
Evaluation of an Acacia mangium Provenance Trial after Seven
Years, on the Ibi - Batéké Plateau, Democratic Republic of the
Congo
Etienne Yusufu Kachaka, Vincent Poirier, Alison D. Munson & Damase P. Khasa

Etienne Yusufu Kachaka : Doctorant en sciences forestières à l’Université Laval et Chef de
travaux à l’Université de Kinshas. Centre d'étude de la forêt, et Département des Sciences du bois
et de la forêt, Université Laval, 2405 rue de la Terrasse, Québec, QC G1V 0A6, Canada.
Département de gestion des ressources naturelles, Faculté des sciences agronomiques, Université
de Kinshasa, Kinshasa XI, République démocratique du Congo. Corresponding Author: etienne-
yusufu.kachaka.1@ulaval.ca,

Vincent Poirier : Professeur AssociéUnité de recherche et de développement en agroalimentaire,
Université du Québec en Abitibi-Témiscamingue, 79 rue côté, Notre-Dame-du-Nord, Québec, QC
J0Z 3B0, Canada.

Alison D. Munson : Professeure TitulaireCentre d'étude de la forêt, et Département des Sciences
du bois et de la forêt, Université Laval, 2405 rue de la Terrasse, Québec, QC G1V 0A6, Canada

Damase P. Khasa : Professeur Titulaire, Centre d'étude de la forêt, et Département des Sciences
du bois et de la forêt, Université Laval, 2405 rue de la Terrasse, Québec, QC G1V 0A6, Canada.

DOI: 10.25518/2295-8010.1740
Résumé :

Évaluation d’un essai de provenances d’Acacia mangium âgé de sept ans et établi à Ibi
sur le plateau des Batéké en République Démocratique du Congo

Cette étude rapporte l'évaluation d’un essai de 46 provenances et variétés d'Acacia mangium
plantées en 2006 sur le plateau d'Ibi - Batéké, en République Démocratique du Congo. Après
sept ans, la hauteur et le diamètre des arbres, la biomasse et les stocks de carbone des 46
provenances d'Acacia mangium, ainsi que les concentrations de carbone et d'azote dans le sol,
ont été comparés aux sols de savane dans lesquels les Acacia mangium n'étaient pas présents.
Les hauteurs et les diamètres de 20 à 25 arbres par provenance ont été mesurés. Le carbone
dans la biomasse a été déterminé par la méthode directe. Au total, 25 arbres ont été récoltés et
pesés pour chaque compartiment de carbone (feuilles, branches, litière, troncs et racines).
Quatre-vingt-dix échantillons de sol ont été recueillis à trois profondeurs différentes dans les
parcelles des provenances et dans la savane, puis analysés pour déterminer leurs concentrations
en C et en N. Il y avait des différences pour la croissance en hauteur et en diamètre ainsi que
dans le stockage de carbone parmi les arbres selon leur provenance. De plus, le carbone du sol
et l’azote différaient selon les provenances et les profondeurs. Le carbone et l'azote avaient
tendance à diminuer avec la profondeur. Les résultats de l'étude ont révélé de meilleures
performances pour les provenances originaires de Papouasie-Nouvelle-Guinée, d'Australie, de
Malaisie, du Vietnam, de Chine, des Fidji et des Philippines.

Abstract :
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This study reports on the evaluation of 46 Acacia mangium provenances and varieties, which
were planted in 2006 on the Ibi-Batéké Plateau, Democratic Republic of the Congo. After seven
years, tree height and diameter, biomass and carbon stocks of the 46 Acacia mangium
provenances, together with soil carbon and nitrogen concentrations, were compared with
savannah soils in which Acacia was no present. Heights and diameters of 20 to 25 trees per
provenance were measured. Carbon in the biomass was determined by the direct method. In
total, 25 trees were harvested and weighed for each carbon compartment (leaves, branches,
litter, trunks and roots). Ninety soil samples were collected at three different depths in the
provenance plots and on the savannah and analyzed for their C and N concentrations. There
were differences in height and diameter growth and in accumulated carbon among trees of
different origins (provenances). Finally, soil C and N differed under different provenances, and
with depth. Carbon and nitrogen tended to decrease with depth. The results of the study
revealed better performance for provenances originating from Papua New Guinea, Australia,
Malaysia, Vietnam, China, Fiji and the Philippines.

Introduction
Brown salwood, Acacia mangium Willd. (Section Juliflorae, Fabaceae, Mimosoideae), is a low-
elevation species, which usually occurs at altitudes below 300 m. Its natural range extends between
1° and 18°57’S, and between 125°22' and 146°17' E. Also known as sabah salwood, mangium
(Malay), hickory wattle, krathin-thepa (Thai) and mangge hutan (Indonesian), among others, this
species is found in northeast Queensland in Australia, through to the Western Province of Papua
New Guinea (PNG) into the adjacent Indonesian province of Papua (formerly Irian Jaya), and
the adjacent Maluku Islands (23). It is a fast-growing nitrogen (N2)-fixing tree species with high
biomass production, and is capable of adapting to a wide range of environmental conditions,
including acidic and nutrient-deficient soils (11, 17, 23).

Salwood is a promising species for forest plantation establishment in many countries where
degraded land requires rehabilitation or diverse climatic regimes occur (11). Reforestation with
this species would reduce pressure on native forest ecosystems, while restoring soil fertility and
ecosystem productivity (18).

In 1980, seed collection of A. mangium from across its natural range was undertaken by the
CSIRO (Commonwealth Scientific and Industrial Research Organization) of Australia and the Forest
service of Papua New Guinea (23). The species has been introduced into many countries far beyond
its original range (e.g., Central America and the Caribbean; Cameroon; Hawaii; Southeast Asia,
including the Indian sub-continent and the Philippines).

It has assumed an important role in reforestation programs in tropical and subtropical zones
over the last few decades (2, 11). Acacia mangium was introduced into the Democratic Republic
of Congo (DRC) in the early 1980s, primarily to reforest savannas and other marginal areas, and
provide erosion control (17). At the same time, salwood plantings have produced fuelwood and food
through the creation of agroforestry systems (17, 18).

Multiple provenances of A. mangium exist and could be used in DRC, but there are few data in
the literature to evaluate growth differences among them. Moreover, their ability to store biomass
carbon, and their influence on soil organic carbon (SOC) and N concentrations remains unknown.
This paucity of information needs to be addressed so that scientifically sound recommendations can
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be made regarding the potential of different provenances to produce wood, store carbon in their
biomass, and affect SOC and soil N concentrations.

This study evaluated a trial of 46 A. mangium provenances and varieties that had been established
on the Batéké Plateau in 2006, as part of the Ibi Batéké Carbon Sink Plantation Project. The
objective of this work was to identify, 7 years after planting, the most productive provenances of
height and diameter at breast height (DBH, 1.30 m) accrual, together with the quantities of C
stored in above- and belowground biomass.

Effects of the introduction of these provenances on SOC and N concentrations were also addressed
and compared to savannah soils where A. mangium had not been planted. We hypothesized that 1)
certain provenances exhibited greater biomass production and, consequently, biomass C storage
would vary among them; and 2) SOC and N concentrations would differ between savannah soils
that had been planted with A. mangium versus those without A. mangium, and among soils that
had been planted with different A. mangium provenances.

Materials and methods

Description of the area

The study was conducted in Ibi Village, which is a rural commune that is located on the Batéké
Plateau, 140 km east of the capital, Kinshasa. The site is located between 4°19’ and 4°25’S, and
16°4’ and 16°9’E (24). Ibi Village is situated on a plateau that rises slightly from South to North,
averaging 700 m in elevation. The area is covered by grasses and shrubs (24). The climate is humid
tropical - Type AW4, according to Köppen’s classification (19).

Annual recorded rainfall is 1500 mm. Monthly average temperature has a very narrow range,
i.e., 24-25 °C. The soils are acidic (pH < 5) and classified as Arenosols (FAO; Psamments, USDA
equivalent) according to the World Reference Base for soil resources (35). These relatively nutrient-

poor sandy soils contain very low quantities of N (< 0.5 g kg-1), organic C (< 10 g/kg-1) and

phosphorus (P). Further, they have limited cation exchange capacity (CEC, < 10 cmol+ kg-1 soil) and
are fragile due to their low organic matter content and low water retention capacity. The particle
size distribution is about: 3.3 ± 0.2 % clay, 5.6 ± 0.5 % slit and 91.6 ± 0.5 % sand (14, 30).

Plantation establishment

The CSIRO supplied the seedlots, which had originated from natural habitats and from orchards
that were dedicated to improvement programs. Each seedlot was separately pretreated with hot
water to break seed-coat dormancy and speed up germination (17). The seeds were then sown in
a nursery in October 2006. Field-planting took place in February 2007, when seedlings were about
4-months-old, on land that had been previously cleared and where stumps were removed.

Experimental design

The experiment was a randomized complete block layout, which is the most commonly used design
for provenance trials (15). Our study was part of a larger experiment that included 92 provenances
from three Acacia species (21 of A. auriculiformis, 24 of A. crassicarpa, and 46 of A. mangium). For
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each provenance, five trees were planted in rows at 3 m x 3 m spacing within each of the 12 blocks
that formed the experimental design.

Therefore, there were 92 rows (one for each provenance), containing five trees of the same
provenance, in each block. The global experimental design contained 5520 trees that were planted
over a ~5 ha area; 2760 trees were A. mangium. The plantation was surrounded by two extra rows
of Acacia to minimize edge effects. No fertilizer was used during planting and manual weed control
was frequently conducted when the plants were young.

The current study deals with the 46 provenances of A. mangium detailed in Table S1. Given the
large number of replicates (i.e., 12), we reduced the size of the initial experimental design and
randomly selected five blocks to estimate tree biomass, the amount of C that was stored in tree
biomass, and SOC and soil N concentrations.

Provenance performance was evaluated by measuring two traits linked to productivity: tree height
(m) and tree DBH (1.3 m; where DBH [cm] = circumference/π). Height and DBH were measured
in August 2013, i.e., 6.5 years after planting. For trees with many stems, each stem was measured
and overall tree circumference was obtained by taking the square root of the sum of each

circumference-squared, according to the following equation (21): C130 = √(∑n, i Ci2), where C130 is
the circumference (cm) at 1.30 m height of the individual with multiple stems, n is the number of
stems and Ci is the circumference (cm) for stem i. All stems of A. mangium were measured within
each block.

Tree biomass and biomass C

We destructively sampled the trees and weighed their different components to obtain true biomass.
This method, although difficult to conduct on a large scale, is by far the most accurate one for
measuring tree biomass (26). We subsequently measured tree biomass and biomass C stocks on
five of the 46 A. mangium provenances that were included in the trial. These provenances were
selected on the basis of their DBH values. Four (i.e., Nos. 1, 37, 42 and 43) were selected randomly
among the five provenances having the highest DBH, and one (No. 7) was chosen randomly from
among the following 25 (see Table S2).

For the five provenances that were selected, an individual was randomly chosen in each of the
five blocks. Twenty-five trees were felled at ground level. Branches were cut and separated from
the trunk, and the entire root system was manually excavated. Five biomass C compartments were
considered: trunk, branches, leaves, litter and roots (26, 34).

Fresh biomass of these five components was determined on site. Tree litter was harvested at the

base of each tree using four 0.5 m2 quadrats that were placed around each individual. Samples
of woody biomass were oven-dried at 105 °C to constant mass, which took about a week, while
samples of non-woody biomass were oven-dried at 70°C to constant mass, which took about
three days. Biomass C concentrations in each reservoir were estimated considering that C mass
represents about 50 % of the dry biomass (34).

Soil carbon and nitrogen concentrations

Soils were sampled at 1 m from the tree stems. We also sampled the soil under savannah vegetation
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without Acacia at five different locations that were adjacent to the plantation to act as a reference
or control for evaluating the effects of A. mangium provenances on SOC and soil N. Soils were
manually sampled with an auger at three depths, i.e., 0-10, 10-40 and 40-100 cm. A total of 90
soil samples were taken and sent to the laboratory for the quantification of N and organic C
concentrations.

Soils were air-dried and sieved to pass a 2-mm sieve. Fifteen g of air-dried soil were ground to <10
µm in a mortar and pestle. About 0.3 g and 0.5 g of ground soil was used respectively for N and
organic-C analysis. Total soil N concentration was determined by flow-injection following Kjeldahl
digestion (31). Soil organic C concentration was determined by dichromate oxidation (37).

Statistical analyses

Statistical analyses were performed using SAS 9.3 (29). We used the Mixed Procedure in SAS
to perform analysis of variance (ANOVA). Data were checked for normality of the residuals
and homoscedasticity. Logarithmic transformation (log base 10) was performed to meet ANOVA
assumptions, when needed. Soil depth was included in the model as a repeated measure factor.
Tukey tests compared and detected differences between provenance means for each of the
dependent variables that were measured. Dependent variables included tree height, tree DBH, dry
mass and C storage of the whole tree and the five compartments, and SOC and soil N concentrations
at each soil depths. Figures were created using Sigmaplot 12.0 (32).

Results

Tree height and DBH

Means for tree height and DBH of the 46 provenances are presented in Table S2. Significant
differences were found both for tree height (F = 2.08, P = 0.0001) and DBH (F = 1.97, P = 0.0004).
Among the 20 best provenances for height, seven provenances were from Papua New Guinea (Nos.
20, 19, 18, 32, 37, 34 and 36), seven others from Queensland (Australia) (Nos. 6, 12, 7, 5, 11, 2 and
1), two were from Malaysia (Nos. 42 and 41), one was from Vietnam (No. 46) and one was from the
Philippines (No. 43).

The provenances with the least important heights were from Papua New Guinea (Nos. 25, 26, 24
and 28) and from the Philippines (No. 45). Regarding the DBH, among the 20 best provenances,
nine were from Papua New Guinea (Nos. 37, 32, 31, 18, 19, 36, 20, 34 and 33), five were from
Queensland (Nos. 2, 1, 10, 12 and 6), two were from Malaysia (No. 42 and 41), one was from Fiji
(No. 40), one was from Vietnam (No. 46), and one was from China (No. 39). Provenances with the
lowest DBH were from Papua New Guinea (No. 25, 26 and 28) and the Philippines (No. 44 and 45).

Tree biomass and biomass C concentrations

We found significant differences between provenances for dry mass of the trunk, branches and
roots (Fig. 1). No significant difference among provenances was found for either the leaves and the
litter dry mass (data not shown). Trunks formed the largest compartment, with 65-75 % of total dry
mass (Fig.1). Despite up to 1.6-fold differences in biomass, the trunks of provenances 1, 37, 42 and
43 had statistically similar dry masses, given a high degree of variation (i.e., 440 kg for provenance
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43 vs 277 kg for provenance 37). Trunk mass for provenance 7 (i.e., 112 kg) was significantly lower
than that of the others.

Figure 1: Dry mass of the roots, trunks and branches for each of the provenances

Means labelled with the same letter are not significantly different from one another following Tukey's multiple
comparison tests at P < 0.05; measures of dispersion correspond to standard errors

A similar pattern was observed for branch dry mass; there was no significant difference among
provenances 1, 37, 42 and 43, despite 1.9-fold differences among treatment means (i.e., 88 kg for
provenance 43 versus 47 kg for provenance 1), and a significantly lower value for provenance 7
with 26 kg. Provenances 42 and 43 had the highest root mass (~91 kg), although this did not differ
from that of provenance 1 (72 kg). The lowest root masses were found for provenance 7 and 37,
i.e., 24 kg and 43 kg, respectively.
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The differences found among tree compartments also reflected those of total tree biomass (Fig. 2).

Figure 2: Dry mass of whole trees by provenance

Means labelled with the same letter are not significantly different from one another following Tukey's multiple
comparison tests at P < 0.05; measures of dispersion correspond to standard errors

Results showed that only provenance 7 had a total tree biomass (i.e., 171 kg) that was statistically
lower than the others. Although differences among provenances were not statistically significant,
provenance 43 produced the greatest biomass, with 649 kg compared to 590, 516 and 397 kg for
provenances 42, 1 and 37, respectively. Similarly, quantities of C that was stored in tree biomass
of provenances 43, 42, 1 and 37 did not differ significantly, but were greater than the quantity that
was stored in provenance 7 (Table 3).

Considering that planting are spaced at 3 x 3 m, one hectare of A. mangium would contain ~1000
trees. Consequently, plantations of provenances 1, 37, 42 and 43 could store 179, 232, 265 and 291

Mg C ha-1 in total tree biomass, respectively.
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Table 3: Means carbon stocks of trees for each provenance

Provenance Moyenne (kg)

Prov. 1 231,80 (29,56)a

Prov. 7 77,00 (16,19)b

Prov. 37 178,80 (35,57)a

Prov. 42 265,40 (49,29)a

Prov. 43 291,00 (102,85)a

Means sharing the same letter are not statistically different (Tukey P 0.05). The values in parentheses correspond to
the standard error

Soil organic C and total N concentrations

Soil organic C concentrations significantly differed among provenances and the control (savannah)
soil at 10–40 cm depth (F = 3.90, P = 0.012) and 40–100 cm depths (F = 6.12, P = 0.001) (Fig. 3).

At 10–40 cm depth, provenance 37 had the highest SOC concentration, i.e., 14.8 g SOC kg-1 soil,

while provenance 43 had the lowest, i.e., 7.9 g SOC kg-1 soil.
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Figure 3: Soil carbon concentrations under the provenances, at 3 soil depths

Means labelled with the same letter are not significantly different from one another following Tukey's multiple
comparison tests at P < 0.05; measures of dispersion correspond to standard errors

Results for soils beneath other provenances, together with savannah soils without A. mangium,
were not statistically different. Provenance 37 had the highest SOC concentration at 40-100 cm

depth (9.6 g SOC kg-1 soil), although it was not statistically different from savannah soils without

Acacia (8.3 g SOC kg-1 soil). The lowest SOC concentration was found under provenance 43 (5.0 g

SOC kg-1 soil).

Soil total N differed with depth (Fig. 4). At 0–10 cm depth (F = 3.88, P = 0.013), the highest soil
N concentrations were found in the savannah soils without A. mangium and under provenance 42;

these averaged about 0.60 g N kg-1 soil. At 10-40 cm depth (F = 5.69, P = 0.002), savannah soil
without A. mangium and the soils under provenances 37 and 1 had the highest N concentrations,

which were about 0.47 g N kg-1 soil.
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Figure 4: Soil nitrogen concentrations under the provenances, at 3 soil depths

Means labelled with the same letter are not significantly different from one another following Tukey's multiple
comparison tests at P < 0.05; measures of dispersion correspond to standard errors

Differences were also noted for soil N concentrations in the deepest soil layer, i.e., 40-100 cm
depth (F = 6.62, P = 0.0009). Again, soils under savannah and provenance 37 had the highest N

concentrations, i.e., 0.40 g N kg-1 soil. Provenance 7 had the lowest N concentrations at each soil
depth that was investigated.

Soil organic C and total N concentrations decreased with soil depth.

The decrease was least pronounced for provenance 37, where SOC and soil total N concentrations
at 40-100 cm depth were respectively 83 and 75 % of those that were determined at 0-10 cm
depth, and 69 and 66 % of that measured for the savannah soil. For other provenances, SOC and
total N concentrations in the deepest soil layer were 50 to 60 % of those determined in the surface
soil layer.
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Discussion

Tree height and DBH

Our results indicate that 7 years after plantation establishment, provenances with the greatest tree
height and DBH originated from Papua New Guinea, Queensland (Australia), Malaysia, Vietnam,
Fiji, China and the Philippines, although there are differences in the performance of provenances
originating from the same regions. Evaluation of provenance trials by Salazar and Mesen (28), and
Leksono and Rosiawan (22) that were conducted in Costa Rica and Indonesia, respectively, showed
better results for provenances from Queensland, particularly from Claudie River, together with
those from Papua New Guinea, such as Oriomo River.

Harwood and Williams (11) surveyed many international trials of A. mangium that had been
established on 19 sites located in South Asia, Australia and Fiji. They noted that the most successful
provenances were from Papua New Guinea and from Queensland, particularly Claudie River in the
latter case.

Other studies that were conducted on different experimental sites also recorded remarkable success
for provenances from Papua New Guinea (12, 25, 33). Khasa et al. (18) evaluated many provenance
trials of A. auriculiformis and A. mangium that had been established in the Democratic Republic of
Congo, particularly on the Batéké Plateau.

They noted that 21 months after planting, a general tendency towards greater success for A.
mangium provenances that originated from Papua New Guinea. Superiority of these provenances
could be explained by similarity of the climate of Ibi to the temperature regimes and rainfall of
the source regions from which they originated. The geographical distribution of these provenances
(see Table S1) was restricted to latitudes of 7°20’ and 16°45’S and longitudes of 141°15’ and
143°05’ E, in which the annual average rainfall is between 1400 and 2400 mm (6). Nevertheless,
the least successful provenances were also from Papua New Guinea and the Philippines, suggesting
substantial genetic variation both within- and among-populations (16). Their less successful
performance could be explained by other factors, given that they were not well adapted to the soils
of the Batéké Plateau.

More information on edaphic conditions of the original sites of these provenances would be
required, however, to explain their poor performance. Still, differences that were observed in the
performance of provenances originating from the same region supports the need to proceed with
trials when planning on using exotic species for plantations (7, 12). Moreover, the superiority
of some provenances, such as 42, 43 and 37, could be explained by their plantation and seed
orchard origins, which were dedicated to forest seed improvement programs and, therefore, which
correspond to a certain level of genetic improvement.

4.2 Tree biomass and biomass C storage

Tree trunks are the compartments that contributed most to total biomass, with an average
contribution of 69.7 %. In contrast, branches and roots contributed respectively about 12.6 % and
13.8 % to total biomass. Bernhard-Reversat et al. (2) determined the root contribution of A. mangium
was about 15.9 % of total tree biomass, which is very close to our findings. When averaged across
provenances, our results indicate that 7-years old A. mangium could produce, on average, 464 kg
of dry biomass for an average DBH of 23.8 cm. Bernhard-Reversat et al. (2) measured the biomass
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of A. mangium in Congo-Brazzaville for different circumference classes in ~7-year-old plantations
that were growing under environmental conditions that were similar to those encountered in the
present study. The three largest circumference classes in the aforementioned study were 72 cm, 83
cm and 94 cm; the last value corresponds to DBH = 29.9 cm.

According to their research, trees belonging to this circumference classes could produce 380 kg of
dry biomass. Our results are slightly higher, but sufficiently close to those obtained by Bernhard-
Reversat et al. (2). However, we found significant differences between provenances with respect
to total biomass production and biomass C storage (Figs. 2 and 3; Table 3), thereby confirming
our first hypothesis. Provenance 7 produced the lowest total biomass and consequently stored the
lowest quantity of C, whereas total biomass production and biomass C storage did not differ among
the four other provenances.

Most A. mangium biomass studies have used allometric equations to estimate tree biomass. The
diversity of results reported by these various studies underscores not only the importance of
choosing the appropriate biomass assessment method, but also the roles that site conditions, age
and planting density play (7,13, 38).

Soil carbon and nitrogen concentrations

Results showed significant differences in SOC and total soil N concentrations among provenances
at different soil depths. We also noted a general trend towards decreasing SOC and soil N
concentrations with depth, except for provenance 37. In this instance, SOC accumulated at 10-40
cm depth. Bernhard-Reversat (3) found results that were similar to our own in his study at Pointe
Noire, which was located in a similar savannah.

The values of carbon and nitrogen contents for Acacia mangium for 6- to 7-year-old and 7- to 9-year-

old age classes were respectively 7 g SOC kg-1 and 0.46 g N kg-1 and 9.3 g SOC kg-1 and 0.58 g N

kg-1 at 0-10 cm depth. In his study, nitrogen and carbon contents of natural vegetation and Acacia
auriculiformis were not statistically different from those for Acacia mangium. Our results agreed
with Sente (30), who investigated SOC and total soil N concentrations in the same soils and for
trees that were the same age as ours, but for A. auriculiformis A. Cunn. ex Benth.

Concentrations were 10.5 g SOC kg-1 and 0.67 g N kg-1, and 6.8 g SOC kg-1 and 0.41 g N kg-1

at 0-25 cm and 25-50 cm depths, respectively (30). In contrast, Kasongo et al. (14) sampled soils
of the Batéké Plateau under 8-year-old A. auriculiformis and reported higher SOC and total soil N

concentrations than those in the present study. Their average values were 18.7 g SOC kg-1 and 1.78

g N kg-1, and 9.7 g SOC kg-1 and 0.8 g N kg-1 at 0-25 cm and 25-50 cm depths, respectively.

The two plantations of these studies succeeded a fallow rotation of Acacia auriculiformis, which was
followed by one or two years of cultivation of maize (Zea mays L.) and cassava (Manihot esculenta
Crantz). Apart from small differences in age, differences between the values that were obtained
could be related to differences in planting density, which is correlated with litter decomposition
(20).

Planting density was higher in the study that was conducted by Sente (30) than that conducted by
Kasongo et al. (14), i.e., about 1500 trees per hectare versus 833 trees per hectare. Other studies
that were conducted elsewhere, and which were reporting on the effect of A. mangium on tropical
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soil properties, reported similar or higher SOC and total soil N concentrations; Bini et al. (5), in
São Paulo, Brazil and Yamashita et al. (36), in Sumatra, Indonesia.

As previously mentioned, such differences could be explained not only by age and plantation
management, but also by differences in soil texture. Soils that were investigated by Bernhard-
Reversat (3) were sandy soils, while those investigated by Bini et al. (5) and Yamashita et al. (36)
had higher clay contents. A greater percentage of clay in the soil increases its capacity to retain
organic matter; small differences in the quantity of clay could thus translate into greater differences
in the quantities of SOC and soil N that are retained in the soil (3, 10).

We found that SOC concentrations at 10–40 and 40–100 cm depths were the greatest under
provenance 37. In contrast, SOC concentrations at the same depths were observed under
provenance 43, even if the latter produced greater root biomass. The pattern similar for soil N,
except that differences between 37 and the other provenances were less pronounced. Soils under
savannah vegetation contained N concentrations that were similar to that under provenance 37.
These results suggest that provenance 37 has significant carbon storage potential in soils, even
at depth.

These results also suggest differences in the functional traits of provenances, in particular the
C/N ratio of the litter and its hemicellulose, cellulose and lignin contents, which could explain the
differences in decay rates between provenances (1, 8). Several authors have suggested that the
low litter decomposition rate under A. mangium was a factor limiting the capacity of this species to
restore soil organic matter (4, 20).

The savannah soils (without A. mangium) exhibited N and SOC concentrations that were similar to
those planted with A. mangium. This is surprising considering that Acacia mangium is a leguminous
tree, which is considered to be capable of restoring soil fertility. Contributions of biologically fixed-
N2 to soil N concentrations after 7 years, therefore, would appear to be negligible. However, the
soil was highly disturbed prior to plantation establishment; site preparation operations consisted of
cutting down and removing trees and other woody vegetation, setting fires for stump removal, and
light ploughing of the soil before planting the trees (30).

These practices likely caused a reduction in soil organic matter concentrations and disturbance in
the natural habitat for numerous plants and soil microorganisms, especially those in the surface soil
layers (10, 27). Savannah soils from our study are colonized by perennial grasses that contribute
to the restoration of their fertility (9). They did not undergo the same treatment that disturbed the
soils under our provenance plantations. We hypothesize that disturbance of the soil could explain, in
part, the non-significant effect of planting A. mangium on SOC and soil N concentrations compared
to the savannah soils.

Nevertheless, our results indicate that despite initial disturbance of the site at planting, A. mangium
was capable of restoring soil fertility to a level comparable to that of the undisturbed savannah soil.
Consequently, more than 7 years are required prior to tree harvesting to ensure efficient C storage
in the soil and biomass, and to restore soil fertility.

Conclusion
This objective of this study was to evaluate the performance of 46 provenances of Acacia mangium
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that had been established in Ibi. Although it was based upon a limited number of observations,
this evaluation has demonstrated that differences existed among provenances in terms of height
and DBH growth, and that there was a general trend towards better performance for provenances
from Papua New Guinea, followed by those from Queensland (Australia), and those from Malaysia,
Vietnam, Fiji and China.

This study has also showed that differences among provenances were apparent for biomass and
carbon stocks, as well as N and C concentrations in the soils. SOC concentrations were particularly
high, even at depth, under provenance 37. The results of this study suggested that further research
in A. mangium plantations should focus on quantifying rates SOC and soil N accumulation, while
determining their levels of stability at different depths in the soil. The results suggest further
research on the differences between functional traits of the different provenances.
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