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ABSTRACT

Indigenous tree species like Terminalia ivorensis has multiple uses; from timber products to
medicinal condiments for treating different ailments. This species is self-incompatible. Thus, habitat
protection is a key to its survival and sustenance. This study evaluated the effect of provenance
variations on the growth and development of T. ivorensis. Three provenances of T. ivorensis were
selected; FRIN Arboretum, Onigambari Forest Reserve and J1 Forest Reserve. Thirty (30)
seedlings of T. ivorensis were selected and marked at each provenance for assessment of growth
parameters for a period of twelve weeks. The growth parameters included: seedling height, collar
diameter, leaf count and leaf area. Also, soil samples were collected from each provenance to test
for nutrient composition. Results showed that J1 Forest Reserve had best performance across the
growth parameters assessed with 10.4 cm plant height, 2.02 mm collar diameter, 11 leaves count
and 20.5 cm? leaf area respectively. This growth parameter result differs significantly from the other
two provenances. This was also attributed to the nutrient offered by J1 Forest Reserve with 1.18%
and 2.20% of organic carbon and organic matter in the soil respectively. Also, the available
phosphorus which is involved in photosynthesis, respiration, energy storage and transfer, cell
division and enlargement as well as promotion of root formation was about 15.7 mg/kg in the soil
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and is considered high because it is higher than the critical level of 8.50mg/kg. J1 Forest
Reserve is recommended as the best provenance for raising T. ivorensis amongst assessed natural

habitats.

Keywords: Collar; ivorensis; leave; parameter; provenance; Terminalia.

1. INTRODUCTION

Terminalia ivorensis belongs to the family
combretaceae and it is an important timber
species [1] recognized in Nigeria with its various
uses. Terminalia ivorensis also plays a major role
in increasing soil fertility where fall off leaves are
decomposed and add more nutrients to the sail
[2]. This species is widely used for medicinal
purposes in Africa [3,4]. This tree species if
protected from logger can attain heights of up to
50 m and girth of 500 cm. It has been biologically
stated that T. ivorensis is self-incompatible; the
flowers are bisexual, its selection and breeding
started in the 1960s in Africa. [5] Stated that the
trees with superior growth rate and stem form
have been selected and clone, banks have been
established in this species. Though, the interval
between the opening of the leaf buds and
flowering usually takes 3-4 weeks where the
flowers are fertilized by insects. Fruiting, which
begins in December, is abundant from January to
March [5].

The trees sapling usually requires 4 — 5 years
before attaining 1-1.5 m height, compared to
other indigenous timber species with fast growth.
For example, even T. superba from the same
genus could attain 1.8 m in height within one
year [6]. Terminalia ivorensis is used for
construction and other timber-based uses [7]. It's
also can be wused for reforestation and
afforestation species especially where wood-
base timber are needed as well as for forest
ecosystem replenishment [8]. However, this
species occurs naturally in evergreen and moist
semi-deciduous forests ecosystem, where large
trees are most common in low density localities
or lowlands [9]. It is most abundant in the
transition zone between humid semi-deciduous
and evergreen forests. It is found in rainforest
ecosystem but predominantly it's a tree of
seasonal forest zones [5].

As one of the principal timber species of West
Africa countries, T. ivorensis is widely harvested
from natural forest and has been introduced into
many other tropical countries as a promising
timber plantation species. It is also grown as a
shade tree in cocoa plantations in Nigeria [5]. It

has been reported that the species is threatened
by habitat loss and poor regeneration, and
attempts at plantation growth have generally
failed through frequent diebacks. The species
has also been classified as 'vulnerable' by the
IUCN [5]. Despite these facts, plantation of T.
ivorensis is still scarce in the country. With so
much  emphasis today on  ecosystem
management and maintenance of natural forests,
sustainable artificial regeneration of tree species
for large-scale plantation development has
become expedient to meet up with wood-based
need in the country as well as environmental
sustenance in a world of climate change effects
where oil exploration has led to serious
deforestation and degradation of several
valuable forest species. However, not much work
has been done on T. jvorensis in Nigeria.
Although, some indigenous tree species like P.
biglobosa and T. superb etc. do not experience
much difficulty during germination, but T.
ivorensis germinate with great difficulty [5].

There is however a dearth of information on the
best conditions for the propagation of the
species. With deliberate efforts being made by
the Nigeria Government to conserve some
valuable indigenous tree species both in-situ and
ex-situ, efforts have been made without much
success recorded. If germination of this tree
species encountered difficulty then alternative
knowledge for it would go a long way in
encouraging its plantation establishment.

Consequently, it is pertinent to ascertain the best
provenance of growing T. ivorensis to ensure
better performance of the species. So this study
is aimed at assessing the effect of provenance
variation on the growth and development of
Terminalia ivorensis.

1.1 Study Area

This study was carried out in three T. ivorensis
provenances which are: Onigambari Forest
Reserve which lies approximately between
latitude 7°7'60" N and longitude 3°49'60" E;
Forestry Research Institute of Nigeria (FRIN)
Arboretum lies approximately between latitude
7°23'28.68" N and longitude 3°51'46.08" E; and




Ojo and Ezekiel; CJAST, 37(1): 1-7, 2019; Article no.CJAST.50867

J1 Forest Reserve lies approximately between
latitude 7°0'0" N and longitude 4°15'0" E
respectively. The climatic condition of these three
provenances is dominated by rainfall ranging
from 1200 mm to 1500 mm annually and average
temperature 35°C, and the average relative
humidity ranges between 80 — 85% [10].

2. METHODS

Ninety uniform seedlings of T. ivorensis were
identified and marked for measurement of growth
performance in a period of 12 weeks (3 months).
The uniformity of the seedlings were determined
by selecting seedlings with height 8.0 cm, collar
diameter of 1.0 mm and 7 leaves count stage.
Each seedling was marked and the coordinator
of the location recorded with a GPS receiver.
Thirty (30) seedlings were selected from each
provenance (i.e. Onigambari Forest Reserve,
FRIN Arboretum and J1 Forest Reserve). Also,
soil sample was collected with soil auger at each
provenance to determine nutrient composition of
the three provenances. Growth parameters
(seedling height, collar diameter, leaf count and
leaf area) were measured for three months.
Seedling height was measured using graduated
metric ruler; collar diameter was measured with
vernier calliper, leaf count was done visually and
leaf area was determined using formula adopted
by Agboola and Ayodele [11].

Data

2.1 Experimental and

Analysis

Design

Randomise Complete Block Design (RCBD) was
adopted as experimental design since there are
two sources of variations. Variation due to
provenance as treatment and growth parameter
as block since the objective of the study is to
assess effect of provenance variation on the
growth and development of T. ivorensis. The
data collected were analysed with Analysis of
Variance (ANOVA)

3. RESULTS AND DISCUSSION

The results from the ninety seedlings selected for
this study were collated and the mean from each
parameter were reported see Table 1. J1 Forest
Reserve had the highest plant height with 10.4
cm (0.104 m), followed by Onigambari Forest
Reserve with 9.11 cm (0.901 m) and FRIN
Arboretum had the least plant height with 8.45
cm (0.805 m). Also, the leaf area; 20.5 cm® was
offered by J1 Forest Reserve, Onigambari Forest
Reserve followed closely with 20.2 cm?and 19.2

cm’? was recorded for FRIN Arboretum (see
Table 1) for details on collar diameters and leaf
count results.

There were significant differences among the
different provenances at P > 0.05 (i.e.
Onigambari Forest Reserve, FRIN Arboretum
and J1 Forest Reserve) as well as the growth
parameters (plant height, collar diameter, leaf
count and leaf area) as adopted for this study
see Table 2 for details.

The mean of the different provenances
(treatments) were separated using Least
Significant Difference (LSD). The result showed
that there were significant differences between
the means (P > 0.05). J1 Forest Reserve mean
differed  significantly  from  both FRIN
Arboretum and Onigambari Forest Reserve.
Although, FRIN Arboretum and Onigambari
Forest Reserve means were not significantly
different from each other (P > 0.05) (see Table 3)
for details.

3.1 Soil Analysis

Soil sample obtained from different provenances
were subjected to laboratory analysis. The result
shows variation across the nutrients composition
of the provenance which resulted in the
variations in the growth parameters.

3.2 Onigambari Forest Reserve

Table 4 below showed the laboratory analysis of
soil sample collected from Onigambari Forest
Reserve. The soil analysis showed that the
textural class of the soil is sandy-loam. Both the
organic carbon and organic matter in the soll
were low with 0.88% and 1.51% respectively; this
is because organic matter was above the critical
level of 2.00 as reported by [12]. Nitrogen which
helps in the formation of amino-acids and the
building of protein is necessary for plant cell
division. However, based on the result, total
nitrogen available in the soil is 0.07% which is
below the critical level of 0.15% [12]. Also, the
inadequacy of nitrogen had an effect on the
growth of Onigambari Forest Reserve seedlings
by causing a decrease in their growth and also
chlorosis which could be seen in the collar
diameter of the seedlings. The available
phosphorus which is involved in photosynthesis,
respiration, energy storage and transfer, cell
division and enlargement is about 2.16% in the
soil which is considered low because it is below
the critical level of 8.50% [12].



Ojo and Ezekiel; CJAST, 37(1): 1-7, 2019; Article no. CJAST.50867

Table 1. Results of growth parameter grouped as treatments and blocks

Treatment/ Onigambari forest  FRIN arboretum J1 forest reserve
Block reserve

I. Plant height (cm) 9.11 8.45 10.4

Il. Collar diameter (mm) 1.14 1.93 2.02

lll. Leaf count (visual) 10 9 11

IV. Leaf Area (sz) 20.2 19.2 20.5

Table 2. Tests of between-subjects effects (ANOVA table)

Dependent variable: data

Source Type lll sum of Df Mean square F Sig.
squares

Corrected Model 509.172° 5 101.834 361.154 .000
Intercept 1259.725 1 1259.725 4467.595 .000
Provenance 3.671 2 1.836 6.510 .031
G. parameter 505.501 3 168.500 597.584 .000
Error 1.692 6 .282

Total 1770.590 12

Corrected Total 510.864 11

a. R Squared = .997 (Adjusted R Squared = .994)

Table 3. Least significant differences (Multiple comparisons)

(I) Treatment (J) Treatment Mean Std. Sig. 95% confidence interval
difference  error Lower Upper
(1-J) bound bound
FRIN Arbo JIFR -1.3350° .37548 .012 -2.2538 -4162
Onigambari -.4675 .37548 .260 -1.3863 4513
JIFR FRIN Arbo 1.3350° .37548 .012 4162 2.2538
Onigambari .8675 .37548 .060 -.0513 1.7863
Onigambari FRIN Arbo 4675 .37548 .260 -4513 1.3863
JIFR -.8675 .37548 .060 -1.7863 .0513

Based on observed means. The error term is Mean Square (Error) = .282
*. The mean difference is significant at the 0.05 level

Table 4. Nutrients compositions of onigambari forest reserve

S/IN Soil properties Value

1 Total organic carbon 0.88%

2 Total organic matter 1.51%

3 Total Nitrogen 0.07%

4 Phosphorus 2.16 mg/kg
5 Magnessium 3.33 mol/kg
6 Zinc 38.2 mg/kg
7 Iron 14 mg/kg

Though, micronutrients are high with Iron (Fe)
having 14 mg/kg, which is above the critical level
of 3.50 mg/kg, which is important in the

production of chlorophyll, and also component of
many enzymes associated with the energy
transfer and fixation of lignin formation [12]. Zinc
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Table 5. Nutrients compositions of J1 forest reserve

S/IN Soil properties Value

1 Total organic carbon 1.18%

2 Total organic matter 2.20%

3 Total Nitrogen 0.06%

4 Phosphorus 15.7 mg/kg

5 Magnessium 7.6 mol/kg

6 Nitrogen 0.76 mol/kg

7 Zinc 17 mg/kg

8 Iron 73.5 mg/kg
Table 6. Nutrients compositions of FRIN arboretum

SIN Soil properties Value

1 Total organic carbon 0.38%

2 Total organic matter 0.65%

3 Total Nitrogen 0.03%

4 Phosphorus 7.896 mg/kg

5 Magnessium 13.35 mol/kg

6 Zinc 19.8 mg/kg

7 Iron 71.6 mg/kg

(Zn) is essential for protein synthesis and growth
regulation had a positive effect on the seedlings
in terms of leaf production and leaf area, 38.2
mg/kg was obtained and it's above the critical
level of 1.0 mg/kg [12].

3.3 J1 Forest Reserve

The Table 5 showed the laboratory analysis of
soil sample collected from J1 Forest Reserve.
The analysis revealed that the textural class of
the soil is sandy-loam. Both the organic carbon
and organic matter in the soil are high with
1.18% and 2.20% respectively; this is because
organic matter is above the critical level of 2.00%
[12]. Nitrogen which helps in the formation of
amino-acids and the building of protein is
necessary for plant cell division. However, based
on the result below, total nitrogen available in the
soil is 0.06% which is below the critical level of
0.15%, thereby having an effect on the growth of
plants by causing stunted growth and chlorosis
which was vividly seen among the seedlings of
J1 forest reserve through the growth parameters
assessed. The available phosphorus which is
involved in photosynthesis, respiration, energy
storage and transfer, cell division and
enlargement, which also promotes root and
formation is about 15.7 mg/kg in the soil and is
considered high because it is higher than the
critical level of 8.50 mg/kg [12]. In relation to the
growth of the seedlings, it helped in boosting the

growth of the seedlings in the terms of stem
diameters when compared to the seedlings from
other provenances.

Also, Iron (Fe), which is involved in the
production of chlorophyll, which is also a
component of many enzymes associated with the
energy transfer and fixation of lignin formation in
plants is available as 3.75 mg/kg which is
considered high because it is above the critical
level of 3.50 mg/kg [12]. Zinc which took part in
the regulation of growth among the seedlings of
its provenance and essential for protein
synthesis as well as growth regulation is about
17.0 mg/kg in the soil which is above the critical
level of 8.50 mg/kg [12].

3.4 FRIN Arboretum

Table 6 showed the laboratory analysis of soil
sample collected from FRIN Aboretum. The soil
analysis revealed that the textural class of the
soil is sandy-loam. Both the organic carbon and
organic matter in the soil are low with 0.38% and
0.65% respectively and this organic matter is
above the critical level of 2.00% [12]. Total
Nitrogen which helps in the formation of amino-
acids is 0.03% which is below the critical level of
2.00%. Based on the performance of the
seedlings from this provenance, the inadequacy
of nitrogen had a serious effect on the growth of
plants in terms of leaf area, collar diameter and
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plant height when compared to the seedlings of
other provenances. Phosphorus (P) which is
involved in photosynthesis, respiration, energy
storage and transfer is high about 7.90% in the
soil which is below the critical level of 8.50% [12].

Iron (Fe), which helps in the production of
chlorophyll also attributed to the seedlings
growth in terms of collar diameter. Copper (Cu),
which is available as 18 mg/kg, is above the
critical level of 3.50 mg/kg helped in providing
necessary carbohydrate and nitrogen
metabolism and it also on the other hand help
preventing wilting plants. Also, Zinc (Zn) which is
essential for protein synthesis and growth
regulation had a positive effect on the seedlings
by enhancing their growth in terms of leaf area
and leaf production is about 71.6 mg/kg in the
soil which is above the critical level of 8.50 mg/kg
[12].

4. CONCLUSIONS AND RECOMMENDA-
TIONS

There are variations in growth parameters of
seedlings from the three provenances assessed
for this study. This can be seen and correlated
with soil sample analysis results from the
provenances. The result of the soil analysis
showed that J1 Forest Reserve had the highest
nutrients and this resulted in the growth
parameter been the best for the Terminalia
ivorensis seedlings. There were significant
differences amongst the provenances as well as
growth parameters investigated.

As a result of means separation, J1 Forest
Reserve differed significantly from the other two
provenances and is recommended as the best
provenance for raising Terminalia ivorensis.
Therefore, for growth and development of
Terminalia ivorensis on large scale, J1 Forest
Reserve is the best amongst location where this
species are found in southwestern, Nigeria.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Foli EG. Terminalia ivorensis A. Chev. In:
Lemmens RHMJ, Louppe D and Oteng-
Amoako AA. (Editors). PROTA (Plant

Resources of Tropical Africa / Ressources

10.

végétales de I'Afrique
Wageningen, Netherlands; 2009.
Norgrove L, Hauser S. Yield of plantain
grown under different tree densities and
‘slash and mulch’ versus ‘slash and burn’
management in an agrisilvicultural system
in southern Cameroon. Forest Ecology and
Management. 2002;166:261-270.

Coulibaly K, Zirihi GN, Guessennd-
Kouadio N, Oussou KR, Dosso M.
Antibacterial properties studies of trunk
barks of terminalia ivorensis
(Combretaceae), a commercial and
medicinal specie, on some methicillin-
resistant Staphylococci spp strains. African
Health Sciences. 2014;14(3):753-756.

Masoko P, Picard J, Eloff JN. Antifungal
activities of six South African Terminalia
species (Combretaceae). Journal of
Ethnopharmacology. 2005;75:45-50.

Orwa C, Mutua A, Kindt R, Jamnadass R,
Simons AJ. Agroforestree database: A tree
reference and selection guide version 4.0;
2009.

Available:https://www.researchgate.net/pu
blication/258996453 Agroforestree_Datab
ase_A_Tree_Reference_and_Selection G
uide_version_40

Osei-Begyina A. Effect of inorganic (NPK)
fertilizer on the growth rate of one-year old
diospyros mespiliformis. B.Sc. thesis,
Department of Silviculture and Forest
Management, Faculty of Renewable
Natural Resources, Kwame Nkrumah
University of Science and Technology,
Kumasi, Ghana. 2007;40.

Mohammed Al, Ocholi A, Ejeh SP,
Amartey YD. Compression creep model for
Nigeria grown Terminalia ivorensis (Black
afara) timber. Nigerian Journal of
Technology. 2019;38(2):311-316.

Jones RK, Averre CW. Damping-off in
flower and vegetable seedlings: Plant
pathology extension. North Carolina State:
University Ornamental Disease Note. No.
14; 2000.

Ibe AE, Adeyemi AA, Nwuda BN, Asiabaka
CC, Onuoha GN. Seed germination and
seedling growth of Terminalia ivorensis (A.
Chev) in different growth media. FUTO
Journal Series (FUTOJNLS).
2015;1(2):2476-8456.

Clifton-Brown JC, Jones MB. The thermal
response of leaf extention rate in
genotypes of the grass Miscanthus: An

tropicale),



1.

Ojo and Ezekiel; CJAST, 37(1): 1-7, 2019; Article no. CJAST.50867

important factor in determining the
potential productivity of different
genotypes. Journal of Experimental
Botany. 1997;48:1573-1581.

Agboola AA, Ayodele OJ. Prospects and
problems of using soil testing for adoption

of fertilizer use in Ekiti-Akoko agricultural
development project area. In processing’s
of workshop on appropriate technologies
for farmers in Semi-Arid West Africa, Ohm
HW, JG Nagy (Eds) Purdue University,
West Lafeyette. 1985;123-136.

© 2019 Ojo and Ezekiel; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/50867




