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ABSTRACT

A comparative analysis of trees volume estimates in two distinct forests is important for planning tree harvesting and proper forest management.
The study was carried out in the west bank and block A forest of International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, to estimate
and compare the volume of trees in the two forests using diameter at breast height (DBH) measurement. Data were collected from 60 plots laid
along six transects; A (270°W), B (90°E), C (180°S), D, E (0°N), and F (180°W)}. Complete enumeration, identification, and measurement
of all the trees with DBH>10 cm in all the plots were carried out. The data were analyzed using descriptive statistics, basal area analysis, and
volume equation of tree developed by FORMECU. The results showed 581 per 0.3 ha woody plants from 65 species and 28 families in west
bank forest and 389 per 0.3 ha of wood plants from 68 species and 27 families in block A forest. Trees dominated the two forests (75.38% and
69.12%) but are more, well stocked in west bank forest than block A forest and are merchantable. The most abundant family in the two forests
are Fabaceae subfamilies of Caesalpinioideae, Mimisoideae, and Papilinoideae. Newbouldia laevis (57) and Trichilia monadelpha (44) are the
most abundant trees in west bank forest while N. laevis (33) and Lecaniodiscus cupanioides (28) are most abundant in block A forest. Milicia
excelsa had the highest basal area and volume of 40.34 m*ha and 2.10 m3/ha in west bank forest while Daniellia ogea had the highest basal
of 14.03 m*ha and volume 1.87 m*/ha in block A forest. Some species of woody plants were encountered once in the two forests. The study
concludes that adequate and continuous protection of the two forests to prevent the extinction of monospecific tree species and continuous
forest inventory is required for proper monitoring of trees volume in the two forests.
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INTRODUCTION it used to estimate the volume of the tree but also as a way to

describe the stand structure and to select an inventory sample.

Sustainable management of forest resources requires a large ~ DBH (D) and total tree height have often been used as standard
predictors of biomass (both above- and below-ground biomass)
and volume!'* This is because these variables are highly
correlated with biomass and volume. The principal goal of the
forest survey was to estimate the total volume and area of the
forest resource. Standard volume tables (equations) are often

amount of supporting information. Especially when managing
a forest for the production of commercially valuable materials,
estimation of the present growth of variables which are not
possible to measure easily (such as timber volume) and to

estimate the growth values in future is essential. The most used to estimate tree volume as a function of tree diameter
important variable to take into consideration regarding to and height for both routine forest measurement and for forest
forestry is tree diameter at breast height (DBH). Not only is research purposes. Developing forest inventory estimates
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often involves predicting tree volumes from only DBH and/
or merchantable height.

Estimation of growing stock provides information that guides
forest managers in timber valuation as well as in allocation of
forest areas for harvest.’”! For timber production, an estimate
of growing stock is often expressed in terms of timber
volume, which can be estimated from easily measurable tree
dimensions. Tree volume is one of many parameters that are
measured to document the size of individual trees. Volume is
the common widely used measure of wood quantity in forest
mensurationt® The ability to estimate the volume of trees and
stands and to predict what the forest will produce, on different
sites, in response to particular types of silvicultural treatment,
is central to all rational planning processes connected with
forestry. The most common procedure is to use volume
equations based on relationships between volume and variables
such as diameter and height.”

The west bank forest covers about 150 ha while block A covers
an area of about 50 ha. The two forest came to been as a result
of'the decision by International Institute of Tropical Agriculture
(IITA) to preserve the remaining land as an informal forest
and nature reserve after the clearing of land for research plots,
housing and other facilities were largely completed in 1987.
Today, the forest and nature reserve at IITA cover nearly 350
ha. Both the west bank and block A forests have grown to
secondary stage of regeneration and are in their mid-succession
stage.[® They are repository of useful timber and non-timber
forest products (NTFPs) which are useful for food, medicine,
cooking, and wrapping or preservation of food items.”'"! The
west bank forest has been under active protection for many
years while block A forest serves as buffer zone for villagers
living around the perimeter fence of IITA, the forest serves
as a source of livelihood to the women living in the adjoining
villages of IITA perimeter fence.l'” The villagers are permitted
into the forest twice a week to collect NTFPs such as dried
firewood, fruits and kernels of Elaeis guineensis, and shoot
of Talinum triangulare. Some other NTFPs are also collected
illegally by these villagers along with what they are permitted
to collect. Part of the area of block A forest was also used
for arboretum and experimental plot [Figure 1], this gives

opportunity to IITA staff to collect pegs, poles, and stakes for
the experimental, thereby reducing the number of threes and
shortening their growth. A lot of research has been done in the
two forests but no works have estimated and compare the tree
stem volume of the two forests. It is against this backdrop this
study was designed with the aim of comparing the tree stem
volume estimated from the two forests. The study was executed
using non-destructive approach method (DBH) as provided in
the volume equation for trees developed by FORMECU.!

MATERIALS AND METHODS

Study Area

The study was conducted in the two forest reserved (west bank
and block A forest) of IITA, Ibadan, Oyo State, Nigeria. The
study area has a coordinate of longitude 7°30'8"N, latitude
3°5437'E, and 243 m above sea level.' The vegetation is
within the forest-savanna transition zone and can be group
into tropical semi-deciduous forest with various pockets of
vegetation types ranging from derived savanna, secondary
forest, and riparian types. The area resembles mature Guinea-
Congo lowland rainforest with scattered emergence of trees
which include Ceiba, Milicia, and Terminalia spp.'! Large
clumps of bamboo (Bambusa vulgaris) are common; stands
of Raphia farinifera are found along watercourses while
scattered oil palms E. guineensis grow in both low-lying
and the relatively better drained upland areas. The site is
characterized with two distinct seasons. The wet season, it lasts
for 8 months, and it extends from March to October while the
dry season lasts for 4 months from November to February. The
rainfall pattern is bimodal with an annual total which ranges
from 1300 to 1500 mm most of which falls between May and
September.*!%!"1 The average daily temperature ranges between
21°C and 23°C, while the maximum is between 28°C and 34°C.
Radiation is about 5285 MJ/m?*year. Mean relative humidity
is in the range of 64%—83%.!1416:17

Methods of Data Collection

Vegetation survey using transect and plot sampling techniques
following P-16-18IB1N201211221 were used to collect data for the
study. Tree transect each (A [270°W], B [90°E], and C [180°S]

Figure 1: Map of block A forest showing the location of transect D, E, and F. Source: Field Survey, 2017
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were constructed in west bank forest and transects D, E [0°N],
and F [180°W]) was laid in block A forest with the aid of
prismatic compass. Each transect with a length of 500 m was
demarcated with 10 sampling plots of 10 m by 10 m [Figure 2].
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Figure 2: Transects and plots design. Each line A, B, C, and D is 500
m long transect while 1, 2, 3, -------- 10 are plots of 10 m by 10 m each

A total number of 60 sampling plots (6 transect by 10 plots)
were used for the study. All trees and shrubs with DBH>10 cm
(DBH >10 cm) were identified with their scientific and family
names in each plot. The trees and shrubs were enumerated and
DBH measured at 1.3 m above the soil level. The assistance of
retired taxonomist from Forestry Research Institute of Nigeria
(FRIN) was sought for the identification of the plant species.
Samples of trees that cannot be identified on the field were coded
and taken to the herbarium of FRIN for proper identification.
The species of trees and shrubs, number of individual of each
species, and total number of each species were recorded from
each plot and the data pooled together per forest. The study
location map [Figures 1 and 3] was produced by taken the
coordinates of the plots, transects, entire forests areas, and the
adjoining villages of the IITA perimeter fence. The coordinates
were downloaded and plotted on the GPS arc view.

Data Analysis

The vegetation data collected were analyzed with descriptive
statistics such as tables, frequency counts, percentages, and mean.
Analysis of basal area and volume estimation using volume equation
developed by FORMECU!! was carried out following.!'’!

Calculation of Trees Basal Area

The calculation of basal area of all individual trees belonging to
a particular species i (Ba,) was obtained with basal area model
BA=n D4

Where: BA = Basal area in m? per ha

n=23.142

D = Diameter at breast height in meter.

g s

Figure 3: Map of west bank forest showing the location of transect A, B, and C. Source: Field Survey, 2017

Table 1: Vegetation survey: Growth habit classification of woody plants and frequency in the two forests

Form ‘West bank forest Block A forest West bank and block A forest
NOS NOS (%) SF SF (%) NOS NOS (%) SF SF (%) NOS NOS (%) SF SF (%)
Shrub 16 24.62 83 14.29 21 30.88 109 28.02 24 25.81 131 13.51
Tree 49 75.38 498 85.71 47 69.12 280 71.98 69 74.19 839 86.49
Total 65 100 581 100 68 100 389 100 93 100 970 100

Source: Computed from Vegetation Survey Data, 2016, NOS: Number of species, % NOS: Percentage number of species, SF: Species frequency, SF%: Species frequency percentage
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In this study, the trees circumference was measured and the
tree diameters were determined using the relationship d = ¢/n

All the individual trees basal area within the three transects, in
each forest (0.3 ha) and in the two forest combined (0.6 ha),
were added together and converted to hectare to obtained the
basal area of a specie.

Determination of the Trees Volume

The volume of individual tree was determined using volume
equation of tree developed by FORMECU,!™! The volume
equation is expressed as:

V= 8433 12331 In (D)

Where, V is volume (m?) and D is DBH in meter.

RESULTS AND DISCUSSION

Comparison of Floristic Composition in the Two
Forest

The results of the study showed a total number of 581 per 0.3
ha woody plants from 65 species and 28 families recorded in
west bank forest while block A forest had 389 per 0.3 ha of
wood plants from 68 species and 27 families [Tables 1 and 2].
This showed that west bank forest is more diverse in terms
of number of individual woody plants while block A forest is
richer in terms of number of species. The data pooled together
showed that 970 per 0.6 ha of woody plants comprising trees
and shrubs with the (gbh) >10 cm belonging to 93 species
and 32 families were encountered in the two forests reserved.
Aminu and Yakubu®! in their study of tree volume equation
for Sahelian ecosystem in North Nigeria found a total of 181
species from eight families. In the two forests under study,
exotic species such as Delonix regia, Gmelina arborea, Hura
crepitans, and Manihot glaziovii were recorded

Growth Habit Classification of Woody Plants and
Frequency in the Two Forests

The distribution of plant into their growth form or growth habit
classification on Table 2 showed that in the west bank forest,
trees had the highest percentage of 75.38% species while shrubs
had 24.62% species with frequency of 85.71% and 14.29%,
respectively. In the block A forest, trees had 69.12% species
and frequency of 71.98% while shrubs had 30.88% species
and frequency of 28.02%. The growth habit classification
of plants in the two forest reserved showed that tree had the
highest percentage; this showed that trees dominated both the
west bank forest and block A forest. The percentage of trees
in the west bank forest was higher than that of block A forest.
This could be due to protection which the west bank forest
has undergone over many years and also could be due to the
removal of poles, pegs, and firewood from block A forest by
IITA staff for experimental plots.”!®! Combining the results
from the two forests revealed that trees had 74.19% species

and shrubs 25.81%. The frequency of trees and shrubs in the
two forests was 86.49% and 13.51%, respectively.

Family Distribution of Woody Plant Species in the
Two Forests

The distribution into families of all woody plants encountered
in the two forests is shown in Table 2. Among the 32 families,
Fabaceae with subfamilies of Caesalpinioideae, Mimisoideae,
and Papilinoideae was found to be the most abundant family
in the west bank forest. It had the highest number of 8 species,
43 individuals represented by Albizia ferruginea, Albizia zygia,
Baphia nitida, D. regia, Leucaena leucocephala, Lonchocarpus
sericeus, Millettia sp., and Millettia thonningii. It had family
relative density of 12.31% and species frequency relative
density7.36%. This was followed by Meliaceae and Moraceae
which had 10.77% and 9.23% family relative density and
species frequency relative density of 11.70% and 15.32%,
Apocynaceae and Euphorbiaceae had equal family relative
density of 7.69% and species frequency relative density of
8.26% and 6.37%, respectively, while Malvaceae had 6.15%
and 5.85% relative density and species frequency relative
density. Furthermore, Rubiaceae, Sapindaceae and Ulmaceae,
Rutaceae and Sapotaceae had 4.62% and 3.08% family relative
density and species frequency relative density of 0.69%, 9.98%,
4.82%, 0.69%, and 3.44%, respectively. Other families had
between 3.08% and 1.54% relative densities and 9.81% and
0.17% species frequency relative densities, respectively.

The same trend was observed in block A forest with
Fabaceae subfamilies of Caesalpinioideae, Mimisoideae,
and Papilinoideae been the most abundant family with the
highest number of 12 species, 74 individuals represented by
A. ferruginea, Albizia adianthifolia, A. zygia, Anthonotha
macrophylla, Brachystegia eurycoma, Cassia siamea, Daniellia
ogea, L. leucocephala, Philenoptera cyanescens, L. sericeus, M.
thonningii, and Senna siamea. It had family relative density of
17.64% and species frequency relative density of 19.02%. This
was followed by Euphorbiaceae with family relative density
of 10.29% and species frequency relative density of 10.54%.
Moraceae and Rubiaceae, Apocynaceae and Malvaceae had
equal family relative density of 8.82% and 7.35% and species
frequency relative density of 13.37% and 2.31%, 3.86% and
7.35%, respectively. Other families in the block A forest had
between 2.94% and 1.47% relative densities and species
frequency relative densities of 8.74% and 0.26%, respectively.

In the two forest combined, west bank and block A forest,
Fabaceae subfamilies of Caesalpinioideae, Mimisoideae,
and Papilinoideae were found to be the most abundant
family with the highest number of 15 species, 111 individuals
represented by A. ferruginea, A. adianthifolia, A. zygia, A.
macrophylla, B. nitida, B. eurycoma, S. siamea, D. ogea, D.
regia, L. leucocephala, P. cyanescens, L. sericeus, Millettia
sp., and M. thonningii. It had family relative density of
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Table 2: Vegetation survey: Family distribution of woody plant species in west bank forest and block A forest of IITA

S.No. Families West bank forest Block A forest West bank and block A forest
NOS RD% SF SFRD% NOS RD% SF SFRD% NOS RD% SF SFRD %
1 Anacardiaceae 2 3.08 13 2.24 2 2.94 6 1.54 2 2.15 19 1.96
2 Annonaceae 1 1.54 5 0.86 2 2.94 21 5.40 2 2.15 13 1.34
3 Apocynaceae 5 7.69 48 8.26 5 7.35 15 3.86 5 5.38 73 7.53
4 Bignoniaceae 1 1.54 57 9.81 2 2.94 34 8.74 2 2.15 91 9.38
5 Bombacaceae 1 1.54 4 0.69 2 2.94 1.54 1 1.08 10 1.03
6 Capparidaceae . . . 1 1.47 2.31 1 1.08 1 0.10
7 Caricaceae 1 1.54 0.34 . . . 1 1.08 0.21
8 Dichapetalaceae 1 1.54 1.03 1 1.47 2 0.51 1 1.08 0.93
9 Ebenaceae 2 3.08 1.38 1 1.47 0.77 2 2.15 13 1.34
10 Euphorbiaceae 5 7.69 37 6.37 7 1029 41 10.54 8 8.60 60 6.19
11 Lamiaceae . . 1 1.47 1 0.26 1 1.08 1 0.10
12 Guttiferae 1 1.54 0.34 . . . . 1 1.08 2 0.21
13 Lecythidaceae 1 1.54 2 0.34 1 1.47 8 2.06 1 1.08 10 1.03
14 Leeaceae . . . . 1 1.47 28 7.20 1 1.08 1 0.10
15 Fabaceae-Caes. 1 1.54 2 0.34 5 7.35 33 8.48 6 6.45 16 1.65
16 Fabaceae-Mim. 3 4.62 23 3.96 4 5.88 28 7.20 4 4.30 56 5.77
17 Fabaceae-Pap. 4 6.15 18 3.10 3 4.41 13 3.34 5 5.38 39 4.02
18 Meliaceae 7 10.77 68 11.70 1 1.47 16 4.11 9 9.68 139 14.33
19 Moraceae 6 9.23 89 15.32 6 8.82 52 13.37 6 6.45 100 10.31
20 Myristicaceae 1 1.54 9 1.55 1 1.47 4 1.03 1 1.08 13 1.34
21 Myrtaceae . . 1 1.47 2 0.51 2 2.15 2 0.21
22 Olacaceae 1 1.54 2 0.34 1 1.47 2 0.51 3 3.23 6 0.62
23 Palmae 1 1.54 10 1.72 1 1.47 5 1.29 1 1.08 19 1.96
24 Pandaceae 1 1.54 23 3.96 1 1.47 3 0.77 1 1.08 26 2.68
25 Rhamnaceae 1 1.54 0.17 . . . . 1 1.08 1 0.10
26 Rubiaceae 3 4.62 0.69 6 8.82 9 2.31 7 7.53 11 1.13
27 Rutaceae 2 3.08 0.69 2 2.15 4 0.41
28 Sapindaceae 3 4.62 58 9.98 4 5.88 10 2.57 4 4.30 95 9.79
29 Sapotaceae 2 3.08 20 3.44 . . 2 2.15 20 2.06
30 Malvaceae 4 6.15 34 5.85 5 7.35 27 6.94 5 5.38 67 6.91
31 Tiliaceae 1 1.54 4 0.69 2 2.94 10 2.57 2 2.15 9 0.93
32 Ulmaceae 3 4.62 28 4.82 1.47 1 0.26 3 323 42 4.33
Total 65 100 581 100 68 100 389 100 93 100 970 100

16.13% and species frequency relative density of 11.44%.
Meliaceae, Euphorbiaceae, Rubiaceae, and Moraceae had
9.68%, 8.60%, 7.53%, and 6.45% family relative density and
species frequency relative density of 14.33%, 6.19%, 1.13%,
and 10.3%, respectively. Apocynaceae and Malvaceae had
equal family relative density of 5.38% and species frequency
relative density of 7.53% and 6.91%, respectively. Other
families had family relative densities ranging from 4.30% to
2.15% and 9.79% to 0.41%. Families such as Bombacaceae,
Capparidaceae, Caricaceae, Dichapetalaceae, Fabaceae,

Guttiferae, Lecythidaceae, Leeaceae, Myristicaceae, Palmae,
Pandaceae, and Rhamnaceae were represented by only one
species and are less well represented families in the two forests.
The result corroborate the findings of Aminu and Yakubu®® with
recorded the highest number of species (6) for Fabaceae family
and followed by the family Arecaceae with two species (2).

Most Abundant Trees in the Forest
The most abundant trees in the west bank forest are N. laevis
(57), T. monadelpha (44), Antiaris toxicaria var. africana (40),

Available at www.aujst.com

513



Christopher, et al.: Comparative analyses of tree stem volume estimation of west bank and block a forests ecosystem of [ITA

(“puo))

€0'1 T9'00€  TLOT €0'1 7900  TLOT T - a1, 2D20DAIDI p2jUn3I3 V0D ST
9Ll STE6S8  6TLS 9Ll STE6S8  6TLS 1 - - - - L avaopuouny  suaipd sijoydoisia]) - g
(4! wl wnpiqo
T8TIL  0S91 - - - - T8TIL  0S91 61  9IL apasvjodng wnjidydosdiyy €7
9Tl 879y  SO'8I YTl 66'€6L  THLT  ¥I LTT 90%16 8981 LI 991 a0201U][) LOYUIZ SUPD 7T
68°0 0T'6ST 08'L - - - - 68°0 0T'6ST 08°L 01  29IL a020VU][) mysim sup) g
L6°0 S0°€TT €T6 - - - - L6°0 S0'€TT  €T6 [ Q9L avaovuw)  sisuaddiyd sujp) 0T
06°0 9L'$91 96'L I 060 9L'$91 96'L I - - - - eI 2D20DIPqUIOE vapuvjuad vq12) 61
Sa! 0€'LLOT  L1'ST I Sa! 0€'LLOT  L18T 1 - - - - IL 'sap) -ap2oDqD] pawvIs vISSv) 1
€'l S8L9Y  LECI 4 - - - - €'l S8L9y  LEET T QRIL 202011V vdvdpd vo1p) L]
89°0 8965 LLY I - - - - 89°0 89'6S LLY I qous 202ODIGRY  WNSOUDA WINIYIUDD) 9]
€8°0 SE€09 6L°9 S 160 TLYLI LT € vL'0 $9'9L %S ¢ qnus avaovgioydny  vyjupOIL DIIPLYG G
PUO0IL11n2
€60 ST981 €r'8 €60 ST981 '8 4 - - - - Q0IL  sam) -apadvgu. BT URL |
asuazodouong
9l 6£°6901  8S'8T L¥'1 €TYLTT  LY6T S o 8%'L00C 69°LT ¥ 9IL 2020DIDqUIOE xoquiog €1
vL'0 Te8¢ 'S 08°0 68001 129 4 L9°0 9L'SS 19 T QeIL avaovpuldng vi3nfiun viysyg 1
€11 €I'SET  Ov'El 6T'1 IS186  9¢61 9 L8°0 10°St1 L v PRIl ap2ovpudng vpidos viySyg 11
68°0 06'LST LL'L - - - - 68°0 06'LST LLL v quus  deq -ovaovgug vpuu viydog 0]
811 0T'1 DUDILLYD DA
1906 0641 SI'T 176t 9Ivl 9¢C 9009  €9°ST O  9AIL PDODAOPY  DLIDIIXO] SLIDUUY 6
vjjAydosovw
160 TLYLI LTS 160 TLYLT LT'8 9 - - - - QI Sap)-2020DGn. piyjouoyuy g
91 T€91ST  v8'Er LS'1 68'895¢ 769 1 L1 9€'LYL9  9L0S T  QRIL avaovuddody 19u00q PIUOIS]Y [
SnuvoLLD
8T'1 18756 0161 8T'1 18756 0I'61 1 - - - - quug avaovpudng snjdydoiy 9
LLO LEYY 8¢ ¥8°0 €0'vCl 889 8 89°0 €€6S  08LI  €C quuS  avaoviqioydng  pAOYixv] DauLOYdly G
D1]0f1p.10>
€8°0 96911 899 €8°0 96911 89'9 € - - - - quus  avaoviqioydnyg DAULOYI]Y
Pl I8'LI0T  88'LT 9’1 8TEIIT  I¥'8T 61 vyl TH6S61  9€'LT 1T 901 WA -9BadR(E] 3z vizZiqly ¢
8T'1 1S09%  9L'8I vl 80°SS61  €€LT L 101 6S'1LT 8101 [ 9911  "WHN -O0vddRqRq  pauISnLaf viziqly T
vijofiyupipy
1L°0 06'L9 60°S 1L°0 06'L9 60°S I - - - - Q0IL  CWHIN -2D20Dgn. zqry 1
ey/ ((u) A ey vy a ey/ ((UDA ey ve a L ey (WA eyvyg a L ‘ON
1S9.10J Y YI0[(q pue jJue(q IO 1S9.10J VY Yooig 1S9.10J Yue( ISOA\ ULIO %—_Eﬁh QWIBU dYNUINS ‘S

PIAIISAI $)SII0J 0M) YY) Ul paure)qo syue[d APooMm Jo JWIN[OA pue BIIE [Bseq ¢ dqe],

514

Available at www.aujst.com




Christopher, et al.: Comparative analyses of tree stem volume estimation of west bank and block a forests ecosystem of [ITA

(“puo))

sap1o1uvdnd
96°0 80°601 €re 0S 0’1 ELLLT 0¢€°0l 8¢ 060 9L°691 96°'L ¢ 9IL 20200puldng SnosIpoIUnI27 6
19°1 96°CSIT  SSOF L 181 $6'80901  §9°¢9 I YTl SYL6L YLl 9 91, D2ODIPIDOVUY  IIYISIIM[oM DIUUDTT (S
$9°0 86'1S o'y ! $9°0 86'1S oy 1 - - - - eIl 2v20D1U0USI DUDOLYD VYIS 6%
¥9°0 ye8y (15 4 ¥ - - - - ¥9°0 ye8y 0ey 14 931 aDaoDIPIN  D]0IOfipun3 vADYY 8
80 At 4% I - - - - 280 9111 <9 I qonus av2001qNY bsouaa vyaay Ly
171 $8°689 €091 I 171 $8°689 €C91 I - - - - 9L avaoviqoydnyg supjidatd vangy - 9t
ppunqioy
Il ¥6'96% 8L°El 91 40! ¥6'96% 8L€El 6 - - - L 991L avaovuddody DUsy.LIDIOH  Gf
¥8°0 09°CC1 89 [4 ¥8°0 09°CCl 89 4 - - - - qus avaovijl]  su2dsaqnd vimailn i
S9'l 6EVCIS  YTYY ! S9°'1 6EVCIS  YTYY [ - - - - 1L D201 Da.10q.iv vuljouly ¢
89°0 yeo0e 18 L L0 06'L9 60°S € 99°0 98°'¢S 1404 ¥ quys av20011] siaa.1q vavyddln  Th
860 61'8¢ (43 [4 - - - - 850 61'8¢ (43 [4 93IL a.2f1no pjoy vuiny 1y
(! £6'80¢ £9°C1 144 L1'1 €eL9S Lyl L €0°1 0T'16C Ss ol LE  9IL avaovuddody  pousP[a PIWMIUN] (O
961 8SYOLL 80°9¢ 8 89°1 I¥°L909  ¥1'8% 4 8¢l P8 11S1 £0'vC 14 91, 2D22D L0 osoonut SNol{  6¢
8L et [4a4! Sl €'l IL°09L SO'LI 01 I 19°8¢y 6L°Cl S 9IL DIV LOP Dp2dsSDX2 SNOLY 8¢
860 61°8¢ (483 I 850 618¢ (4% 1 - - - - quus avaovplinddp))  viv|oNofiy viudpRY ¢
ds
L0 S99L IS I - - - - L0 S99L Iv's I 91T avaovijapy  puSDAYAOPUDIUT  9E
WNILIPpULIAd
0¢'l yeryol L6'61 % - - - - 0¢'l veEvrolr  L6'61 14 9dIL avaovyoN  pwSp.aydodpuviuy - G¢
asu2]03un
961 79'98¢¢  96°S¢ I - - - - 9¢°1 79'98¢¢  96'S¢ I 91, a0aovIPIN  DUSDAYAOPUDIUGT ¢
12! 6’16851 L8YE 61 LS'T LTS6SE  90°LE 6 (4! 6€°L6LC 69T Ol 93I1L ovuivd SISu22UING SV ¢¢
sisuapnquout
¢80 ¥'S9 LO'L 4! 860 0L'8ET §S°6 S 99°0 cTss 65V L qnuugs 2D20DUqH souddsorq g
stuLiofirdsau
SOl 06'vCE PIT1 I - - - - SO'L 06'¥Ce vl I qonus apaovuaqy souddsorq  1¢
SUILIDISDIVPDUL
Ss0 S091 0S¢ 6 [430] (4514 6C¢ € LSO 019¢ IL¢ 9 quus  avaonprdrydlq unplpdvydlq  0g
860 0L'8€T §S'6 4 - - - - 860 0L'8¢€T §S6 [4 UL $ID] 200DV piSas x1uojaq 6T
L8] yE0eorl  0CTEL [4 L8] yeoeorl  0T¢EL 4 - - - - UL D) -9D2o0qr pa30 vljPIUPJ 8T
LS'1 §9°0€9¢  vTLE [4 - - - - LS'1 §9°0€9¢  vTLE 4 9L IDIIDAIDIN pppmvjoy LT
L6°0 96011 61°6 6C 0’1 LT18C 9¢°01 81 16°0 81891 10'8 Il 91 2D22DAIDIN nuajjiur bjoy 9T
ey/ (W) A eY/vVY a L ey (WA eyvg a L ey (A eyvg a L ‘ON
1S90} V YI0[(q PUE JUe(q ISIA\ 1910} V YooIg 1S3.10J ue(q ISIAN ULIO Aqure g JWBU IYPUINS  °S

(ponunuo)) :¢ AqeL,

515

Available at www.aujst.com



Christopher, et al.: Comparative analyses of tree stem volume estimation of west bank and block a forests ecosystem of [ITA

(“pmoD)

SU2252UDAD

¥9°0 vE8y 0y ¥9°0 Y8y 0cy [4 - - - qns deg -ov200qv,{ vaaydoudpryd €L

LSO 01°9¢ ILe € LSO 01°9¢ e € - - - - quuys avaovIgny  PSOqUILIOD DJJPAP]  TL
qnys sn.topfiqny

89°0 89°6S LLY 4 89°0 89°6S LLY [4 - - - - 2D22DID]O SnyuvAxQ 1L
vapiord.ioosqns

9L°0 €6'S8 €L’S [4 - - - - 9L°0 €6'S8 €L'S ¢ qngs D22DIV[0O w10 0L

060 L 08 S8'L 06 ¥6°0 67861 0L'8 €¢ $8°0 LE8TI 00°L LS 99IL 2D20DIMOUSIY  SIAID] DIPINOGMIN 69
v.2fir2apdnd

€'l S8'L9Y LEET I el'l S8L9Y  LECI I - - - - IL D22DAIDIN DIUOPL030SIN 89

€80 £5°6S L9 ol ¥9°0 1414 0y 8 SLO 18 LSS ¢ qngs ovaoopuyid2  11ja504 puosjOdDN L9
SNaL0GAD

STl 19608 8S°LI 14 STl 19°608 8S°LI 14 - - - - IL DIV SHYIUDLIGY 99

(40! [4%34! 9v°01 14 LO'T 60°€9¢ 8L'TT C €50 v et ree ¢ 99IL oD2IDLIOJ] p13Asosaut SnIOp 69

060 L[T'¥91 'L ! 060 Iv9l1 'L I - - - - 9RIL 2D2oDIqNY bp1on] bpuliop 9
p1jofinua}

SO'1 S9°€91 811 4! L60 98°0¢CC 81°6 L 19! 8SvSy  8I'¢El ¢ 9L apaspuouuy DAOpOUuopy €9

660 9°9¢l €86 €l (40! YES8T vy 0l S L60 co'€ce €C6 8 IL deg-avaonqu,]  nSuruuoy; viaNYN 79

IL°0 06°L9 60°S ! - - - - IL°0 06°L9 60°S ! IL ded-avaovgn,| ds ooy 19

0re Ssoveoy  CIvel € - - - - ore cseoveor TIvelr € IL IDIIDAOP vsjaox2 DN 09
pniagnd

99°0 €I'LT SSv 9¢ 89°0 89°6S LL'Y € ¥9°0 clrev €y €C  qnus aD22DPUD STUSIPOLIIN 65
DaPIOOSIP

w91 IS 1SSy 69'1Y S - - - - o1 [SISSy  69'1Y S NIL avaopiq.ioydny DLIDILIDSIDI 8

0T'1 90°€99 161 14 0T'1 90°€99 16°S1 14 - - - - 99IL avaoviqioydnyg  HA0IZDIS JOYIUDIN LS
snijofinsoddo

890 ¥8°6¢ 06°LI1 14 89°0 89°6S LLY I 890 89°6S LLY € 1L avaopiq.Loydnyg SmoI- 9¢

6¢'1 [S7CLST Isv¢ ! - - - - 6¢'1 [SCLST  IS¥C ! IL DIODUUDY Y nuwo sysdosavpy 6§
REBIREN

LE] 80vCL (4214 61 ov'l 6C9v91  80°ST ¥l vel €LT9TI  96'IC S IL deq -ov200qv,{ snd.po0youoT 4§
ppydasoona]

90°1 99vLI SSIl L 4! [R394 el 9 00°1 88'1SC L86 ! NIL - WIN -aD2oDqD] puapona’ | - ¢g

850 61'8¢ (423 I 850 61'8¢ (453 I - - - - IL D22D22’] sisusoun3 v2a7 TS

ey/ (W) A eY/vVY a L ey (A eyvg a L ey (A eyvd a L ‘0N

1S9.10J Y YI0[q PUB YUB(Q ISIA\ 159.10) Y Yooig 1S9.10J YUB( JSIAN (ALY | Aqure g JWERU IYNPUINS 'S

(ponunuo)) :¢ AqeL,

516

Available at www.aujst.com



Christopher, et al.: Comparative analyses of tree stem volume estimation of west bank and block a forests ecosystem of [ITA

o1e09y 10d 901 JO SWINJOA :ey/(Wr) A ‘01e109Y Jod BaIe [eseq ey Vg TOIOWRI( (] ‘[eNPIAIPUI JO JOqUINU [E)O], ],

LO'T 65°CSL 991 (! 0681€T L899I SO'1 TO°TIST 8091 a3p.10ay
99°66  ST'16669 S9SPST  0L6 0S'vL  T0'S8968 T0°L¥IT 68 6189\  6LSIT86 96v¥0l 185 g
Sua2sagN.L

LS'T §9°0€9¢ YTLE I - - - - LS'T §9°0€9¢  YTLE ! IL 2022011y wnjdxoypuvy €6
76'0M sap1ojdxoyjunz

G186l 0L'8 € - - - - ¥6°0 SI'86l 0L'8 € 9dIL 02Dy wndxoypuvy 76

SOl 6L 191 (4! 8 SO'1 sTeee 60°11 L SO'1 06'vCE 14! I IL ovaopuddody  pupdLyp 3urIvos 16
wnjAxo.2]os

Sv'l L69101 L8'LT I vL0 S99L s I 0L'T €0°€E99  €€0S 0l  99IL 20220112 uopydojdi 06
2SUIDISDIDPDUL

el 86'G¢ES €0C 144 vel 19vsCl  68'IC 6 LT1 89°€06 8¢8I S¢  9WIL 02D wnisidapLg - 68

9L’0 €6°S8 EL'S €l - - - - 9L’0 €6°68 EL'S €l 93l avaoviay  pupLmald DY 88
vydjapvuout

ST (42294 so¢cl 09 STl €EY8 vLLT 91 ¥6°0 seeol 658 vy 991l 20220112 DIYoLL L8

10°1 99°69¢ Srol ! - - - - 10°1 99°69¢ Srofl I 1L 02D ponaua vyIyoLLL 98
wnofiopnp

10 9t 8I'¢ I - - - - IS0 9t 8¢ [ qngs avaovjodng wnpdasudg  G8
vyppnpsnd

0Tl 90°€99 1676l [4 0Tl 90°€99 16l [4 - - - - 93IL 029DV pisoquiosi§ 8
DYIUPIVID.A]

(! Y0 91¢ PSSl €€ €Tl LELEL 8L91 T 9I'l 16'v€S 6CYl [T 93l ID2IDAIDIN pinoL2s €8

811 85°C6C S6vl 4! LO'T 81°65¢€ IL°T1 S 9Tl ¥0°998 6181 L IL a0aoDIpOVUY  wiquiow spipuods 78

8v'1 LY’ 0l¥C E0¢ € 81 LY Olve  v€0¢€ € - - - - UL SBID)-9DIDGD A Douwls vuuag 8
vIINIIPQUIN

IL°0 06°L9 60°S [ IL°0 06°L9 60°S ! - - - - qnus a02oD1gNY DudSHQ 08

L60 co'€ce €T6 I L6°0 co'ece €C6 I - - - - qnug ov2o01gNy  DpIdsly PIUUDULI0Y 6L
14 mojopnay

191 ¢6°011¢C Srov L L9'1 VTLSLS 689 € €Sl 60vC6C  TrEe IL avaopiq.Loydnyg uodpuspourdry 8L

¢80 8I't9 00°L [4 860 0L"8¢T SS6 I $9°0 86'1S v [ qngs avaopuddody  pLojUwOA DYjoAnDY L[
s1sU2]03UD

8¢'1 99 vEL 69°¢€C €l ov'l 08¥¥91  90°SC 4 SEl €L e0el  1€7T 6  °9IL 2022021 SnyIupUdAq 9L

68°0 8€9L v9°L € (40! €8'88C 0501 I 89°0 89°6S LLY ¢ qns ov2001qny  vAoYfiaind XvapAsd  GL

LTl 17768 9¥'81 4 LTl 17768 9v'81 ¢ - - - - I ovaovldpy  pavlon3 wniplsd L

ey/ (W) A eY/vVY a L ey (WA eyvg a L ey (A eyvg a L ‘ON

1S9.10J Y YI0[q PUEB JUB(Q ISIA\ 159.10) Y YooIg 1S9.10J YUB( JSIAN (ALY | Aqure g JWERU IYNPUINS  °S

(ponunuo)) :¢ AqeL,

517

Available at www.aujst.com



Christopher, et al.: Comparative analyses of tree stem volume estimation of west bank and block a forests ecosystem of [ITA

Funtumia elastica (37), Trilepisium madagascarense (35),
Blighia sapida (34), Alchornea laxiflora (23), Microdesmis
puberula (23), L. cupanioides (22), A. zygia (21), and
Chrysophyllum albidum (19). Other tree species had between
17 and 1 abundant [Table 3].

In the block A forest, the most abundant trees in the forest are
N. laevis (33), L. cupanioides (28), A. toxicaria var. africana
(26), Sterculia tragacantha (22), A. zygia (19), Cola millenii
(18), and T. monadelpha (16). L. sericeus and Celtis zenkeri
had equal abundant of 14 while Ficus exasperata has 10
abundant. Three species such as Trilepisium madagascariense,
Holarrhena floribunda, and E. guineensis had equal abundant
of 9. Other tree species had abundant ranging from 8§ to 1.

The most abundant trees when the result from the two forests
is combined showed that N. laevis (90), A. toxicaria var.
africana (66), T. monadelpha (60), L. cupanioides (50), T.
madagascariense and F. elastica, B. sapida, and A. zygia had
equal abundant of 44 and 40, respectively. S. tragacantha had
33 while C. zenkeri and A. laxiflora had equal value of 31. Other
tree species had value ranging between 29 and 1 abundant.

Species which occur once in the forest are considered
rare, they include A. adianthifolia, Allophylus africanus,
Canthium venosum, C. siamea, Ceiba pentandra, Celtis
philippensis, Cleistopholis patens, Diospyros mespiliformis,
Entandrophragma angolense, Euadenia trifoliolata, G.
arborea, H. crepitans, Keetia venosa, Kigelia africana, Leea
guineensis, Maesopsis eminii, Morinda lucida, Nesogordonia
papaverifera, Rothmannia hispida, Rytigynia umbellulata,
Synsepalum dulcificum, Trichilia emetica and Zanthoxylum
rubescens, Alstonia boonei, Psydrax parviflora, Ceiba
pentandra, C. patens, E. trifoliolata, Kigelia africana, Lannea
welwitschii, L. guineensis, Mallotus oppositifolius, M. lucida,
N. papaverifera, G. arborea, Rauvolfia vomitoria, R. hispida,
R. umbellulata, and Triplochiton scleroxylum.

Basal Area and Volume of Woody Plants in the Two

Forest Reserve

The basal area and volume of woody plant species in Table 3
showed that M. excelsa had the highest basal area and volume
of 40.34 m?*/ha and 2.10 m*ha in the west bank forest. A.
boonei, T. scleroxylum, and Margaritaria discoidea were
next in that order with 6.75 m?/ha, 6.63 m%*ha, and 4.55 m*ha
basal area and volume 1.71 m’/ha, 1.70 m3/ha, and 1.62 m’/ha,
respectively. Cola nitida and Z. rubescens had equal volume
of 1.57 m’/ha and basal area of 3.63 m?ha. Other species of
woody plants had between 2.65 m?*/ha and 3.39 m*/ha basal area
and volume 0.51 m’/ha and 1.56 m3/ha. The forest recorded
total and average basal area of 98.22 m?ha and 15.11 m?*ha
with total and average tree volume of 68.19 m*/ha and 1.05m?/
ha, respectively

In the block A forest, Daniellia orgea had the highest basal area
and volume of 14.03 m*ha and 1.87 m*/ha. Lannea welwitschii
and C. patens had 10.61 m*ha and 8.593 m*ha basal area,
volume 1.81 m*ha and 1.76 m’/ha while Ficus mucoso had
basal area of 6.07 m*ha and volume 1.68 m?/ha, respectively.
Ricinodendron heudelotii and G. arborea had basal area
of 5.76 m*ha and 5.12 m*ha and volume 1.67 m*/ha and
1.65 m’/ha. Other woody plants in block A forest had basal
area and volume ranging between 0.28 m*ha to 3.57 m?ha
and 0.52 m*ha to 1.57 m¥ha, respectively. The total and
average basal area of 89.69 m?/ha and 13.18 m?ha with
total and average tree volume of 74.50 m3/ha and 1.10 m*/ha
were obtained in the block A forest. This result showed that
west bank forest had higher total and average basal area
(98.22 m*ha, 15.11 m?/ha), total and average volume of trees
(68.19 m*/ha and 1.05m%ha) as compared with block A forest.
This further revealed that the west bank forest is more and well-
stocked with trees, this could be due to active protection of the
forest day and night by the forest rangers while block A forest
is susceptible to NTFPs collection by the villages permitted
by IITA and pegs, poles and stakes removal for experimental
field by IITA staff.P1¢

Pooling the data from the two forests together shows
that M. excelsa had the highest basal area and volume of
40.34 m*ha and 2.10 m*ha. This was followed by D. orgea
and C. patens with 14.03 m?/ha and 8.59 m*ha basal area and
volume1.87 m’/ha and 1.76 m*/ha, respectively. G. arborea
and M. discoidea had 5.12 m*ha and 4.55 m*ha basal area
and volume 1.65 m’/ha and 1.62 m/ha, respectively. Other
species of woody plant had basal area ranging between
0.26 m%ha to 2.15 m?*ha per ha and volume 0.51 m’/ha to
1.61 m*/ha, respectively. The overall average basal area of
7.53 m?/ha and average volume of 1.07 m*/ha were recorded
for the two forests. The basal area values is much lower than
18.42 m*/ha and 28 m*ha obtained for Oluwa forest reserve
and tropical rainforest area in Trinidad.!"

CONCLUSION

It can be concluded from the findings of the study that the two
forests are repository of many indigenous tropical tree species
with few exotic species. Trees dominated the two forests but are
more, well stocked in west bank forest than block A forest and
are merchantable considering their volume. West bank forest
is more diverse in terms of number of individual woody plants
while block A forest is richer in terms of number of species.
A total number of 970 per 0.6 ha of woody plants comprising
trees and shrubs with the (gbh) >10 cm belonging to 93 species
and 32 families were encountered in the two forests reserves.
Milicia excelsa had the highest basal area and volume in the
west bank forest while D. orgea had the highest basal area and
volume in block A forest. Some species of woody plants were
recorded once or twice in the two forests.
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RECOMMENDATION

To prevent the extinction of these woody plants species and
their families, there is a need for adequate and continuous
protection of the two forests. It is, therefore, recommended that
continuous forest inventory is required for proper monitoring
of the trees volume in the two forests reserved.
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