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Tree rings depend on seasonal variation in radial tree growth. Where they can be identified, their interannual
variation may reflect climate variability. Compared to its use in temperate and boreal regions, tree-ring analysis
has been less applied in tropical Africa, with weaker seasonality. Daniellia oliveri often forms the tallest trees in
agroforestry parklands of the Sudanian savanna zone of Mali but its growth response to climate (rainfall, tem
perature) variability has not been documented. We analyzed six stem disks of D. oliveri and used standard
dendrochronological methods to process the samples. Contrary to earlier literature likely based on more humid
parts of the species distribution range, D. oliveri formed distinct growth ring boundaries in our study area. The
mean annual radial growth was 2.73 ± 0.56 mm. All measured tree-ring series were successfully cross-dated with
a GLK (Gleichläufigkeit) value of 76.3 ± 5.6. The final tree-ring chronology covers the period 1909-2021. After
removing age-related growth trends, the tree-ring width index showed a significant relationship with records of
annual rainfall (r2 = 0.46, n = 100 years, p < 0.001). The relationship between wet-season (June to September)
precipitation and the residual chronology was slightly higher (r2 = 0.50, n = 100 years, p < 0.001). However, no
significant correlation was found for temperature. These results imply that D. oliveri can be successfully used for
dendrochronological studies with relevance for the management and restoration of the ecosystems in the
Sudanian zone of West Africa, where long-term rainfall records are scarce.

1. . Introduction
Forest and savanna ecosystems in Africa and their biodiversity play
an important role in the livelihood, survival, and well-being of many
communities as well as in the economic development of countries
(Gonçalves et al., 2017). Sensitivity of tree species to anthropogenic
disturbance plus climate change can lead to tipping points in ecological
structure and function when important species disappear (Sintayehu,
2018). The conservation and sustainable management of ecosystems
requires detailed knowledge of the tree species and their adaptability to
climate change (Gebrekirstos et al., 2006; Cuma et al., 2014). Infor
mation on environmental factors (rainfall and temperature) that affect
tree growth is critical (Therrell et al., 2007; Gebrekirstos et al., 2008).
While most tropical regions have limited climatic records, they also face

difficulties in generating biologically reconstructed long-term climate
records (Schöngart et al., 2006).
Tree-ring analysis (dendrochronology) has provided important con
tributions to understanding the climate-growth relationships of tree
species and the prediction of long-term radial growth dynamics (Cou
ralet et al., 2005; Schöngart et al., 2006; Zuidema et al., 2012; Abiyu
et al., 2018). Tree-ring analysis depends on clear seasonality in tree
growth, which is linked to both temperature and water availability in
temperate and boreal regions where a dense network of tree-ring data
exists (Büntgen et al. 2011, Rathgeber et al. 2016; Babst et al. 2017). In
the dry tropics variation in water availability dominates the seasonality
(Wils et al., 2011; Siyum et al., 2019; Zuidema et al. 2022). In the humid
tropics where tree diversity is high, clear growth rings are scarce (Day
et al., 2013). So far, only few chronologies based on individual tree
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species have been documented in Africa, but the potential of this
approach in the dry forest, savanna and parkland agroforest zones is
considerable across the continent (Gebrekirstos et al., 2014). In a
dendrochronological study of the shea tree, Vitellaria paradoxa, in the
parkland agroforestry systems of in southern Mali, Sanogo et al. (2016)
reported clear growth ring formation.
Understanding the effects of environmental factors (rainfall and
temperature) on tree dynamics requires knowledge of other drivers of
individual tree growth over the tree’s lifetime (Bowman et al., 2013;
Zhou et al., 2013). In this quest, tree-ring research in tropical Africa has
made significant progress during the last two decades in a range of ap
plications, including studies of forest dynamics (Boakye et al., 2016;
Hiltner et al., 2016), forest age structure (Tolera et al., 2013, Mokria
et al., 2015) and lifetime-growth trajectories (Abiyu et al., 2018).
Further study included carbon sequestration (Mokria et al., 2015;
Sanogo et al., 2016) and climate-growth relationships (Trouet et al.,
2006; Gebrekirstos et al., 2008; Balima et al., 2020). Despite the
mentioned progress made in the tropics (Zuidema et al., 2012, 2022),
West Africa remains less active in conducting tree-ring studies (Worbes
et al., 2003; Schöngart et al., 2006; Couralet et al., 2010; Gebrekirstos
et al., 2011; 2012; De Ridder et al., 2013). Tarhule and Hughes (2002)
conducted an appraisal of tree rings as `potentially useful’, `problem
atic’, or `poor’ based on the presence and distinctiveness of annual rings
in six hundred trees from semi-arid West Africa (22 botanical families,
43 genera and over 70 species). These authors identified seven species,
including five from the Caesalpiniaceae family (Cassia sieberiana, Cor
dyla pinnata, Daniella oliveri, Isoberlinia doka, Tamarindus indica), and one
each from Mimosaceae (Acacia seyal) and Verbenaceae (Gmelina
arborea) families as most closely satisfying the criteria set. Assessment of
six tree species across two habitats clarified chronologies for Afzelia
africana, Anogeissus leiocarpus, Daniellia oliveri, Diospyros abyssinica,
Isoberlinia doka and Pterocarpus erinaceus (Schöngart et al., 2006). Sub
sequent studies of West African trees have analysed Acacia seyal (Nic
olini et al., 2010; Mbow et al., 2012), Acacia macrostachya (Mbow et al.,
2012), Afzelia africana (Boakye et al., 2016; Balima et al., 2020), Ano
geissus leiocarpus (Sinsin et al., 2015; Boakye et al., 2016), Boscia sene
galensis (Talla et al., 2021), Burkea africana (Sinsin et al., 2015),
Faidherbia albida (Massaoudou et al., 2020), Sclerocarya birrea (Gebre
kirstos et al., 2012; Talla et al., 2021), Terminalia macroptera (Mbow et
al., 2012), Terminalia superba (De Ridder et al., 2013), Vitellaria paradoxa
(Sanogo et al., 2016) and Strychnos spinosa (Avakoudjo et al. 2022). As
an introduced species, Prosopis africana was studied (Massaoudou et al.,
2020), but the chronologies of several of the species prioritized by
Tarhule and Hughes (2002) remain undocumented. Studies so far have,
for example, clarified the specific behaviour of riparian species and the
differential fire tolerance of species in the same environment, contrib
uting knowledge to the management and conservation of ecosystems.
Among the West African species with so far conflicting tree-ring in
formation Daniellia oliveri stands out. D. oliveri was described by Lem
mens et al. (2012) as a relatively fast-growing pioneer that often forms
the tallest trees in agroforestry parklands. However, the statement
“Growth ring boundaries indistinct or absent" may be based on studies in
the wetter part of the species’ range. For the transition zone between the
Guinean-Congolian and the Sudanian savannah zone (White, 1983), at
an annual rainfall of 1150 -1200 mm y− 1, Schöngart et al. (2006)
already documented growth rings in D. oliveri. Studies of D. oliveri
growth rates in central Benin (Houehounha et al., 2010; Avohou et al.,
2011) showed a strong growth response to grass (weed) removal in
coppiced stands suggesting that micro site conditions around the trees
sampled may well contribute a lot to the measured variation in ring
width, apart from annual rainfall. As the species also occurs in savanna
zones, understanding the range in responsiveness to climatic variability
is of great interest.
This study addresses the following research questions: (1) is D. oliveri
tree-ring formation annual in the Sudanian zone of Mali? (2) is D. oliveri
growth in the Sudanian zone correlated with climatic variables (rainfall

and temperature) and (3) is there any long-term growth pattern?
2. Materials and methods
2.1. Study site and climate data
The study was carried out around Sikasso, located in Southern Mali
at 11◦ 19′ 00′′ N and 5◦ 40′ 00′′ W in the Sudanian zone (Fig. 1). The
rainfall distribution over the year is unimodal with four to five wet
months (with rainfall > 100 mm month− 1) and the remaining months
dry (with rainfall < 100 mm month− 1; Fig. 2). The average annual
rainfall and temperature for the last 100 years and 71 years are 1245 ( ±
173.96) mm and 27.3 ( ± 0.48) ◦ C, respectively (Fig. 2). Climate data
(mean monthly rainfall of the 1920-2020 period and mean monthly
temperature of the 1950-2020 period) were procured from the meteo
rological station of Sikasso located at 18 km from the study area.
The main land use in the study zone remains agriculture. In addition
to crop-based farming, women manage non-timber forest products
(NTFPs), including shea (Vitellaria paradoxa), neré (Parkia biglobosa),
Lannea microcarpa, lianas (Saba senegalensis), tamarind (Tamarindus
indica). These NTFPs contribute to food security, especially during the
lean season (from July to August), and improve the nutritional status of
the population and generate income mostly for women, the most active
actors in processing and commercializing them (Faye et al., 2010;
Sanogo et al., 2017). Variation in cropping intensity around trees can
contribute to interannual variability in tree growth.
2.2. Tree species description
The study focused on Daniellia oliveri (Rolfe) Hutch. & Dalziel
(common name African Copaiba Balsam tree), which was selected
because of its prominence in the parklands and its range of ecosystem
services including the leaves used to feed livestock, to treat diabetes,
yellow fever and as aphrodisiac (Daniela et al., 2013). D. oliveri is an
indigenous African tree species of the Caesalpinioideae subfamily of the
Fabaceae family. As is common in this subfamily, D. oliveri is not
nodulated and not fixing atmospheric nitrogen in symbiosis with
Rhizobium (Daniels et al., 2021). D. oliveri is a slow-growing deciduous
tree species, with a flat-topped, dense crown and can reach a height of
25 m. It is a light-demanding species while it is propagated through
natural regeneration. D. oliveri is one of the eight Daniellia species in
tropical Africa occurring north of the equator from Senegal in West
Africa to Uganda and the Sudan in the East (Avohou et al., 2011). In
addition, D. oliveri occurs across the Guinean-Congolian (6◦ 25’-7◦ 40’N;
1,600 to 2,000 mm y− 1), the Guinean-Sudanian (7◦ 30’-9◦ 45’N;
1200-1600 mm y− 1) and the Sudanian (9◦ 45’- 12◦ 30’N; 900-1200 mm
y− 1) zones of west Africa (Adjahossou et al., 2016). Despite its large
range of distribution, this species is vulnerable to human pressure
outside protected areas (Houehanou et al., 2013).
2.3. Sample collection
Sampling was carried out in April 2021 in the local community forest
in Sikasso region. A total of six stems of D. oliveri were collected at
diameter at breast height (1.3 m). The samples, ranging from 28.03 to
69.11 cm, were collected from trees that have no sign of obvious rot and
damage in the stem. In the absence of an increment borer, we took
samples of living trees from the local community forest. For all disks,
information on felling date, geographical coordinates, diameter at breast
height (DBH) and tree height were recorded. In addition, each disk was
labelled with a code. The samples were dried under shade to avoid
cracking of the disks. The six dried samples were transported to the
dendrochronological laboratory of World Agroforestry (ICRAF) in Nai
robi (Kenya) for tree-ring measurements.
2
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Fig. 1. Location of the study area in the Sudanian zone of Mali, West Africa.

2.4. Sample preparation
The stem disks of the study species were prepared for detection and
measuring of growth rings following standard dendrochronological
methods (Cook and Kairiukstis 1990; Speer 2010). The cross-sectional of
each disk was surfaced progressively with finer grades of sanding paper
of grit size P40 to P4000. After polishing a vacuum blower (cleaner) was
used to remove the dust to improve visibility of the growth ring
boundaries
2.5. Wood anatomy of the studied species
2.5.1. Microsection preparations
For wood anatomical characterisation, cross sectional subsamples of
20 µm thickness from two disks were cut using a sliding microtome. The
microsections were stained with safranin solution for 2 h and then were
dehydrated with an ethyl alcohol series (50, 70, 96 and 100%). After
that, the subsamples were placed in xylene for 6 h before being mounted
with permount (Phongkrathung et al., 2016). The permanent slides were
observed under the light microscope and digital images were taken
using a camera mounted on the microscope.
2.5.2. Woody density measurements
Due to the fact that wood density varies significantly within the same
species growing under different environmental conditions (Donegan
et al., 2014), a subsample was taken from each disk and saturated with
water for 30 min to determine the specific density of each disk. The
wood density of each sample tree was calculated as dry weight to fresh
volume ratio after drying the samples for 72 h at 105 ◦ C (Nogueira et al.,
2005). Then, the mean wood density of the study species (D. oliveri) was

Fig. 2. Climatic diagram drawn according to Walter and Leith (1960) for
Sikasso in the Sudanian zone of Mali, West Africa. Rainfall (mm) data from
1920 to 2020 in Sikasso and temperature (◦ C) from 1950 to 2020 in Sikasso. 1
= dry season, 2 = rainy season and 3 = wet-season precipitation.
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determined from the whole sample.

as rainfall and temperature. Annual and wet-season precipitation
(amount of precipitation from June to September and known as wettest
months of the year) and mean annual temperature for a common 100years period (1920-2020) and 71-years (1950-2020) were considered,
respectively. The software SPSS (version 24.0) was used for the data
analysis while the software SigmaPlot (Version 14.5) was used for the
graphics.

2.5.3. Tree-ring measurement and statistical cross-dating of ring-width
series
Tree-ring measurements were carried out on the longest two radii.
On each disk every 10th growth ring was marked along two radii starting
from the pith to the bark. These tree-ring boundaries were marked under
a microscope connected with a LINTABTM 6.0 measuring systems
(Rinntech Inc., Germany). Each tree-ring width was measured with a
precision of 0.001 mm using the LINTABTM 6.0 associated to the soft
ware TISAP-Win (Times Series Analysis and Presentation).
The cross-dating has been successful between radii and between tree
for all the sample disks of D. oliveri. It was done both visually and sta
tistically and further verified by using TSAP (Times series analysis and
Presentation), which provides GLK (Gleichläufigkeit, a coefficient of
parallel variation between tree-ring series) and T-value, which indicates
the degree of similarity of two curves (Baillie and Pilcher, 1973). After
successful cross-dating the ring-width curves of two radii were averaged
per tree and further used to build the mean chronologies. The accuracy
of the cross-dating was further checked by using the program COFECHA,
version 6.06 (Holmes, 1983). We standardized averaged
diameter-growth series for each individual using 30-years cubic splines
in COFECHA. This method is the most appropriate detrending method
for trees from closed canopy (Cook, 1985). In addition, the program
COFECHA was used for controlling cross-matching quality of ring width
series.
The ARSTAN program was used to detrend and standardize crossdated tree-ring width series into a tree-ring chronology (Cook, 1985).
The importance of this detrending process is that it tries to minimize
non-climatic signals (such as age-related trends). Two chronologies
(standard and residual chronology) are derived from the ARSTAN pro
gram. The residual chronology was additionally processed using autor
egressive modeling to remove autocorrelation (Fritts, 1976). To assess
the accuracy of the chronology, the expressed population signal (EPS)
was calculated, which indicates the reliability of a chronology. In
addition, the EPS indicate the level of coherence of the constructed
chronology and how it portrays the hypothetical perfect population
chronology. The following equation was used to calculate the EPS
(Wigley et al., 1984)
EPS = (RN )2 ≈

3. Results
3.1. Tree ring formation and distinctiveness of ring boundaries
At the location studied, the species forms distinct growth boundaries
(Fig. 3a &b) characterized by alternating fiber and parenchyma bands
and colour variation between earlywood and latewood. Furthermore,
the transition between earlywood and latewood is gradual and distinct
in wider rings. D. oliveri is also characterized by wide vessels, solitary or
in small groups of two. In addition, the wood is diffuse-porous (Fig. 3b).
3.2. Dendrometric characteristics of the sample
Tree-ring analyses revealed (Table 1) that the mean tree age for the
sample was 71 years while the minimum and maximum ages were 41
and 113 years, respectively (Table 1). The wood density of the studied
species is high, consistent with a relatively slow growth rate (Table 1).
3.3. Radial growth
The average annual radial growth rate of the species was 2.73 ± 0.56
mm y− 1, with considerable variation among sampled individual trees
(Fig. 4). Radial growth rings vary over the lifespan of the studied species
(Fig. 4). The oldest tree displayed less growth variability with lower
radial growth rates from 1909 to 1960.
3.4. Diameter-age relationships
The diameter-age relationships varied between individual D. oliveri
trees (Fig. 5). There was considerable age variation between trees of
similar size: the ages of trees at 18 cm in diameter ranged from 22 to 60
years. Trees of 31 cm in diameter were between 74 and 81 years old
(Fig. 5).

Nr
1 + (N − 1)r

3.5. Cross-dating and chronology quality
The six trees measured, were successfully cross-dated and averaged
by tree to build the mean chronology. Parameter estimates from the
COFECHA and ARSTAN programs are summarised in Table 2. Crossdating was successful for all the sample with the GLK
(Gleichläufigkeit) value of 76.27 ± 5.63 and mean T value more than 3
(Table 2). The chronology was derived for 1909-2021 (113 years) with a
mean tree-ring width of 0.97 ± 0.33 mm. The common interval of the
chronology covers the period 1957-2021 (65 years). The EPS value
exceeded the threshold of 0.85, indicating that the chronology was
reliable for dendroclimatological purposes (Battipaglia et al., 2015). The
mean sensitivity (MS) obtained for D. oliveri is higher than 0.2, as well as
the value of standard deviation (SD) (Table 2). Series intercorrelation
(SI) expressed as rbar measures the strength of the signal common to the
individual tree-ring series averaged to the final chronology. The auto
correlation as a measure of the influence of the previous year growth on
the current year was 0.24. The correlation coefficients between all radii
and between trees indicate similarity in annual growth patterns among
sampled trees of D. oliveri.

where, n = number of trees, rbar is an effective chronology signal, a
signal strength indicator that incorporates both within and between-tree
signals (Cook et al., 1990). The EPS value of 0.85 was used as a threshold
(Wigley et al., 1984) to characterize a robust tree ring chronology (Cook
et al., 1990). Furthermore, the EPS is sensitive to both variations in rbar
and sample size.
2.6. Data Analyses
The mean radial growth was calculated for each stem disk and
further, the overall mean annual radial growth of D. oliveri was also
calculated. The annual diameter increment of each tree was calculated
through the average growth of the different radii multiplied by two. A
correction factor was applied on the calculated diameter increments
(Gebrekirstos et al., 2008; Groenendijk et al., 2014; Balima et al., 2020)
to avoid over- or underestimation of growth rates due to irregular
growth patterns of the stem. The correction factor was estimated
through the ratio between the diameters measured in the field and the
diameter obtained from ring measurements. The diameter growth of
individual trees over their entire lifespan were used to describe the
lifetime growth patterns.
The climate-growth relationships were explored through multiple
regression analysis between the tree-ring index and climatic factors such

3.6. Climate-growth relationships
Based on the climate-growth relationships, climate accounts for a
moderate part of tree-ring width variability from year to year. Wider
4
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Fig. 3. Macroscopic image (a) of the disk and cross-sectional image (b) of Daniellia oliveri. The arrows indicate growth ring boundaries.
Table 1
Characteristics of sample trees of Daniellia oliveri in the Sudanian zone of Mali, West Africa.
Tree species

Number of sample (n)

Diameter at 1.3 m
Mean ± SD

Height (m)
Mean ± SD

Wood density (g/m3)
Mean ± SD

Age
Min

Mean ± SD

max

Daniellia oliveri

6

37.64 ± 14.18

6.87 ± 0.95

0.72 ± 0.05

41

71.3 ± 23.8

113

SD = standard deviation.

Fig. 5. Life-span growth trajectories of Daniellia oliveri in the Sudanian zone of
Mali, West Africa.

Fig. 4. Average radial growth patterns of Daniellia oliveri in the Sudanian zone
of Mali.

Table 2
Descriptive statistics for raw and standard chronologies after detrending of
Daniellia oliveri tree species from southern Mali, West Africa.

rings are usually formed during wet years while narrow rings (negative
pointer years) are formed in low rainfall years as shown in Fig. 6. A
statistically significant positive relationship was found between D. oliveri
tree growth (standard chronology or standard index) and annual rainfall
in the study site (r2 = 0.46, n = 100 years, p < 0.001; Fig. 6). The
relationship between wet-season precipitation and our residual chro
nology was also significantly positive for D. oliveri (r2 = 0.50, n = 100
years, p < 0.001; Fig. 7). The values of this correlation coefficient of the
residual chronology were slightly higher than those of the standard
chronology. In addition, poor positive correlations (not significant) were
found between the standard chronology and temperature (r2 = 0.15, n =
71 years, p > 0.05) and between the residual chronology and tempera
ture (r2 = 0.16; n = 71 years, p > 0.05).
4. Discussion
The wood of D. oliveri is diffuse porous, and at our site in Southern
Mali the species formed distinct growth rings marked by marginal bands
of parenchyma. (Fig. 3). Similar characteristics were reported by Sinsin
5

Parameters

Tree species
Daniellia oliveri

Sampled trees
Number of dated trees
Mean tree-ring index/standard deviation
Mean length of series (years)
Time span (year)
Common interval time span (year)
Mean sensitivity (MS)
Standard deviation (SD)
Series intercorrelation (rbar)
Correlation among all radii
Correlation between trees
Autocorrelation
Expressed population signal (EPS)
Radii vs mean
Mean T value
Mean Gleichläufigkeit (GLK) (%)

6
6
0.97 ± 0.33
71.33
(113) 1909-2021
(65) 1957-2021
0.46
0.30
0.59
0.36
0.56
0.24
0.90
0.63
3.35 ± 1.32
76.27 ± 3.63
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rings and implied that dendrochronology can be applied to this species
corroborating Tarhule and Hughes (2002). The thresholds of GLK and
T-values are within the range of those reported by previous authors
(Gebrekirstos et al., 2008; Trouet et al., 2010; De Ridder et al., 2013,
Boakye et al., 2016; Sanogo et al., 2016) in East, West and Central Af
rica. The high values of mean sensitivity (higher than 0.2) and standard
deviation (higher than 0.2) indicate a high inter-annual variability in
ring widths and that the chronology is sensitive to yearly environmental
change. The autocorrelation value for standardized series doesn’t show
any influence of the previous year growth on the current year due to the
fact its value was less than 0.5 (Table 2). This result is consistent with
Sanogo et al. (2016), who reported no influence of the previous year
growth on the current year for Vitellaria paradoxa as opposed to De
Ridder et al. (2013) for Terminalia superba. This disparity with our
findings may be related to the climatic conditions and the tree species.
The results of the climate-growth relationships showed a significant
correlation between ring width and rainfall (annual precipitation and
wet-season precipitation). Similar results were reported from the same
species in the humid zones (Benin & Ivory Coast) of West Africa
(Schöngart et al., 2006). This means that the growth rates of D. oliveri are
controlled by climatic parameters, especially by rainfall. This is in
accordance with the results reported by De Ridder et al. (2013) for
Terminalia superba in the Congolese Mayombe forest; by Sanogo et al.
(2016) for Vitellaria paradoxa in Mali, by Boakye et al. (2016) for Afzelia
africana and Anogeissus leiocarpus in the dry savanna in Ghana, by
Massaoudou et al. (2020) for Prosopis africana and Faidherbia albida in
Niger and by Talla et al. (2021) for Sclerocarya birrea in Senegal. In
contrast, De Ridder et al. (2013; 2014) and Talla et al. (2021) revealed
that the chronologies of Terminalia superba, Pericopsis elata and Boscia
senegalensis have not shown any significant correlation between their
radial growth and climatic parameters (temperature and precipitation)
in Ivory coast; in Central African and Senegal, respectively. These dif
ferences between the last three studies with ours can be related to the
physiological characteristics of the species and their potential adapt
ability according to the environment.
Poor positive correlations were found between the standard chro
nology and temperature (r2 = 0.15, n = 71 years, p > 0.05) and between
the residual chronology and temperature (r2 = 0.16; n = 71 years, p >
0.05). This positive relationships of the study species with temperature
maybe related to the fact D. oliveri is a light demanding tree species. In
addition, the temperature varies very little compared to rainfall in the
same site. In contrast, Fichtler et al. (2004) reported a negative corre
lation with temperature for Burkea africana and Pterocarpus angolensis
ring widths in semi-arid in Namibia, attributed to increased respira
tional loss.

Fig. 6. Relationship between standard (STD) index chronology of Daniellia
oliveri and precipitation in the Sudanian zone of Mali, West Africa.

Fig. 7. Relationship between the residual (master index) chronology of Dan
iellia oliveri and wet-season precipitation in the Sudanian zone of Mali,
West Africa.

et al. (2015); De Ridder et al. (2014) and Talla et al. (2021) for D. oliveri,
Pericopsis elata and Sclerocarya birrea in Benin, in Central Republic of
Africa and Senegal, respectively. The vessels of our studied species are
round to oval shape and solitary or in small groups of two. In Niger,
Massaoudou et al. (2020) reported that the wood of Faidherbia albida
(also in the Fabaceae family) was characterized by parenchyma bands.
The radial growth of our study species is within the range (2.10 to 3.25
mm) reported by Sanogo et al. (2016) for Vitellaria paradoxa. In Niger,
the mean annual radial growth reported by Massaoudou et al. (2020) for
Prosopus africana and F. albida ranged from 0.53 ± 0.16 to 1.58 ± 0.29
mm and 0.37 ± 0.14 to 2.14 ± 0.69 mm, respectively. The difference in
radial growth with D. oliveri may be attributed to tree age, environ
mental conditions (climate, nutrients availability, soil moisture) modi
fied by land use, the tree species as such and its water use strategies (for
instance some species are drought sensitive while others are drought
tolerant). For instance, Sanogo et al. (2016) reported a higher mean
annual radial growth of Vitellaria paradoxa in the parklands (3.25 mm)
compared to the fallow (2.50 mm) and protected area (2.57 mm) in
Mali.
The current study is the first to examine the annual nature of ring
formation of D. oliveri in the Sudanian zone. The successful cross-dating
and the correlation between growth rings with precipitation (annual and
wet-season precipitation) confirmed the formation of annual growth

5. Conclusions
The main purpose of this study was to examine the growth response
of D. oliveri to climate (rainfall, temperature) variability. The results
showed that the sampled tree species forms distinct annual growth
boundaries. The ring width of D. oliveri ranged from 2.17 to 3.29 mm
with the mean radial growth of 2.73 ± 0.56 mm y− 1. The significant
correlations found between the tree-ring widths and rainfall imply that
rainfall plays a vital role in determining tree growth in the Sudanian
zone. Further research is required as comparative study according to the
climatic North-South gradient in West Africa to analyze how the species
responds to different environments. In addition, we recommend climate
growth assessments of additional tree species, which support the live
lihood of the population in the Sahel to plan their conservation and
restoration strategies in future development plans of local communities.
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