
Eucalyptus Nutrition, SIF/UFV/DPS
agreement, from anahvical, dendrometric and
shoot biomass data of stands of different
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eucalyptus species, al difTerent ages and under
distinct edapho-climatic conditions in areas
of VCP Florestal - Luiz Antdnio and Jacarei
units. The method consists of the previous
stratification of the ¢lusters that reach a preset
age (18 and 30 months), according to the
genetic material planted and the edapho-
climatic conditions where it is located, for
further definition of sampling points. In the
selected blocks, three plots of 10%10 plants
are located, and the green weight of leaves,
hranches, bark and wood of the average tree
in each portion is assessed (COOPSNEUC,

1991). A sample of each of these
components is collected to determine the
amount of dry matter and N, P, K, Ca and
Mg, in Kg/ha, present in the shoot biomass.
The resulis obtained are compared with the
standards considered as the ideal nutritional
state for the respective age and for a given
yield expectation al the end of the rotation
{Tables 1 and 2). The deficiency observed is
then supplemented through maintenance
fertilizations ar 24 and 30 months, respectively.

RESULTS

TABLE L. Expected amount of N, P, K, Ca and Mg in the shoot biomass of E. grandis and £
wrophylia at 18 and 30 months of age, in Kg'ha, in a Dark-Red Latosol, for an expected yield of

330 m*haat 7 years of agc.

Age N P K ] Ca Mg
18 months 133 11 14 B9 19
30 months 144 12 127 o8 22

TABLE 2. Expected amount of N, P, K, Ca and Mg in the shoot biomass of £ grandis and E
urophylia at 18 and 30 months of age, in Kg/ha, in a Quartzy-Sand-type of soil, for an expected

yield of 220 m*'ha at 7 years of age.

Age N P K Ca Mg

18 months 101 4 114 59 19

30 months 125 5 127 104 22
The variations in the amounts of nutrients REFERENCES

present in the shoot biomass presented in
Table 3 demonstrate that the aplication of a
potassium amount indicated as insufficient
by the monitoring carried out al 18 months
resulted in a significant decrease in the
potassium deficit as compared with the
standard defined for 30 months of age.

Aiming to assess and improve this
methodology, new curves for growth and
nutrients absorption obtained at high-yield
gites are being determined, with greater
specificity for sach potential material and with
greater detailing of the edapho-climatic
conditions present.

BARROS, N.F. & NOVAES, R.F. Relagllo
Solo-Eucalipto. Vigosa, Editora Folha de
Vizcosa, 1990 p.170.

COOPSNEUC - Programa Cooperativo em
Solos ¢ Nutrigio de Eucalipto.
Metodologia para Coleta de Biomassa,
Vigosa, Anexo circular nimero 6, Con-
vénio SIF/UFV/DPS, 1991,
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TABLE 3, Amounts of nutrients present in the shoot biomass at 18 and 30 months of age, actual
and foreseen interventions, and respective variations vis-i-vis the standards utilized.

Project Situation ~ Nutrient (Kg/ha)
| | N P K Ca Mg
Guatapard B 18 months 102 5 51 53 14
standard 101 4 114 39 19
2 variation 1 + ., S ]
Actual intervention +15 +3 +25
Foreseen intervention +50
M months | 138 12 97 %2 19
standard 125 5 127 104 »n
variation +13 +7 -3 =22 -3
Ciuatapard F 18 months 115 T 76 60 20
standard 101 4 114 59 19
vaTiation +14 +3 -38 +1 +1
Actualimtervention +38
3 months 130 11 119 97 23
 standard 125 5 127 104 y.r )
varation +5 +6 -B -7 +1
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OTIMIZACAO DO ESTOQUE DE MADEIRA NO CAMPO EM FUNCAOQ
DO CUSTO DE TRANSIORTE FLORESTAL
OPTIMIZATION OF WOOD STOCK AS A FUNCTION OF THE COST OF
FORESTRY TRANSPORTATION

Santos, 5.L.M.dos ¢ Monteiro, H.M.
Bacell 5.A.

1. INTRODUCAO

A madeira das drvores vivas ou recém -
derrubadas apresentam alto teor de umida-
de, devido & absorgo ¢ circulagdo de dgua
¢ sais minerais advindos do solo. Este teor
de umidade tende a reduzir de modo espon-
tineo e lento, 3 medida em que as toras
aguardam o processamento. Cabe lembrar,
que o custo de transporte diminui com a
perda de umidade de madeira {Galvio e
Jankowsk, 1985).

Por outro lado a medida que se aumen-
ta o tempn de permanéncia da madeira no
campo cresce o custo do estogue devido ao
capital investido na preparagio das toras.

1. ORIETIV(S

2.1. (Mimizar o custo de estogue de madei-
A N0 campo com o custo de transporte (lo-
restal em duas diferentes regides do estado
da Bahia,

2.2, Fornecer subsidios & omada de deci-
sfhes no macroplanejamento das dreas in-
dustrial e Morestal.

3. METODOLOGIA

Visando atingir os objetivos propostos
determinam-se o custo de estocagem de
madeira processada no campo, o custo de
transporte de madeira imida e absolutamen-
te seca, o teor de umidade da madeira em
duas regidies diferentes e os custos lotais, O
periodo de andlise foi de 15 a 135 dias com
intervalos de 15 dias,
A1, Custo de estocagem de madeira
Para a determinagio do custo de
estocagem de madeira foram feitas as se-
guintes consideragdes
3.1.1. Espécie de Eucalipto - Urophylla x
Cirandis (Hibrido)
3.1.2. Comprimento da Tora - 5,50m

3.1.3. Produgdo Mensal de Madeira -
23,530 woneladas absolutamente seca (tas)
3.1.4. Custo Total de Produgdo da Colheita
Florestal US$ 20,90/tas

3.1.5. Taxa de Juros - 15% ao ano,

3.1 Determinacdo do Tear de Umidade

Usou-se para o caleulo de weor de umi-
dade da madera duas equagtes conforme
descnito por Gomes ef al. (5/T)) durante pes-
guasa realizada na Copener Florestal. A pri-
meira equagio fol desenvolvida para regido
de Inhambupe BA:

Umidade = 47,6618 - 0,400676 * T +
000171680 * T

A outra para regido de Entre Rios (BA):

Umidade = 46,3305 - 0,146888 * T +
0000508817 = T°

T - Mimero de dias da madeira em esto-
Que N0 cCampo.

3.3, Custo de Transporte (Transporte
mais Carga) de Madeira Umida Absolu-
tamente Seca

3.1.1. Consideram-se o custo de transporte
de madeira imida em LS5 8.15/1on para uma
distincia média de 120km.

3.3.2. O custo de transporte de madeira ab-
solutamente seca foi calculado pelo produ-
10 do custo de transporic de madeira imida
(USS B,15A0n) pelo wor de umidade nos
diferentes periodos.

3.4. Custos Totais

Os custos totais foram obtidos pela soma
dos custos de estocagem (1LI5%/1as) com os
custos de transporie de madeira absoluta-
menie seca (LIS351as) nos diferentes perio-
dos.

4. RESULTADOS E DISCUSSAO
Analisando-sc o Quadro |, observa-se que



Conferéneia ILFRO sobre Silviculiurs ¢ Melhoramento de Eucaliptos

na regidio de Inhambupe - BA a madeira per-
de 41,85% de umidade entre o 15° ¢ 135°
dia, o que acarreta uma reduglo de cusio de
transporte de 12,35% durante o mesmo pe-
riodo. Por outro lado o custo de estocagem
passa de LSS 0,1227ms no 15" dia  para
US$ 1,1274as no 135°dia () periodo gue
apresenta 08 MEnores  Cuslos Lodais esld
situado entre o 75" & 90° dia.

A Figura | mostra o comporiamento do
custo de cstocagem e transporte florestal
em funglo do tempo de permanéncia da
madcira no campo na regido de Inhambupe-
BA.

A Figura 2 apresenta os cuslos lolais
{estocagem e transporte ) em fungdo do tem-
po de permanéncia da madeira no campo na
regido de Inhambupe BA.

QUADRO 1. Custo de estocagem e transporte de madeira em fungfio do teor de umidade, na

regido de Inhambupe - BA.

Fstogue noe Cusio de lranspore Teor de Transporte  Cusios Tolas

Campo Estocagem  (UIS%Ton) Umidade (USETas) {US5Tas)

(Thas) (UU5%/Tas) (%)
13 LI b EI5 4L ) 1>’ T80
30 0,244 B.I5 3120 11,18 1142
45 0,369 £.15 33,13 10.85 11,21
L] 0,452 &5 2084 10,58 107
73 0,617 815 2132 10,37 10.98
a0 0,745 8,15 25,50 10.23 10,97
105 LET] &15 2463 10,15 1,02
120 0,999 8,15 24,45 10,14 11,13
135 L127 B.15 2445 10,14 11,26

FIGURA 1. Custo de Estocagem ¢ Transporte Florestal em Funglio do Tempo de permanéncia

da Madeira no Campo - Inhambupe BA.
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De acordo com o Quadro 2, nota-se que
na regifio de Entre Rios - BA, a madeira
perde 19,14% de umidade entre 15% e 135°
dia ocasionando uma redugio no custo de
transporie de 8,5%. () periodo que apresen-
{a o menor custo total é do 307 ao 60" dia.

A Figura 3 mostra o comporamento do

custo de estocagem e transporte florestal em
fungio do tempo de permanéncia da madei-
ra no campo na regido de Entre Rios - BA,

A figura 4 apresenia 05 custos tolais
{estocagem e transporie) em funglo do tem-
o de permanéncia da madeira no campo na
regido de Entre Rios - BA.

QUADRD 2. Custo de Estocagem e [ransporte de Madeira em fungdo do teor de umidade, na

regidio de Entre Rios (BA).

Estoque no Cusio de Transporie  Teorde Umidade Transporie  Cusios Tolas

Campo Estocagem  (USS%Ton) (%) (US55 Tas) (USS/Tas)

{Diias) (L15%/Tas)
T L1 b RIS HIHE 1.7 11,58
30 0244 15 4238 11,60 11,84
45 0,369 E 15 4075 11,47 11,83
ol 0,492 RIS 19,35 11,36 11,85
75 0617 B15 38,18 11,26 11.87
] 0,745 15 31773 11,18 11,92
103 0,871 E15 36,52 11,13 12,00
120 0,994 15 36,03 11,09 12,08
135 1,127 g5 15,77 1107 12,19

FIGLURA 3. Custo de Estocagem ¢ Transporte Florestal em Fungdo do Tempo de Permanéncia

da Madeira no Campo - Entre Rios - BA.
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5. CONCLUSOES

Com base nos resultados apresentados
conelui-se que:

Na regiflo de Inhambupe o periodo ide-
al de permanéncia da madeira no campo, nas
condigBes apresentadas ¢ de 75 a 90 dias
com um custo total médio de US$10,97/Tas.

MNa regifio de Entre Rios-BA, o periodo
ideal de permanéncia da madeira no cam-
po, nas condigBes apresentadas, é de 30 a
60 dias com um custo total médio de
LJSE11,B3/Tas.

Ha uma tendéncia de menores custos
totais da madeira na regifo de Inhambupe,
£IT UM mesmo més e a uma mesma distin-
cia média de transporte comparado 4 regido
de Entre Rios,
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PATTERN OF WATER EXTRACTION, WATER AVAILABILITY AND
GROWTH IN YOUNG E.globulus PLANTED WITH IFFERENT SPACING
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| Asgistant Professor at Instino Suprerior de Agronomia, Lishoa
* Associnted Professor s Institete Suprerior de Agronomia, Lishoa
! Gudusted in Forest Engeenier st Instinto Seprerior de Agronomia, Lisboa
! Asnistant at Fscola Superior Agriria de Beja
* Assistant al Institulo Suprerior de Agronomia, Lisboa.

INTRODUCTION

In mediterranic climates - as in the south
al Porlugal - water is assumed 1o be the most
important factor controlling productivily in
cucalypl (Pereira ef al. 1989, 1990), although
cucalypt plants are usually assumed 10 be very
cificient in what concerns water use (Percira
ef al. 1990 ; Tomé ef al. 1991, 1992 ) and
present root systems charactenised by high
plasticity (Fabifo ef al. 1987/1921). On the
other hand the amount of water available per
plant depends on the spacing (which in tum
influences also the pattern of the root systems
to explore the deep geological lavers of the
soil), onthe genetic charactenistics of the plant
as well as on the physical properties these
layers. The sandstone sedimentary rock
presents litological discontinuities and
sometimes a macroporosity favourable to the
development of the roots (Pacheco 1989).
What is the specific contribution of these layers
to the total amount of water used by the
eucalypt is not well know. There are obvious
difTiculties related 1o the study of this problem,
a4 there are no methodologies that are
simultancously precise and easy 1o handle, The
use of complementary methods as the predawn
leaf water potential, tree growth and root
mapping, can offer good hints to the global
understanding of this problem.

The objective of this work is 1o analyse
the relationship hetween the pattem of waler
extraction, the water availability and the growth
in young cucalyplus plantations, using data
from a spacing trial established in November
1994 that was intensively monitored during the
second growing season (March through
Oetober 1996). This study was restricted 1o
one of the three clones used in the trial, the
one that had exhibited higher growth rates
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during the previous year and, from the seven
spacing lested, 1o the 2x1, 3x3 and 4x4 m
spacings.

The soil water profile was monitored up
10 2,7 m and 3.8m decep using the neutronic
method and the pre-dawn water potential was
uscd as the physiological indicator. Individual
plant growth as a fimction of water availability
was analysed through the respective height and
diameter at the breast height (dbh).

MATERIAL AND METHODS

The experimental field, with 2 ha, is located
at the Agolada farm, Coruche, with geographic
coordinates of lat. 38*°57°N and long. 8*32"W
and climate Csa (Koppen). The mean annual
precipitation is 737 mm, concentrated in the
autumn-winter months, with a dry season from
May to October. The mean annual temperature
is equal to 21,5°C, with mean maximum and
minimum of 28,7°C (in the July and August)
and 5°C in (December and January),
respectively. The soils are Luvic Arenosols
(FAOMUNESCO, 1994), with several layers of
sandy textune infermixed with layers with higher
content of lime and clay and showing a high
proportion of coarse material of quartz nature
(A15-25% ). The sandstone layers, below 1,8
= 2,0 m, are sometimes strongly cemented by
ferric oxides and present about 30% of coarse
material (&>2mm), 65% of sand and no more
than 3% ol clay.

From the hydrologic standpoint the soils
show an infiltration rate that may range from
1510 25 mmvh (method of the double ring) and
a saturated hydraulic conductivity (Ghelp’s
méethod ) from 15 mmvh at surface to 30 - 100
mm'h in the intermediate layers and 1| mm/h in
the sandstone layer. The available soil water
estimated in the field up to 2 m of depth ranpes
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from 160 to 250 mm,

The experimental ficld was established as
asplit-plot with two blocks. Several aluminium
tubes were installed up to the depthof 2,7 m
and, in some cascs, up to the depth of 3,8 m w
maonitor the soil water profile, In the 2x1
spacing there are tubes at 0,5 m and 1,0 m
from the plant with two replicates per block,
In the 3x3 spacing there arc two additional
tubes at 1,5 m from the plant as well as in the
4x4 spacing in which there are also two
additional tubes at 2,0 m from the stem of the
plant To summarise there is a total of 36 tubes,
14 in each block, from which 24 were installed
upto 2,7 m of depth. Most of the tubes were
installed during the period from January to
March with the exception of thres tubes among
the 3,8 m of depth (those from block 11}, which
were reinstalled later, in order to get the
pretended depth, The results of these three
tubes were therefore not used in this work.

Each plot, included in the study, has 10
plants (2 rows af § plants) surrounded at least
by 1 row of border plants and the tubes were
randomly distribuled around these 10 plants.
Thez soil water profile was monitored every two
weks with neutron probes { Trosder 4300 and
Solod0) although the data used here had been
agpregated by monthly periods, The dates
selected are May 24 (D1), June 21 (D2), July
16(D3), August 16 (D4) and October 10 (DS).
Last significant rainfalls oceurred some days
before the date D and no efficient rainfalls
occurred during the study period except
oecasional rainfalls in September that slightly
watered the first 0,2 m of the soil. The water
kinetic up to 2,7 m deep was studied in bare
soil protected against evaporation. The
infiluration rate was measured using the double
ring method associaled W newtron probe. The
siturated hydranlic conductivity for dilTerent
layers was evalusted with Ghelp's method, Pre-
davwn watcr potential was measured in 3 plants
per spacing (2 leaves per plant) with a
Schaolander pressure chamber. Individual tree
height and diameter measurement took place
every month, The hlocks were estahlished
along the contour with the objective ol
minimising the heterowenety inside the blocks.
After the trial was established, however, it was
still found a considerable variability inside cach
block. A preliminary analysis of the data on
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soil waler profile at different distances from
the plant showed that, with the exception of
the tree tubces installed at 2,0 m of the plant
{4x4 m spacing), no significant differences
between the tubes related with plant position
were found. Thercfore the analysis of the
pattern of waler extraction, the amount of
waler used per plant, the pre-dawn leal water
potential and the tree dimension presented on
this work is based on the respective mean value
per plot. The total amount of water used per
plant was computed according to the difference
between the dates D1 (close to the field
capacity) and D5 (maxinmum dissecation, close
tor the beginning of the next rainy period).

RESLULTS AND DISCUSSION

Results from the studies about drainage in
sandstone lavers, on bare soil prolected against
evaporation conditions, showed that there is
ng changes in waler conlent along the five
munths afler the rainy period.

Figures | shows the pattern of the waler
extrachion along the study period (May 24
through October 10) for all block T tubes
installed at 0.5 m from the plant. It can be seen
that in this block the cucalyptus cxplores water
in all the depth studicd, using during August
and Scptember almost only the water available
below 1,5 m of depth. The contribution of the
deeper lavers begins 1o be impontant from July,

Figurc 2 presents the mean soil water
profiles for the different blocks and spacings
up to 2,7 m decp. It can be seen that in some
cases there is extraction of water (block 1)
below the 2,7 m while in others cases there is
no significant extraction of water from the
sandstone layer (block 11). The analysis of
topography factors show that the plots lrom
block | aneat aslighily higher elevation { 200,5
- 202,5m) than the plots from block 11 (196 -
198m). The slope between extreme plots
ranges from 4 1o § %,

The analysis of the mean soil water profiles
per block and for the different distances o plant
{ graphics nol presented ) showed that for block
I the use of water from the deeper laver
decreases gradually from the 0.5 m to the 2,0
m position. It can also be observed that the
use of water from this later position is smaller
than from the others positions. In contrast it
can be seen that in block 11 the eucalyprus is
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not able w extract any water below the depth
of 2,2 m, with a subsequent smaller amount of
total water available, for equal soil depth, than
in the block | (with an exception for the 1.0 m
position). It is also apparent the fact that the
more intense use of the soil water is mainly, &
least in same cases, between the dates D] and
D2 {May 24 and June 21, respectively).

The relaticnship between the predawn
waler potential and the amount of available
waler, expressed in dm? per plant, is shown in
ligure 3. Il can he seen that the minimum
potentials vary between (0,6 and 0.8 MPa for
the wider spacing and can he as low as 2.8
MPa for the closer spacing. A comparnson ol
plots in figures 3 and Nigure 2 suggest that the
cvolution of pre-dawn leal water potential is
more related with the pattemn of soil water
extraction than to the total amount of water
available. From the plant growth standpoint,
the more favourable water profile is the onc
observed in block IL 3x3 spacing with a high
leaf water potential until August (D4),
decreasing abruptly from than. In fact, figure
2 shows that the volume of water extracted
from the soil layer between 1,2 and 2,0 m is
very high in comparison with the other situations
ohserved. Taking into account that it has a
sandy texture, the soil energy for water
retention is very low, justifying the high leaf
water potential. Most probably this layer is
located above a sandstone layer with very low
permeability, possibly with a physical obstacle
hindering the lateral movement of water giving
origin o a sone of waler accumulation highly
favourable to plant growih. A different
situation, still for block 11, is shown in figure 3
for 4x4 spacing in which there is a drastic
decrease of potential between the dates D1
and 132 from 0,07 to 0,5 MPa, in approximately
I month. This fact is also explained with the
evaluation of the soil water profile. As can be
seen, almost all the water availahle is used
between the (wo referred dates. From then
the leal water potential does nol decrease as
much because the roots an explore the decper
s0il layers. Another extreme situation is shown
for block 1, 2x] spacing: The leaf water
petential is very high untl the date 132 and from
then decreases abruptly to the potential of 2,8
MPa, value which is much lower than the
observed for vthers plots. The analysis of the
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respective soil water profile in figure 2 shows
that between the dates D1 and D2 the plant
could use a great amount of water extracted
from the soil was still high with no significant
contribution from the deeper soil layers. From
123 (July 16)the plant began the exploration of
these layers and the leaf potential decreased
accordingly first from 1.2 10 2.2 MPa (July -
August)and later from 2.210 2.8 MPa {August
= [dctober). The plant, heing able to use water
from the deeper layers, does not use a strategy
of stomata control.

Mean individual three height and dbh
growth are plotted agaimst the (ol amount of
waler available used duning the same penod in
Figure 4. With the exception of one of the plots
from block 11, 4x4 spacing, there 15 a clear
relationship between water used and height
{Figure 4A); there is also a commespondence
between water use and dbh growth, although
it is not as clear as with height growth {Figure
4B).

Figure 5 shows individual tree height
growth as a function of water consumption per
plant relative to the periods June - July and
August - September. During the first period,
with higher water availability, the relationship
between tree growth and water use is not clear,
although two levels of tree growth are visible
separating the closer (2x1) from the wider
spacing (3x3 and 4x4). The plot with 4x4 m
spacing in block 11 is again an exception. [n
the second period this relationship is much mone
evident with a clear higher growth rate in the
twi plols with higher amount of water available,
irrespeclive of the spacing,

CONCLUSIONS

The present study shows that the vanability
present in sandstone sedimentary rock layers
makes the traditional statistical analysis not
applicable to this study case. ‘The graphical
analysis of the results for each one of the 6
observed plots, however, jointly with the study
of the particularitics that characterise soil in
cach plot, allowed the establishment of some
important relationships.

In the sets of the experimental design the
hlocks were installed along the contours as it
is usual Lo minimise internal variability, The
analysis of the soil water profiles at field
capacily measured in several tubes show,
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however, that the geological layers are more
homogeneous along the slope. The data show
that in spite of the fact that most of the rools
can be found in the superficial layer of the soil
{Fabilio er af 1991, Pereira et al 1991), the
cucalyptus do also explore the deeper lavers
{up to 1.5 m) immediately after the humid
period. This fact justifies the high predawn leafl
water potential directly related 1o the humid
s0il volume (higher energy) that is explored by
the roots, related more to the pattem of water
extraction than to the total amount of water
available per plant, which depends on spacing
and controls individual three height and dbh
growth, although the relationship is not linear.
The correlation is more evident for height than
for the dbh growth. Height increments
observed in the period in which the more easy
water i5 used (June, July) shows a greater
waler use elficiency by spacing 2x1 in
comparison W the other spacings tested. This
fact is emphasised by the analysis of height
growth during the period with less water
available in which larger growth is clearly
related to larger amounts of available water
although at lower water use efficiency.
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POTENCIAL HIDRICO E CONDUTANCIA ESTOMATICA DE Eucalyprus
camaldulensis, E. pellita e E. wrophyila NO SUDESTE DM BRASIL
HYDROLOGICAL POTENCIAL AND STOMATAL CONDUCTANCE OF E.
camaldulensis, E. pellita, E.urophylla INSOUTHEASTERN BRAZIL
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RESUMO

As relagdes hidricas de Ewcalypius
camaldwlensis, £, wrophylla e E pellita
foram estudadas, em condighes de campa, em
plantas com idade vanando de 14 226 meses,
estabelecidas nos espacamentos 3x 1, 5m, 3xdm
€ 3xdm, na regdo de cemmado, em Trés Manas,
Minas Gerais. Essaremao ¢ caractensada por
apresentar deficiéncia hidnica elevada, o que
justifica a selegio de espécies com base no
uso de dgua ¢ a definigio de espagamento
adequado para maximizar a produtividade
florestal. O potencial hidrico ¢ a condutiancia
estomatica foram medidos nos meses de
margo, agosto, outubm ¢ dezembro/0 ¢ mangod
91, As medigoes foram rcalizadas as 8:00,
13:00 ¢ 17:00 horas. Todas as cspécics
apresentaram comportamento similar relativo
a potencial hidrico na planta, tendo sido
abservado um alto potencial hidrico antes do
amanhecer, que decresceu ao meio dia. A
recuperagio dtarde foi muite lenta durante a
estagho seca e muito alta durante a estagio
chuvosa, No espagamento de 4x3m, o potencial
hidrico das plantas fof muito menor que para
us plantas nos oulros dois espagamentos para
E. camaldulensis ¢ E pellita  comparado
com E wrophylla nesta fixa de idade,
possivelmente cm razfio de sc ter melhor
cobertura do solo pela copa das plantas de £
uraphylla. A condutincia estomdtica ¢ a
transpiragho foram muito menores para £
cemalaulensiy do que para outras espécies
a0 longo do diae £, pellita apresentow o penda
de dgua mais elevada, independentemente da
hora do dia ¢ estagio do ano. £ wrophdla
apresentou a condutincia estomatica mais
elevada pela manhi, o que foi similar para E.
pellita, e, com o aumento da temperatura do
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ar, a condutincia estomdtica da primeira
espécie decrescen rapidamente, mas ainda
permaneceu mais elevada do que para E.
camaldulensis. Nos espagamentos mais
amplos, a condutincia estomética foi maior
que para plantas no espagamento 3x1,5m, para
todas as espéeies, provavelmente devido a uma
menor compeligio entre as plantas. Em
conclusiio, E camaldulensis e E wrophylla
siio melhor mdicadas para serem plantadas na
regido de comrado, em raziio de sua habilidade
de controlar as perdas d’dgua, quando
comparadas com E. pellifa, ¢, plantagies
densas devem ser evitadas onde a dgua
constitui-se em fator limitante para o
crescimento das plantas.

1. INTRODUCAD

A topografia ¢, micialmente, o baixo custo
¢ a disponibilidade de terra na regidio dos
cerrados fizeram com que essa regifio
apresentasse grande potencial de exploragiio
agropecudria ¢ florestal. Entretanto, os solos
dessa regidio podem limitar o crescimento das
plantas, principalmente devido a sua baixa
fentilidade e disponibilidade de dgua. A baixa
disponibilidade dgua para as plantas ¢
conseqiéncia de uma precipitagdo baixa e
irregular, extensos periodos de seca e, ou, alta
permeabilidade apresentada pelos solos
ArCTOSDS, JUE OCUPAm cxlensas dreas na regilio
sob vegetagio dos cerrados (RANZANI,
1971; LOPES, 1983).

A definigdo dos espagamentos no sclor
flarestal na regifio de cerrados ainda motivo
de conlrovérsia, uma vez que deverd ser
alterada a depender, principalmente, da espécie
¢ da dispomibilidade de dgua e nutrientes
daqueles sitios. A definigio adequada desses
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espagamentos dever apresentar implicagdes
silviculturais, tecnologicas e econdmicas
{BALLONI e SIMOES, 1980), justificando
estudos mais detalhados sobre esse assunto,

Em razio da acentuada deficiéncia hidrica
e nutricional a que as plantas da regidio dos
cerrados estlo submetidas, € importante, dentre
outros, que se defina uma adequada densidade
populacional para o estabelecimento de plantios
Norestais, Fssa densidade populacional deve
ser também adotada com hase nas respostas
figiologicas das planias, de modo a garantir a
maxima produtividade das Norestas de

Eucalvpius,
O presente estudo visa determinar as
relagdes hidricas de  Ewcalyprus

camafdulensis, E. uwrophyilla ¢ E. pellita, ao
longo de um ano, envolvendo as cstagbes
chuvosa ¢ seca, de modo a obter subsidios para
methor definir o espagamento ideal para cada
espécie.

2. MATERIAL E METODOS

) experimento foi estabelecido na regido
de Trés Marias-MG, utilizando-se plantas de
um ensaio de espacamento de Evcalyptus spp
da Pains Florestal S.A_, implantado em janeiro
de 1989. Evcalyprus camaldulensis, E.
pellita e E. urophylla foram estudadas por
serem consideradas espécies importantes na
produgdo de carvAo vepetal nagquela regifio.
As plantas desse experimento encontram-se
dispostas no campo nos espagamentos de 4,0
% 3,0m {12m/planta), 3,0 x 3,0m (9,0m*planta)
e 1,0 % 1,5m (4,5m*/planta), num delineamento
experimental de blocos casualizados, com trés
repelipies,

Ay determinagies relativas ao polencial
hidrico € condutdincia estomética das plantas
foram avaliadas nas seguintes datas: 16/03/90,
01/08/90, 05/10/90, 27/12/90 ¢ 30/3/91. O
patencial hidrico foi determinado por meio de
uma homba de presso (SCHOLANDER et
alii, 1965) e a condutincia estomiatica foi
determinada na superlicie abaxial das folhas,
utilizando-se o pordmetno de dilfusdo LI- 1600,
Exsas medigdes foram realizadas ds 7:30-8:30
horas, 12;30-13:30 horas ¢ 16:30-17:30 horas.

3. RESULTADOS E DISCUSSAQ

AL Relaghes hidricas da planta em Tungiio
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da espécie

) potencial hidrico das plantas manteve-
se estivel nas primeiras horas do dia, tendo
ocorrido, posteriormente, uma redugdo
driistica, com o minimo acontecendo, de modo
geral, apds o meio dia (Figum 1), ocasilio em
que ocorre a maior demanda evaporativa, em
razdio de uma maior lemperatura do ar, A
capacidade de recuperagiio do status hidrico
na final da tarde vanouw em fungiio da espécic
¢ da épocado ano, 0 que possivelmente csteja
relacionado com a disponibilidade de dgua no
solo ¢ mesmo com a drea foliar ¢ controle
estomatico das espécies. Nos meses de margo
¢ outubro de 1990, quando ocorreram periodos
de scca pronunciados antecedendo as
avaliagdes, foram observados decréscimos
mais acentuados nos valores do potencial
hidrico ao longo do dia. Essa resposta acontece
em razdo de ocorrer tma maior quantidade de
dpua sendo liberada através da transpirago
em comparagdo com a quantidade de dgua
sendo absorvida pelas raizes. MNessas
condigies, desenvolve-se um aumento na
tensdo de dgua no interior da planta. Nas
avaliapdes realizadas em agosto e dezembro
de 1990 e mar¢o de 1991, quando ocorreu
maior disponibilidade de dgua nos dias que
antecederam as mesmas, as variagdes no
potencial hidrico duranie o dia foram reduidas,
mas, mesmao issim, observou-se tendéncia de
decréscimo no meio do dia e recuperagio ao
final da tarde. A baixa recuperagiio observada
no més de dezembro possivelmente deveu-se
a0 falo de s¢ ter dias mais longos nessa época,
ou seja, guando da altima medigio realizada
#s dezesscie horas a demanda cvaporativa
ainda sc aprescntava elevada.

E possivel, também, observar que E
camaldulensis e E. pellita tenderam a
apresentar queda mais brusca do potencial
hidrico nas primeiras horas do dia em
comparaglo com E wrophylla, quando as
avaliaghes foram realizadas em épocas
posieriores a periodos de seca mais intenso,
Mo entante, 4 noite, essas espécies
apresentaram pronta recuperagio do seu
potencial hidrico. De um modo geral, o £
urophylla foi capaz de manier o potencial
hidrico mais elevado por um periodo maior do
dia, em comparagio com as ouviras duas
espécies. Quando as avaliagdes foram
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realicadas em periodos com maior
disponibilidade de dgua, nilo foram registradas
diferengas significativas entre as irés cspécics,
em relagio ao potencial hidrico da planta.

A magnitude das difercngas na
condutéincia estomédtica das cspécics
estudadas variou em fungdo da hora do dia
(Figura 2). Houve, também, variagio nessa
magnitude em funglio da época do ano, o que
ocorTey em consequéncia da variagio na
disponibilidade hidrica no solo no periodo que
antecedeu as avaliagies. No més de outubro,
gquando ocorreu um longo periodo sem
precipitagio, as plantas das trés espécies
apresentaram condutincia estomatica muito
baixa ao longo de todo dia e, nessa época, o
status hidrico (Figura 1) das plantas era muito
haixo. Os valores de condutincia estomatica,
s treze horas, de £ pellita, E urophyila e
E. camaldulensis atingiram 62, 31 ¢ 14
mincles.m’.s" nessa avaliacio. Por outro lado,
em margo de 1990, esses valores foram bem
tnais elevados, atingindo 450, 280 ¢ 200
mmales.m”.s" para essas espécies, I, também,
inleressante notar que no meés de margo de
1990 a condutincia estomitica, principalmente
de E pellita e de E wrophylla, Toi mais
elevada do que em margo de 1991, Uma
possivel explicaglio para esse comporamento
deve estar relacionada com o crescimento do
siglerna radicular bem como com a drea foliar
das plantas, A produgiio de folhas e de raizes,
quando do inicio do expernimento, aos 14 meses
de idade, cenamente ainda ndo tinha atingido
0 $¢U mAximo, ou seja, ndo estava ocorrendo
competigio intensa por dgua, entre as plantas,
nesta idade.

A condutdncia estomatica variou também
com a espécie. £ camaldulensis fol a espécie
que apresentou os menores valores de
condutiineia estomitica tanio na época de
maior disponibilidade de dgua quanio na época
de deficiéneia hidrica, £ camaldulensis foia
espéeic mais elicienic no controle estomatico
da perda de dgua, em comparagio com as
demais estudadas, principalmente quando se
leva em consideragdo que as folhas dessa
espécie apresentam pralicamente o mesmo
nimero de estdmatos nas duas faces foliarcs
(REIS ¢ REIS, 1991). E. pellita foi a espécic
cujos esldmatos se mantiveram mais aberios,
comparada com as outras duas espécies, ao
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longo do dia, em todas as épocas de medigio.
Essc resultado sugere que, dentre as trés
espécies estudadas, £ pellita seja menos
eficiente no uso de dgua pois apresentou
grande consumo de dgua e a menor produgio
de biomassa devido ter apresentado altura bem
inferior is demais espécies.

3.2, Relagdes hidricas das planias sob
diferentes espagamentos

Para todos 0s espagamentos houve uma
tendéncia a recuperagio do potencial hidrico
das plantas depois deste atmgir niveis bastante
baixos, a5 treze horas. Meste horirio, em geral,
a planta esta submetida a uma intensa demanda
evaporaliva, 0 que estimula uma maior perda
de agua pela planta. Observando-sc a
inclinagiio das curvas de potencial hidrico,
pode-se depreender que, nas plantas
eslabelecidas em cspagamentos mais amplos,
hi uma tendéncia de ocorrer maior redugio
de potencial hidnco (s treze horas), mas a
sua recuperag 3o foi mais rapida. Esta resposta
talvez se deva ao fato de as plantas
cstabelecidas em espagamentos mais amplos,
no cstadio juvenil, conseguirem desenvolver
uma area foliar por planta maior do que aguela
aprescntada pelas plantas estabelecidas em
cspagamentos mais densos. Tambem pode ser
devido a uma maior produgdo de raizes finas
mais d superficic do solo, que afetam o status
hidrico do mesmo além de cobertura do solo
deficiente sob a copa das drvores. I esperado
que, com o passar do tempo, haja uma maior
interagdo entre as plantas, ém consequéncia
do dezenvolvimento de um intenso processn
competitivo tanto a nivel de parte adrea guanto
a nivel de sistema radicular. Por esta ocasillo,
as plantas estabelecidas em cspagamentos
mais compactos deverdlo ¢ apresentar em
desvanlagem, em razdo da drea explorada scr
proporcionalmente menor, implicando em uma
maior dificuldade de abastecimento de dgua,
nutrientes & huz para suprir as necessidades da
planta.

As respostas de polencial hidrico para
plantas em diferentes espagamentos foram de
certo modo bastanie similares, ao longo do ano,
Em agosto ¢ dezembro de 1990, noentanto, £
pellita, principalmente o estabelecido no
espacamento 3,0 x 4,0 m, foi incapaz de
restabelecer o potencial hidrico ao final das
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tardes, a0 passo que tanto para E
comaldulensis quante £ wrophylla houve
umi nitida recuperagho do status hidrico.
Dentre outros, essa resposia de E pellita
indica o deficiente controle estomdtico da
perda de dgua por esta espécie.

O controle estomdtico variou com a
espécie, o espagamento e a hora do dia. Fm
média, E. pellira apresentou maior
condutincia estomética do que E wrophylia
e, este, uma maior condutincia do que E
camaldulensis, conforme discutido
anteriormente. Estes resultados de condutiincia
estomdtica em conjunto com os valores de
transpiragdo podem indicar uma habilidade
diferencial no uso de dgua dessas trés espécies.

Até a idade de 26 meses, niio foi possivel
detectar uma consisiéncia nitida da influéncia
dos espagamentos sobre a condutincia
estomdtica das plantas das trés espécies.
Ohservou-se uma tendéncia de maior
condulfincia estomatica quando as plantas dag
trés espécies foram estabelecidas mos
espagarmentos mais amplos (3,0 x 3,0me 3,0 x
4,0m). E certo gue esta € uma idade em que
a8 plantas apresentam pouca limitaglo de
crescimento, ou seja, a competigdo entre
plantas possivelmente ainda seja pequena
nesses espagamentos mais amplos havendo,
portanto, maior disponibilidade de dgua para
cada planta, E de se esperar que nos anos
subscquentes essas diferengas enlre
cspagamentos diminua. Mo més de outubro,
em razdo de ter ocorrido um longo periodo de
estiagem antes das avaliagdes, ocorreu
fechamento dos estdmatos das plantas nos trés
espagamentos, Os valores de condutincia
estomitica foram inferiores a B0 mmoles.m’s
I, a0 meio dia, para todas as espécies em todos
os espagamentos, nllo tendo ocorrido
diferengas significativas entre as diferentes
indicam gue os estdmatos se encontravam
fechados havendo, entfio, predomindncia da
condutincia cuticular, conforme relatado por
REIS e HALL {1986),
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RESUMO

As relagbes hidricas de Ewcalyprus
camaldulensis ¢ Eucalyprus pellita, nos
espagamentos 9x%m, 6xdm, 3x3m, IxZm e
3xlm, foram avaliadas acs 5 1(janeiro), S6(ju-
nho), 39(sctembro) e 64 fevereira) meses
de idade, na regido de cerrado, Estado de
Minas Gerais. Em todos os espagamentos
¢ época de avaliagio, exceto em setembro,
época de maior deficiéncia hidrica no solo,
na regide de estudo, as plantas apresenta-
ram redugdo do potencial hidrico 4s treze
horas, seguida de uma recuperagio no final
da tarde. No entanto, nos espagamenlos
mais adensados, as plantas de ambas espé-
cies foram incapazes de restabelecer o po-
tencial hidrico no final da tarde. E.
camaldulensis apresentou valores de
condutincia estomdtica e transpiragio in-
feriores dqueles observados para E pellita,
sendo que a diferenga entre as espécics foi
menar na época de acentuada deficiéncia
hidrica, e principalmente apds o meio-dia.
As plantas estabelecidas no espagamento
x%m apresentaram maiores valores de
condutiincia estomitica do que aquelas dos
demais espagamentos, em razio de estarem
explorando maior volume de solo. Estes re-
sultados demonstram que £ pellita ¢ uma es-
pécie que niio tolera défice hidrico no solo e,
que, para essa espécie, devem ser adotados
eSpagamentos superionss a 3x2m.

1. INTRODUGCAO

A maioria dos plantios de eucalipto tem
sido realizada na regifio de cerrado, que apre-
senta grande limitagdes ao crescimento das
plantas, em razfio da baixa precipitagio c,
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principalmente, da sua distribuic3o irregular,
gerando acentuada deficiéncia Ind rica
(GOLFARLI, 1975).

Plantas gue sc desenvolvem em solos com
baixa disponibilidade de dgua. em peral, apre-
sentam potenciais hidricos mais baixos, o gue
pode afetar virios processos metabdlicos,
como a movimentagdo dos estématos, o que
limita a perda de dgua e a fixagdo de CO2
(REIS e HALL, 1987; REIS et al., 1988).
Deessa forma, os mecanismos que previnem a
tensdo hidrica interna das plantas quase sem-
pre sdo incompativeis com a produglio vege-
tal. Algumas espécies, no entanto, so capa-
zes de suportarem deficiéncia hidrica acentu-
ada, sem que haja fechamento total dos
esidmatos, permitindo que a fixaglo de CO2
ocorra, mesmo sob variagdes acentuadas no
contetido hidrico da fotha (LEVITT, 1972).

Espagamentos inadequados pode acentuar
os efeitos da deficiéncia hidrica sobre as plan-
tas diminuindo a produtividade das florestas,
em razio da intensa competiglo
intraespecifica, desenvolvida por fgua, nutri-
enles, luz ¢ espago ou da subutilizagllo do
sitio, O conbiecimento das relagdes hidricas,
dentre outras, auxiliard na definiglio dos
cspagamentos mais adequados para as espé-
cies florestais, visando & wilizaglo desses fa-
tores de maneira mais desejdvel para cada si-
tuagdo, de modo a aumentar a eficiéncia pro-
dutiva das plantas.

O presente trabalho tem como objetivo
determinar as relagdes hidricas de Evcalyptus
camaldwulensis e E pellita, ao longo do ano, de
modo a obter subsidios para definir espécie ¢
cspagamento mais apropriados para a regifio
de cerrado.
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2. MATERIAL E METODOS

0 experimento  eénvolvendo E,
camaldufensiy e E, pellita foi instalado na Fa-
zenda Patagdnia de propriedade da
Mannesmann FI-EL Florestal Lida, na regidio
de cerrado, localizada na regidio noroeste do
estado de Minas Gerais, no municipio de Jodo
Pinheiro, situada a | To00" de latitude sul e
45050" de longitude oeste ¢ altitude aproxi-
mada de 520 m (OLIVEIRA etal., 1990). O
clima da regifio € classificado como tropical
seco-subimido, com temperatura e precipi-
tagdo média anual 230C e 1100 mm, respecti-
vamente, sendo o perlodo de chuvas concen-
trado nos meses de verdo e final da primave-
ra, ocasionando um déficit hidrico de T0-140
mm (GOLFARL, 1975). O solo predominan-
te da frea ¢ classificado como latossolo ama-
relo de lextura franco arenosa, que apresenta
baixa fertilidade & baixa capacidade de reten-
géio de dgua.

As relagdes hidnicas de drvores de £,
camaldulensis ¢ E pellite, cullivadas nos
espagamentos 9x%m, 6x4m, Ix3m, Ixdm ¢
3x1m foram avaliadas nas idades de 51 (janei-
o/93), 56 (junho/93), 59 (selembro93) ¢
6d( fevereirn™4) meses, em folhas wialmenic
expostas, de galhos da posigio mediana da
copa de trés plantas por tratamento. O po-
tencial hidrico do xilema foi determinade, uti-
lizando-sc a bomba de pressio, antes do ama-
nhecer (5 horas) ¢ 45 9, 13 ¢ 17 horas, para
obter variagdes diarias do potencial hidrico
das plantas. As medidas de condutincia
estomitica foliar foram tomadas, exceto is 5
horas, concomitantemente, as medigies de
potencial hidrco, uilizando-se porimetro de
estado estacionirio (L1-1600, LICOR).

3. RESULTADOS E DISCUSSAO

Em ambas espécies, o potencial hidrico
das plantas {oi mais elevado antes do ama-
nhecer ¢ no final da tarde, cm todos os
espagamentos ¢ épocas de mediglo esiuda-
dos (Figuras 1 e 2). O decréscimo acentuado
de potencial hidrico ocorrido por volia do
meio-dia coincide com o aumento da tempe-
ratura ¢ diminuiclo da umidade relativa do ar
(Quadro 1), conseqiiéneia da defasagem entre
a perda de agua pela transpiragio ¢ a laxa de
absorgio pelas raizes (KOZLOWSKI,
KRAMER ¢ PALLARDY, 1991). Nessa con-
digdo, em que ocorre defasagem entre absor-
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¢lo de dgua pelas raizes ¢ perda através dos
estimatos, a temperatura da folha se eleva,
promovendo quase sempre o fechamento dos
cstdmatos. Além disso, alta radiagio ¢ eleva-
do défice de saturagio de dgua na atmosfera
contribucm para reduzir o potencial hidrico
da folha ao meio-dia. As plantas sempre re-
cuperaram o potencial hidrico no final da tar-
de. Segunde SCHULZE (1986), o
restabelecimento completo ou parcial da
turgescéncia, no final da tarde e i noite, & im-
portante em plantas lenhosas, porque, entre
oulres aspectos, se a dgua extraida durante o
dia n3o for reposta 4 noite, o volume de ele-
mentos condutores funcionais poderd ser
progressivamente reduzido.

Os valores de potencial hidrico foliar,
anies do amanhecer, encontrado nesie traba-
Tho, foram mais negativos que os delermina-
dos por oulros aulores, com plantas de
Eucalyptus, provavelmente porque as plan-
tas usadas no presente trabalho sfo mas ve-
Ihas. Para E. wrophyila com idade de 26 me-
ses, GOMES ( 1994) encontrou valores de -
0,3 ¢ -0,7 MPa nos pcriodos de elevada e de
baixa disponibilidade de dgua no solo, respec-
tivamente. OLIVEIRA NETO({1996) obser-
vou valores médios de -0,4 MPa na época de
maior precipitagio ¢ de 0.7 MPa na época de
menor precipitagdo em plantas de E
camaldulensis, aos 21 meses de idade. Estes
autores trabalharam em regido ¢ solo seme-
Ihantes ao do presente trabalho.

E camaldulensis apresentou valores de
potencial hidrico 4s 13 horas, ligeiramente
superior ao de £. pellita, mas tendo uma me-
lhor recuperagio nos finais das tardes. Essa
capacidade das plantas de £ caomaldulensis
recuperar o potencial hidrico nos finais das tar-
des &, provavelmente, por esla espécie apre-
senlar um sisterna radicular com @ riz pivolante
mais profunda, permitindo absorgio de dgua a
muaiores profundidades no solo, principalmen-
ie, nos meses de menor precipitagio, confor-
me foi também observado por AWE et al,
{1976) ¢ REIS e HALL { 1987), em plantas de
E camaldulensis. REIS e HALL (1986a)
mencionam que um nimero bastante reduzi-
do de raizes, atingindo umidade das camadas
mais profundas do solo, em condigdes de acen-
tuada deficiéncia hidrica no solo, sdo sufici-
enics para manicr um clevado “status™ hidrico
da planta antes do amanhecer.
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QUADRO 1. Valor médio da temperatura ¢ umidade relativa do ar, ao longo do dia, em diferenies

épocas do ano, em Jodo Pinheiro, MG,
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FIGURA 1. Potencial hidrico foliar em plantas de E. camaldulensis, com idade de 51 a 64 meses,

nos cspagamentos de Yx%m, 6xdm, 3x3m, 3x2m e 3xIm, em Jodo Pinheiro, MG,
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FIGURA 2. Potencial hidrico foliar em plantas de E. pellita, com idade de 51 a 64 meses, nos
espagamentos de 9x%m, Gxdm, 3x3m, Ix2m e Ixlm, em Jodo Pinheiro, MG.
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Através de medigho efetuada em janciro
de 1993, evidenciou-se recuperagio do poten-
cial hidrico das plantas ao final da tarde, para
todas as plantas, exceto aquelas no
espagamento mais fechado (3x1m). Esta res-
posta permitir inferir que ji estava ocorrendo
elevada competiglio entre as plantas, pelo uso
da dgua, nos espagamentos mais densos, mes-
mono periodo de maior disponibilidade hidrica.
Em junho de 1993, ocorren gradual redugio
do potencial hidrico das plantas, principalmen-
te, no hordrio de 13 horas, periodo de maior
demanda evaporativa, Em vista da baixa dis-
ponibilidade hidrica no solo, nesta época do ano,
as plantas de £ caemaldulensis, nos
espagamentos inferiores a 3x3m, e de £
peflita, nos espagamentos inferiores a 3x2m,
apresentaram potencial hidrico em tomo de -
2.0 MPa, 4s 17 horas, exibindo baixa capaci-
dade de recuperagio ao final da tarde. No en-
tanlo, as plantas em espagamentos mais am-
plos recuperaram rapidamente o polencial
hidrico no final da tarde. MNa época de maior
défice hidrico no solo (setembro de 1993), as
arvores de E. pellita sob os espagamentos 3x2m
¢ 3x1m apresentaram potencial hidrico inferi-
or ao apresentado pelas plantas nos demais
cspagamentos, mesmo antes do amanhecer,
certamente em conseqiiéncia do elevado défice
de dgua no solo. Praticamente, néio foram ob-
servadas diferencas das respostas das planias
nos viirios espagamentos, na avaliaghio de po-
tencial hidrico, em fevereiro de 1994, prova-
velmente em decorréncia de uma suficienie
disponibilidade de dgua no solo.

No periodo de chuvas mais abundantes
(janeiro ¢ fevereiro), as drvores de ambas as
eapécies apresentaram maiores valores de
condutineia estomitica, por volta das 13 ho-
ras, vindo a reduzir-se no final da tarde (Figu-
rid 3 ¢ 4), em razlo do fechamento dos
estdmatos promovido pela lemperalura mais
clevada do ar e da folha € menor incidéncia de
luminosidade nas folhas, Nas mediges de ju-
nho e setembro de 1993, em raziio da baixa
disponibilidade de dgua no solo, principalmen-
te em setembro, quando foram registrados 104
dias consecutivos sem ocorréncia de chuvas
na Area experimental, as drvores apresenta-
ram condutincia estomatica redurida, sendo
que 08 valores mais elevados foram observa-
dos pela manhi. Certamente gue nesta época
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de acentuada deficiéncia hidrica, a planta mes-
ma mantendo os estdmatos fechados, a perda
de dgua estava ocorrendo, principalmenie,
através da cuticula, conforme relatado por
REIS & HALL { 1986b). Esse comportamento
estomdtico, por volta do meio-dia, pode ser
explicado pelo aumento na eficiéncia do con-
trole estomético. Nos meses de maior disponi-
bilidade hidnca no solo o movimento cstomdtico
€ mais inlenso e favordvel i sua abertura. Por
outro lado, nos meses de menor disponibilida-
de de dgua no solo (junho e setembro) os
cstimalos s¢ mantiveram praticamente fecha-
dos nos hordrios de maior demanda
evaporativa, evilando, assim, severa
dessccagio dos lecidos, visto que a absorgdo
de dgua pelas raizes & relativamente baixa.

E camaldulensis sempre apresentou
condutincia estomatica inferior dquela obser-
vada para E. pellita, sendo a diferenga entre
as espécies menor na época de acentuada de-
ficiéncia hidrica ¢ apos o meio-dia, quando a
temperatura do ar clevava-s¢ e a umidade do
ar decrescia (Quadro 1), aumentando a de-
manda evaporativa. Estas diferengas nas res-
postas estomaticas destas duas espécies, ob-
servadas no presente trabalho, corroboram
com os dados de GOMES (1994), em condi-
¢des de cerrado, demonstrando que E. pellita
por manter os estdmatos abertos, indepen-
dentemente se havia ou niio disponibilidade
hidrica, ndo ¢ uma espécic inteiramente reco-
mendada para muitas regides sujeilas a eleva-
do défice hidrico, como o cerrado. Esse autor
observou valores bem mais elevados de
condutincia estomdtica para E. camaldulensis
¢ E. pellita, em comparagio com os resulta-
dos obtidos no presente trabalho, tanto na
estagpio seca quanto na chuvosa. [sto ocormey,
provavelmenie, porgue as plantas do presen-
te estudo slio mais velhas ¢, certamente, ji
passaram por um processo mais severo de
aclimatagio s condigdes de elevada defici-
éncia hidrica. As planias nos espagamentos
mais amplos, por apresentar maior disponibili-
dade de dgua, em razdo de explorarem maior
volume de solo, apresentaram maiores valo-
res de condutincia estomdtica do que aqueles
de espacamentos mais densos, principalmente
para E. camaldulensis. Fsia diferenga entre
as espécies foi mais nitida nas medigfes reali-
zadas em janeiro de 1993,
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FIGURA 3. Condutincia estomdtica em plantas de E. camaldulensis, com idade de 51 a 64 meses,
nos espacamentos de 9x%m, 6x4m, Ix3m, 3x2m e Ix1m, em Jodo Pinheiro, MG.

280
wo) e

280 ————— .
0 = —— __ T

Condutincia estomatics (mmolhe)
=

04
EL]
2
o L
15 -......____-.
& """H-h_.,__"--.
o s
L] L
Hisn dus dis [
Fapagamenta  ____ 1l In2 Iud 1T B T

FIGURA 4, Condutincia estomitica em plantas de E. pellita, com idade de 51 a 64 meses, nos
espagamentos de 9x%m, 6x4m, Ix3m, Ix?m e Ixlm, em Jodio Pinheiro, MG.
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3, CONCLUSOES

e E. camaldulensis foi mais indicada do E.
pellita para as condigdes de cstudo, por apre-
sentar um melhor controle no sentido de evitar
perda de dgua, além de um sistema radicular
mais profundo.

» Espacamentos inferiores a 3x2m, devem ser
evitados na regidio de cermado ¢ em sitios que
apresentam elevada deficiéncia hidrica, em
racedio das plantas, nesta idade, ja estarem ex-
perimentando elevada competigio por dgua,
principalmente nos meses de maior défice
hidnico.
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RESPONSES TO SUMMER STRESS OF CARBON ASSIMILATION AND
PHOTOPROTECTION MECHANISMS IN Eucalypus L.

Faria, T., Silvério, D., Breia, E., Cabral, R., Abadia, A., Abadia, J., Pereira, J.5. and
Chaves, M.M.
Instituto Superior de Agronomia. Departamenio de Eng. Florestal. Tapada da Ajuda, 1399 Lishoa
codex. Portugal.

The objective of this work was the
understanding of mechanisms enabling
Eucalypius L. growing in southern Portugal
to tolerate water stress, high temperatures and
high irradiances during summer under the
Mediterranean-type of climate. Diaily variations
of carbon assimilation and photoprotective
mechanisms were studied in sun and shade
leaves. Under such conditions, these evergreen
trees have io cope with excess intercepted solar
radiation when carbon assimilation is limited
either by stomatal closure or a decrease in
photosynthetic capacity due to water stress and
high temperatures. Even through stomatal
closure explains most of the diumal variation

207

in carbon assimilation along the year,
photosynthetic capacity decreased during
periods of water or temperature stress. Under
such conditions at the photochemical level, a
decline in the efficiency of PSII and the
meaximum photochemical vield of PST{Fv/Fm)
occured, as well. These changes were
accompanied by diurnal alterations in the pool
of xantophylls namely the conversion of
violaxanthin in zeaxanthin which were more
marked in the well exposed (sun) leaves of
the canopy. This was correlated with down-
the ability of leaves to dissipate excess
photon energy during summer.
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RISK ANALYSIS OF EUCALYFPTUS PLANTING IN SOUTH WESTERN
FRANCE

Ph. BURGER-LEENHARDT' and J. Ph. TERREAUX*?
LAFOCEL Sud, 98 route de Tournefeuille, F-31270 CUGNALUX, France. e-mail: burgeri@afocel fr
' INRA Economie et Sociologie Rurales
‘CEMAGREF, Groupement de Montpellier, 361 rue JF. Breton, BFF 5095, F-34033
Montpellier cedex |, France. e-mail: Jean-Philippe. Temeaux@icemagrel v

ABSTRACT

The deployment of eucalyptus in France
is limited by frost. New varieties developed by
AFOCEL are now available. These £ gumnii
clones are more frost resistant than the
previous E. gunnii x dalrymplena clones but
also less productive. A risk analysis was
undertaken to decide which varieties should
be used and to assess where it is economical by
viable to plant. This analysis comhbined
biological results on frost resistance, a climatic
analysis of the frost risk and its distribution over
the Midi-Pyrenee Region and an economic
analysis including the risk factor. This approach
led to the determination of a deployment zone
where the Regional Council agreed to subsidize
the plantations.

INTRODUCTION

Pyrenecell is a medium sized pulp company
with a capacity of 250 000 tons of mixed
hardwood pulp per year. The main part of its
raw material is composed of fagus syivatica
harvested in the Pyrenees. However this
resource is not completely sufficient and some
of the wood is coming from more distant areas
or from other tree species with less desirable
pulp qualities. Thus there is anced 1o create a
local resource to supplement the existing one.
Ideally, this new resource should be of al least
comparable pulp quality and/or with a cheaper
cosi of wood al the mill gate than the existing
Sagus resource, Eucalyptus plantations fit this
role very well,

In 1987, Afocel has engaged, on behalf of
Pyrenecell, a new phase of the eucalyplus
breeding schedule, The main limitation of
cucalyptus in France is frost resistance. The
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program is based on clonal selection within the
most frost hardy provenances of £, gunnii.
This agenda is now reaching the point where
commercial plantations can start with the
release of commencial clones.

The Regional Council understood that
eucalyptus plantations have an imporant role
to play at the economic level and was prepared
to subsidize this production. As investments
will be made by small farmers or land owners,
the Regional Council asked for a thorough risk
analysis to demonstrate the feasibility of this
project, the interest of such an investment for
private owners, and the incitative power of the
possible subsidies.

In 1996, AFOCEL undertook this analyvsis
in cooperation with METEO-FRANCE the
national meteorological service. Economic
calculations were also part of the analysis to
determine the acceptable limit of frost
frequency in terms of profitability. This was
done by the laboratory of economy and social
studies (ESR)of INRA.

MATERIAL AND METHOD

Characteristics of the available clones

Two different types of varieties are
available : pure £ gunmii clones and hybrid £
gunnii x dalrympleana (gundal ). They differ
in respect o their productivity and frost
iolerance, Gundal clones are more productive
than gunnii clones (fig | ) but are a lot more
sensitive 1o frost.

The sensitivity to frost is expressed in
terms of minimal temperatures (table 1). These
aré based on field results over the past 7
winlers.
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In addition 1o these tempenature thresholds,
the lengrh of the frost events plays a role, though
not very well inferred. In order 1o take this
factor into account, the following conditions
have been set as potentially hivardous 1o young
planiations :

e 3 conseculive days with a minimal ground
temperature below -14°C,

» O days with minimal temperature below -
12°C in a period of 10 days,

® a temperature of -12°C within 2 days
following a 6 days long warm period where
the minimal temperature is over 4°C.

The first two events have been
expericnced by the sclected gunnii clones
during the selection process and we know it
didn't cause any lethal damage. The third event
has never been observed in our field tests but

is very likely to produce severe damage 1o the
trees.

The climatic data

The climatic study is hased on long serics
of data from the network ol meteorological
stations of Meteo-France, Most stations
measure only air temperature in a standard
shelter (TN but the lemperatures given in table
1 are air temperature al the ground level
(INA). Fortunately the main stations measure
air tlemperate in the shelter at 1.5 m above
ground and temperature at 10 cm over the
ground. The comelation between the wo series
15 high (r = 0.965) and the following linear
regression was uscd :

TNA=1.105 TN - 2.523.

COMMERCIAL TONS

I:.--illﬂ"i —a— gundal

FIG 1. Production curve of the gunnii and gundal clones in south west France (commercial tons

overbark, op diameter 7 em),

TABLE 1. Frost sensitivity of eucalyptus clones in terms of minimal lemperature according to
the season of occurrence and the age of the plantation. Temperature are measured at the plant
height level i.e. 100 20 cm above ground (TNA, see below).

AGTE OF TYTAR >TYEAR | 1YEAR =1 YEAR
PLANTATION

E eundal = F Ly S [ S NS |1 N R . S

E gunnil 18T -TCH -To°C -I7C

cstimated value
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The risk of occurrence of a specified
temperature can be computed in terms of
number of years between two similar evenls
by adjusting minimal annual tempenture (o the
Ciumbel probability law. This computation is
valid only il the mean periodicity of occurence
is nol greater than 4 limes the number of vears
available in the records. In order 1o check the
probability of events whose frequency is a
prion less than one over forty years, onc needs
in consequence at least 10 vears of records.

Moreover, to compare results from two
meteorological stations, onc has to use data
covering the same period. Here one needs to
compromise between accurate results on a few
stations, or less accurate results but a better
geographical coverage of the area_ Finally the
analysis was conducted with 51 stations on the
period 1971-1993.

The areas over 400 meters in altitude are
excluded from the analysis as we know they
are unsuitable fior planting: their main problem,
apart from frost, is siem breakage due to snow.

Economic calculations

The calculations are based on a stochastic
approach by simulation, The growth of a stand
is simulated according Lo the production curve,
The following frequencies of frost were
investigated: one over 10, 15, 20 and 30 vears.
In each case, 20,000 simulations were made,
which ensure a good precision of the results
(for example 2% on the mean income; the
caleulus of the precision and more details are
given in Terreaux, |996),

The data are : establishment cost 11 000
FF, coppice selection cost 1800 FF and price
of standing wood 66 FFiton {overbark, 1op
diameter of 7 em). In case of frost in the first

winter, the trees will coppice without inducing
any cxira cost. The stand can be coppiced
twice and is then replanted. The actualisation
rate is 2% (in real terms, i.e. without inflation).

The results are expressed in terms of mean
and standard deviation of the income over an
infinite horizon. It represents the value of the
land cultivated with eucalyptus. We give also
the probability to have a result over 20,000 FF,
under 10000 FF, and the values which have
respectively 5%, and 95% chance 1o be gone
bevond. Moreover such resulls allow an
optimisation of the age olharvest, according
to the objective of the management.

RESULTS

climatic data

Early autumn frost are so rare that it is
impracticable to compute a frequency. Only
the number of occurmence can be recorded and
it varics between 0 and 2 in a 40 to 50 years
period. The nisk is indeed very low and do not
limit seriously the deployment of eucalypius in
this area.

Table 2 gives the periodicities for each of
the mid-winter thresholds in some stations. The
results confirm that the west of the area is very
favourable . The north east { Tam) is quite a
bit colder than the Toulouse area though it is
only 80 kilometres away. It is indeed more
cxposed to north fluxes which brings the polar
air during a cold wave.

As one could expect, the length of the frost
is very much correlated 1o ils severity, In
practice this means that a long frost occurs
only if' the cold wave is severe: the two types
of evenls occurs during the same winters, In
other words, the two types of risks do not add

TABLE 2. Frost periodicitics in years computed using a 23 year long series.

[Mepariment Station - -6 eC |
Aricge Mirepoix (near Famiers) | [ [1]
Haute Garonne | Cugnaux {near Toulouse) [ 1] [
Gers Mirande (near Auch) 5 ¥ T3
Galles dArmagnac [West ol T 3 ik
Auch)
Hie Pyrénées | Tarhes-Oksun d [ (1
Tarn Al 3 1 T
{Source Metzo-T rance)
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to each other. Thus it is possible to sum up the
risk by looking at the frequency of mid-winter
thresholds,

ECONOMIC CALCULATIONS

Comparison of gundal versus gunnii

In the area of Toulouse, the periodicily of
a destructive frost is 6 vears for the first vear
and 11} years thereafier for the gundal clones
and 16 vears for the gunnii clones. The gundal
clones are more profitable on average but the
risk 15 high to have a low or even a negative
income (Lable 3). Thus, in the Midi-Pyrenees
ared it is reasonable to advise private owners
o use gunnii clones, Note that the results for
E. gunnii are slightly undercstimated as the
frost risk after the first year is sligthly
overcstimated.

Limits for £. gurnii

The economical limit for £ grenii planting
is a frequency of about 15-20 years (table 4) if’
the plantation is not subsidised. However, the
Regional Council has decided to grant subsidies
covering 50% of the planting cost in the final
deployment zone. This makes gunnii planting

a lot more attractive and profitable for the
farmer even in arcas where frost frequency is
down o | in 10 years (table 4). This is
important as the arca closer to the mill could
nol be planted otherwise.

Fimally, to summarise the analysis, a map
of the deployment area for E. guanii
planting in the Midi-Pyrenees Region has
been established (fig 2). The criteria is that
the frost frequency has to be less than 1 in
10 years. The map is based primarily on a
simple mathematical isolining of these
frequencies. The final limits of the
deployment zone have heen fine tuned using
additional information such as soil Lype and
experience of local foresters. It highlights
the area where it is lechnically and
economically feasible to plant eucalvptus.
This is the area where the Regional Council
subsidises the plantation.

Im this area, an insurance covering frost
damages in the first vear (the most sensitive)
is available. It mcreases the atiractivness of
eucalyplus planting for small land owners.

This risk analysis proved to be an important
step owards gaiming confidence from all actors
involved in cucal yptus planting in the region.

TABLE ). Comparison of the two varieties in terms of profitability and risk

[ VARIETIES GUNDAL GLNS
Mean Income IS804 T T3 F |
| Standard deviation TOEE F 62l1 F
5% of resulls are worse than a5 F I8 T
5% ol resulls are better than 16T F 22322 F
probability ol income < T0 000 F H1% B0 %
[ probability o income = 20 000 F 6% TI%

'Thc rees arc harvesied when 12 years ojd.

TABLE 4. Results of the simulation for E. gunnii for dilferent frost frequencies

[Frequency of Tt Thyears TS years 0 years 30 years

Subwidised no ves m [ v ] = ] VoI
Wean Income TEOTF [ 0THT | TN T [ SI05T | 158 T [ 2200 F | TR07TF | JT22T7F
[ Siandiard deviation ETF | GB2F | &5E5F | 5277F | S6BF [ IS8T [ SI5F [ 712IF
[ #%0 of resull are worse than TETTF | F2EF [ 27F | T68ETF | SX5F [ MW F [ TIMTF [ 59TT
F Ya of results are hefier than TETATF | A0 [ IT5T3F [ 30T0F | T5Err T | TSBBAT | 3073 T | TR T |
probablicy of income < TODOOT | 1ohte | T | A% | 3% | PR OO0 | Ta% | @O |
[ probalility of income = JOOOO F | 00% | 4F% [ 00% [ BI% | 00% | JE0% [ O0% | 0%

rexs are harvesiod when [T wears
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FIG 2. Arca (in green) of Midi Pyrences Region where cucalyptus planting is subsidised by the
regional council and where an insurance policy covering frost damage is available.
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THE EFFECTS OF COMMERCIAL PLANTATIONS OF Eucalyptus grandis
INGROWTH ON SOILS IN AREAS INFLUENCED BY VOLCANIC ASHES
(COLOMBIAN ANDES)

Sicard, T.L.'; Castillo, T.1."
' Agrologist M.Sc. Corporacion Nacional de Investigaciones Forestales (CONIF). K 50# 27-70 Blogue C
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SUMMARY

To cvaluate as a preliminary way the
changes ocurred in some phisycal and
chemical properties in the soil of commercial
forest plantations, there were selected two
farms with Encalyprus grandis in soils derived
from volcanic ashes and in contrasting
geomorphologycal unities at the colombian
Andes, using a factorial design with two levels
and three repetitions, The results show that
the climate and the parcntal matenial can
disguise the possible effects of the vegetal
coverture. Mevertheless, in some vanablcs
show a consistent effect attributed to the
influence of the soil. All the farms presented
high levels of organic matter, high CIC, low P
ard high desaturation. There were not detected
consistent changes in pH but positive influcnce
of geomorpholycal position in some propertics
of s0il (%0M and C/N). It was not found a
clear pattern of differences in the mutrient status
nor of in the soil fertility, although there are
evidences of a greater desaturation under the
forest in relation with the witness (meadows
of Pennisetum clandestinum). In one of the two
farms there were' found significative
differences in the apparent density, lield
capacity point, the permanent wither point,
profitable humidity and the infiltration values
in favor of the plantation.

INTRODUCTION

With the purpose of studying long range
environmental elTects of the commercial
plantations of the Fucalypfus grondis in
Colombia, the CONIF (Corporacion de
Investigacion y Fomento Forestall. -National
Research Corporation and Forest Promotion)
with the support of the Ministry of Environment
and the World Bank began a research program
directed in its first phase to establish the
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changes occurred to some chemical and
physical properties of the soils in contrasting
geomorphic units and used continuously in
forest exploitations of Eucalyprus grandis in
areas influenced by volcanic ashes in the
eastem mountain range of Colombia

O the level of the effects of the species
on the soil, literature shows contrasting results
in several hiological aspects, eluviation
phenomena, acidity, dynamics of organic
matier, cycling ol nutrienits and changes in the
physical characteristics of soils (Florenzano,
1956; Lima, 1987; Poore and Fries, 1987,
Yadav, 1973; Jhan and Pande, 1984,
Bagalopalan, 1984; Corzo, 1971; Baker, 1983,
Singhal and Dev, 1977; Singh and Banerjee,
1980). In Colombia, there have been few cases
of thosc studics, being outstanding the work of
Rubizano and Garzon { | 989) on the effects of
the Eucalyptus on the physical properties of
soils located in dry and humid sones.

METHODOLOGY

A Statistic design was usod at random with
a factorial arrangement of two [lactors:
Cieomorphical Units and Coverings, cach at two
levels: Hillside-Peak and Mantation-Prairie.
The dependent variahles were: structural
stability, capacity of waler retention, apparent
density, porosily, infiltration, hydrolic
conductivily, organic malter, macronutrients,
pH, the cathionic exchange capacity and total
safuration.

The farms La Suiza and Sinai were
selected, with plantations of Eucalyprus
grandis of 2 and 5 years of age, located on
the castern mountain range of Colombia ( Valle
Department} with soils derived from volcanic
ashes and within the life zone rain forest
Premontano {bh-PM). The geomorphologic
units in La Suiza comespond to peak and hillside
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positions of Torrential Deposits (TD), while in
Sinai there is a Structural Plan (SP) and a
Torrential Deposit {TD). The soils were
classified as Typic Melanudands and Andic
Humitropept. In general they have good
drainage, deep, with high levels of organic
matter content, of fine textures and well
structured; desaturated, with high CIC, acids
and low in phosphorus. 8 stations of 3030 in
the plantations, and of 30x1 5 Mis, on the sample
{prairies of Hyparrenia rufa) x 3 replications
and 2 depths, for a total of 48 units were taken
into account,

DISCLUSSION OF RESULTS

LA SUTZA FARM
Changes in the chemical properties of
soils

The statistical valuing confirmed the
existence of significant differences m the levels
of acidity of the Ap stratum in favor of prairies
(5.6 V5 4.9 at the peak of TD and 5.6 Vs 5.2
on the hillside ) which, however, cannot be
attributed particularly 1o the forst use, because
ofthe lack of differences in pH in depth and
of the similar values found for the same depths
in the Sinai farm { Table 1),

Cm the peak of T the organic carbon of
litter under the eucalypius (21.3%) surpasses
siymificantly to that of the hillside plantation
{9.1%). The major statistical difference ol
organic carbon of the Ap horizon was also
proved for the two parcels of land (pine and
prairie) located at the peak, showing evidently
the greter accumulation or organic residues on
the areas of less slope. The influence of the
phisiographic position is also moved 1o the
CICA and the magnesium conlenis which
were superior on the humus  at the peak in
relation 1o the hillside (54.7 Vs 38.8and 9.4
W5 3.9 meg/ 100 grs).

For all the cases the percentages of CO
of the superficial AP stratum were statistically
superior in the plantations in relation wo the
samples, differences which can be atributed,
on the first hand, (o the greater contribwtion of
vegetable material that the forest provides via
the humus and to the protaction it ofTers in terms
ol'the retention of material against the wash.
The diffcrence berween the same coverings
which occupy different positions in the
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landscape can so also be explained, and which
also umed oul Lo be statistically significant
(10%vs 5.8% for the cucal yptus and 5.2% Vs
3.5% for the parrics.) in favor of the peak.

Ihe 1otal content of bases on this same
stratum were between high and very high on
the prairies with respect to the plantation on
the high part of the landscape, With the
exception of Mg, such differences although
broad, are not significant enough. The soil
saturalion under prairie on the peak reaches
47.6% (medium high) while on cucalyprus it
only rcaches 8.4% (very low). Although such
differences are significant, they could be
interpreted just as a partial effect of the
eucalvptus forest, since the ionic richness
detected in the humus penmits us to think on a
momentary accumulation of nutrients in the
litter, which depresses the stock of cations on
the superficial stralum.

On the hillside of the 1D, there are no
statistical differences with respect to the
detected on the superficial horizon for the strips
of land studied (6.6 Vs8.3; 23 Vs 1 Band 0.6
Ws (.5 meg 1 00 grs respectively for eucalyptus

On the other hand, except with calcium,
the nutrient conient in depth on the soil under
cucalyptus on the peak of TD are less than
those reporied on the horizon Bwl of the
corresponding prairic (0.2 Vs 2.1 meg/ 100 grs
for magnesium and 0.4 Vs 1.3 meg/100 grs
for potassium ), which will permit a supposition
of a relative impoverishment at in depth due to
a probhable assimilation of these elements of
trees, Even though the previous hypothesis
becomes difficult because of the referred
exception calcium reason which is significantly
greater in horizon B of the soil under
cucal yptus.

It also called our attention the fact that
greater quantities of calcium and potassium (5.3
and 0.4 meg/100 grs) were registered in the
endopedon of the plantation in relation to the
contents of these elements in horizon Ap of
the same soil, a fact which could be interpreted
provisionally as a clee of a greater assimilation
of nutrients of the eucalyptus on the superficial
horizon.

On the hillside the siuation is different; the
general tendency is to maintain or decrease in
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small proportions the contents of the nutrients
with the depth (it must be taken into account,
however, that on the hillside an horizon A was
formed almost twice the width that its similar
on the peak, which was subdivided into Ap and
A1, 50 that for the same depth (for example,
30 1o 60 cms) there is & horzon Al on the
hillside and a Bw] on the peak. ). Finally, the
total Indicator of global fertility calculated for
each covering and physiographic position did
nol show significant differences, The Indicators

were 5.7 and 7.2 for the plantations on the
peaks and the hillside (moderate and high
fertility ) and 7.45 - 6.68 for the sample in the
same positions (High and moderate fertility).

Changes in the physical properties of soils

In the superficial horizon Ap the apparent
density was always significantly superior in the
sample srips of land in the rwo geomorphologic
positions (0.83 Vs 0.71 gr.fc.c. on the peak of
the TDand 1.17 Vs 0.83 gr.fc.c. onthe hillside),

TABLE 1. Chemical analysis under commercial plantations of Excalypius grandis im growth and

witness meadows (3 replys average).

Teommriokgncl  Tipe of CIL F Comyplex of change Saturstion
(e THMOgTH
Farm  umit Cover Hir pH % NI ppm OX (2 Mg K Wa A Toul(%)
T Tomonal ek 14 13 W X2 Hr &7 94 00 0F O3 4%
A dopositwith Fuslipn Ap 49 102 052 25 80 25 47 02 62 12 24
Voksmic h Bel 57 25 0J7 12 406 53 02 04 02 01 137
S (Top)
u Wimes Ap 56 52 064 E7 346 93 55 13 02 02 476
I Bel 59 10 019 L1 350 19 21 13 03 04 170
Z
A Tommtial Eualipo (ke 56 91 140 136 380 ME 39 08 05 00 528
depost with Al 52 58 045 71 304 66 23 06 02 06 320
Vokcanc: ash A2 54 42 OB 54 T 70 22 04 02 02 367
(o) AR 52 19 0I5 36 280 36 20 03 02 47 26
Wines Ap 56 13 03 87 23 &3 38 05 02 00 454
Al 53 2B 015 43 255 40 33 01 02 03 305
AB 56 O7 011 19 %0 24 44 00 02 00 TS
Siructural Cok 61 158 105 139 574 298 99 15 03 00 77
§  plimewith Fucaliio Ap S8 43 029 35 379 59 28 03 02 00 M5
Vol i Bwl 61 22 013 33 418 12 15 03 02 00 Bl
1
Wines Ap S5 &5 O 16 W2 7S 31 09 02 01 02
N Al 56 45 02 63 303 15 1) 06 00 Q0 1S
Bl &2 21 015 35 42 13 10 06 02 a0 73
4 i
Towmeriial Closk 55 175 107 122 467 104 49 07 02 05 354
1 deposit with Fulipio Ap 54 A3 0% 1T 354 26 12 01 41 62 123
Volcanic ash Pei 5K 23 02 20 419 03 02 41 02 4D 23
Wimes Ap 61 51 038 27 401 W7 IE Q1 01 00 NS5
Pwi 62 21 02 &4 410 42 12 QO 00 I41

216



Conferéncia IUFRO sobre Silvicultura ¢ Melhormmento de Eucaliptoa

a fact which suggest a beneficial effect of the
forest covering, although the values reported
and the recognition of the field donot indicate
the presence of severe phenomena of
compacting on the sample strips of land.

It cannot be discarded that those
differences can be attributed 1o a combined
effiect of the soil and a geomorphologic position.

The paint of field capacity (FC) ended up
being significantly superior in the two parcels
of land of Fucal yptus grandis in relation to the
two respective samples (77.7 Vs 62.9% on the
peak and 62.9 Vs 42,1 on the hillside) equal 1o
the Permanent Withering Point . (PWP)(44.3
Y5 35.9 on the peak and 36.2 Vs 288 on the
hillside ) and the Available Humidity {AH)(33.4
Vs 27.0 at the peak and 26.7 Vs 17.3 at the
hillside). This implies that the forest covering
generates more efficient mechanisms, probably
through dead leaves to maintain humidity in the
cdaphic environment in comparison (o the
prairies studied here. Such results are repeated
in depth (table 2).

The statistical analysis reported significant
differences (to $0%) inthe speed ol infiltration
which resulted being excessive in the
Encalvptus grandis plantations (above a
100mmh) and very slow to slow on the praines
(less than 5 mm/h.). In itself, the hydrolic
conductivity was significantly greater (ko 1%)
on the samples ( 140 and 408 MM./h ( fast and
very fast) for the peak and the Torrential
Deposit respectively) that in the plantations,
where the rate of 44 and 86 mmv/h {moderate
and moderately fast). Additionally, statistical
differences were found both for the hydrolic
conductivity (5%) as for infiltration { 1%) in
favor of the parcels of land located on the
hillside reaffirming the previously mentioned
effect of the slopes over the oblicuous flow of
water,

Omn the other hand and comelating well with
higher levels of organic matter and of apparent
density, the statistical analysis shows significant
differences to 1% in the F.C. PWP and AH
values due to the effect of the geomorphologic
position in favor of the parcels of land
{ Eucalyptus and prairie) located at the peak.
Finally , the rksults seen in table 2 show a
statistical similarity for the structural stabiliry
in the Ap stratum (percentages of aggregations
between B2 and 95 % Considered Medium
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Diameter between 1,62 and 4.95) which as a
whole reveals siable soils in terms of

aggregation.

THE SINAI FARM
Changes in the chemical properties of
soils

Mo significant differences of pH were
found in any depths of the soil, covering or
physiograph position studied. The C/N values
indicate, the same as in the La Suiza farm, a
greater tendency toward the mineralization of
organic matters {C/N of 9.4 and 8.7) on the A
stratum of the soils under prairie than under
the Eucalyptus grandis (C/N of 14.8 and 10.7)
in the plzin as in the torrential deposits. The
litter of the forest, presents the predominance
of the accumulation processes discussed.

In spite of the fact that the CICA is high
and similar in all cases, the statistical analysis
confirms a significant difference to 5% in the
percentage of iolal saturation of the two depths
of the soil, both in the PE (30.2 Vs 24.5% in
the Ap and 11.5 Vs 8.1 in the Bw) as in the
DT (31.3 Vs 12.3 and 14.1 Vs 2.3% in the
Bw) in favor of the prairies. This desaturation
of soils under Eucalyptus grandis indicate, in
some way, a probable effect of greater nutrient
assimilation in the tree covering, similar to that
regisiered in the La Suiza Farm in the peak of
the torrential deposit.

The iotal contents of interchangeable
bases, arc statistically superior in the sample
prairics both in the stratum Ap as in the Bwl,
in the two physiographic positions. The
difference is greater in the torrential deposit,
where levels of 12.7 Vs 4.0 meq/ 100 grs (Ap)
and 5.5 Vs 0.8 meq/100 grs (Bw). This result
agrees with greater saturation mentioned
previously for the Eucalyprus. The stated
differences are exclusively attributed to
calcium, whose contents in the prairie are
significantly superior (5%) to those of the
plantation, in both depths.

The phosphons contents are low in all soils,
related to the phosphoric retention properties
characteristic of the andosoles. In thorn in all
the farm it is observable a complete lack of
alurminum.

Finally the statistical analysis reports a
significant effect (5%) of the physiographic
position over the global fertility of the soil, in



Conferéncin IUFRO sobre Silvicultura ¢ Melhormmento de Eucaliptos

favor of the structural plane , which confirms
the positive incidence of the little inclination of
the slope in the sccumulation of materials and
in the genetic processes of soils, which act as
a “tampon effect” over the edaphic fertility
counterbalancing, in a certain way, the
influence of the vegetable coverings studied.

Changes in the physical properties of soils
The statistical analysis of the physical

propertics of soils in the Sinal farm, shows
significant differences just in the
measurements of infiltration and hydrolic
conductivity. (table 2).

The significant differences (to 5%) in the
ratc of water entrance to the superficial
stratum scem to correspond to the nature and
to the management of each covering. With
respect to this, very fast speeds are observed
{153 MM./h) in the plantation, located in the

TABLE 2. Physical properties of soils under commercial plantations of Encelyp¥us prandis in

growth and witness meadows { average 3 reply).

Farm Geomoriological Tipeof Hir Stocre  Resdl Apparent Pormiy | %

Average weigh

it Cowver dersity  demsity Agregation  wp diameter
(PN
T Tomermal  Daczhpin Ap ARTARL 216 0T [ ] 2] EX )
depasit with BWl R 244 067 725 EL3 347
volcarnic
agh
5 (top) Wins Ap AcAd 241 083 655 B2 178
u Bwl ArAd M4 099 638 24 257
1
Z  Tomertial Eucalipe Ap AdFAr 228 083 638 B3 42
A deposat with Al Ad 136 102 3467 B2 453
volcanic AB Ar 261 121 536 a2 413
s
{slope).
T Wins  Ap Ad-Ar 246 107 524 95.4 495
Al ArAd. 157 120 53 0By 458
AB Ar 1 08s 9.5 533 Ln
5 Sructuml Buslipo Ap Ad-FA 231 0K e} 405
plane with BWl A. 659 1075 ] 69
[ volcanic
msh Ap Adl. 27 074 674 689 x4
N Al FArl. 237 oM B T .05
Bwl  FArl 240 060 75 542 219
A
Toevential Buclipo Ap AdFA 234 1) 29 W74 498
I deposit with Bwl FLFAd. 248 LT 2 Tl i
OlCG
ash Wiitnes Ap MiAFAl 222 0.0 GEA T 440
Bwl  Ad-FL 237 061 a3 48 118
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PE. which contrast with the sample, where
infiltration just gets to an average of 3,56 MM/
h (very slow). In the DT, the differences,
although small, they are equally significant. In
the plantation it reaches speeds of 45.2 .m./h
{last) and under prairie the infiltration presents
rites of 19.7 MM/ (moderale).

Just as it was reported for the farm La
Suiza, here statistical differences wene detected
1 5% between the infiltration rates due to the
geomorhological unity, and an effect due 1o the
intcraction C X w. On one side, the PE favors
the infiltration in the plantation in a more
sigmificant form than the torrential deposit and
the inverse situation appears in the prairie
{ greater infiltration in the deposit than in the
structural plane ).

In what respects 1o hydrolic conductivity
the statistical analyvsis reported differences (o
1% as an effect of the geomorphologic unity,
In effect, the Eucalyprus parcel and grass
located in the torrential deposit present
conductivity signilicantly superior to those
reported for the structural plane parcels (393
and 286 m.m./h Vs 133 and 162 m.m./h for
plantation and sample, respectively.

CONCLUSIONS

1. In the farms studied the factors which
form soil (specially climate and parental
material), influence strongly in some physical
and chemical propertics of the edaphic
environment, masking, 5o to say, the possible
effects of one or another covering, specially
in the contents of organic matter and
phosphoms, the capacity forcationic exchange
and the apparent density.

2. 1t was proved in the same way, an cffect
due 1o the geographical location of the land
parcels studied (‘nucleus’ effect), which
mikes it difficult to compare many variables
among farms.

3. The slight consistency detected in some
cases among parcels of land located in the
same forest nucleus but in different
peomorphologic positions | and even, the
variahility similar soil depths, reaflirm the need
to refer continuously to the local conditions to
avoid general extrapolations that might not be
true under different circumstances.,
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THE EFFECTS OF ELEVATED CONCENTRATION OF CO,0N GAS
EXCHANGE OF FIVE COMMERCIALLY IMPORTANT EUCALYPTUS
SPECIES

Lima, W.P. and Jarvis, P.G.
ESALOVUSP, Depto. Ciéncias Florestais - 134 18-900 - Piracicaba - 5P - Rras]
TERM - Edinburgh University - Darwin Building. MayfGield Road
EH 3G - Edinbungh - UK

ABSTRACT

Five Ewcalyptus species (Eucalypius
grandis, Eucalyptus urophylla, Eucalyprus
torelliana, Excalvprus camaldulensis and
Eucalyprus phaeotrica), which are among the
ten most used in large scale plantations, were
selected for a study of the effects of elevated
concentration of CO, on the gas exchange of
seedlings. 2.5-month old seedlings of these
species, growing in four-liter pots, were put
into four pairs of open-top chambers, so
arranged to have 2 plants of each species in
each chamber, with four replications in each
of two CO, concentrations: 350 + 30
pmol. mol!' and 700 + 30 pmol.mol', The
plants were watered daily with a solution of a
20:20r.20 soluble commercial fertilizer and grew
in the chambers during a 100 day period, afler
which gas exchange measurements were laken
in at least two fully expanded leaves per plant.
Elevated concentration of CO, resulted in
substantial increases in the rate of
photosynthesis of all studied species, with
enhancement ratios ranging from 96%
( Eucalvpius urophyila) 1w 82% ( Evcalypus
phavotrica). Stomatal conductance was not
significantly alTected by elevated CO,, even
though the overall results showed aslight trend
ol decreased stomatal conductance with
elevated CO, concentration, Downregulation,
or a decrease in the photosynthetic rate due W
acclimation to high CO, has not been observed
during the study period.

INTRODUCTION

Eucalyprus species have an important role
in plantation forestry development. Up o 1973,
the total planted area in some 90 countries of
the world amounted to approximately four
million hectares. In 1987, the arca was
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estimated (o be around six million hectares,
with a potential productivity of the order of 30
million lonnes of dry wood per vear
(ELDRIDGE & CROMER, 1987).

The ten most important eucal ypt species
used in plantations around the world, in terms
of current annual increment of wood, are:
Ewcalyptus  grandis, Eucalyptus
camaldulensis, Eucalyptus terelicornis,
Eucalvprus globulus, Evcalypius viminalis,
Eucalyprus saligna, Ewcalvpius urophyila,
Eucalypius deglupta, Eucalyptus exserta,
Eucalyptus citriodora, Ewcalyptus
paniculata and Ewcalyplus robusia
(ELDRIDGE & CROMER, 1987). All these
species are in the subgenus Sympdiomyrius,
except for Encalypius citriodora, which is in
the subgenus Corpmbia.

Questions about the environmental effects
of cucalypt plantations persist in many
countries and the so called “eucalypt
controversy™ is far from resolved. Indeed,
the debate parallels the increase in planted
areas. A major environmental impact
inherently associated with eucalypts is related
to their water consumption, and their “soil
drying power”, Speculations about this have
been exhaustively explored in most of the
countries where cucalypts are planted, as can
be inferred from many references (see LIMA,
1993).

Of particular importance in this respect is
the quantitative knowledge about the closure
of stomata in response 1o increasing soil water
stress and Lo increasing atmospheric saturation
deficit, which has been shown to occur in many
tree species, including eucalypls
(MCNAUGHTON & JARVIS, 1983,
PEREIRA etal., 1985).

In a recent review of the available
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evidence, LIMA (1993} concluded that studies
related to stomatal responses are much needed
for the eucalyptus genus. Such investigations
are fundamental but have received litthe study
so far, and this makes it difficult 1o generalize
about canopy resistance, stomatal
conductance, and stomatal control of
transpiration for the eucalypts. Another
interesting aspect of the response of stomata
is their response to the rising atmospheric
carbon dioxdde conoentration. Usually, stomata
open as the intercellular concentration of
carbon dioxide decreases and close as it
increases. Clearly, interactions between water
use, increased carbon dioxide concentration
and stomatal functioning are likely to result in
far. reaching consequences with regard to
photosynthesis, transpiration, and water use
efficiency of future plantations forests. The
steady build up of atmospheric CO,
concentration is unguestionable and thisis likely
to have many direct and indirect effects on
plant species (EAMUS & JARVIS, 1989,
JARVIS, 1989, HOUGHTON et al, Eds., 19940,
GOULDRIAAN & UNSWORTH, 1990,
EAMUS, 1991). Therefore, it is important to
know where these effects may lead toin terms
of survival, acclimation, productivity, water
relations, and stomatal behaviour, in order to
be able 1o anticipate significant ecological,
socio-economic  and management
CONSEQUENCEs,

In this work, five commercially important
Eucalvptus species, among the most widely
used specics for large scale plantations, have
been chosen for a study of the effects of
elevated CO, concentration on gas exchange

Seedlings of these species were grown in
a set of four pairs of open-top chambers, in
which controlled CO, concentrations were
continuously maintained by automated
computerized system. Even though most of
such studies of the effects of elevated CO,
concentration on tree species have been done
with seedlings in artificial, controlled
environments (JARVIS, 1989), itis recognized
that there are some limitations involved in this
technique (KRAMER, 1981, EAMUS &
JARVIS, 1989, LAWLOR & MITCHELL,
1991, ARP, 1991}, Nevertheless, WONG &
DUNIN ( 1987), measuring gas exchange of a
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large Eucalypius maculata tree growing in a
weighing lysimeter located within a forest in
Australia in relation to a range of CO,
concentrations, observed that the responses of
canopy photosynthesis, transpiration and
stomatal conductance were similar Lo those
obined with a leaf clamped in the cuvette of
aportable gas exchange system.

MATERIAL AND METHODS

Species

Five Fucalyptus species were selected for
the experiment: Eucalvpius grandis,
Eucalyptus wrophylla, Euwcalypius
camaldulensis, Eucalyptus torelliana and
Evcalyptus  phaeotrica.

The selection was based, first of all, on
the importance of the species with regard to
their wtilization in large-scale, industrial,
plantation forests in tropical and sub-tropical
TCEIONS.

A second selection crilerion was the sub-
genus. The first three species belong to the
sub-genus Symphyomyrius, whilst
Eucalyptus torelliana is from the sub-genus
Corymbia, and Ewcaypius phaeotrica is
one of the few Monocalyptus that grows
succesfully in plantations outside Australia As
reviewed by NOBEL (1989), there may be
conftrasting growth responses amongst these
sub-genera to environmental factors.

Within the group of Symphyomprius
species, the final selection criterion was their
growth habit in their natural environment. Both
Ewcalyprus grandis and Eucalypius
urophylla are species of tall foresis,
However, the former is a Gum type tree
species, whereas Eucalypius wrophylla is of
the Fibrous Bark type. Ewcalypius
camaldulensis, on the other hand, is a

Symphyomyrtus species typical of open
woodland.

Seeds of these five selected species were
obtained from IPEF (Institute of Forest
Research and Studies), in Piracicaba, State of
S#o Paulo, Brazil. Seeds from Ewcalypius
grandis, Fucalvptus uwrophylla, Eucalyprus
camaldulensis and Fucalyptus phaeotrica
were collected in the Anhembi Forest
Experiment Station, of the Forestry
Department, University of Séo Paulo. The seed
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source of Eucalypius rorelfiana was
Ourigangas, State of Minas Gerais, Brazil,

Cultivation

Seeds were germinated during the first
week of February 1992 in individual plastic
containers filled with peat and topped with
vermiculite, in the glasshouse. Afiler
establishment, the seedlings in each container
were thinned periodically to a final density of
one plant per container.

The seedlings stayed in the glasshouse for
two months after permination, when they were
transplanted to4 dm® plastic pots filled with a
7:3:2 mixture of loam soil:sand:peat. To this
mixture, 150 g of lime and 75 g of ENMAG
4:19:10 fertilizer was added, which was
equivalent to a rate of approximately 20 g of
4:19:10 N:P:K perplant. The potted seedlings
remained in the glasshouse for two additional
weeks, to allow for adequate adjustment to
the new substrate.

The potted seedlings were finally placed
in the open-top chambers on the 217 of April,
at the age of 2.5 months. Two pots of cach
species were placed randonly in each chamber,
During the sy period, they were periodically
relocated within each chamber. A set of plants
of each species was maintained in the
glasshouse outside the open-top chambers, but
adjacent to them.

The plants were irrigated daily with a
solution (one measure in 9 dm® of water,
Formula 3 Soluble Plant Food, Chempak
Products, LK), containing 20:20:20 N:P:K plus
micronutrients. Once a week, the amount of
soluble fertilizer added to the irrigation water
was doubled.

Open-top chambers

The system of open-top growth chambers
congisted of a set of 8 chambers located inside
o glasshouse at the University of Edinburgh
(55" 31' N, 3" 12' W), stan elevation of 185
m, arranged as four pairs of chambers, one
with ambient CO, and one elevated CO,
concentration, giving an experimental layout in
which each pair of chambers was replicated
four times,

The chambers were made out of
transparent polypropylene (about 15% light
attenuation) and had dimensions of 1.25m in
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diameter, |.25 m in height, and atotal volume
ofabout 1.5m".

Air from outside the glasshouse was
constantly blown into the chambers. To ensure
uniform air distribution over the chamber area,
the air was blown into a plastic pillow with a
perforated upper surface located below the
chamber floor. Before entering the plastic
pillow, the air stream was supplemented with
pure CO, from cylinders, through a
the CO, concentration in the ambient CO,
chambers at 350+ 30 pmol_mol ", and at 700 +
30 pmol.mol” in the elevated CO, chambers.
The CO, conceniration in the chambers was
analyzer (PP Systems, Hertfordshire, UK),
which was calibrated regularly.
chambers were monitored almost continuously
throughout the period, using a set of four light
sensors distributed in two of the four pairs of
chambers, and a ventilated psychrometer
mounted inside one of the chambers. The light
sensors and the psychrometer were linked to
a data logger (Model 7X, Campbell plc.,
Loughborough, UK). Average temperature for
a 1 3-h photoperiod was approximately 13.4°C.
Relative humidity inside the chamber was
around 62 % during daytime, and approximately
80 % at night. Daily photon flux density (PFD)
at the begining of the experiment was 9.9
mol.m™.d", with midday maximum value of
around 0.2mmol.m?.s". At the end of the
experiment, daily photon flux density was
around 11.5 mol.m.d*, with a midday
maximum around 0.4 mmol.m?® 5",

Gas Exchange Measurements

Gias exchange measurements were made
on all the chamber plants, as well as on the
plants that grew outside the open-top
chambers, afler %0 days of growth in elevated
C0,, on at lcast two fully expanded leaves per
plant, using a portable gas exchange system
{Model LCA3, ADC Co. Lid., Hents, LK),
according to the following scheme:

a) Growth in elevated CO,/ Measured in
elevated CO, (E/E): prior to the
measurements, the air intake fo the gas
exchange sysiem was placed in one of the high
CO, chambers, After equilibration of the
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chamber, the elevated CO, plants were
measured. These plants were then transfered
to the ambient CO, chambers for over one
hour, for short-term acclimation.

b} Grawth in ambient CO,/ Measured in
ambient CO, (AJA): the air intake was now
placed into an ambiemt CO, chamber, and
measurements wee made on all ambient CO,
plants, These plants were then placed into the
elevated CO, chambers for short-term
acclimation for asimilar period of ime.

After acclimation, the measurements were
repeated inversely, that is:

&) Growth in elevated CO),/ Measured in
ambient CO, (E/A) : elevated CO, plants,
short-term acclimated to ambient CO,, were
measured with the air intake in an elevated
€O, chamber.

d) Growth in ambient CO, / Measured in
elevated CO, (A/E) . ambient CO, plants,
short-term acclimated to elevated CO,, were
measured with the air intake in an elevated
€O, chamber.

All measurements were made dunng the
period between 9:30 and 14:00 h cach time,
using a 12 ¥V, battery operated, artificial light
source (Nippon Keiki Works, Ltd., Japan)
attached to the leaf cuvette; this provided a
constant photon flux density of around 1000
pmol.m=.s!,

Data analysis

First, gas exchange data were analyzcd
by split-plot analysis of variance, with individual
chamber as the main plot, split into five spocics
a8 sub-plots. The main effect of CO, was
tested with the CO, % Chamber error term.
The main efTect of species and the interaction
Specics x CO, was tested with the CO, x
Chamber x Species error lerm. Some of the
gas exchange data were transformed prior to
analysis, by taking either the logarithm or the
square root of the original values 1o equalise
the variances,

The analyses were performed with the
GLM of SAS (SAS Inst. Inc, 1993). All 1ests
of significance were made at the 0,03 level of
probability. The significance of the differences
amaong treatment means was evaluated by
Duncan's Multiple Range Test.
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RESULTS AND DISCUSSION

Figure 1 shows the average
micrometcorological conditions inside the open-
top chambers during the week of gas exchange
measurcmnents. [t can be seen that the prevailing
average photon flux densily were nol adequate
for a good set of gas exchange measurements
and this was the reason we decided Lo use an
artificial light source attached o the cuvelle,

Growth in elevated CO, resulted in
substantial, statistically significant, increases in
the rate of photosynthesis of all species, as
well as in the instantancous water use
efficiency (Table 1).

These positive responses to CO,
enrichment are in agreement with the results
found in similar shudies with other tree specics,
including eucalypis (SIONIT et al, 1985,
HIGGINBOTHAM etal, 1985, OBERBAUER
etal, 1985, NORBY etal, 1986, HOLLINGER,
1987, BARLOW & CONROY, 1989, ZISKA
et al, 1991, WULLSCHLEGER et al, 1992,
ROUHIER et al, 1992, CONROY etal, 1992,
BUNCE, 1992, RADOGLOU et al, 1992,
CEULEMANS & MOUSSEAL, 1994,
AMTHOR, 1995, DRAKE & GONZALEZ-
MELER, 1996). Nevertheless, there have been
studies with tree species in which elevated
C02 did not stimulate growth (REEKIE &
BAZZAZ, 1989, KORNER & ARNONE,
1992),

Comparative values of photosynthetic rates
among the species, in both ambient and
elevatged CO, concentrations, together with
the CO, concentration in the cuvette during
gas cxchange measurements, are shown in
Figure 2. Short-term acclimation ol ambient
CO, grown plants to clevated CO,
niod 1o the same extent as was achicved by the
plants grown and measured in elevated CO,
{long-term acclimation).

Conversely, plants grown in elevated CO,,
and which were shori-term acclimated to the
ambient OO, concentration, had about the same
photosynthetic rates as plants grown in ambient
CO,. These results indicate that downregulation
of photosynthesis in elevated CO, did not occur,
a result that can also be deduced from analysis
of the A/Ci curves for the species.
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FIGURE 1. Average micrometeorological conditions inside the open-top chambers. Diurnal
variations of’ PFD, air temperature, relative humidity, and vapour pressure deficit are averages for
the week ol gas exchange measurements (22-3 | July, 1992).

TABLE 1. Average increases in photosynithelic rate (enhancement ratio, calculated as the
percentage increase above the ambient CO,) and water use efficiency (also calculated as a
percentage increase above ambient CO,) as a result of doubling the CO, concentration.

Specics Enhancement ratio Increase in WUE

(%) %)
E. grandis 134 62
E. phaeotrica 130 B2
E camaldulensis 122 53
E. torelliana 107 7
E. urophvlia 9% 16
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FIGURE 2. Nct photosynihetic rate {4) of plants grown and measured in ambicnt CO,
concentration {A/A), grown and measured in elevated CO, (E/E), as well as plants which were
grown inambient CO., but measured in elevated o, after short-term acclimation ( AE), and the

reverse (EFA )L

Hewever, although significant, these results
of elevated C{, conccntration on
photosynthesis should still be seen as a short-
term response of seedlings to high CO,, and
ol used to make predictions of the likely impacts
ol increasing atmospheric CO, concentrations
al the stand scale. Young trees are usually more
sensilive Lo environmental changes than mature
tress, und conseguently their responses may be
larger than in mature trees (EAMUS &
JARVIS, 1989),

MNevertheless, long-term studies of the
effects of elevated CO, concentration, such
as those by [DSO & KIMBAL {1992a and
19492h) with sour orange irces growing in
elevated CO, for four years, as well as
modelling of whole canopy responscs to
elevated OO, concentration | REYNOLDS et
al., 1992), suggest that these shori-term
responses may give a general indication of the
possible effects of increasing atmospheric CO,
concentration on tree growth,

(Owverall, stomatal conductance was not
affected by growth in clevated CO,
goncentration, The overall resulis, howewver,
di show a general downward trend in stomatal
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conductance with increased CO,, and short-
term acclimation to elevated CO, of plants
grown in ambient OO, gave consistent, similar
decreases in stomatal conductance for all
specics {Figure 3).

Stomatal conductance differed among the
specics. In general, the stomatal responses to
clevated CO, varied lrom no-response
{ Eucalypitus wrophylla), increased stomatal
conductance (Ewcalyprus grandis and
Eucalvius camaldulensis), and decreased
stomatal conductance ( Ewcalypius rorelliana
and Eucalypius phaeotrica).

The values of measured stomatal
conductance are well within the mnge of values
found in the: literature for eucalypts (KUPPERS
ct al, 1986, PERFIRA el al, 1986, WONG &
DUININ, 1987, ITO& SUZAKIL, 1990, ROBERTS
etal, 1992, DYE & OLBRICH, 1992).

I'he average values of transpiration for
each species in relation to the CO,
concentration in which they were grown and
in which they were measured are given in Table
2. Transpiration rates, taken collectively, are
significantly higher for the planis grown in
elevated CO, than in ambient CO,
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FIGURE 3. Stomatal conductance of plants grown and measured in ambient €O, concentrations
{A/A), grown and measured in elevated CO, (E/E), grown in ambient but measured in elevated
CO {A/E), and grown in elevated but measured in ambient CO(E/A)

TABLE 2. Average transpiration rate in relation to growth and measurement 0, concentrations,
together with one standard error of the mean (SE) in parentheses,

Growth COy €07 concentration during gas exchange measurcments
(Hmol.mol '}
Ewcalyptus ~ Eucalyptus  Eucalyptus  Ewcalyptus  Eucalvptus
grandis urophvia forelliana camaldulensis phacotrica
350 700 350 700 350 700 350 00 350 700

~{mmolms")
350 29 29 24 24 32 35 32 29 39 41
(0.3) (0.5) (0.2) (0.3) (0.3) (04) (0.3) (0.3) (0.3) (0.1)

700 35 39 38 35 40 39 32 47 45 44
(0.2) (02) (0.5) (0.4) (0.2) (0.3) (0.5) (03) (0.3) (0.2)
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The increases in water usc cificiency
which have been found in experiments with
elevated CO, concentrations are usually a
result of both increased photosynthesis and
reduced transpiration (because of a decrease
in stomatal conductance). The proportion of
these two effects in eliciting an increase in
WJE varies with species { ACOCK, 1990), and
some studies on trees have shown an inerease
in stomatal conductance in elevated CO,
concentration. A more realistic evaluation of
the exact response of stomatal conductance
to C0O, should consider the interactive effects
of CO, concentration, vapour pressure deficit,
temperature, photon flux density and plant
water status (FAMUS & JARVIS, 1989).

In this investigation, the observed
increases in WUE of the plants grown in
clevated CO, concentration {Figure 4) were
mainly the nesult of the substantial increase in
the photosynthetic rates of the plants.

MNevertheless, when we consider the results
of short-term acclimation Lo elevated CO, of
the plants grown in ambient CO, there was a
decrease in transpiration, and, in this case, the
resultant increase in WUE was a consequence
of both increascd photosynihesis and

decreased transpiration.

CONCLUSIONS

Flevated CO, concentration resulted in
substantial increases in the rate of
photosynthesis of all five species, with
enhancement ratios ranging from 96%
{ Eucalypius wophvlla) to 134% | Eucalypius
grandis).

Water use efliciency was also substantially
increased in all five species, the increase
ranging from 36% { Eucalyptus urophyila)
to 82% (Evcalvprus  phoeotrica).

During the 3-month period of growth in
clevated CO, concentration, there was no
indication of downregulation, or a decrease in
photosynthetic rate resulting from acclimation
to elevated CO,.

Stomatal conductance was nol significandy
affected by elevated CO, concentration, even
though the results, taken collectively, showed a
slight trend of decreased stomatal conductance
with increased CO, concentration.

Most of the observed imerease in waler
use efficiency in all specics was primarily a
result of the large increase in photosynthetic
rate caused by elevated CO, concentration.

" WUE (mol €02 i mol H20)

5 : - - - = i e
‘ - — = = = =
2 B i N R B x
9 E/A
ASA EE AE
Growih COg | Measurement CO2
* JE grandis
* E urophylla
* E \orelliana
* E camaldulensis
¥ E_phaeotrica

FIGURE 4. Instantaneous water use efficiency of plants grown and measured in ambient CO,
{ASA), grown and measured in elevated L‘{}, {E/E), grown in ambient but measured in elevated
CO,{A/E) and grown in elevated but measured in ambient CO, concentration (E/A).
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SUMMARY

It is essential that congolese rescarch
should be carried out on the fundamental
problem of the sustainability of the commercial
Fucalypius plantations in the Kouvilou area. This
article first presents a scope of work and then
examines the scientific questions arising from
it. It goes on to develop a methodological
approach and a projected schedule relating to
a study on the biogeochemical cycles and the
cstablishment of water and mineral balances.
Key words: commercial plantations,
sustainability, biogeochimical cvcle, water
balance, mineral balance, Excalyprus, Congo.

I INTRODUCTION

Since 1978, 43,000 ha of plantations have
been set up on the savannah around Pointe
Noire. The vast majority are planted with hybrid
clones of Eucalyptus (E.PFI and E. /2
ABL*saligna). They have been found to be
well suited to the conditions and, given an
adequate silvicullure of maintenance and
fertilization, they perform well (20-25 m’/ha/
year),

However, little is known about the durability
of production conceming the nutrient needs of
the plantations, nor about the effect this
intensive culture has on the variation in soil
fertility. This question is particularly relevam
to the 20,000 ha on their second and third
rotation and those planted on sandy, acidic and
chemically very poor soil (NZILA, 1996). The
sustainability of the plantations has therefore
been identified by UR2PI as a priority for
research. UR2PI is an associstion created with
The Congo, CIRAD and ECO SA which has
a mandate 1o carry out and coordinate research
om the plantations,
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1. SCOPE OF WORK

The sustainable management of an
ccosyslem should aim for a number of
objectives. It should not only try to conserve
the level of production, soil fertility and the
biodiversity or quality of the surface water, but
also to meet the sconomic and social needs of
the inhabitants of the area(BARTHOD, 1994).

In our case, the focus will be w attain a
level of production as close & possible 1o the
optimum for the climatic conditions, both today
and in the long term (MANICHON, 1996). This
system must also lead to maximum profitability
in the long term. It should use the most
appropriate clones and optimize inputs and
manpower. It is therefore necessary to define
and understand some clements concerning
production during a cycle and sustainable

production.

Production during a cycle

Three points are apparent:
¢ The objectives of production in relation to
potential production controlled by the climate
{light energy and rainfall), taking into account
the annual variabilities of these factors.

o The amount of nutritional factors needed to
environmental inputs and losses.

s The conditions of the uptake of these factors
and, thus, the installation mode of the root
system in relation to implantation technigques
{plantation, replantation,... ).

Research work over the last 20 years has
provided a number of results that are used
{plantation spacing, fertilizing elements and
doses,...).

Sustainable Production
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Four points appear:;

& The variation of water and nutrient resources
and their sources in the medium and long term,
& The variation in the availability of water and
nutrients,

# The conseguences of these vanations with
regand o input needs,

¢ The consequences on the environment
(fauna and flora, crosion,... ).

Together, these different elements make
the base for the research to be eonducted on
the sustainability of the production syslems,
SETSU STiCto.

Il - SCIENTIFIC PROBLEMS

The research will be structured around a
number of scientific problems.

1) The establishment of a production model
on biomass potential.

It will be necessary to establish (perhaps
by using groups of clones) a production model
on biomass potential in relation to the climate
(solar energy and pluviometry). It will also be
possible to analyze the differences with this
potential of the various production systems and
to propose solutions (such as the use of
fertilizers,...). Moreover, it should be possible
to test the strength of the systems towards
climatic variations, This is a medium-term
ohjective(5 1o 10 years) but work has already
started on a project developed by ORSTOM
(NIZINSKI, 1995),

2) A study on the biogeochemical cycle
and the establishment of the water and mineral
balances,

Maost of the work in the next few years
will concentrate on this problem. Further details
follow in the fourth part of this anicle.

3) The dynamics and functioning of the
root system.

In order to establish the water and mineral
balances the root system has (o be taken into
account. Moreover, it is important to
characierize it, in relation to the development
of the above ground parts of the trees:

& The dynamics of implanmation of the rool
system.

& The influence of age and silviculiure {soil
preparation,...) on the development of the root
system and its functions source and sink for
water and nutrients,

Imitial work is already performed
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(BOUILLET et al., 1997) which will eventually
lead to a report of the development of SR, on
the whole soil volume prospected by roots  at
leasl to a depth of 5 metres), at both the tree
and plantation level.

4) The eveolution of the biological
components during the production cycle in
relation to time and space.

It is important to report on the eventual
changes that could be induced by the
production system in the areas of the soil
micro-fauna (termites, bacteria,...) and in
phytopathology and climatology.

5) The management of the arca
heterogeneousness.

The management of the plantations has to
take into account the heterogencousness of
both inter areas (clone and age) and intra areas
{slash/unloading inter-rows,...). A need
therefore exists for a diagnostic method and/
or a mutli-criteria observation system showing
early possible dysfunctioning of the plantations.
For instance, foliar diagnostic conld be very
useful (BONNEAU, 1995).

IV. STUDY ON THE
BIOGEOCHEMICAL CYCLE AND
ESTABLISHMENT OF WATER AND
MINERAL BALANCES

The nutrient cycle can be simplified
through a model of compartments and fluxes
{RANGER and BONNEAL, 1984)(Figure 1),
The study of this cycle can lead to an
asscssment of, for example, the inputs and
outputs of exchangeable elements and for the
different time stages (vegetation season, vear,
rotation, ... ).

Previows Studies

Some sludies dealing with the
biogeochemical cycle have been undertaken
on the plantations.
# On the nitrogen cycle (RERNHARD
-REVERSAT, 1993, 1996 ;. BERNHARD
-REVERSAT et al., 1993). The soil under the
Eucalyptus has a much higher potential for
nitrogen mineralization than the soil under the
savannah or Acacia. This mineralization is
essentialy ammoniacal, the nitrification being
negligble.
# On the biomass and nutrient content of the
plantations { LOUBELQ, 1988 ; LOUMETO,
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FIGURE 1. Representation of the functions of the forest ecosystems by a compariment and ux

maodel {from RANGER), 1995)

1986). These studies were mainly carried out
on the allocation of nutrients following the
compartments of a tree. The number of
individual trees was very small (3), Moreover
the clone studied is used very little on the
plantations. No conclusions can be drawn from
these studies on the nutrients exported during
harvesting,

The existing studies are, therefore,
fragmentary and only supply & few of the
elements needed for the establishment of &

establishment of water and mineral balances
on a planted crop E.PFL, clone 1-41. This
clone has been planted the most {7,000 ha), is
hardy and generally growths well. The initial
vegelalion was savannah. The station is
moderately productive (= 20m’/hafyear at the
end of a rotation: 7 years)

The mutrient cycle study is inspired mainly
by the steps followed by the research team of
INRA/Champenowc(RANGER, 1995), The waker
balance is 10 be carmied out by a team from

mineral balance of the plantations, ORSTOMPointe Noire {NLZINSKIL, 1995).
The work will consist of three parts.
Anticipated Studies 1} A description of the state of the ecosystem

Between 1997 and the end of 2000 a study
will take place on the nutrient cycle and the

at both the beginning and the end of the planted
crop rotation.
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A vegetation study

& In 1997 a botanical inventory will be carmied

out on the savannah and the planted crop.

# There will also be in 1997, an estimation by

sampling of the biomass and the nutrient content

of the above ground parts (the trunk, branches
and leaves) of an 8§ year-old stand.

& The root system will be described and thus

on the whole soil volume prospected. It is

projected that this operation will be spread over
anumber of years between 1997 and the year

2000 and will lead to:

- an evaluation of the root biomass and nuinent
content.

- an identification of the preferred absorption
zones of the roots and an estimation of the
length of the absorbing roots.

- an estimation of the biomass and nutrient
comtent of the dead rootlets,

A soil study

+ Between 1997 and 1998 a characterization
of the principal parameters of the physics of
the s0il will be camried out which will permita
determination on the available water and
hydrodynamics charactenistics of the soils (bulk
density, actual density, field capacity, wilting
point, soil water potential, ...) for the whole
section prospected.

o |997-1998 will sce the characterization of
the mineral and organic stage: total chemical
composition and the nutrients availability (usal
analyses, free and exchangeable elements) on
the whole section prospected and on the first
metre of soil of the stand. Mineralogical
analyses will be carried out on some soil
samples,

o Analyses reporting on the micro flora and
fauna will also be carried out,

2) A study on the fluxes in the ecosystem

This study will lead to a better
understanding of the dynamics, over a period
of time, of the mineral and water functioning
of the ecosystems being studied. It will
necessite the set-up of a lasting field design
{rain gauges, lysimeters,...).

A study of water Mluxes

¢ Between 1998 and 1999 the readily available
water for the savannah and the planted crop
will be estimated for saturated and stress
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conditions for each of the different layers
prospected.

= Between 1998 and 1999 drinage equations
outside the savannah and planted crop
ccosysiems will be established.

A study on the fluxes of the nutrients
= An evaluation of atmospheric deposits (rain
and dust) and leaching will be made along with
an evaluation on the transfer of nutrients in
the soil by gravitational solutions to the limit of
the ecosystem. The composition of capillary
solutions fol lwing the: soil Layers will be studied.
This work will cover the savannah and the
planted crop.
& A gualitative and quantitative estimation of
root absorption on the planted crop will be
carried out.
= The fixation, symbiotic or otherwise, of
atmosphenic mitrogen will be conducted on the
savannah and the planted crop.
= On the planted crop, the dynamics of the
return of organic matter and nutrients by the
litter will be examined through mineralization
1ests in vitro and in situ.

These four operations will be carried out
between 1998 and end of the year 2000.
# During 1997 and 1998 a study will be made
on the dymamics of biomass and nutrient
content incorporation in plantations of various
ages covering the whole rotation of the planted
crop.
* A model of weathering flux will be in place
by the end of the year 2000 for both the
savannah and the planted crop.,

3) Ihe establishment of the water and mineral
balances. The consequences for the
management of the plantations.

These assessmenits will follow on from the
preceding studics.

ESTABLISHMENT OF THE WATER BALANCE

This balance will allow to reach a
conclusion on the use of water resources by
the planted crop compared to that of the
savannah.

ESTAM I9B4FNT (F MINFRAL BALANCES
» A balance of the stock of nutrients.

This balance is designed to provide
information on whether or not the stock of
nutrients is maintained between any two given
dates (between the initial state of the savannah



Conferéncia IUFRO sobre Silvicultura ¢ Melhoramento de Fucaliptos

and the harvesting of the first rotation or during
the motation]). It will also be possible to estimate
the risk of uptake restrictions.

The estimation can be used globally,
indirectly, by using the following equation: (1)

Stock variation = atmospheric inputs +
weathering + fertilization - drainage -
immaobdlization in the wood - variation in the
leafand rootlet mineral mass - the variation of
elements in the organic layers { RANGER,
1995},

The estimation can be used directly using
the following equation: (2)

Stock variation for one layer = inputs
through gravitational solution from the upper
layer - losses of gravilational solution through
drainage to the lower layer + the nutnent
content of dead rootlets - rool uplake of
capillary solutions.

The total stock variation will be estimated
by the sum of the variations calculated for each
layer.

A comparison between the balances using
equations (1) and (2} will provide:

- avalidation of the global approach,

- a more detailed characterization on the
sustained character of a systcm (an uptake
limitation could become apparcnt at the level
of one particular layer when there is no
variation in global stock).

» The establishment of mincral iInputs-outputs
budget.

This will allow to judge if the system of
culture being used is compatible with a
sustainable maintenance of mineral fertility. The
equation to establish is : budget = atmospheric
inputs + weathering + fertilization - nutrient
exported through harvesting - drainage
(RANGER, 1995).

V. CONCLUSION

The study on the sustainability of forest
plantations is obviously becoming an
increasingly imporiant theme in research. This
problem is particularly acute for tropical
countries or those plantations using fast
growing species, such as the Eucalyprus,
which are often planted in very poor soils, This
huge area of research calls for the
collaboration of different disciplines (silviculre,
agronomy, pedology, ecophysiology....) and the
collaboration of countries {north and south ).

236

Thus, there is a particular interest for networks
(CIFOR,...).

As far as The Congo is concerned the first
steps will focus on the biogeochemical study.
This will lead to the establishment of the water
and mineral balances on the planted crop ofa
clone which is used the most on the plantations.
By the year 2004 the commercial plantations
managers will have objective elements with
which to judge which interventions it is
necessary to use {lime, tillage, cover crops,...}
on part of the plantations.

The work from this study will extend to
the second rotation (coppice and plantation),
to the stations of different fertility, to other
clones, to other hybrids and in particular, to the
E. urophylla®grandis which will have
mcreasing importance in the coming years.

V. MEANING OF THE ACRONYMS
CIFOR: Center for International Forestry
Research.

CIRAL:: Centre de Coopération Intemationale
cn Recherche Agronomique pour le
Développement.

ECO SA: Eucalyptus du Congo Société
Anonyme.

ORSTOM: Institul Frangais de Recherche
Scientifique pour le Développement en
Coopération.

UR2PI: Unité de Rechenche sur la Productivite
des Plantations Industrielles
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AND ITS EFFECTS ON GROWTH CHARACTERISTICS
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ABSTRACT

Inter and intraprovenance variation was
found among five clones of Eucalypius
camaldulensis in relation to growth responses
1o water siress. Watler restriction affected leaf
area in all clones and height was reduced
signifficantly in only one of them. Hipotesis
about physiological andfor morphological
responses to stress are propose to explain the
results.

INTRODUCTION

Eucalypt plantations are present in several
areas of Argentina with about 230.000 ha
cultivated with these fast growing species.
Plantations are generally exposed to abiotic
{water, nutrients, frost) and/or biotic (herbivory,
competence) stresses, mainly during the initial
growth stages, being water availability one of
the most limiting factors for establishment
{Burdett, 1990; Margolis and Brand, 1990).
Growth of eucalypt seedlings is nol an exception
(Bachelard, 1986; Myers y Landsberg, 1989).

However, these species exhibil different
strategies resulting in drought tolerance
{Stonernan, 1994b), that enable them to survive
and grow in areas subjected to water deficits.
Osmotic adjustment and changes in cell wall
elasticity, both contributing to turgor
maintenance, have been detected in different
eucalypt species (Ladiges, 1974; Myers y
Neales, 1986; Wang ef al., 1988; Fan ef al.,
1994; Lemcoff er al., 1994), These
mechanisms can be part of valuable strategies
where wood production is the primary
objective,

Genetic variation is conspicuous in specics
like Eucalyprus comaldulensis Dehn. due to
its wide distribution range (Midgley er al.,
1989). Interprovenance variation was
documented specially in relation Lo rool system,
leaf production and seedling architecture
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{Gibson ef al_, 1995; Gibson and Bachelard,
1990¢1991 ) when plants where submitled 1o
waler restrictions.

Phenotypically superior genotypes may
resull in a more successful establishment in
drought-prone sites, and also, those individuals
may have advantages in relation Lo
interespecific competition (Nambiar and Sands,
1993). After selection, hest individuals can be
propagated as rooted cuttings or as sced
production trees (Blake and Filho, 1988;
Florence, 1996 ).

Due to the long growing cycle of eucalypt
species, carly selection based on solid

In this paper we examined inter and
intraprovenance variation in relation to watcr
stress in cucalypt seedlings. We analyzed
growth responses of five E. camaldulensis
Dehn. clones after a drought cycle. This
species has been selected because of its
importance in Argentina {Golfari, 1985) and
its contrasting ability 1o develop osmotic and
elastic adjustment (LemcolT e al., 1997).

MATERIAL AND METHODS

Five clones of E. camaldulensis Dehn.
were obtained from a collection ol the National
Institute of Agricuttural Technology (INTA)
{Castelar, Argentina): 106 and 109 from
Gilgandra (New South Wales), 125 and 119
from Lake Albacutya(Victoria) and 105 from
Condamine (Queensland).

Seedlings were rooted during January 1996
in a greenhouse with controlled temperature
{26/28°C) and humidity (95%), following
Rodriguez Traverso and Bunse (1991)
methodology and were transplanted to plastic
pots (diameter 0.1 m, depth 0.2 m) containing
sieved topsoil of medium texiure. Planis were
laid out in & completely randomized design at a
deusity of 100 plants'm’ and were allowed to
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growth with no water restriction (Apnil 1o June)
in the field of the Facultad de Agronomia,
Universidad de Buenos Aires (34°30°S,
SE30°W). When plants reached five months
old the walter restriction treatment began.
Control plants were kept with water soil at field
capacity. Water lost daily, estimated by pot
weight difference, was replenished. Water
stressed plants were gradually submitied to
water restriction. During the first term (20
days), daily water supply was equivalent to
5004 of the control. Supply diminished to 2096
in the next 21 days (second tenm), and was nil
during the Last five days (third term). End point
was established when dawn relative water
content (RWC) of stressed plants of one of
the clones failed under 52 %. RWC was
estimated following Barrs and Weatherley
{1962).

Leal area of control and stressed plants
wis estimated by a non destructive technigue,
using models that considered blade length and
maximumn or medium blade width. To develope
regression models, six plants per clon were
selected previously, Variables of all leaves were
measured with ruler and leal anea was oblained
using & leal area meter (L1 -3000, LI-COR
Ine; Lincoln, Nebraska),

Seddlings height was measured using a
ruler with 0.1 cm intervals,

Relative growth rate (RGR) was
caleulated for both leal area and height

Results were processed through analysis
of vaniance (Little and Hills, 1978). Separation
of means, when performed, was done using
Tukey test (P<0,05). Statistical analysis were

donc using SAS System (SAS Institute [nc.,
1987)

RESULTS AND DISCUSSION
Relative water content:

Al the end of the drought cycle water
status of control and stressed plants was
characterized by leaf RWC (Table 1). Under
variation. Gil gandra clonal lines (109 and 106)
had the lower values, without significant
differences between them. Lake Albacutya
clones (119 and 125) had higher values but
responses were different between them.
Finally RWC in Condamine clon { 105) was
similarto 119 one.

Leaf area:

Leaf area inicial and at the end of the
first term, was similar among clones and
between waler levels. When water stress was
intensified (second and third terms), it
restricted significantly (highly significant in
clon 125) leal expansion in clonal lines,
confirming the sensibility of this processto
drought (Fig. 1).

Under conditions of optimal water
availability, RGR was bigger in Lake Albacutya
clones (125 and 119), followed by Gilgandra
clones (109 and 106). Small increment was
observed in Condamine clon (105). Although
there was no significant differences among
clones. Under stress conditions, significant
reduction in leaf arca was observed in clones
125 (L.Albacutya) and 105 (Condamine) in
relation to 119 (L. Albacutya).

TABLE 1. Leaf RWC at dawn of control and stressed eucalypts clones at the end of the drought

cvcle

RWC RWC

Control Stress

109 0gs 0.523

106 0.E7 0572

125 0.922 0.9

19 0.902 0670

105 092 0.1
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FIGURE 1. Relative leaf area growth rate of eucalypt clonal seedlings, with (stress) and without
water stress {control) during the last two drought terms.

TABLE 1. Initial, final and difference in height (cm) in encalypts clonal seedlings with (stress)
and without (control) water restriction.

Initial height

[em) 20,7 0.9 25.4 15.1 21.8 1.6 193 * 19.8 17.7 19
Final height
(em) 249 .7 29.6 1.7 25 23.7 1.6 2.3 19.7 19.8
Differance
{em) 4.2 1.B 42 2.6 kI | 21 23 1.5 1 0.8
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.! 0,006 n a =
! 0,004 = 8 oCa
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0,002 b
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=

FIGURE 1. Height relative growth rate of cucalypt clonal seedlings, with (St) and without water
stress (Co), for the second and third drought terms.
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Height:

Initial height was similar among clones
excepl for 106 that presented the tallest
plants, Clones 109 and 106 controls had the
bigest height values during the whole trial bu
they strongly suffered the effect of water
stress (Table 2),

Under contrel conditions clone 108
showed signifficant differences in relative
height growth rate . Water restriction afected
all clones, and its effect was higly signifficant
in clone 106 being that reduction signi fficant
too among clones.

DISCUSSION

During the first term of the water
restriction period, water stress did not affect
significantly leaf arca andfor height of £
camaidulensis clones. However, the most
severe drought established during the second
term, reduced significantly both height and leaf
arca in some clones.

Leaf area and shoot reduction caused by
water stress were shown by Pereira v
Kozlowski (1976) working in E.
camaldulensis seedlings, and by Metcalfe er
al., (1990} in £. globulus.

Our results demostrate the existence of
interprovenance variation between Lake
Albacutya, Gilgandra and Condamine clonal
lines. Interprovenance variation was also
detected in £ camaldulenyis clonal lines from
five different geographycal locations in
Australia {Farrel ef al., 1996). But also,
intraprovenance varialion is reported here in
relation to a drought cycle, Gilgandra clones
{109 and 106) responded in a similar way to
the water stress treatment in relation to leaf
arca reduction, but not in height growth.
Intraprovenence variation was also present in
Lake Albacurya clones, mainly in leal arca, as
125 was highly affected. Although all clones
diminished leafl area in a signilficant way, it
seemns the clone 119 showed a*‘more tolerant™
response (o the drought impossed.

Even though previous studies ( LemoofT e
al., 1997) demostrated differences between
clones in their hability to develope osmotic and
elastic adjustment, no a strong relation between
these strategies and leaf area expansion was
found. However, £ camaldulensis has the
hability to develope a decp root system and
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reduce their stomatal conductance under water
stress conditions (Pereira and Kozlowski, 1976,
Famrel et al., 1996). We hypotethize that
reduction in stomatal conductance and/or a
change in allocation, favoring root
developement may also explain differences
between clon lines.
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