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ABSTRACT

A study was carried out in Koto forest reserveentcal Benin (6°56’ to 7°02’ of north lat. and 02°03
to 02°09’ of east long), in order to contributetih@ sustainable management of the forest. Phytolegital
inventory was done using the synusial approachls Seére studied through texture surveys, pedoldgica
profiles description and laboratory analysis. SilMural parameters of plantations were studiechgisi
temporary sample plots of 300 m2. The study helpsidentify and describe twenty-two basic plant-
communities hamed synusia. Based on their relatipasthe synusia have been combined to describensev
phytocoenoses (plant-communities). Each non piopbgtocoenose is an expression of specific ecadbgic
conditions. The study of plantation productivityshehown remarkable homogeneity of productivity leve
within each non pioneer phytocoenose. Analysis afiance reveals a significant difference at 5% of
probability level between the productivity levelstibe phytocoenoses. Three productivity levelsideatified
according to phytocoenoses. The study leads teadhelusion that phytosociology is a reliable toml forest
management.
© 2009 International Formulae Group. All rights erged.
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INTRODUCTION forest plantations. Unfortunately, the forest

Deforestation and fragmentation of the
world forests continue at alarming rates,
resulting in serious problems including
irreversible loss of genetic resources. As a
proof of this, FAO (2005) reported an annual
deforestation rate of 7.3 million hectares of
the world forests between 2000 and 2005.

Benin Republic has limited forest
resources. FAO (2005) reported that Benin
has about 2 351 000 ha of natural forests and

resources are subjected to rapid depletion
because of seasonal fires, intensive grazing
and extensive agriculture. In Benin, in order to
supply the needs of populations in forest

products, forest plantations have been carried
out since the 1940s. To provide populations
with sustainable forest resources, it is

important to take into account forest research
results. However, sound forest research results
to guide silviculture are badly lacking in our
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country (Ganglo and Maitre, 2003). One of
the key factors that enable efficient

silviculture is a clear knowledge of forest

sites, in terms of their constraints and

potentialities. In a classical way, the

identification, characterisation and mapping of
forest sites are time and resource consuming.
Indeed, to achieve this, it is indispensable to
study geology, soils, topography,

microclimate...,  vegetation and their

relationships in order to derive homogenous
forest spaces in term of ecological and
biological factors (Sabatier, 2006). The

introduction of phytosociology in vegetation

analysis some years ago (Braun-Blanquet,
1932; Lebrun, 1947; Guinochet, 1955;

Pignatti et al., 1995) helps to understand that
plant communities are a synthesis of the
interaction of ecological factors. Furthermore,

recent research results in the undergrowth
vegetation of forest plantations enable to
understand the homogeneity of ecological
factors, mainly soil and topography, in the

biotopes of non pioneer undergrowth plant
communities (Ganglo, 2005; Noumon and

Ganglo, 2005; Aoudji and Ganglo, 2006;

Ganglo and De  Foucault, 2006).

Phytosociology comes out then to be a very
useful tool for a less time and resource
consuming approach to identify and

characterise forest sites. We successfully used
this approach in the forest plantations of Koto
forest reserve and the purpose of this article is
to present the main results achieved.

MATERIALS AND METHODS
Study area

Koto forest reserve is located in
Central Benin (6°56’ to 7°02’ of north lat. and
02°03’ to 02°09’ of east long) at the north-
western part of Lama Forest reserve (Figure
1). This forest is submitted to a subequatorial
climate, with a long rainy season from March
to July and a short rainy season from
September to October. The long dry season
extends from November to February and the
short dry one covers August. The mean annual
rainfall observed from 1987 to 2006 is 1,153
mm. During the same period the mean daily
temperature is about 28 °C while relative
humidity varied from 40% to 98%.
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Two major types of soils occurred in
the forest (Viennot, 1966): typical black
cotton soils and sandy soils.
> Black cotton soils are dark in the upper
horizons. In the rainy season, they are similar
to muddy soils because of ill drainage. The
soils have very slow hydraulic conductivity
when moist and have high bulk density when
dry. Clay is dominant in their profiles (46-
63%); the organic matter content is from 2%
to 4%; the C/N ratio varies from 10 to 13; the
pH extends from 5 to 6 whereas the cationic
exchange capacity varies from 28-30 meq/100
g with a saturation rate of 74% to 99%. This is
the major soils found in Koto forest and,
support 80% of the plantations;

» Sandy soils are found in the north eastern
part of the forest and mainly cover plots 3 and
4 (Figure 1). These soils are light in the upper
horizons and dark in depth. In the upper
horizons, sand is dominant (84%); the soil pH
is around 6 whereas the organic matter content
is very low (1%); the C/N ratio is around 11;
the cationic exchange capacity is low and
varies from 2 to 5 meqg/100 g of soil and the
saturation rate is from 53% to 63%.

The natural vegetation of Lama is a
semi-deciduous forest, periodically flooded in
rainy season (Paradis and Houngnon, 1977).
The most common species of the forest are
Diospyros mespiliformjsDialium guineensge
Mimusops andongensimdAfzelia africana
Figure 1 (position)

Koto forest reserve is actually covered
by 2,541 ha of forest plantations where Teak
is dominant (86% of the forest area); the other
species areTerminalia superba Gmelina
arborea Khaya senegalensisand Afzelia
africana

Phytosociological study of the spontaneous
vegetation

In the study of the spontaneous
vegetation of the forest plantations of Koto
forest reserve, we used the synusial approach
to phytosociology developed by Gillet et al.
(1991) and Gillet (2000). To achieve this
study we used a forest map 1/10,000 scale and
Sunnto compass for orientation on the field
and phytocoenose mapping; a global
positioning system (GPS) is used to record
relevant points and phytocoenose contours.
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Figure 1: Koto forest reserve.

In the study of the spontaneous high perennial-herbaceous synusia, shrubby
vegetation, we use the synusial approach to synusia, liana-synusia and tree-synusia. The
phytosociology developed by Gillet et al. surface of relevés varies from 50 in the
(1991) and Gillet (2000). We have annual and herbaceous synusia to 1 06@nm
distinguished the following categories of the other ones. In each relevé, all the
synusia (basic plant-community): annual flowering species are recorded. Based on
synusia, low perennial-herbaceous synusia, spatial and temporal relationships, the
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Table 1: Phytocoenose diversity and ecological indicat@alues.

Phytocoenose

Synusia components

Ecological indicagoralues

Chromolaena

Chromolaena odorata Panicum
maximumhigh perennial-herbaceous
synusiaPhyllanthus amarus

odorata— Aneilema beniniensgnnual synusia, L . . .
. . - Mesophile site with direct sunlight,

Panicum Crinum jagus- Chlorophytum irrespective of types of soils and topograph
maximum blepharophyllumow perennial- P yp pography.
phytocoenose herbaceous synusi@jssus rufescens

— Chlorophytum blepharophyllutow

perennial-herbaceous synusia

Mallotus oppositifolius- Deinbollia

pinnatashrubby synusiasloriosa Mesophile site on well drained black cotton
Mallotus superba-Asystasia gangeticannual  soils, usually found at the top of slopes or
oppositifolius— synusia,Crinum jagus- moderate slopes; 46-63% of clay in the upper
Deinbollia Chlorophytum blepharophyllufow soil horizons; 2-4% of organic matter; C/N
pinnata perennial-herbaceous synusissus ratio = 10-13; pH = 5.4-6.1; cationic
phytocoenose rufescens- Anchomanes difformis exchangeable capacity = 28-30 meq/100 g of

high perennial-herbaceous synusia,
Ceiba pentandraree synusia

soil in the upper horizon.

Paullinia pinnata
— Reissantia
indica
phytocoenose

Paullinia pinnata— Reissantia indica
liana synusiaPhyllanthus amarus
Physalis angulatannual synusia,
Cissus rufescensChlorophytum
blepharophyllumow perennial-
herbaceous synuisBhaulopsis
falcisepalahygrophile low perennial-
herbaceous synusia aAdacia caffra
tree synusia

Mesophile site on poorly drained black cotton
soils, usually found on weak to moderate
slopes; 45-56% of clay in the upper soil
horizons; 1-3% of organic matter; C/N ratio
around 13; pH = 5.7-6.1; cationic
exchangeable capacity = 28-34 meq/100 g of
soil in the upper horizon.

Uvaria chamae-

Uvaria chamae- Macrosphyra
longistylashrubby synusia,
Sansevieria liberica- Anchomanes

Mesophile site on deep ferrallitic soils, usually
found on weak to moderate slopes surrounding
plateaux; 80-83% of sand in the upper soil

Mac_rosphyra d'ffO”T"S'F’W perennial-herbaceous horizons; 1-2% of organic matter; C/N ratio
longistyla synusiaCissus rufescens . _ R
. i . around 11; pH = 6.6-7.1; cationic
phytocoenose Anchomanes difformisigh perennial- I .
. - exchangeable capacity = 4-6 meq/100 g of soil
herbaceous synusia aGeiba . -
. in the upper horizon.
pentandraree synusia
Andropogon tectorum Imperata Dry and degraded areas with black cotton soils
cylindrica high perennial-herbaceous (34-51% of clay in the upper horizons) or
Andropogon synusiaPhyllanthus amarus sandy soils with low water retention capacity
tectorum- Aneilema beniniensgnnual synusia, (39-65% of fine sand in the upper soil
Imperata Crinum jagus- Curculigo pilosalow  horizons); 0.5-2% of organic matter; C/N ratio
cylindrica perennial-herbaceous synusia, =10-11%; pH = 5.7-6.1; cationic
phytocoenose Sterospermum kunthianum exchangeable capacity very low on sand soll
Pilostigma thonninghisynusia and (2-5 meq/100 g) and around 40 meqg/100 g of
Acacia caffratree synusia soil in the upper horizon.
- Dialium guineense Diospyros
Dialium " . orr
- mespiliformistreesynusiaCrinum
guineense- . - - . .
DIOSDVIOS jagus— Curculigo pilosalow Mesophile site on clayey soils, usually found
Py . perennial-herbaceous synusia and on weak to moderate slopes in natural forest.
mespiliformis ; )
Memecylon memecyloide<eltis
phytocoenose

brownii shrubby synusia

Nauclea latifolia
— Mitragyna
inermis
hygrophile
phytocoenose

Nauclea latifolia— Mitragynainermis
shrubby synusigRanicum laxum-
Ludwigia abyssinicéow perennial-
herbaceous synusia ahdersia
hexandra— Cyperus distankw
perennial-herbaceous synusia

Hygrophile site with muddy soils periodically
flooded by water.
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Table 2: Variation of plantation productivity (top heighf any teak plantation at 25 year-old
(Ganglo et al., 1999)) within phytocoenoses.

Mallotus. Paulliniapinnata—  Uvaria chamae — Andropogon
g ; . tectorum —
L oppositifolius — Reissantia Macrosphyra
Replication . . . Imperata
D. pinnata Indica longistyla I
number cylindrica
phytocoenose phytocoenose phytocoenose
Phytocoenose
(m) (m) (m) s
1 30.49 27.35 28.64 16.63
2 30.37 28.68 25.6 15.16
3 31.94 27 26.35 17.78
4 29.28 26.39 24.29 16.6
5 29.64 27.6 27.01 18.14
?"nf)a” index 30.34 +1.02 27.40+0.84 26.38+ 1.62 16.86+ 1.17
Amplitude of
productivity 2.66 2.29 4.34 2.98
indices (m)
Standard 1.02 0.84 1.62 117
deviation (m)
Variation
coefficient 3.36 3.06 6.14 6.93
(%)

Tabulated values are Mean + SD of “5” determination

Table 3: Variance analysis of the plantation productivayels according to phytocoenoses.

Degree of freedom  Mean square F P
Factors 3 170.3657 118.3352 0.00001
Error 16 1.439687 -
total 19 171.805387 -

The level of significance of the variance analysitable 3 is 0.001%.

Table 4:Results of the mean test comparison of Newmariskeu

1) (2) 3) (4)
Mean index (m)  16.86200  30.34400  27.40400  26.37800
And (1) - 0.000185 0.000168  0.000159
Mall (2) - 0.001482  0.000371
Paul (3) - 0.195308

Uva (4) -
The level of significance of the mean test comparis table 4 is 5%.In table 4, (And) stands/Aordropogon
tectorum— Imperata cylindricacommunity, (Mall) stands foMallotus oppositifolius— Deinbollia pinnata
community, (Paul) stands f@aullinia pinnata— Reissantia indicaommunity, (Uva) stands faJvaria chamae
Macrosphyra longistylcommunity.

vegetable synusia are combined to describe spontaneous tree-phytocoenoses are not
phytocoenoses. Each relevé of phytocoenose presentin the plantations.

covers about 6 ha; a total of 58 relevés of The plant species identification has
phytocoenoses have been assessed, making been done on the basis of Flora of West Africa
about 13% of the total area of the forest (Hutchinson and Dalziel 1954-1972). The
plantations of Koto. We distinguish the same names of taxa are derived from Lebrun and
types of phytocoenoses as of synusia but the Stork (1991-1997).
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Ecological factor and forest plantations
parameter study

The study of soils and topography has
been done according to Ganglo and De
Foucault (2006). The measurement of
dendrometric parameters (diameter and
height) has been done by means of tape
measure and Blum-Leiss (dendrometer). The
dendrometric parameters are studied in
representative parts of each phytocoenose.
Therefore at least, four rectangular sample
plots of 300 M (15 m x 20 m) are assessed in
each phytocoenose so that the following
parameters are recorded: diameter at breast
height (1.30 m); the height of the two largest
trees are measured in each plot in order to
calculate top height. Productivity is estimated
by using the site index curves elaborated for
Teak plantations of south and centre Benin by
Ganglo et al. (1999). Productivity indices
(Table 2) correspond to the top height of any
plantation at 25 year-old. That age is
considered as a reference age in the Teak
plantations of Benin (Ganglo et al., 1999). In
order to compare plantation productivity
according to phytocoenoses, we performed
variance analysis and applied the mean test
comparison of Newman-Keuls at 5% of
probability level; to analyse the scope of
variation of the mean indices, we calculated
the following parameters: standard deviation
of the productivity indices; variation coef-
ficients and, the amplitude of plantation
productivity indices. In the comparison, we
didn’t consider pioneer phytocoenoses such as
Chromolaena odorata- Panicum maximum
phytocoenoses because their distribution in

the forest is irrespective of soils and
topography.
RESULTS
Phytocoenose-diversity and  ecological
indicatory values

Twenty-two synuisa have been

described: three annual synusia, six low
perennial-herbaceous synusia, four high
perennial-herbaceous synusia, five shrubby
synusia, one liana synusia and three tree-
synusia. On the basis of their relationships
these synusia are gathered into seven
phytocoenoses. The ecological indicatory
values and of each phytocoenose are
presented in table 1. The phytocoenoses
identified are mapped on figure 3.
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Variation of plantation productivity within
phytocoenoses

To describe the variation of plantation
productivity within phytocoenoses, we only
consider the phytocoenoses that grow in forest

plantations. The variation of plantation
productivity  within  phytocoenoses s
presented in table 2. From analysis of

productivity indices, we can deduce that:
the standard deviation of the productivity
indices are low (2 m at most);
the variation coefficients are also low
(7% at most);
the amplitude of plantation productivity
indices is 4 m at most and proves that within
each non-pioneer phytocoenose, productivity
levels belong to the same class of
productivity.

From the observations above, we

conclude that productivity is remarkably
homogeneous within each non-pioneer
phytocoenose.

Variation of productivity levels according
to phytocoenoses

Only the non-pioneer undergrowth
phytocoenoses are taken into account in this
analysis. The results of variance analysis are
presented in table 3. The results of the mean
comparison test of Newman-Keuls are
presented in table 4.
From tables 3 and 4 we deduce that:
There is a significant difference at 10
probability level between phytocoenose
productivity levels ;
The Mallotus oppositifolius— Deinbollia
pinnata phytocoenose is the most productive;
its productivity index (30.4 m) is significantly
higher than that of the other phytocoenoses at
5% of probability level ;
The productivity level of Paullinia
pinnata— Reissantia indicghytocoenose and
that of theUvaria chamae— Macrosphyra
longistyla phytocoenose are respectively 27.4
m and 26.4 m. These two productivity levels
are not significantly different at 5% of
probability level. Their productivity level is
the intermediate one;
The Andropogon tectorum- Imperata
cylindrica phytocoenose has the lowest
productivity level (16.9 m); its productivity
level is significantly different from that of the
other phytocoenoses at 5% of probability
level.
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Figure 2: Phytocoenoses identified in Koto forest reseri® In Figure 2, Phyt. stands for
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Forest site identification

From the main conclusions of the
previous paragraphs we deduce:
1. non-pioneer phytocoenoses have reliable
ecological indicatory values (table 1); we also
observe that their biotopes are homogenous in
terms of ecological factors (types of soils and
topography);
2. plantation productivity within each non-
pioneer phytocoenose (table 2) presents very
little variation that results in weak values of
the standard deviation, variation coefficient
and amplitude of productivity indices;
We therefore deduce that the biotopes of each
non-pioneer phytocoenose can be considered
as forest sites.
Based on productivity levels in
phytocoenoses, the forest sites identified in
Koto forest reserve are the following (Figure
4):
a. Forest site 1 is the biotope d&fallotus
oppositifolius Deinbollia  pinnata
community; it is the most productive of Koto
forest reserve. Its productivity index values
vary from 29 mto 32 m;
b. Forest site 2 has an intermediate
productivity level (27.40 m of productivity
index). It is characterized Waullinia pinnata
— Reissantia indicghytocoenose;
c. Forest site 3 has an intermediate
productivity level (26.38 m of productivity
index). It is characterized Byvaria chamae-
Macrosphyra longistylgphytocoenose;
d. Forest site 4 is the least productive with
productivity index values ranging from 15 m
to 18 m and covers teak plantations of
Andropogon tectorum- Imperata cylindrica
phytocoenose.

DISCUSSION
Plant community discrimination

The discrimination of the plant
communities identified in Koto forest reserve
is the response of the vegetation to ecologic
factors. Indeed, pioneer plant community such
as Chromolaena odoratgommunity is only
found in part of forest exposed to direct
sunlight. The non pioneer plant-communities
are found on specific site conditions:
Mallotus oppositifolius— Deinbollia pinnata
phytocoenose is usually found on well drained
black cotton soils; Paullinia pinnata —
Reissantia indicghytocoenose is confined to
ill drained soils of the forestAndropogon
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tectorum— Imperata cylindricaphytocoenose
grows on degraded soils with low water
retention capacity... Our results agree with
those of many authors. Indeed, previous
phytosociological studies in Benin Republic,
confirm the important effects of sunlight,
topography and soil types in the
differentiation of plant communities (Ganglo
et al., 1999; Ganglo, 2005; Noumon and
Ganglo, 2005; Aoudji and Ganglo, 2006;
Ganglo and De Foucault, 2006). In south east
Belgium, many site plant communities have
been described (Duvigneaud et al., 1977). The
results obtained by these authors who clearly
relate the site plant communities to specific
ecological factors (mainly topography and
soils) support our research results. The same
observations are also made by Decocq (2000)
who identified in the high Oise valley in
Belgium, many synusia and plant
communities depending on topographic
positions and soil types.

Productivity and forest site identification

In forestry, there are two ways to
estimate forest productivity: the first one is the
method of direct estimation of forest
productivity based on total volume estimation
of the forest or measurements of volume
increments; the second method is that of
indirect estimation of the productivity which
consists of using ecological indices, mainly
that of climate, soil, topography and plant-
community (Rondeux, 1993). The results of
our study are an illustration of the method of
indirect forest productivity estimation. In that
field, we have very few research works.
Cajander (1926, In Rondeux, 1993) is among
the first researchers to have initiated the
approach of forest productivity determination
on the basis of plant-communities. Other more
recent works undertaken in that field are from
Dagnélie (1956; 1957) who studied the
productivity of beech in Ardennes (Belgium)
and obtained a significant variation of
productivity levels according to plant-
communities. In Benin, this approach has
never been applied in our forest before. By the
end the 1990s, we undertook the study of the
plant-communities in Benin forests in order to
derive reliable tools for forest management.
Indeed, by this approach, we successfully
identify, characterize and map forest sites
according to their productivity levels (Ganglo,
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2005; Aoudji and Ganglo, 2006; Ganglo and
De Foucault, 2006). Our research results in
Koto forest reserve support those already
obtained in Benin and abroad. The benefit of
this approach is very interesting. Indeed,
before the innovation supported by our
research results, many attempts have been
done to identify and map forest sites in Benin,
by the classical way that consists of studying
geology, soils, topography, microclimate...,
vegetation and their relationships in order to
derive homogenous forest spaces in term of
ecological and biological factors. The
enormous costs associated to this classical
method of forest site identification and
mapping are the chief reasons that preclude
their achievement.

Forest management specifications
According to the potentialities and
constraints of the phytocoenoses identified in

the forest, we can make the following
suggestions:
e Case of Mallotus oppositifolius —

Deinbollia pinnatacommunity

It is the most productive phytocoenose
where production of high timber value must
be considered. Apart from teak which is the
main species, silvicultural treatments must
favour regeneration and growth of native
species usually found in the phytocoenose:
Dialium guineense, Ceiba pentandra, Afzelia
africana...
Case of Paullinia pinnata — Reissantia
indica-=community

The site of this plant community is
subjected to ill drainage which frequently
causes tree fall as a consequence of Teak roots
decay. However, with an intermediate
productivity level, the site is suitable for Teak
timber production. But, ploughing and ridging
are necessary if good results are to be
expected. In addition, a moderate period of
Teak revolution (30-40 years) must be
observed in order to reduce plantations
degradationDiospyros mespiliformiss found
as a common indigenous forest species in the
site. Silvicultural treatments (reduction of
trees density, liana cutting on trees...) can
help the regeneration and growth of the
species.
Case ofUvaria chamae— Macrosphyra
longistylacommunity
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This phytocoenose has also an
intermediate productivity level. The site is
suitable for teak timber production.
Silvicultural treatments must also enable
natural regeneration and growth of native
forest species commonly found in the
phytocoenose: Antiaris toxicaria, Ceiba
pentandra, Triplochiton scleroxylon, Milicia
excelsa...

» Andropogon  tectorum
cylindrica phytocoenose

This phytocoenose has the lowest
productivity level. Its biotope is not suitable
for Teak timber production. We suggest that it
is better using firewood species &gacia
auriculiformis or Cassiasiameaas forestation
species. Other forest species can also be
considered, mainly those naturally found in
the phytocoenoselLonchocarpus sericeyus
Pterocarpus erinaceyg\nogeissus leiocarpus
andDaniellia oliveri...

Nauclea latifolia — Mitragyna inermis
phytocoenose

This phytocoenose is found in
hygrophile site with muddy soils periodically
flooded with rain water. We recommend
native woody and non-woody species growing
such as Berlinia grandiflora, Mitragyna
inermisandPterocarpus santalinoides...

Imperata

Conclusion

The study helps to identify and
describe twenty-two basic plant -communities
named synusia. Based on their relationships,
the synusia have been combined to describe
seven phytocoenoses (plant-communities).
Each non pioneer phytocoenose is an
expression of specific ecological conditions.
The study of plantation productivity has
shown remarkable homogeneity of
productivity level within each non pioneer
phytocoenose. Analysis of variance reveals a
significant difference at 5% of probability
level between the productivity levels of the
phytocoenoses. We then deduce and describe
forest sites. Forest site 1 is the biotope of
Mallotus oppositifolius- Deinbollia pinnata
community; it is the most productive of Koto
forest reserve. Its productivity index values
vary from 29 m to 32 m; forest site 2 has an
intermediate productivity level (27.40 m of
productivity index). It is characterized by
Paullinia pinnata — Reissantia indica
phytocoenose; forest site 3 has also an
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intermediate productivity level (26.38 m of
productivity index). It is characterized by
Uvaria chamae- Macrosphyra longistyla
phytocoenose; forest site 4 is the least
productive with productivity index values
ranging from 15 m to 18 m and covers Teak
plantations of Andropogon tectorum —
Imperata cylindricaphytocoenose.
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