Do we expect formation of growth rings on species with reverse
phenology?
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Introduction
Faidherbia albida (Del.) A. Chev., a tree species belonging to the family Fabacea (subfamily
Mimosoideae) is one of the most important species among the deciduous leguminous trees, and
widely distributed in Africa and the Middle East (Barnes and Fagg 2003; Boffa 1994). The tree has
a distinctive phenology: it bears leaves and flowers during the dry season and sheds its leaves
during the rainy season (Barnes and Fagg 2003). The reason for the reverse phenology is not well
known but the tree is known for its deep roots that might help it to access deep water sources
during the dry season. Due to its reverse phenology the species is one of the key agroforestry
species commonly retained by smallholders in their farming systems. Besides providing lifestock
feed it favours crop production through improvement of soil fertility and soil water regulation without
hampering crop growth through light competition due to its reversed leaf phenology (Barnes and
Fagg 2003; Boffa 1994). Consequently, cereal cropping under F. albida has a long history in Africa
(Bayala et al., 2012; Saka et al. 1994) and this is particularly common in what are called Faidherbia
parklands in the Sahel and southern Africa (Boffa 1994).
Faidherbia is common in many river valleys and along lakeshore plains (Barnes and Fagg 2003).
Farmers have traditionally retained and protected F. albida trees on their fields for centuries as an
intercrop to boost maize yields (Henry et al. 2009). Estimation of above-ground biomass is an
essential aspect of carbon stock and carbon sequestration determination (Ketterings et al. 2001).
There is increased interest in estimating the biomass of trees and their role in regulating the cycling
of carbon and nutrients (Cairns et al. 1997). In the context of climate change In recent years,
carbon sequestration potential of mixed tree cereal cropping systems have recently attracted
attention from both industrialized and developing countries following the recognition of trees on
farms as a greenhouse gas mitigation strategy under the Kyoto Protocol (IPCC 2000, Makundi and
Sathaye 2004). The sale of carbon sequestered through trees on farms to industrialized countries
could be an attractive opportunity for subsistence farmers in developing countries in Africa who are
the major practitioners of mixed tree cereal cropping systems. Hence, there is need to assess F.
albida trees on the farmers’ fields as well.
Over the last decade it has become clear that annual rings are formed in many tropical forest trees
(Worbes 2003; Gebrekirstos et al. 2008; 2009, Brienen & Zuidema 2006, Wils et al. 2011), thus
providing an opportunity to study lifetime growth and age in a direct and more reliable way. Treering analysis (dendrochronology) produces annual diameter increments by retrospective analysis
over the whole lifespan of a tree (Brienen & Zuidema 2006, Schöngart et al. 2011, Gebrekirstos et
al. 2014). Hence, the main objectives of this study are to 1) explore if F. albidia forms distinct rings,
and 2) determine tree age and average growth rates of F. albida by tree-ring analyses.
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Methods
We collected samples of in total 24 F. albida trees from Malawi, southern Africa. F. albida trees in
the parkland cropping system are found scattered in cultivated fields, where agricultural crops are
intercropped under them (fig. 2a). In June, July and October 2010, 5 to 7 F. albida trees were
selected across four locations (Bwanje, Karonga, Mwanza and Salima) based on DBH class
distribution. The study location and the basic characteristics of these sites are summarized in Fig.
1 and Tab. 1, respectively. Trees that had been pruned by the owners and that showed severe
defects were not sampled. The trees were cut for parallel biomass estimation by (Beedy et al. in
preparation).

Figure 1: Location of the parkland Faidherbia albida study sites, Malawi

After sanding the stem discs (up to grit size of 800), we counted and measured tree rings in two to
four radii and calculated annual diameter growth rates by averaging ring widths from those radii.
Radii were chosen such that the average of the radii best corresponded to the calculated average
diameter of the disc.
For each tree we established age-diameter relationships for its complete lifetime. Note that the
ages presented here are calculated from stem discs obtained at >30cm above the ground and do
not include the time required to grow from seedling to sampling height. This means that both
average age and its variation are underestimated. The time to reach the minimum sampling height
is probably about 3 years. We fitted a logistic curve to the data relating DBH to estimated tree age
(years).
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Table 1: Location and characteristics of study sites, number of sample trees
Name

Landform

Rainfall (mm)

Elevation (m)

n

Geo-reference

Bwanje
Karonga

river valley
lakeshore plain

1100
1300

619
496

8
8

14°38′S, 34°46′E
10°04′S, 33°59′E

Mwanza
Salima

river valley
lakeshore plain

1100
1300

496
529

8
7

15°17′S, 34°56′E
13°36′S, 34°18′E

Result and discussion
F. albida (Fig 2a) in Malawi forms growth boundaries characterised by alternating fibre and
parenchyma bands and density differences between early and late wood (Fig 2b). Early wood
could be distinguished from latewood by its wider parenchyma cell lumina, band width and thinner
walled fibres. The stem disks are very light in weight and the vessels are almost visible to the
naked eye. Although, formation of growth boundaries were reported in many tropical tree species,
formation on growth boundaries in F. albida was not so far reported. Given the seasonality in
climate and distinct growth boundaries, the rings are most likely annual.

a)

b)

Figure 2: a) Faidherbia albida,Fabaceae leafless during rainy season in January (photo credit G.W. Sileshi)
and b) Cross-section of Faidherbia albida. Arrows indicate distinct growth boundaries.

There is a substantial gap in fundamental knowledge concerning how agroforestry species grow in
response to climate variability, and therefore how they might react to future climatic change. The
sampled F. albida trees were fast growing. The annual growth rate varied considerably between
years ranging from 1.37 mm to 17.72 mm with a mean growth of 9.34 mm . Age structure of the
trees indicated that the majority of trees reach D > 20 cm when 10 years old and the majority of the
trees were between 10 and 20 years old. The logistic curve relating DBH with estimated tree age
showed a good fit (Fig 3a). Larger variability in DBH is predicted towards the upper end of the
curve. However, the residuals show no systematic variation (Fig 3b). The age–diameter
relationship appears to vary strongly between individuals than among comparable site conditions
(Table 1). The fast growth of F. albida shows its additional potential for carbon sequestration.
Tree rings are valuable tool to analysis climate growth relationships to asses drought tolerance (e.g
Gebrekirstos et al 2008, 2012, Fichtler et al. 2006, Trouet et al. 2006, Sass-Klaassen et al. 2008)
and water use efficiency (Gebrekirstos et al. 2011). Hence, the fact that F. albida forms a ring is an
opportunity to analyse it relationship with climate parameters and make informed decision in
promoting F albida for agroforestry in other regions. The acquired information from tree rings
versus age and long-term growth rates can be directly applied to estimate growth yields (above
ground carbon stock) with relatively simple models. Hence, tree ring analysis could be a valuable
and reliable tool to project carbon stocks (Schöngart et al. 2011, Gebrekirstos et al. 2014).
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Figure 3: The relationship between stem diameter (DBH) and estimated tree age of Faidherbia albida across
sites (a) and the residuals from the fitted model (b). The dashed lines in (a) represent the upper and lower
95% confidence limits of the logistic curve.

The project is ongoing and will strive to identify the climate growth relationships and the triggering
factor for its reverse phenology. Formation of growth boundaries is evident in all study localities
within Malawi but we recommend further studies before making generalizations about the
behaviour of the species in its entire distribution range. There is also a dire need to understand the
hydrological preferences, under natural conditions in space and time.
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