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Abstract

A pot experiment was set up in the net-shade at Botswana College of Agriculture from January to May 2014 to evaluate the
growth response of Afzelia quanzensis potted seedlings to different growth media. The experiment was laid out in a completely
randomized design (CRD) with four treatments each replicated four times as follows; top garden soil (TGS), top forest soil (TFS),
commercial compost (CC) and a mixture of the three (TGS+TFS+CC) being treatments 1−4, respectively. The results indicates
that the growth response of seedlings to potting media with regards to plant height was significant (p<0.05) in the top garden soil
in the first 6 weeks when compared with the rest of the treatments. Potting media had no effect (p>0.05)on plant leaf number,
collar diameter, total (roots + shoots) fresh and dry weights for the entire study period. A. quanzensis seedlings tolerate different
potting media. However, the top garden soil is recommended to tree growers because it increased plant height slightly.
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Introduction

The survival of containerized seedlings in a nursery
depends on suitable environmental factors. Potting
media is one of the most important factors required for
the survival and production of containerized seedlings
because it is not only the growing place for seedlings
but also provides them with moisture and mineral
nutrients (Kiran et al., 2007; Indriyani et al., 2011). A
suitable potting media used in containerized seedlings
should anchor or support them, provides nutrients and
water and allow the diffusion of oxygen to the roots
(Argo, 1998; Abad et al., 2002). The potting media
influences seed germination (Bhardwaj, 2014),
seedling quality (Wilson et al., 2001; Agbo and
Omaliko, 2006) and their subsequent survival as well
as performance in the field. A suitable potting media
should drain-well with a good water holding capacity
to reduce the frequency of watering. A balanced media
with adequate nutrient supply is critical in producing

healthy and vigorous seedlings with a well-developed
and balanced root/shoot ratio. The presence of organic
matter in a potting media is important because it has a
significant impact on soil physical, chemical and
biological properties (Bell et al., 1998; Brussoard,
1998; Jonge et al., 1999; Six et al., 2000; Carter,
2002). Organic matter performs numerous functions in
soil, it supplies essential nutrients required by plants
(Khan et al., 2006), improves the water holding
capacity (Tisdale and Oades, 1982; Jonge et al., 1999;
Carter, 2002; Osaigbovo and Orhue, 2012), reduces
crusting, improves aggregation, prevents erosion, and
prevents compaction (Carter, 2002).

A. quanzensis Welw. (Family Caesalphiaceae) known
as Afzelia, African Afzelia, mahogany bean, pod
mahogany, Rhodesian mahogany in English speaking
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African countries, occurs from southern DR Congo
and Somalia, and south to Angloa, Botswana,
Zimbabwe and northern South Africa (Palmer and
Pitman, 1972; Pullinger and Kitchin, 1982; Storrs,
1995; Palgreave, 2002; Brummitt et al., 2007; Gerard
and Louppe, 2011) up to 1350−1800 m above sea
level (Brummitt et al., 2007; Gerard and Louppe,
2011). It is a medium to large spreading deciduous
tree attaining 24–35 m height (Mulofwa et al., 1994;
Storrs, 1995; Van Wyk and Van Wyk, 2000; Gerard
and Louppe, 2011) and 1−1.6 m diameter breast height
(Van Wyk and Van Wyk, 2000; Gerard and Louppe,
2011). A. quanzensis is a valuable multipurpose
African tree species. Leaves are cooked together with
potash and eaten in a mixture with other vegetables
(Gerard and Louppe, 2011) and its various parts such
as roots, leaves and bark are used in traditional
medicine to treat different ailments (Palgreave, 2002;
Gerard and Louppe, 2011; Mtambalika et al., 2014).
The foliage is browsed by livestock, mainly towards
the end of the dry season when little fodder is
available (Gerard and Louppe, 2011).

A. quanzensis produce quality valuable timber
(Mtambalika et al., 2014). The wood is characterised
by excellent stability with little susceptibility to
variations in humidity, small shrinkage rates during
drying and good natural durability (Gerard and
Louppe, 2011). The wood is also termite resistant and
hence used for making bridges, plywood, boats,
flooring, doors and furniture (Van Wyk and Van Wyk,
2000; Palgrave, 2002). The tree fixes atmospheric
nitrogen and is known to improve soil fertility in many
African countries and hence used in agroforestry
practices (Young, 1989). It is planted as an ornamental
tree in parks and gardens in some places because of its
beautiful appearance (Orwa et al., 2009; Gerard and
Louppe, 2011). A. quanzensis is widespread, but
recent studies show that it is locally threatened by the
high rate of exploitation or valuable timber (Gerard
and Louppe, 2011; Mtambalika et al., 2014), wildfires,
habitat degradations and factors related to climate
change (Botsheleng et al., 2014). The low growth rates
of the tree limits its prospects as a commercial
plantation timber species (Gerard and Louppe, 2011).
However, its valuable wood makes it economically
interesting and warrants its propagation and
introduction in plantation and agroforestry systems.

The use of indigenous tree species in plantation, parks,
streets and agroforestry planting programmes in arid

and semi-arid areas received significant attention in
recent years. Nowadays efforts are directed towards
planting multipurpose indigenous tree species that can
cope with harsh environment conditions prevalent in
arid and semi-arid areas (Rasebeka et al., 2013). The
main problem encountered in propagating seedlings of
indigenous tree species in arid and semi-arid areas is
poor germination related to seed dormancy (Demel,
1996; Walters et al., 2004; Botsheleng et al., 2014)
and poor potting media. Low seedling propagation
rates can be attributed to inadequate knowledge of
their requirements including appropriate potting media
that can be adopted to enhance their growth at the
nursery. Knowing the nursery requirements of A.
quanzensis is important in producing quality seedlings
that are capable of surviving harsh conditions when
planted out in the field. This study was therefore
carried out to determine the influence of different
potting media on the development of A. quanzensis
seedlings in Botswana.

Materials and Methods

Experimental site

The study was conducted at the tree nursery of
Botswana College of Agriculture (BCA). The College
is situated in Sebele content farm, Gaborone city.
Sebele is located between latitude 24°33’S and
longitude 25°54’E at an elevation of 994 m above sea
level, 10 km from Gaborone, along Gaborone-
Francistown highway. Seeds used in this study were
obtained from Botswana National Tree Seed Centre,
Department of Forestry and Range Resources,
Ministry of Environment, Wildlife and Tourism,
Gaborone. Analysis of potting media physical and
chemical properties was conducted at the Department
of Crop Science and Production, Soil Science
Laboratory, Botswana College of Agriculture.

Seedling pre-treatment and germination

Seeds were scarified manually by cutting 1 mm of the
seed coat at the opposite site of hilum using a scissor
and were then soaked in distilled water overnight a
method described by Botsheleng et al. (2014). The
seeds were then germinated in a seedbed measuring 2
m × 5 m filled with a layer of sand and compost (leaf
mould). The seedbed was watered twice a day when
required. Weeds were carefully hand removed
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whenever they appeared to avoid pulling out
seedlings. After germination and development of true
leaves, seedlings were transplanted into black
polyethylene pots filled with different potting media
(inside diameter 25 cm).

Determination of potting media physical and
chemical properties

Potting media pH was measured from a soil-water
suspension (1:1, v/v) by a pH meter (model: Hannah
HI 110). Cation exchange capacity (CEC) was
determined by the ammonium acetate saturation
method (Schollenberger and Simon, 1945). Total
nitrogen (N) content was determined by Kjeldahl
method (Bremner, 1965) and measured on a
distillation unit (model: Buchi K-350). Available
phosphorus (P) was determined by the Bray II method
(Bray and Kurt, 1945) and measured on an inductively
coupled plasma - optical emission spectrophotometer
(model: Perkinelmer DV 2100). Exchangeable
potassium (K+) was measured by flame photometer
(model: Sherwood 410) after extraction with 1 N
ammonium acetate pH 7.0.

Experimental design

The experiment was laid out in a completely
randomized design (CRD) with four treatments
(potting media) each replicated four times. The four
treatments were as follows: top garden soil (TGS), top
forest soil (TFS), commercial compost (CC) and
mixture of TGS+CC+TFS (1:1:1, v/v) being
treatments 1−4, respectively. There were 10 black
polythene pots each with a seedling per replicate
which were randomly located in the nursery (Fig. 1),
giving a total of one hundred and sixty (160) pots. The
experiment was conducted under a 60% green net-
shade to minimize loss of water. Seedlings were
watered twice a day, in the morning and in the
afternoon when necessary throughout the duration of
the experiment. Weeds were removed manually by
hands whenever they occurred. No fertilizer was
supplied to the seedlings.

Growth parameters

The experiment was monitored for twelve (12) weeks
after transplanting (WAT) and the growth parameters
measured were: plant height, number of leaves, collar
diameter and total (roots + shoots) fresh and dry

weight. Measurements were taken bi-weekly after
transplanting except for fresh and dry weights which
were taken at the end of the study. Plant height (cm)
was measured using a meter ruler from the soil level to
the terminal bud. The number of leaves was measured
quantitatively by counting. The collar diameter (mm)
was measured at about 2.5 cm above the soil level
using a calibrated digital caliper (0−150 mm). A
destructive method was used to determine both fresh
and dry weights (g) which were measured at week 12
and 5 seedlings were used per replicate. The average
was then taken to represent the replicate. The
seedlings were uprooted from the polyethylene pots
and placed into weighing paper bags. The fresh
samples were taken to the laboratory and measured
using a bench top electric balance (PGW 4502e). The
samples were then oven dried to constant weight at
80oC using a hot air oven (Scientific Series 2000) and
dry weight was recorded

Data analysis

The data collected was subjected to analysis of
variance (ANOVA) using the STATISTIX-8 program.
Where a significant F-test was observed and means
comparison test were carried out using Least
Significant Difference (LSD) at p≤0.05 to separate
treatment means.

Results and Discussion

Physical and chemical properties of the potting
media

The physical and chemical properties of potting media
data presented in Table 1 shows that the pH ranged
from 5.0 to 7.1, slightly acidic to neutral. Soil pH is an
important chemical property of any soil or potting
media that influences essential mineral nutrients
availability (Roberts, 2006). Potting media with a
higher pH can be deficient in iron and phosphorus,
whereas acidic media lack calcium and magnesium
(Kramer and Kozlowski, 1979). The CEC ranged from
0.80 to 1.63 cmol kg−1 and was high in the TGS and
the TGS+TFS+CC. Total N ranged from 0.52−1.01%
and was high in the TGS+TFS+CC followed by TGS
and CC, respectively. Values for available P ranged
from 7.0 to 98.0 ppm and the highest was recorded in
the CC and lowest in the TGS. Exchangeable K+

ranged from 1.61 to 2.98% and the highest was
recorded in the CC and the lowest in the TGS
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Fig (1). Sketch map of the experimental design.

treatment. Results presented in Table 1 shows that,
overall, the potting media are sandy loam, slightly
acidic to neutral, with good aeration, high
permeability, and low water holding capacity, low in
nitrogen content, phosphorus and potassium.

Plant height

Different potting media have significant effect on the
growth of plant seedlings (Vendrame et al., 2005). The
composition of potting media is among many factors
that affects the growth of trees (Tinus et al.,
1979).Results in Table 2 show that from week 2 to 6
plant height in the TGS was significantly (p<0.05)
higher than in other treatments. Similar results were
observed in Cassia abbreviate seedlings (Sekepe et
al., 2013). The taller seedlings observed in TGS soil
could probably have been enhanced by high water
holding capacity of the soil and nutrient availability
which accelerated the early growth of the seedlings in
the first six weeks. Potting media with suitable texture
and adequate nutrients was shown to determine the
allocation of biomass in seedlings and hence their
growth and survival rates (Gower, 1987). Studies
conducted on other plant species elsewhere recorded
taller seedlings in the top garden soil than other

potting media (Isirimal et al., 2003; Agbogidi et al.,
2007, Agbogidi and Avwevughware, 2011).

There was no significant difference in plant height
between the TGS and CC from week 8 to 10. A
similar trend occurred between the CC and
TGS+TFS+CC. Plants grown in the TFS were
significantly (p<0.01) shorter than those grown in the
TGS+TFS+CC between weeks 8 and 10. Plant height
increased weekly throughout the study, but no
significant (p>0.05) difference was observed across
TGS, CC and TGS+TFS+CC at the end of study
(Table 2). This suggests that the TGS accelerated early
seedling height growth which disappeared with time.
Plant height in the TGS, CC and TGS+TFS+CC was
significantly (p<0.01) higher than in the TFS from
week 8 to 10 and significant (p<0.05) in week 12.
Mean height values in Table 2 shows that at week 12,
the TGS seedlings were slightly taller (11.15cm) than
in the CC (10.17 cm) and TGS+TFS+CC (10.24 cm)
potting media. At week 12, seedlings in the TFS
potting medium were significant (p<0.05) shorter
(8.86 cm) than their counterparts in other treatments
probably due to the textural class which was sandy
loam with more silt and less sand (Table 1).

Trt3 R1Trt1 R1 Trt4 R1 Trt4 R2

Trt2 R1 Trt1 R2 Trt2 R2 Trt4 R3

Trt3 R2 Trt3 R3 Trt3 R4 Trt2 R3

Trt1 R3 Trt2 R4 Trt1 R4 Trt4 R4

N
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Table (1): Physical and chemical properties of potting media

Potting media pH
(H2O)

CEC
(cmol
kg−1)

Total N
(%)

Available
P (ppm)

Exchang
eable K+

(%)

Textural class
Sand
(%)

Clay
(%)

Silt (%)

Top garden soil (TGS) 6.3c 1.61a 0.87ab 7.00c 1.78c 87 7 6
Top forest soil (TFS) 7.1a 0.80b 0.52c 11.00c 1.61c 75 9 16
Commercial compost
(CC)

5.0d - 0.74b 98.00a 2.98a - - -

Mixture
(TGS+TFS+CC)

6.7b 1.63a 1.01a 41.00b 2.37b 87 7 6

Significance ** ** ** ** ** - - -
LSD 0.05 0.40 0.33 0.18 8.83 0.36 - - -
CV (%) 3.38 12.31 11.98 11.95 8.64 - - -

** Highly significant at p<0.01. Means separated by Least Significance Difference (LSD) Test at p≤0.05, means
within columns followed by the same letters are not significantly different, ppm denotes parts per million.

Table (2): A. quanzensis seedling height (cm)

Growth media Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
Top garden soil (TGS) 10.32a 10.35a 10.38a 10.61a 10.78a 11.15a

Top forest soil (TFS) 7.94b 7.98b 8.00b 8.04c 8.35c 8.86b

Commercial compost (CC) 8.98b 9.00b 9.03b 9.87ab 10.01ab 10.17a

Mixture (TGS+TFS+CC) 8.80b 8.82b 8.84b 9.38b 9.77b 10.24a

Significance * * * ** ** *
LSD 0.05 1.27 1.27 1.27 1.11 0.97 1.27
CV (%) 9.15 9.10 9.08 7.64 6.45 8.14

** Highly significant at p<0.01, * significantly at p<0.05. Means separated by Least Significance Difference (LSD)
Test at p≤0.05, means within columns followed by the same letters are not significantly different. Where week 2 to
week 12 are dates from 20-02-2014 to 29-05-2014 respectively.

Collar diameter

Results in Table 3 shows that collar diameter was not
affected (p>0.05) by potting media. This is consistent
with results of studies conducted on other plant
species here (Sekepe et al., 2013) and elsewhere
(Egharevba et al., 2005). Plant collar diameter
increased slowly with time. There was not much
variation observed among the collar diameter values of
A. quanzensis seedlings. Our results suggest that
A. quanzensis seedlings can be propagated on a wide
range of soils but requires good drainage due to water-
logging intolerance (Gerard and Louppe, 2011). At
week 6, collar diameter values were as follows: TGS
(3.19 mm), TFS (3.21 mm), CC (3.21 mm) and
TGS+TFS+CC (3.38 mm). At week 12, the highest
collar diameter value of 4.50 mm and the lowest value

of 4.22 mm were measured in the TFS and TGS
treatments, respectively (Table 3).

Leaf number

The number of A.quanzensis seedling leaves was not
affected by potting media (Table 4).The leaves
increased in all treatments from week 2 to 8. The
number of leaves recorded in the various potting
media from week 8 to 12 is as follows: top garden soil
(2.30), top forest soil (2.40), commercial compost
(2.43) and mixture (2.40). Similar results have been
reported on other plants in studies conducted here
(Sekepe et al., 2013) and elsewhere (Okunomo et al.,
2004, 2009; Dolor, 2011). Sekepe et al. (2013) used
similar potting media in Cassia abbreviata and found
no significant differences in leaf number across
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Table (3):A.quanzensis seedling collar diameter (mm)

Growth media Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
Top garden soil (TGS) 2.40 2.70 3.19 3.37 3.45 4.22
Top forest soil (TFS) 2.26 2.68 3.21 3.49 3.56 4.50
Commercial compost (CC) 2.34 2.89 3.21 3.41 3.53 4.40
Mixture (TGS+TFS+CC) 2.30 2.68 3.38 3.65 3.72 4.47
Significance ns ns ns ns ns ns
LSD 0.05 ns ns ns ns ns ns
CV (%) 6.52 6.37 5.33 5.47 5.78 6.14

ns non-significant at p>0.05. Where week 2 to week 12 are dates from 20-02-2014 to 29-05-2014 respectively.

Table (4):A.quanzensis seedling leaf number

Growth media Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
Top garden soil (TGS) 2.20 2.20 2.20 2.30 2.30 2.30
Top forest soil (TFS) 2.27 2.28 2.30 2.40 2.40 2.40
Commercial compost (CC) 2.30 2.30 2.30 2.43 2.43 2.43
Mixture (TGS+TFS+CC) 2.25 2.25 2.25 2.40 2.40 2.40
Significance ns ns ns ns ns ns
LSD 0.05 ns ns ns ns ns ns
CV (%) 6.74 6.74 6.63 6.37 6.37 6.37

ns non-significant at p>0.05. Where week 2 to week 12 are dates from 20-02-2014 to 29-05-2014 respectively.

Table (5):A.quanzensis seedlings fresh and dry matter (g)

Growth media Fresh weight (g) Dry weight (g)
Top garden soil (TGS) 114.47 58.37
Top forest soil (TFS) 113.81 54.67
Commercial compost (CC) 93.05 47.12
Mixture (TGS+TFS+CC) 114.32 57.95
Significance ns ns
LSD 0.05 27.18 11.27
CV (%) 16.20 13.47

ns non-significant at p>0.05

treatments. Plant leaves are an important parameter in
agronomical and ecological processes, such as
photosynthesis, transpiration and field energy balance
(Awal et al., 2004). Plant leaf area is also an important
parameter used to model tree growth and the tree’s
physiological processes (Diao et al., 2010). The no
significant effect of potting media on the number of
leaves probably suggests the parameter is not
influenced by media at seedling stage as suggested by
Sekepe et al. (2013).
Total plant fresh and dry matter (roots and shoots)

The results in Table 5 shows that fresh and dry
weights of A.quanzensis seedlings determined 12
weeks after transplanting was unaffected by potting
media (p>0 05). These results are supported by
findings of other plants studies conducted here
(Sekepe et al., 2013) and elsewhere (Dolor, 2011).
Sekepe et al. (2013) subjected Cassia abbreviata to
similar potting media and reported a slightly
higher(but insignificant) plant dry matter in the
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top garden soil which is consistent with our results.
The highest (58.37 g) insignificant total plant dry
matter at the end of study (week 12) was recorded in
the TGS followed by TGS+TFS+CC (57.95 g) and
TFS (54.67 g), and the least in CC (47.12 g) (Table 5).
This could be attributed to high phosphorus and
potassium available in CC on the expense of nitrogen
and low pH (5.0) which did not enhance plant growth
(Table 1).

Conclusion and recommendation

The present study indicates that A. quanzensis
seedlings are slow growing. Potting media did not
affect measured parameters except for plant height
which was significantly increased by top garden soil in
the early stages. A. quanzensis seedlings tolerate
different potting media. However, the top garden soil
is recommended to tree growers because it slightly
increased plant height.
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