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SUMMARY 
lt is essential that congolese research 

should be carried out on the fundamental 
problem of the sustainability of the commercial 
Eucalyptus plantations in the Kouilou area llùs 
article first presents a scope of work and then 
exanùnes 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 
establishment of water and minera! balances. 
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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.PFJ and E.12 
ABL*sa/igna). They have been found to be 
well suited to the conditions and, given an 
adequate silviculture of maintenance and 
fertilization, they perform well (20-25 m3/ha/ 
year). 

However, little is ~ about the durability 
of production conceming the mrtrient needs of 
the plantations, nor about the eff ect this 
intensive culture has on the variation in soil 
fertility. This question is particularly relevant 
to the 20,000 ha on their second and third 
rotation and those planted on sandy, acidic and 
chemically very poor soit (NZil..A, 1996). The 
sustainability of the plantations has therefore 
been identified by UR2PI as a priority for 
research. UR2PI is an association created with 
The Congo, CIRAD and ECO SA which has 
a mandate to carry out and coordinate research 
on the plantations. 

II. SCOPE OF WORK 
The sustainable management of an 

ecosystem should aim for a number of 
objectives. lt should not onl y try to conserve 
the level of production, soi! fertility and the 
biodiversity orqualityofthe surface water, but 
also to meet the economic and social needs of 
the inhabitants of the area (BARTHOD, 1994 ). 

ln our case, the focus will be to attain a 
Ievel of production as close as possible to the 
optimum for the climatic conditions, both today 
and in the long term (MANIŒION, 1996). llùs 
system must&SO lead to maximum profitability 
in the long tenn. lt should use the most 
appropriate clones and optimize inputs and 
manpower. It is therefore necessaryto define 
and understand some elements conceming 
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 clim.ate 
(light energy and rainfall ), taking into accowit 

~ the annual variabilities of these factors. 
l • The amowit of nutritional factors needed to 

bring about these objectives, taking into accowt 
environmental inputs and losses. 
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• The conditions of the uptake ofthese factors 
and, thus, the installation mode of the root 
system in relation to implantation techniques 
(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 resowces 
and th~ir sources in the medium and long term. 
• The variation in the availability of water and 
nutrients. 
• The consequences of these variations with 
regard to input needs. 
• The consequences on the environment 
( fauna and flora, erosion, ... ). 

Together, these different elements make 
the base for the research to be conducted on 
the sustainability of the production systems, 
sensu stricto. 

III- SCIENTIFIC PROBLEMS 
The research will be structured around a 

number of scientific problems. 
1) The establishment of a production model 

on biomass potential. 
lt 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 
objective ( 5 to 10 years) but work bas already 
started on a project developed by ORSTOM 
(NIZINSKI, 1995). 

2) A study on the biogeochemical cycle 
and the establishment of the water and minerai 
balances. 

Most of the work in the next few years 
will concentrate on this problem. Further details 
follow in the fourth part ofthis article. 

3) The dynamics and functioning of the 
root system. 

In order to establish the water and minerai 
balances the root system has to be taken into 
account. More-over, it is important to 
characterize it, in relation to the developrnent 
of the above ground parts of the trees: 
• The dynamics of implantation of the root 
system. 

• The influence of age and silviculture (soil 
preparation, ... ) on the development of the root 
system and its functions source and sink for 
water and nutrients. 

Initial work is already performed 
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(BOUILLEf et al., 1997) which will eventually 
lead to a report of the developrnent of SR, on 
the whole soit volumeprospected by roots (at 
least to a depth of 5 metres ), at both the tree 
and plantation level. 

4) The evolution 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 soit 
micro-fauna (termites, bacteria, ... ) and in 
phytopathology and climatology. 

5) The management of the area 
heterogeneousness. 

The management of the plantations has to 
take into account the heterogeneousness 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 pos.5ible dysfunctioning of the plantations. 
For instance, foliar diagnostic could 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 
(RANGERandBONNEAU, 1984)(Figure 1). 
The study of this cycle can lead to an 
assessment of, for example, the inputs and 
outputs of exchangeable elements and for the 
different time stages t:vegetation season, year, 
rotation, ... ). • 

Previous Studies 
Sorne studies dealing with the 

biogeochemical cycle have been undertaken 
on the plantations. 
• On the nitrogen cycle (BERNHARD 
-REVERSAT. 1993, 1996 ; BERNHARD 
-REVERSAT et al., 1993). The soil under the 
Eucalyptus bas a much higher potential for 
nitrogen mineralization than the soil under the 
savannah or Acacia. This mineralization is 
essentialy ammoniacal, the nitrification being 
negligible. 
• On the biomass and nutrient content of the 
plantations (LOUBELO, 1988 ; LOUMETO, 
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FIGURE 1. Representation of the functions of the forest ecosystems by a compartment and flux 
model (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 a fow of the 
elements needed for the establishment of a 
minerai balance of the plantations. 

Anticipated Studies 
Between 1997 andtheendof2000astudy 

will take place on the nutrient cycle and the 
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establishment of water and minerai balances 
on a planted crop E.PFI, clone 1-41. This 
ctone has been planted the most (7,000 ha), is 
hardy and generally gro~ well. The initial 
vegetation was savannah. The station is 
moderately productive (::::: 20m3 /ha/year at the 
end of a rotation: 7 years) 

The nutrient cycle study is inspired mainly 
by the steps followed by the research team of 
INRNOlamperoux(RANGER, 1995). lœw.ùer 
balance is to be carried out by a team from 
ORSTOM/Pointe Noire (NIZINSK1, 1995). 

The work will consist of three parts. 
1) A description of the state of the ecosystem 
at both the beginning and the end of the planted 
crop rotation. 
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A vegetation study 
• ln 1997 a botanical inventory will be carried 
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 growid parts (the tnmk. branches 
and leaves) of an 8 year-old stand. 
• The root system will be described and thus 
on the whole soil volume prospected. lt is 
projected that this operation will be spread over 
a number of years between 1997 and the year 
2000 and will lead to: 
- an evaluation of the~ biomass and nutrient 

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 
content of the dead rootlets. 

A soil study 
• Between 1997 and 1998 a characterization 
of the principal parameters of the physics of 
the soil will be carried out which will permit a 
determination on the available water and 
hydrodynamics characteristics of the soils (bulk 
density, actual density, field capacity, wilting 
point, soil water potential, .. . ) for the whole 
section prospected. 
• 1997-1998 will see the characterization of 
the minerai and organic stage: total chemical 
composition and the nutrients availability ( total 
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. 

• 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 
oftime, of the minerai 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 fluxes 
• 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 drainage equations 
outside the savannah and planted crop 
ecosystems 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 followingthe soil 1ayers will be studied. 
This work will cover the savannah and the 
planted crop. 
• A qualitative and quantitative estimation of 
root absorption on the planted crop will be 
carried out. 
• The fixation, symbiotic or otherwise, of 
atmospheric nitrogen will be conducted on the 
savannah and the planted crop. 
• On the planted crop, the dynru;nics of the 
retum of organic matter and nutrients by the 
litter will be examined through mineralization 
tests 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 dynamics of biomass and nutrient 
content incorporation in plantations of various 
ages covering the whole rotation of the planted 
crop. 
• A mode) of weathering flux will be in place 
by the end of the year 2000 for both the 
savannah and the planted crop. 

. 
3) The establistunent of the water and minerai 
balances. The conseguences for the 
management of the plantations. 

These assessments will follow on from the 
preceding studies. 
Esr ABLJSHMENT 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. 
Esr ABUSHMENf Of MINERAL BALANŒS 

• 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 

'· . 
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and the harvesting of the first rotation or dwing 
the rotation). lt will also be possible to estirnate 
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 -
immobilization in the wood- variation in the 
leaf and rootlet mineraI mass - the variation of 
elements in the organic layers (RANGER. 
1995). 

The estimation can be used directly using 
the followingequation: (2) 

Stock variation for one layer = inputs 
through gravitational solution from the upper 
layer - losses of gravitational solution through 
drainage to the lower layer + the nutrient 
content of dead rootlets - root uptake of 
capillary solutions. 

The total stock variation will be estimated 
by the swn of the variations calculated for each 
layer. 

A comparison between the balances using 
equations ( I) and (2) will provide: 
- a validation of the global approach, 
- a more detailed characterization on the 
sustained character of a system (an uptake 
limitation could become apparent at the level 
of one particular layer when there is no 
variation in global stock). 
• The establishment of minerai inputs-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= abnospheric 
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 important theme in research. This 

problem is particularly acute for tropical 
countries or those plantations using fast 
growing species, such as the Eucalyptus, 
which are often planted in very poor soils. This 
huge area of research calls for the 
collalxnation of diff erent disciplines ( silviculture, 
agrooomy, pedology, ecophysiology, ... ) and the 
collaboration of countries (north and south). 
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Thus, there is a particular interest for networks 
(CIFOR, ... ). 

As far as The Congo is concemed the first 
steps will focus on the biogeochemical study. 
This will lead to the establishment of the water 
and minerai balances on the planted crop of a 
clone which is used the mœt on the plantations. 
By the year 2000 the conunercial plantations 
managers will have objective elements with 
which to judge which interventions it is 
necessary to use (1 irne, ti liage, 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. urophy/la*grandis which will have 
increasing importance in the coming years. 

V. MEANING OF THE ACRONYMS 
CIFOR: Center for International Forestry 
Research. 
CIRAD: Centre de Coopération Internationale 
en Recherche Agronomique pour le 
Développement. 
ECO SA: Eucalyptus du Congo Société 
Anonyme. 
ORSTOM: Institut Français de Recherche 
Scientifique pour le Développement en 
Coopération. 
UR2PI: Unité de Recherche sur la Productivité 
des Plantations Industrielles 
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