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Abstract

Coppice teak stands are widely established by farmers in Benin as a means to diversify their livelihoods.
The aim of this study was to assess the relationships between soil properties and growth performance
characteristics of coppice teak stands so as to identify the main ecological parameters which control
the species’ growth. Samples from 29 plantations covering various plant communities were selected in
the commune of Tori-Bossito located in the Atlantic department. The methodology used was based on
the assessment of biological diversity indexes of plant communities, the appraisal of soil tactile texture
followed by physic-chemical analysis in the laboratory, and calculation of the trees’ growth parameters.
These data were used to perform a principal component analysis and an analysis of correlation to
evaluate the relationship between abiotic and biotic factors. Results have revealed the soil clay content
as the main factor linked to the growth of coppice teak stands. The increase of the amount of clay in the
soil contributes to a reduction in the soil porosity and, as a result, the decrease of the species’ growth.
In addition to findings from former studies on Beninese coppice teak stands, the current results are
guidelines to help farmers improve their management practices.

Keywords: Coppice teak plantations, soil properties, undergrowth plant communities, dendrometric
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Introduction

Forests in Benin cover about 2351000 ha (FAO, year because of human pressure through
2009) and represent the most important wood  agriculture and resource mismanagement (FAO,
and non-wood products’ supply of the country.  2011).

Unfortunately, an area of 50000 ha is lost every The Beninese government has initiated
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reforestation programs to mitigate the loss of
natural forests as well as to contribute to meet
the growing population’s needs for forest
products. Also, for some decades, the farmers’
interest in agroforestry and forestry has increased
and they have been involved in the production of
forest species such as teak (Tectona grandis L.f)
stands in short rotation under a coppice regime.
Native to Southeast Asia (Behaghel,
1999), teak is a valued species planted worldwide;
in America (Panama, Costa Rica, Brazil...),
Asia (India, Laos, Myanmar, Indonesia...),
and Africa (Tanzania, Cote d’Ivoire, Ghana,
Togo, Benin, Nigeria...). The species was
introduced into Benin in 1916 (Ganglo et al.,
1999). Nowadays, it covers more than 17000
ha in state plantations. Many research works
have been undertaken in Beninese state teak
plantations. These studies were focused on the
impact of soil richness on the species’ growth
and have concluded that a high content of
calcium, phosphorus, carbon, and nitrogen,
the carbon-to-nitrogen (C/N) ratio, and the
cation exchange capacity (CEC), are favorable
for teak growth (CTFT, 1969). Catinot (1970)
suggested that shallow soils and a weak water
retention capacity were mainly responsible for
teak stem deformation. Over recent decades,
relationships between undergrowth vegetation
and plantation productivity have been clearly
underlined (Ganglo et al., 1999; Ganglo, 2005;
Ganglo et al., 2006; Noumon et al., 2009).
Studies have been carried out also on
private teak plantations since 2002 and
have contributed to the characterization of
plantations and plantations owners (Quenum,
2002; Yévidé et al., 2011a; Atindogbe et al.,
2012); have described ecological and structural
characteristics of plant communities found
under the plantations (Yévidé et al., 2011a);
have assessed the economic value of the
products and how benefits are distributed
among members of the chain, as well as
determining the degree of consumers’
satisfaction with respect to the product quality
(Aoudji et al., 2011, 2012); and have assessed
the impact of factors like age, density, and plant
communities on the species’ growth as well as
provided a primary growth model for the

coppice teak stands (Yévidé et al.,2011b,2014).
As the main refinement of the research so far
undertaken on the ecological and structural
characteristics of coppice teak stands in Benin,
this study aims to assess the relationships
between the soil’s properties (texture, acidity,
organic matter, content...) and the growth
performance characteristics of the stands so as
to identify the main ecological parameters which
control teak growth.

Materials and Methods

Study Area

The study was carried out in the commune
of Tori-Bossito, located in the Atlantic department
in the south of Benin between 6°18° and 6°58°
north latitude and 1°56” and 2°30’ east longitude
(Figure 1). The area is mainly characterized by
ferralitic and hydromorphic soils (Volkoff and
Willaime, 1976). The mean annual rainfall is
around 1140 mm and the mean daily temperature
varies between 25.8°C and 29.1°C. Because
of agriculture, the natural vegetation has been
degraded and nowadays fallows and croplands
dominate the landscape.

Sampling, Data Collection, and Analysis

Nine plant communities from 29 plantations

of at least 1 acre (0.4 ha) each have been used
for the study. The entire area of each plantation
has been used to access the plantation’s plant
community species richness (S) and compute
the Shannon Wiener diversity index (H) as well
as the Pielou evenness index (E) through the
following formula:
H =-3 Plog, (P,) with P; = r;/ r where r; is
the abundance and dominance coefficient of
the undergrowth species i and r is the overall
abundance and dominance coefficient of all
undergrowth species in the plantation. Further,
E = H/H,.., with H,,,x = log, (S) where S is the
overall number of undergrowth species.

Two square plots of 100 m? were
established in each plantation and allowed
the counting of more than a dozen trees as
recommended by Duplat and Perrote (1981).
The circumference at breast height (Ci) of all
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shoots was measured as well as the shoots’
height (Hi) of the 10 first stumps and the height
of the biggest tree in the plot (Hd). The
following parameters were computed:

- mean quadratic diameter Dg = /3 (Ci/z) /n

where 7 is the number of shoots

- mean height Hg = > Hi/n' Where n’ is the number
of the shoots’ measured height.

- basal area G = ¥(¢i%/4z)

- annual average increment in: height (AAIH =
Hg/AgeR); diameter (AAID = Dg/AgeR); and
basal area (AAIG = G/AgeR) where AgeR is
the shoot age obtained through interviews
with plantation owners.

The plantation slope was recorded and
in 1 of the 2 plots, the tactile texture of the soil
was appreciated manually at intervals of 10 cm
from the surface to 50 cm in depth. Textures were
recorded on the basis of the relative rates of sand,
silt, and clay contained in the soil. The first

30 cm of the soil was sampled and labeled for
analysis in the Soil Sciences Laboratory of the
Faculty of Agronomic Sciences, University of
Abomey-Calavi. The pH measurements (pHyer
and pHgc) were determined with a pH-meter
whose electrodes were immersed into a solution
of 20 g of soil and 50 mL of distilled water
(pHpHyuer) and in a suspension of soil in a
basal standard solution of potassium chloride
(pHkc1). The granulometric analysis for
identification of the sand, silt, and clay rates
was made by the method of Robinson’s pipette.
The carbon rate was determined by Walkley and
Black’s method, and the organic matter (OM) rate
was calculated by multiplying the carbon rate
(%C) with the coefficient 1.72 (OM =1.72* %C).
The CEC was determined by the dosage of
exchangeable cations.

To describe the relationship between
abiotic and biotic factors, principal component
analysis (PCA) was firstly performed on biotic
variables of the plant communities in order
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Figure 1. Geographic location of the commune of Tori-Bossito
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to obtain uncorrelated components. Then, the
Pearson correlation coefficients were computed
between the principal components extracted and
the abiotic factors. Analyses were done with SAS
version 9.2.

Results and Discussion

Characteristics of Undergrowth Plant
Communities and Teak Stands

Described in Table 1, the studied plant
communities had,in general,more than 30 species
except the Chromolaena odorata and Panicum
maximum community (10 + 3). The Shannon
Wiener diversity index showed a lower species
diversity within the Chromolaena odorata and
Panicum maximum community (1.08 = 0.23)
while the highest value was found in the
Mallotus oppositifolius and Cnestis ferruginea
community (3.14 + 0.21). With the Pielou
evenness index of 0.57 +0.04, the latter presented
a better balance in the distribution of the
abundance-dominance. Globally, the plant
communities had an average species diversity
index but a weak balance in species abundance-
dominance distribution.

The pHu..r and pHgc of the plant
communities indicate that the plantations’
substrates were slightly acidic. There was an
average of organic matter ranging from 1.38
to 2.45% for, respectively, the Mallotus
oppositifolius and Reissantia indica community
and the Mallotus oppositifolius and Paul-
linia pinnata community. The CEC is above
10 cmol*/kg for all the plant communities except
the Mallotus oppositifolius and Reissantia
indica community which recorded the lowest
value (7.7 cmol*/kg). The granulometric analysis
showed a globally high sand content (around
77%) in soils under the Mallotus oppositifolius
communities while the highest clay content was
recorded in the Chromolaena odorata and
Panicum maximum community (29.0%) and
in the community of Dichapetalum
madagascariense and Cnestis ferruginea (26 .9%).
Hence the undergrowth plant communities of
the studied plantations develop on slightly acidic
soils with a low content in organic matter; and

these soils are generally sandy over the first 30 cm
of the soil profile.

The ages of the sample plantations ranged
from 2 to 5 + 3.6-years. The mean quadratic
diameter, the mean height, and the mean height
of the biggest trees were respectively under
6.5 cm, 7.5 m,and 9 m for all plant communities
(Table 2). Only the Mallotus oppositifolius and
Dichapetalum madagascariense community had
the lowest mean basal area but it did not possess
the lowest growth performance. Based on the
annual average increment, the Dichapetalum
madagascariense and Cnestis ferruginea
community had the lowest increment in
diameter and the Mallotus oppositifolius and
Rourea coccinea community had the lowest
increment in height and basal area while the
Mallotus oppositifolius and Cnestis ferruginea
community held the highest growth performance.

Relationship Between Biotic and Abiotic
Factors of the Plant Communities

The results of the PCA performed on the
biotic variables showed that the first 3 principal
components explained 90% of the overall
information on the plant communities (Table 3).
Variables corresponding to dendrometric char-
acteristics were positively correlated with the
first principal component (Pc1), whereas growth
parameters were all positively correlated with
the second principal component (Pc2), and the
biological indices were positively correlated
with the third principal component (Pc3) (Table
3). Therefore, it has been deduced that the first
principal component expresses a dendrometric
gradient, whereas the second expresses a growth
gradient, and the third a gradient of biological
indexes.

At 5% of probability level, there exists a
positive correlation between the silt rate within
the first 30 cm of the soils and the first principal
component (dendrometric gradient). At the same
probability level, the soil’s texture within 10 to
20 cm and 30 to 40 cm in depth was negatively
correlated with the second principal component
(growth gradient). The soil texture from 20 to
30 cm and from 40 to 50 cm is also negatively
correlated with the second principal component
but at 10% of the probability level (Table 4).
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The positive correlation of the dendrometric
gradient with the soil content in silt could imply
that the increase in silt within the first 30 cm
of the soils causes an increase in the mean
quadratic diameter, mean height, and mean basal
area. Besides, the negative correlation between
the soil texture and the growth gradient leads to

the suspicion that the more clayish the texture of
the soil gets (heavy soil), the less the trees grow
in diameter, height, and basal area. This finding
suggested that teak stands could not grow well
on clayish soil. Similar findings were made by
Dhar et al. (1992) when they were studying how
soil was a causative factor for the poor growth

Table 1. Plant communities’ diversity indexes and soil characteristics in first 30 cm depth

Plant communities

Characteristics  Values DM MO MO MO MO MO MO PM ue
CF CF DM ML PP RC RI CO CF
Slope Mean 005 004 002 001 002 001 006 006 008
SD 003 004 001 001 002 000 002 007 002
Speciesrich-  Mean 41 45 34 41 34 32 42 10 37
fess SD 9 2 2 3 4 0 3 3 0
Shannon Wie-  Mean 277 3.4 276 295 255 218 231 108 223
ner index SD 038 021 063 065 051 062 072 023 000
Pielou evenness Mean 0.51 0.57 0.44 0.55 0.39 0.44 0.37 0.31 0.40
index SD 005 004 0.0 012 008 012 0.2 005 000
PHuvater Mean 5.6 59 6.0 64 6.3 6.1 6.0 6.0 5.7
SD 05 02 03 01 03 00 02 09 02
pHxar Mean 47 52 52 56 55 52 52 51 49
SD 06 04 04 01 05 01 04 10 03
Sand rate Mean 70.1 774 769 80.8 77.0 68.1 80.6 673 74.8
(%) SD 89 88 63 13 59 44 27 212 113
Silt rate Mean 30 2.1 34 39 2.6 74 1.8 3.8 33
(%) SD 19 16 17 11 08 05 07 11 04
Clay rate Mean 269 205 197 153 205 245 177 290 220
(%) SD 88 84 55 21 52 49 33 202 117
Organic matter Mean 1.87 1.64 1.66 1.66 245 2.20 1.38 2.16 2.02
(%) SD 039 024 044 026 124 055 004 024 0.5
CEC Mean 143 95 100 65 104 135 77 135 115
(cmol7ke) SD 48 47 35 17 40 35 32 106 92

Caption: SD = Standard deviation; DMCF = Dichapetalum madagascariense and Cnestis ferruginea community ; MOCF = Mallotus
oppositifolius and Cnestis ferruginea community; MODM = Mallotus oppositifolius and Dichapetalum madagascariense community;
MOML = Mallotus oppositifolius and Macrosphyra longistyla community ; MOPP = Mallotus oppositifolius and Paullinia pinnata
community; MORI = Mallotus oppositifolius and Reissantia indica community ; UCCF = Uvaria chamae and Cnestis ferruginea community;
PMCO = Chromolaena odorata and Panicum maximum community; MORC = Mallotus oppositifolius and Rourea coccinea community.
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of teak in the South Balaghat Forest in India.
They found that soil with a high clay content
along with its shrink-swell property was
responsible for the poor growth of the species.
However, in Lama Forest in the south of Benin,
the state teak stands were established on vertisols
characterized by the highest content of clay with
a shrink-swell property. The soils under these
plantations were plowed in depth to assure good
soil porosity. Furthermore, furrows were made
before plantations were established to control
water circulation and floods after precipitations
assuring the aeration of the trees’ roots.

Accordingly, not only could the soil clay content
itself be seen as a factor of low growth, but also
the reduction of porosity it leads to. This fact is
in accordance with previous works. Indeed,
Dhar et al. (1992) have included in their findings
that impeded drainage was part of the factors
responsible for the poor growth of teak.
Maldonado and Louppe (1999) have reported
that the best development of teak depends on
soil properties, naming deepness and good
drainage. Krishnapillay (2000) reported that
teak can grow on diverse soils, but the growth
depends on the depth, structure, porosity, and

Table 2. Dendrometric characteristics and growth performances of teak plantations according to the plant

communities
Plant communities

Characteristics  Values DM MO MO MO MO MO MO PM uc
CF CF DM ML PP RC RI CO CF

Number of Observation 4 4 3 4 5 2 3 2 2

Shoots Age Mean 5 3 3 5 3 5 4 3 2

(yr) SD 2.6 0.9 14 36 0.7 05 17 10 0.0

Mean diameter ~Mean 521 553 294 544 380 633 456 573 383
(cm) SD 314 140 128 181 079 107 095 280 093
Mean height ~ Mean 634 727 458 663 513 620 649 680 596
(m) SD 261 174 291 205 117 119 092 259 1.4
Biggest tree Mean 855 884 502 768 632 831 847 724 685
height (cm) SD 504 226 320 203 123 187 201 203 146
mean basal Mean 1425 1458 601 1224 704 1124 1120 1244 902
area (m?/ha) SD 1002 569 468 473 100 329 103 680 386
AAID Mean 121 229 141 159 14 141 127 190 191
(cm/yr) SD 051 025 079 088 024 001 059 003 033
AATH Mean 157 310 204 211 187 137 186 232 298
(m/yr) SD 066 08 102 132 019 003 09 016 040
AAIG Mean 339 606 282 352 264 247 320 406 451
(m?/ha/yr) SD 195 206 182 176 052 024 162 025 136

Caption: AAID: annual average increment in diameter; AAIH: annual average increment in height; AAIG: annual average increment in
basal area; SD = Standard deviation; DMCF = Dichapetalum madagascariense and Cnestis ferruginea community; MOCF = Mallotus
oppositifolius and Cnestis ferruginea community; MODM = Mallotus oppositifolius and Dichapetalum madagascariense community;
MOML = Mallotus oppositifolius and Macrosphyra longistyla community; MOPP = Mallotus oppositifolius and Paullinia pinnata
community; MORI = Mallotus oppositifolius and Reissantia indica community; UCCF = Uvaria chamae and Cnestis ferruginea community;
PMCO = Chromolaena odorata and Panicum maximum community; MORC = Mallotus oppositifolius and Rourea coccinea community.
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Table 3. Eigenvalues and proportions of information explained after principal component analysis run and
correlation between principal components and biotic variables

Biotic variables

Principal components

Eigenvalue
Proportion

Cumulative

Species richness
Plant communities

Pielou evenness index

Quadratic diameter average

Total height average

Height average of the biggest tree

Teak plantation Basal area

annual average increment in diameter
annual average increment in height

annual average increment in basal area

Shannon Wiener diversity index

Pcl Pc2 Pc3
3.82 2.80 237
38.24 28.00 2371
38.24 66.24 89.95
0.26 0.34 0.71
-0.04 0.36 091
0.09 0.30 0.85
0.85 -041 0.05
0.93 -0.24 -0.05
093 -0.23 0.04
0.95 -0.19 0.03
0.28 0.34 -0.36
0.23 0.90 -0.35
051 0.80 -0.24

the draining and water retention capacity of the
soils. It was clearly pointed out that teak prefers
well-drained, fertile, and deep soils, particularly
the volcanic substrates or alluvial soils of
different origins with the pH comprised
between 6.5 and 7.5. Pandey and Brown (2000)
underlined that the most successful teak forests
(natural or planted) are observed on well-drained
and deep alluvium soil and that teak plantations
do not survive when established on clayish and
poorly-drained lowlands. It appears obvious that
the soil porosity is important for good growth of
teak. However, other factors such as calcium (Ca),
phosphorus (P), nitrogen (N), potassium (K),
and magnesium (Mg), the C/N ratio, and the
CEC appeared to have significant and positive
correlations with teak growth in many studies
(CTFT, 1969; Zech and Drechsel, 1991;
Watanabe et al., 2010; De Favare et al., 2012).
The influence of pH in teak growth is
controversial because, while it has been reported

that a high pH contributed to poor growth
(Dhar et al., 1991), soil pH was not correlated
to growth in Ghana (Watanabe et al., 2010) or
in our study.

To encourage their involvement in the
establishment of teak stands and to improve their
stands’ growth, farmers should be sensitized and
trained to use well drained lands for coppice
teak production and also to maintain the optimal
number of shoots per stump, as suggested in a
former study (Yévidé et al.,2011b).

Conclusions

Coppice teak stands are widely established by
farmers in the Republic of Benin and their wood
is used for many purposes by consumers in cities.
Coppice teak stands have been at the center of
interest through many studies during recent
decades. This work, the objectives of which were
to assess the relationships between the soils’
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Table 4. Canonical correlation of abiotic variables with the major principal components of biotic variables

Abiotic variables

Principal components

Pcl Pc2 Pc3
r P r P P

PHyater 0.26 0.172 0.16 0.515 022 0.252
pHka 0.15 0.439 0.17 0.374 0.02 0918
Sand -0.06 0.774 023 0.232 0.07 0.709
Silt 0.39 0.034 0.03 0.866 -0.13 0.505
Clay -0.03 0.881 -0.25 0.190 -0.05 0.805
Organic matter 0.19 0.325 -0.16 0418 0.29 0.124
CEC -0.04 0.856 -0.27 0.153 0.03 0.865
Slope 0.01 0973 -0.16 0.404 -0.19 0.325
Texture at 10 cm in depth -0.02 0913 -0.13 0.486 -0.13 0.503
Texture at 20 cm in depth 0.07 0.732 -0.34 0.048 0.15 0.429
Texture at 30 cm in depth 0.02 0921 -0.32 0.095 0.16 0419
Texture at 40 cm in depth -0.11 0.585 -0.37 0.047 0.11 0.587
Texture at 50 cm in depth 0.07 0.726 -0.36 0.055 0.21 0.282

Caption: r = Correlation coefficient; p = probability

properties and the dendrometric characteristics ~ Acknowledgements

of coppice teak stands and to identify the main
ecological parameters that control teak growth,
highlighted the soil clay content as the principal
abiotic factor among the studied factors which
influence teak growth. The soil clay content over
50 cm deep impacts negatively on teak growth
in coppice stands. However, it has been
emphasized that it is the reduction of porosity
due to the increase of clay contained in the soil
texture that engenders low growth of stands
instead of the soil clay content itself. In addition
to the findings from former studies in Beninese
coppice teak stands, the current results are
guidelines to help farmers improving their
management practices. Thus, farmers should
be sensitized to choose adequate lands for
establishment of their plantations and maintain
the optimal number of shoots per stump for
better productivity.
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