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Abstract Within- and between-provenance varia-
tions in seed and seedling traits of Khaya senegalensis
A. Juss were studied at INERA in Burkina Faso.
Nursery grown seedlings from four provenances in
Burkina Faso were used for the study. The studies
revealed significant variability in all traits evaluated.
Seed length and weight significantly varied among
provenances and families within provenances, where
Bopiel and Koyenga had the highest mean values.
Height and root collar diameter of 1 year old seedlings
significantly varied among families within prove-
nances. Except leaf biomass ratio and carbon isotope
ratio which varied significantly among provenances
but not among families within provenances, all other
seedling biomass traits—total plant biomass, stem
biomass ratio, leaf biomass ratio, root biomass ratio,
root shoot ratio, specific leaf area, and leaf area ratio
were significantly affected by provenances and fam-
ilies within provenances. The magnitude of variation
due to family effect ranged from 65 to 93 % for seed
size traits, and from 4.5 to 17.8 % for seedling
characters. Estimates of family heritability were
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moderate to high (0.67-0.95) for seed traits, but low
to moderate (0.19-0.59) for seedling characters,
indicating that much of the total variation in seed
traits is due to the genetic effect. The two most
prominent provenances, Koyenga and Bopiel, with
higher seed size and greater seedling growth could be
considered for an eventual K. senegalensis improve-
ment program in Burkina Faso.

Keywords Genetic variation - Seedling
growth characters - Senegal mahogany

Introduction

Khaya senegalensis A. Juss or Senegal mahogany
(Meliaceae) is a timber species indigenous to sub-
Saharan Africa. It is the most commercially important
and widely distributed timber species in the Sudanian
and Sahelian Africa. The distribution of the species
ranges from eastern Mauritania to northern Uganda,
within the rainfall range of 650-1,300 mm (Nikiema
and Pasternak 2008). In Burkina Faso, it occurs in
various habitat types, such as on river banks, fields,
fallows and protected woodlands, and its population
density increases from North to South (Lompo 2007).
The climate in which this species occurs naturally in
Burkina Faso is characterized by a long dry season of
6—8 months, one short rainy season of 4-6 months and
a decreasing aridity from the north to the south. Two
main agro-ecological zones (Sahelian and Sudanian)
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can be found based on the isohyets and the length of
the dry season that shape the vegetation types. The
Sahelian domain with less than 600 mm annual
rainfall is characterized by shrub savannas and grass-
lands, while the Sudanian zone covers less arid area
with more tree savannas in the southern part of the
country (Fontes and Guinko 1995; Anonymous 1988).

Khaya senegalensis is mostly exploited for its high
value timber used for carpentry, joinery, furniture,
ship building. The bark has medicinal properties and is
used for traditional treatment of ailments such as
malaria, diarrhea, dysentery, and anemia. The leaves
of K. senegalensis constitute a good source of fodder
for cattle, because of its high dry matter content
(Ouedraogo-Kone et al. 2008). Currently, K. senega-
lensis is classified as vulnerable (IUCN 2013) because
of overexploitation for timber, fodder and medicine,
and as a result of habitat loss and degradation
(Nikiema and Pasternak 2008). Efforts to regenerate
the species are constrained by several factors. Natural
regeneration of K. senegalensis is poor (Nikiema and
Pasternak 2008) as its seeds lose viability quickly
under natural conditions (Danthu et al. 1999; Gamene
and Eriksen 2005; Opuni-Frimpong et al. 2008). In
addition, attacks by mahogany shoot borer, Hypsipyla
robusta (Moore), prevent the successful establishment
of plantations within its native area in West Africa
(Newton et al. 1993; Nikiema and Pasternak 2008).
The mahogany shoot borer kills the main stem of
young trees, causing excessive branching and contrib-
uting to mortality and poor quality timber production
(Danthu et al. 2003).

Cloning resistant individuals to H. robusta has been
sought as a solution for enhancing the success of
plantation establishment and productivity (Danthu
et al. 2003; Nikiema and Pasternak 2008). Accord-
ingly, methods for vegetative propagation using leafy
stem cuttings and micro-cuttings has been successfully
developed that allow screening from seedling popu-
lations and multiplication of eventual resistant geno-
types by cuttings (Danthu et al. 2003; Ky-Dembele
et al. 2011). Moreover, our previous study has shown
that seedlings and stecklings (individuals obtained
from cuttings) of K. senegalensis have comparable
growth patterns, but water stress appears to be a major
growth limiting factor (Ky-Dembele et al. 2010).
These previous studies highlight the need for selecting
not only borer resistant but also drought resistant

@ Springer

genotypes for successful establishment of K. senegal-
ensis plantation.

At present, little information is known about the
extent of genetic variation within and between prov-
enances for this species. Conservation and sustainable
use of genetic resources require an understanding of
the extent and pattern of inter- and intra-specific
variation. Generally, patterns of genetic variation in
plant populations are determined by various factors
involving complex interactions between plant attri-
butes, such as life form, floral architecture, modes of
reproduction, mating system, and ecological and
environmental factors that may influence pollination
events, population size and isolation (Hamrick et al.
1992; Prober and Brown 1994; Coates and Byrne
2005). Knowledge of genetic variation within and
between provenances is, thus, essential to exploit their
improvement potential and is considered to be a
substantial determinant of adaptive abilities of popu-
lations (Callaghan 1964; Zobel and Talbert 1984;
Nanson 2004). The significance of provenance or seed
source variation studies in tree improvement is well
recognized (Callaghan 1964; Nikles 1970), as such
studies allow screening the available genetic varia-
tions, and subsequent utilization of the best material
for obtaining maximum productivity for further
breeding work and in identifying characters that have
great importance in tree improvement program as well
as conserving these variations for future use. The
effectiveness of tree improvement program depends
upon the nature and magnitude of existing genetic
variability and also on the degree of transmission of
traits or heritability because genetic variation is a basic
requirement for long-term stability of forest ecosys-
tem and maintenance of diversity (Zobel and Talbert
1984; Nanson 2004; Eriksson et al. 2006).

As K. senegalensis has wide distributional ranges
with varying geographic, climatic and edaphic condi-
tions, it is legitimate to expect large variations within
and among provenances, which may be reflected in the
genetic constitution of its diverse provenances as
observed for other species in the region (Lamien et al.
2007; Ouedraogo et al. 2012). Therefore, the present
investigation was undertaken to quantify the extent of
variations in seed size, seedling growth characteristics
and rooting ability of K. senegalensis in Burkina Faso.
The study will provide baseline information for early
selection criteria of some prominent traits in nursery
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Table 1 Geographic location, mean annual rainfall (1999-2008), mean temperature (1999-2008) and number of Khaya senegalensis

family from which seeds were collected in Burkina Faso

Provenances Latitude Longitude Altitude (m) Rainfall (mm) Mean temperature °C Number of
— - families

Minimum Maximum

Balla 11°35 N 04°09 W 432 985.8 22.2 33.8 15

Bisso 12°41 N 03°44 W 280 668.0 22.4 36.0 8

Bopiel 09°51 N 02°01 W 298 1,019.4 21.5 343 15

Koyenga 12°39 N 02°01E 214 778.2 22.5 353 15

Data were obtained from meteorological service in Burkina Faso

Fig. 1 Location of Khaya AFRICA

senegalensis seed origins
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that could be used for future K. senegalensis improve-
ment program.

Materials and methods
Seed collection

For this study, four provenances were selected based on
the natural distribution and existing populations of K.
senegalensis in Burkina Faso (Lompo 2007). The
geographic locations and climatic conditions of the
chosen provenances, Balla, Bisso, Bopiel, and Koyenga,

are presented in Table 1 and Fig. 1. These four original
geographic areas are hereafter denoted as provenances.
Rainfall data are that of the nearest cities, Bobo
Dioulasso for Balla, Nouna for Bisso, Batié¢ for Bopiel,
and Botou for Koyenga while temperature data were
obtained from Bobo Dioulasso (Balla), Dédougou
(Bisso), Fada (Koyenga), and Gaoua (Bopiel). A total
of 15 naturally regenerated and open pollinated tree
families of K. senegalensis were selected within each
provenance of Koyenga, Balla and Bopiel and eight
families in Bisso (Table 1), as the number of fruit
bearing trees at the time of seed collection was few in
Bisso. The selected families were located at least 60 m
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apart. Seeds were collected between March and May
2009, brought to the Department of Forest Productions,
Institute of Environmental and Agricultural Research
(INERA) in Ouagadougou, Burkina Faso. Seeds from
each family were kept separately and air-dried for
1 week in the laboratory before processing and
characterization.

Assessment of seed size traits

To examine the variability in seed size traits, seed
length, seed width, and seed weight were determined.
Four set of 25 undamaged seeds were randomly drawn
from each of the 53 seed lots collected from 53 tree
families. Seed length and width were recorded using
an electronic caliper. Seed weight of 100 seeds was
recorded in g using 4 replications of 25 undamaged
seeds randomly taken from each seed lot.

Progeny performance test

To evaluate the variability in seedling growth traits,
seeds from each of the 53 families were sown in black
perforated polythene bags (20 cm diameter x 30 cm
height) filled with a mixture of sand, arable soil and
manure (2:2:1 v/v/v), in the nursery on July 1-2, 2009.
Since K. senegalensis is a light-demanding species
(Djodjouwin et al. 2012), 60 seedlings were grown
from the seed lot of each family in full sunlight, and
watered every 2 days as per the standard nursery
practice at the forestry department in Burkina Faso.
After 20 weeks of growth (18-20 November 2009), 20
seedlings per family were moved and re-arranged in a
completely randomized design with a single tree plot
as experimental unit for growth performance evalua-
tion. Seedling height and root collar diameter were
measured every 2 months from November 2009 to
July 2010.

The remaining 10 seedlings per family were
harvested for biomass measurement. Harvested plants
were separated into leaves, stems and roots. The root
systems were gently washed with tap water. The total
leaf area of fresh leaves was measured with a laser area
meter (CI-202, CID Inc., USA). The dry mass of the
stems, leaves and roots was determined after oven-
drying at 70 °C for 48 h. The total dry mass (TPB) of
the plant was calculated by summing the stem, root
and leaf dry masses. The dry mass is henceforward
referred to biomass. Specific leaf area (leaf area per
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unit of leaf biomass, SLA), leaf area ratio (leaf area per
unit of plant biomass, LAR), leaf biomass ratio (leaf
biomass per unit of plant biomass, LBR), stem
biomass ratio (stem biomass per unit of plant biomass,
SBR), root biomass ratio (root biomass per unit of
plant biomass, RBR), and root shoot ratio (root
biomass per unit shoot biomass, RSR), were
calculated.

In addition, carbon isotope ratio was determined
using a mass spectrometer (Finnigan Delta + XL;
Thermofinnigan, Bremen, Germany) in the Radio
Carbon Dating Laboratory at the University of Hel-
sinki, Finland. As this analysis is expensive, foliar
samples of seedlings from 3 provenances (6 families
from Bala, 14 from Bopiel and 14 from Koyenga),
resulting from seedling growth evaluation, were
analyzed. The carbon isotope ratio (813C) of the
sample (613Csample) was expressed as;

813Csample (%o) = [(Rsample/RPDB) - 1] x 1000

Rgample 1s the carbon isotope molar abundance ratio
Bc/2C of the sample and Rppg is the Pee Dee
Belemnite standard for carbon, the usual standard to
which all measurements are referred (Lajtha and
Michener 1994; Raddad and Luukkanen 2006).

Rooting ability of stem cuttings

In order to examine the rooting ability of stem
cuttings, 10 cm-long cuttings were collected from
11-week old seedlings of 52 families (15 families from
Bala, Bopiel and Koyenga and 7 from Bisso) in
September 21-26, 2009. The stem cuttings experiment
was arranged in a completely randomized block
design with 3 replicates of 6-cutting experimental
unit. Leafy stem cuttings were prepared between 6:00
and 7:00, dipped in water to prevent drying. Two
leaves which were also trimmed to 2-3 cm were left
on each cutting. Cuttings were soaked in a fungicide
solution of Ivory (80 % Mancozeb) for 10 min before
planting to avoid fungal attack; then planted at a depth
of 2-3 cm in a rooting medium consisted of a mixture
of sterile sand and perlite (1:1 v/v) without any growth
regulator. The cuttings were regularly watered man-
ually as extra cautious measure to avoid desiccation
damage. The experiments were carried out for
8 weeks in a greenhouse fitted with mist system with
22 °C (night) to 37 °C (day) temperature range,
70-100 % relative humidity and a mean light intensity
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of 450 pmol m~2 s during daytime. After 8 weeks,
the root systems of all cuttings were gently washed and
the number of roots counted on each cutting, the length
of the longest root measured and the number of
secondary roots from the longest root (>1 mm long)
counted. The percentage of rooted cuttings was
calculated as the proportion of rooted cuttings to that
of planted cuttings in each experimental unit.

Data analysis

All the collected data were first checked for normality
before subjecting them to analysis of variance
(ANOVA). Johnson transformed data obtained from
Minitab 16 (Minitab Inc., State College, PA, USA)
were used for the following variables that did not fulfill
the assumption of normal distribution: seed length,
seedling height, root collar diameter, LBR, RBR, RSB,
SLA, LAR, TPB, 813C, length and number of root per
rooted cutting. The general linear model (GLM)
procedure of Minitab was employed for analysis of
variance for all the variables regarding seed size traits,
seedling biomass measurement and rooting ability of
stem cuttings including the percentage of rooted
cutting which could not be successfully transformed.
The repeated measurement data of seedling height and
collar diameter from September 2009 to July 2010
were analysed using proc mixed procedure (repeated/
subject) of Statistical Analysis System (SAS Institute
Inc., 2002-2008). The following ANOVA models
were used for analysis of seed size traits, biomass
components, height and root collar diameter of one
year old seedlings (1), for rooting ability of cuttings
with a randomized block design (2), and MIXED
procedure based on the general linear mixed model for
seedling height and collar diameter (3).

Yijk = B+ Pi+ F(P);) + ik (1)
Yijk = M + P; + F(P)j(i) + By + &(ij)l (2)
Y =XB+ ZU + e (3)

| = the overall mean, P; = the effect of the ith
provenance (random), F(P);i, = the effect of the jth
family within the ith provenance (random), By, = the
effect of the kth block and egjk and &gy = the
residual terms; Y is a vector of observations, the vector
B contains the fixed effect parameters (the overall
mean L and the fixed effect of time 7), the vector U
contains the random effects of provenance (P;), family

within provenance F/Pj;), and the interaction prove-
nance and time, P;T}, e contains the residual error
Eijlor- X and Z are matrices of regressors relating the
observations Y to B and p, respectively. Means that
exhibited significant differences (p < 0.05) were
compared using Tukey’s HSD.

To quantify the magnitude of between- and within-
provenance variations, variance components were esti-
mated for each source of variation based on the expected
mean squares. For traits that exhibited significant
differences among families within provenances, family
heritability (h%) was estimated as follows:

hf = o7/ (612) + o7y + [Gg/r})

G%/p, Gg, o2 and r stands for family within provenance
variance, provenance variance, error variance and
number of replications, respectively. r = 4 for seed
traits analysis and r = 20 for seedlings characteristics.

Results
Variations in seed size traits

Analysis of variance showed significant differences
among provenances and families within provenances
for seed length and weight, while seed width varied
significantly among families within provenances only.
Estimates of variance components revealed that the
magnitude of family effects was higher than the prov-
enance effect for all seed size traits. The family effect was
relatively higher for seed width than seed length and seed
weight. The mean values for seed size traits exhibited a
wider range at intra-provenance level than inter-prove-
nance level for which there was significant differences in
seed length and seed weight (Table 2). Maximum mean
values for seed length (30 mm) were observed in Bopiel
and for 100-seed weight (24.6 g) in Koyenga (Table 3).
Ranking of provenances based on mean seed length and
seed weight showed consistently lower values for Bala
and Bisso. The rankings in ascending order of magnitude
were as follows:

Seed length: Bisso/Bala < Koyenga < Bopiel
Seed weight: Bisso/Bala < Bopiel < Koyenga

Estimates of family heritability indicated that the
genetic component accounted for more than 65 % of
the total phenotypic variation in seed size traits
(Table 3). Among them, heritability was relatively
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Table 2 Estimates of variance components, expressed as
percentage of the total variation, and family within provenance
heritability (h%) for seed size traits of four Khaya senegalensis
provenances in Burkina Faso

Variables Sources of variation
Provenance = Family/ Residuals  h?
provenance
Seed length  10.74%** 82.23%%* 7.03 0.87
Seed width 391 92.717%% 3.38 0.95
Seed weight  31.00%** 65.00%* 4.00 0.67

* p < 0.05; ** p < 0.01

higher for seed width and seed length than seed
weight.

Variations in seedling growth, biomass production
and stem cutting rooting ability

Root collar diameter of 1 year old seedlings varied
significantly between and within provenances, while
seedling height significantly varied only among fam-
ilies within provenances. The magnitude of variations
in seedling growth due to family effects was relatively
higher than the provenance effect (Table 4). The mean
minimum and maximum seedling height ranged from
10.0 to 118.4 cm and that of root collar diameter was
6.2-19.8 mm. For root collar diameter, the lowest
value was recorded for Bala (Table 5). The repeated
measures ANOVA revealed significant variation in
seedling height among provenances (F(z 931, = 20.36;
p <0.0001), families within provenance (Fs,
931) = 530, p < 00001), time (F(4’ 931) = 185071,
p < 0.0001), and the interaction of provenance and
time (F(o, 931y = 1.87; p = 0.0338). Root collar
diameter of seedlings also varied significantly among

provenances (F 931) = 7.69; p < 0.0001), families
within provenance (Fus, 931y = 3.99; p < 0.0001),
time (F4, 931y = 1695.53; p < 0.0001), and the inter-
action of provenance and time (F(2 o931y = 2.31;
p = 0.0065). Shoot height growth was greater for
Koyenga and Bopiel than Bala and Bisso while the
highest collar diameter growth was observed for
Koyenga and the lowest for Bala (Fig. 2).

Leaf biomass ratio and carbon isotope ratio varied
significantly among provenances but not among
families within provenances while other biomass
production characters, namely total plant biomass,
stem biomass ratio, root biomass ratio, root shoot ratio,
leaf biomass ratio, specific leaf area, and leaf area ratio
varied significantly among provenances and families
within provenances (Table 4). Ranking of prove-
nances based on mean values (Table 5) did not show
a consistent trend for all biomass components. The
rankings in ascending order of magnitude were as
follows:

Total plant biomass: Bala < Bopiel < Bisso <
Koyenga

Leaf biomass ratio: Bisso/Koyenga < Bala/
Bopiel

Stem biomass ratio: Bala/Bisso < Bopiel/Koyenga
Root biomass ratio: Bopiel < Bala/Koyenga <
Bisso

Root shoot ratio: Bopiel < Koyenga < Bala <
Bisso

Specific leaf area: Koyenga < Bisso < Bala <
Bopiel

Leaf area ratio: Bisso/Koyenga < Bala < Bopiel
Regarding carbon isotope ratio, Koyenga exhibited

the highest value followed by Bala and then Bopiel
(Table 5). Family heritability estimates for seedling

Table 3 Range, mean + SE of seed length, width and weight of four Khaya senegalensis provenances in Burkina Faso

Seed size traits Statistics Provenances
Bala Bisso Bopiel Koyenga
Seed length (mm) Mean 279 £ 0.3c 27.8 £ 0.4c 30.0 £ 0.3a 29.4 + 0.4b
Range 22.4-34.5 25.0-31.5 26.1-38.1 24.0-36.7
Seed width (mm) Mean 17.6 + 0.2a 17.6 + 0.2a 18.0 £+ 0.2a 18.2 + 0.3a
Range 15.5-20.2 15.4-19.4 15.3-20.9 13.5-21.8
Seed weight (g) Mean 19.8 + 0.5¢ 19.3 £ 0.6c 23.9 + 0.4b 24.6 + 0.5a
Range 12.0-27.2 13.6-27.2 18.0-29.6 16.4-31.6

Mean + SE followed by the same letter are not significantly different at the 5 % level according to Tukey’s multiple comparison test
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Table 4 Estimates of variance components, expressed as
percentage of the total variation, and family within provenance
heritability (h7) for seedling growth and biomass traits of four
Khaya senegalensis provenances in Burkina Faso

Variables Sources of variation
Provenance Family/ Residual h?
provenance

Diameter at age 1.90%* 7.23%* 90.87 0.53
1 year

Height at age 1.21 4.54%* 94.25 0.43
1 year

Total plant 8.54%* 17.85%* 73.61 0.59
biomass

Leaf biomass 8.65%* 0.52 90.83 nc
ratio

Stem biomass 11.20%* 11.20%** 77.6 0.43
ratio

Root biomass 16.86** 8.76%* 74.38 0.30

ratio

Root: shoot ratio  18.54%%* 14.39%* 67.06 0.40

Specific leaf 19.027%%* 8.07%* 7291 0.26
area

Leaf area ratio 19.927%#* 5.70%* 74.38 0.19

Carbon isotope 13.91%* 2.16 83.93 nc

ratio (%o)

nc Heritability not computed due to insignificant variation
among families

* p < 0.05; ** p < 0.01

traits were <60 %. It was low for leaf area ratio,
specific leaf area, root biomass ratio, stem biomass
ratio and seedling height while moderate for root
collar diameter and total plant biomass (Table 4).

There was no significant variation among prove-
nances and families within provenances for the
percentage of rooted cuttings, mean length of rooted
cuttings, mean number of secondary roots per rooted
cutting (Table 6). The mean number of roots per
rooted cutting varied significantly only among fami-
lies within provenances.

Discussion

With the intensification of forest farming, tree
improvement programs have become an integral part
of forest management. As a result of which, seed
stands or seed production areas have been recom-
mended as an interim measures for immediate gain
(Sivakuma et al. 2011). Usually, progeny and prove-
nance trials are used to predict the genetic worth of
families or provenances. Based on these, superior
individuals/stands are selected, used for seedling or
clonal seed orchard establishment or managed as seed
stands (Zobel and Talbert 1984; Quijada 1985; Willan
1994; Sharma et al. 2001; Nanson 2004). In the present

Table 5 Mean + SE of seedling growth parameters and biomass components of four Khaya senegalensis provenances in Burkina

Faso
Variables Provenances

Bala Bisso Bopiel Koyenga
Diameter at age 1 year (mm) 12.3 £ 0.1b 129 £ 0.2a 12.8 £ 0.1a 13.0 £ 0.1a
Height at age 1 year (cm) 73.3 £ 0.9a 69.7 £ 1.4a 75.5 £ 0.8a 74.3 £ 0.8a
Total plant biomass (g) 9.2 £0.3c 11.6 £ 0.5ab 10.8 £ 0.4b 12.1 £ 0.4a
Leaf biomass ratio 0.47 £ 0.004a 0.43 + 0.008b 0.47 £ 0.004a 0.45 + 0.004b
Stem biomass ratio 0.24 + 0.003b 0.24 + 0.005b 0.27 £ 0.002a 0.26 £ 0.003a
Root biomass ratio 0.29 £ 0.004b 0.33 £ 0.0.01a 0.26 £ 0.004c 0.29 £ 0.004b
Root: shoot ratio 1.24 £ 0.02b 143 £ 0.1a 1.00 £ 0.02d 1.13 £ 0.03¢
Specific leaf area (cm? g’l) 126.1 £ 1.3b 123.9 + 1.5bc 139.3 £ 2.0a 120.2 + 1.4c
Leaf area ratio (cm2 gfl) 58.7 £ 0.9b 53.0 £ 1.3c 659 £+ 1.1a 54.1 &£ 0.9¢
Carbon isotope ratio (%o) —28.4 £ 0.2b na —28.6 £ 0.1b —279 £ 0.1a

Mean =+ SE followed by the same letter are not significantly different at the 5 % level according to Tukey’s multiple comparison test

na, data not available for this provenance as it was not included during the analysis
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Fig. 2 Shoot height (a) and collar diameter (b) growth curves
of Khaya senegalensis seedlings grown in nursery from seeds
collected at Bala, Bisso, Bopiel and Koyenga in Burkina Faso
from November 2009 to July 2010. Different letters indicate

Time of measurement

significant differences between provenances and between times
of measurement at the 5 % level according to Least Squares
Means adjusted with Tukey—Kramer for multiple comparisons

Table 6 Rooting ability (percentage of rooted cuttings, number of roots per rooted cutting, length of cutting longest root and number
of secondary roots) of seedlings cuttings of four Khaya senegalensis provenances in Burkina Faso

Provenances Rooting percentage No. roots/rooted cutting Longest root length (cm) No. secondary roots
Bala 70 + 4a 27+ 0.2a 6.28 = 0.41a 9.7+ 1.0a
Bisso 82 £ S5a 344+ 03a 6.50 £+ 0.53a 125 + 1.8a
Bopiel 78 £ 3a 30+0.2a 6.71 £ 0.46a 10.1 £ 0.7a
Koyenga 77 + 3a 30+0.2a 6.28 £ 0.39a 9.4 £ 0.8a

Mean =+ SE followed by the same letter are not significantly different at the 5 % level according to Tukey’s multiple comparison test

study, clear differences were observed among the four
K. senegalensis provenances, Bala, Bisso, Bopiel and
Koyenga, in Burkina Faso in terms of seed length and
weight. Since seed width did not differ among
provenances, greater seed weight in Bopiel and
Koyenga was probably due the larger length of these
seeds. Seeds collected from Koyenga and Bopiel
showed larger seed length, greeter seed weight
(Table 3) and faster seedling growth (Fig. 2). The
greater seed weight of Bopiel and Koyenga families
probably result in faster initial seedling growth. Seed
germination and initial seedling growth parameters are
known to be interdependent and governed by genetic
make-up, environmental influences and seed traits
(Dunlap and Barnett 1983). The superior performance
of Koyenga and Bopiel in seed size and seedling
growth suggests that conservation and management of
these provenances as seed sources could improve K.
senegalensis in Burkina Faso. Much of the total
variation in seed traits can be considered due to
genetic effect as evidence from high heritability
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estimates (>65 %). Similar genetic variation in seed
traits has been reported for several tree species (Liu
et al. 2011; Loha et al. 2006; Mamo et al. 2006; Loha
et al. 2008, 2009; Rawat and Bakshi 2011).

The present study also revealed the existence of
considerable amount of variation among provenances
and among families within provenances for all
seedling growth and biomass characters studied.
Similar results have been reported for Faidherbia
albida (Ibrahim et al. 1997; Rouspard et al. 1998),
Cordia africana (Loha et al. 20006) Millettia ferrugi-
nea (Lha et al. 2008) in contrast to the results obtained
for K. anthotheca and K. ivorensis with no significant
variation in growth among provenances but within
provenances (Ofori et al. 2007). In contrast to seed
traits, seedling traits had higher residual variations
(Table 4); indicating that the growing environment
had greater effect on those characters. Since high
genetic coefficient of variation along with high
heritability and genetic advance provide better infor-
mation than other parameters alone (Nanson 2004), on
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the basis of the present study where seedling charac-
ters did not show such parameter, more studies are
required in order to determine the most important
seedling characters to be taken into consideration in
addition to seed weight for effective selection in K.
senegalensis. According to the relationship found
between carbon isotope ratio (8"3C) and water use
efficiency (Hall et al. 1994; Handley et al. 1994), the
more negative values for Bisso and Bopiel would
suggest that seedlings from these provenances would
grow better in drought condition. However, according
to O’Leary et al. (1992), leaf 3'3C differences less than
1 %o are biologically uninterpretable. Therefore, the
range of 0.5-0.7 %o is not sufficient to draw an
accurate conclusion (Handley et al. 1994).

As provenances did not significantly affect the
rooting ability of cuttings, namely percentage of
rooted cuttings, length of rooted cuttings, number of
roots and number of secondary roots per rooted
cutting, considering the origin of seed source is not
an obvious criterion for genetic selection in relation to
the rooting ability at seedling stage. Similar result was
obtained in Gnetum spp. in Cameroon (Bongjoh et al.
2010).

Conclusion

The results from this study indicate that genetic
differences exist among families within provenances
and provenances in seed traits of K. senegalensis in
Burkina Faso. Based on observed seed and seedling
characteristics, the most prominent provenances are
Koyenga and Bopiel. Seeds collected from these two
provenances are longer, heavier and engender faster
seedling growth; thus these two provenances might be
considered for an eventual K. senegalensis improve-
ment program to assure the supply of good quality
seeds that enhance productivity in reforestation or
afforestation in Burkina Faso. However, more studies
are required in order to determine the most important
seedling characters to be taken into consideration in
addition to seed weight for effective selection in K.
senegalensis as well as conducting genotype X site
testing.
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