E-ISSN 2281-4612 Academic Journal of Interdisciplinary Studies Vol 2 No 13
ISSN 2281-3993 MCSER Publishing, Rome-1taly December 2013

Determination of Pulp and Paper Making Suitability Indices of Some
Nigerian Species of Leguminosae: Caesalpinoideae

Ojo Dorcas Olufunmilayo

Department Of Biology,
Federal College of Education (Special), Oyo-Nigeria

D0i:10.5901/ajis.2013.v2n13p61
Abstract

Uncontrolled felling of trees for domestic and industrial uses is fast depleting the tropical forests
and has led to a continued exploitation of Gmelina arborea Roxb. plantations for fuel wood and
timber, a development that is threatening the ecosystem and the survival of the pulp and paper
making (PPM) industries in Nigeria. This study proposes an objective method for selecting
hardwood species for PPM by statistically comparing the available anatomical and other related
data in the reference wood (i.e G. arborea Roxb.) with those of alternative hard wood species. (i.e
twelve Nigerian species of Caesalpinioideae ). Mature stem branches (8-12cm diameter ) of twelve
species , representing nine genera of the family were collected at various locations in Oyo state. A
similar stem branch of G. arborea Roxb. was collected as a standard raw material for pulp and
paper making. Using conventional wood anatomical techniques, nine qualitative and twenty
quantitative characters were determined. The means of all the quantitative characters were
compared by conducting a One-way classification analysis of variance using the version 17.0 SPSS
package. Also t-test conducted indicated a significant difference between data from each of the
species of Caesalpinoideae and that of G. arborea. Based on the result of the comparison, a
numeric value by which the PPM potential of the alternative hardwood species was precisely
defined. Results show that the woods of Caesalpinioideae species investigated are highly suitable
wood resources for PPM, virtually all the species can be said to be among the best substitutes for
G. arborea each being at least 75% suitable for papermaking in comparison with G. arborea. The
Caesalpinioideae species investigated in order of their preferences for PPM are listed as
Tamarindus indica (1.5426), Delonix regia (1.2781), Brachystegia eurycoma (1.1801), Senna
Sieberiana (1.1565), Bauhinia rufescens (1.1119), Afzelia africana (1.0836), Senna siamea
(1.0647), Danielia ogea (1.0400), Piliostigma thoningii (0.9431), Detarium senegalensis (0.9114),
Danielia oliveri (0.8423) and Caesalpinia pulcherima (0.7562).

Keywords: Suitability Index; Caesalpinoideae; G. arborea, pulp and paper; algorithmic botany

1. Introduction

Paper is cellulose, extracted from plant materials the quality of which depends on fineness and
brightness of the fibres. Papers are produced from muli bamboo (Melocanna baccifera), sugarcane
bargasse (Saccharum officinarum) Exoecaria agallocha, Phragmites karka, Gmelina arborea, Albizia
falcataria e.t.c. Also, green jute plant (Cocchorus capsularis and C olitorius ) are being used for
making pulp (Walton, 1981). Paper is defined as thin material mainly used for writing upon,
printing upon or packaging. It is produced by the amalgamation of fibres, typically vegetable fibres
composed of cellulose, which are subsequently held together by hydrogen bonding. While the
fibres are usually natural in origin, a wide variety of synthetic fibers, such as polypropylene and
polyethylene, may be incorporated into paper as a way of imparting desirable physical properties.
The most common source of natural fibres for paper making is wood pulp from pulpwood trees.
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Vegetable fibre materials such as cotton, hemp, linen and rice are also used (Tsuen-Hsuin, 1986).

According to Anon, 1984; 1990 in Ogunkunle 2010, Gmelina arborea Roxb. and Eucalyptus
species have been found among many Nigerian hardwood species to be suitable for pulp and
papermaking ( PPM). In Nigeria, the high cost of newsprint and other paper grades has
necessitated a search for suitable pulpwood to support the pulp and paper mill. G. arborea has
been exhaustively studied and recognized as suitable for pulp and paper production (Kpikpi, 1989)
and is now the most popular pulpwood species in Nigeria (Chow and Lucas, 1988) (Ojo , 2012).
This is because of its conformity with the qualities of an ideal pulpwood such as rapid growth rate
for economical plantation management, longer than average fibre length, Runkel ratio of less than
1, low basic wood density, low chemical extractives and so on (Ogunkunle, 2010). Therefore in the
search for an alternative wood resources for paper production, researchers usually evaluate
anatomical and other relevant PPM characteristics in tropical wood samples and define their
suitability in relation to the available data on G. arborea wood ( Ogunkunle and Oladele 2008).

Caesalpinioideae is a botanical name at the rank of subfamily, placed in the large family
Fabaceae or Leguminosae. Its name was derived from the generic name Caesa/pinia. According to
Wojciechowski, M.F, Johanna M, and Bruce J. (2006), Caesalpinioideae can be said to be
paraphyletic because Papilionoideae and Mimosoideae arose from within it. Therefore, it is likely to
be split into several subfamilies, although it is not yet clear what those subfamilies should be.
(Wojciechowski, M.F, Johanna M, and Bruce J., 2006; Bruneau, B. F., Forest, P.S., Herendeen, B.B.
, Klitgaard, and Lewis ,G.P. , 2001). The 2000 species of sub- family Caesalpinioideae are mostly
native to tropical and sub-tropical regions. Nearly all of the taxa are shrubs and trees.

The purpose of this paper is to statistically determine the suitability indices of some species of
Caesalpinoideae and compare data on these potential PPM wood resources with one another and
with those of the widely — accepted standard raw material, G. arborea using the Suitability Index
model to compute the PPM suitability indices of these species of Casalpinoideae.

2. Materials and methods

Matured wood of each species of between 8 and 12cm thick were collected, cut into blocks of
about 10cm long . Transverse Section, (T.S), Tangential Longitudinal Section (T.L.S) and Radial
Longitudinal Section (R.L.S) of the wood samples of about 10 micron thickness was done using
sledge microtome. These sections were stained ,mounted in DPX and examined with a monocular
light microscope. Some cell dimensions such as fibre length (L), fibre diameter (D), height and
width of rays in TLS, diameter and lumen width of vessels, thickness of fibre in TS, and vessel wall
thickness were determined with the aid of a calibrated ocular micrometer fitted to the microscope.
The other wood characteristics determined included number of cells in ray height and ray width (in
TLS), densities of fbre, vessel, ray and parenchyma per mm2, percentage composition of fibre,
vessel, parenchyma and ray in the wood of the 12 species of Caesalpinioideae. The sample size in
each case was 30 except in such cases as length of isolated vessel members in which the
structures were usually few. From the various fibre, vessel, and ray dimensions, a derived ratio
namely; the relative fibre length that may be of diagnostic value was computed using the formula:

Relative fibre length (RFL) =L/D

Where L=fibre length; D=fibre diameter

The percentage composition by volume of wood tissue in respect of fibres, vessels, axial
parenchyma and rays were determined from the slides of wood TS. In doing this the ocular
cytometer with 100 squares was used. An area of four squares on the cytometer was viewed each
time and each tissue type that fell within this area was noted with tally. Twenty-five such
observations were made within the 100 squares area. The frequency by volume of a tissue type
was determined as a simple percentage of the total number of occurrence within the 100 squares
of the cytometer. Four of such slides were observed and the mean value reported. From the
percentage tissue composition by volume, some standard ratios such as Fibre-to-Vessel ratio (F/V)
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and Fibres to Non-fibrous tissue ratio (F/NF) were determined (Kpikpi and Olatunji, 1990 and
Kpikpi, 1992).

The percentage occurrence of vessels with tylose was also computed from TS of wood. Fifty
vessels were randomly observed from prepared slides and the number of those vessels containing
tylose was noted. The percentage of this number was then determined from its simple ratio to the
total number of observations. From 10 randomly selected fields of view in the wood TLS, the
percentage of occurrence of different ray types was calculated. For each field of view, the number
of each ray type and the total nhumber of all ray types were first determined. Furthermore, the
number of each ray type was noted and its percentage of occurrence calculated from a simple ratio
of this number to the total number of observations. The mean of all the fields of view was
computed and reported.

The density of vessels, fibres, axial parenchyma and rays also determined per mm2 area of
wood. While the slides of wood TS were used for vessels, fibres and axial parenchyma that of TLS
was used for ray density determination. In each case, the ocular grid of 100 squares whose
dimension had earlier been determined was used. The slides were made to pass under the grid at
known objective lenses and the number of cells of each tissue type falling within the grid was
counted. This number was then converted into number of such cells in one mm?2 of wood by direct
proportion, the sample size being 30.

Moreover, some pulp and paper-based derived ratios were computed. The relevant formulae
as variously defined by Wood (1989); Kpikpi and Olatunji (1990) and Uju and Ugwoke (1997) are:

Runkel ratio = 2C/I

Coefficient of fibre flexibility (or felting coefficient) = L/D

Where, L= fibre length; C = fibre cell wall thickness; D= fibre diameter ; I = fibre lumen
width.

The Conventional Approach to Wood comparison and selection for Pulp and Papermaking:

Using both the mean wood dimensional and qualitative characteristics obtained from Gmelina
arborea as a standard, those wood characteristics in the 12 species of Caesalpinioideae were
compared with one another and with those of the standard using the orthodox or the descriptive
technique. The technique consisted in the use of photographs, and descriptive statements of
comparison (Kpikpi and Olatunji, 1990); the use of purely descriptive statements vis-a-vis
dimensional data from G. arborea and those of the species of Caesalpinioideae placed side by side
(Kpikpi and Olatunji,1990; Fuwape,1991;and Kpikpi, 1992), and the use of results of statistical
analyses with reference to the charts of the principal fibre dimensional characteristics and their
derived ratios (Uju and Ugokwe, 1997).

2.1 Standard Plant Material

Mature wood of Gmelina arborea tree was taken as the standard plant material (Ogunkunle , A.T.J,
Oladele, F.A. and Ayinde, K. , 2004). Seventeen pulp and paper — based quantitative characteristics
(Tables 1 and 2 ) were drawn from this sample, the reference data were then taken to be the most
desirable mean values of each of the 17 wood parameters, of which the mature Gmelina arborea
tree was representative. The % tissues by wood volume (i.e. vessels, fibres, parenchyma, ray, F/V
ratio and F/NF ratio), were determined in replicates of four while data on the other eleven
parameters were taken in replicates of 30 (Ogunkunle, A.T. J, Oladele, F.A. and Ayinde, K., 2004).

2.2 Experimental Plant Materials
The experimental plant materials were the wood samples of 12 species of Caesalpinioideae
collected (Table 1). From these alternative wood samples, data on the 17 pulp and paper- based

wood characteristics were drawn in replicates as in Gmelina arborea wood with the aim of
determining their PPM suitability in relation to the standard plant material. The formula used was
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as presented by Ogunkunle, A.T.J, Oladele, F.A. and Ayinde, K. (2004), as follows:
SI = V {3 @jwi }{Z pjwj}

{2 piwi }{Z piwj}

Where : SI= suitability index of experimental wood material
®j = mean values of the parameters in the alternative wood
Mi= mean values of the parameters in the standard wood
wj = projected PPM output values of @j
wi = projected PPM output values of pi

3. Results and Discussion

Tables 1 and 2 show the data obtained from both the reference (G. arborea ) and the alternative (
Caesalpinoideae species) wood samples. The Caesalpinoideae species studied can be listed in order
of their preference for PPM as 7amarindus indica, Delonix regia, Brachystegia eurycoma, Senna
sieberiana, Bauhinia rufescens, Afzelia africana, Senna siamea, Danielia ogea, Piliostigma thoningii,
Detarium senegalensis, Danielia oliveri and Caesalpinia pulcherima, with suitability indices of
1.5426, 1.2781, 1.1801, 1.1565, 1.1119, 1.0836, 1.0647, 1.0400, 0.9431, 0.9114, 0.8423 and
0.7562 respectively. These results show that the woods of Caesalpinioideae species investigated
are highly suitable wood resources for PPM. From these results, virtually all the species can be said
to be among the best substitutes for G. arborea each being at least 75% suitable for papermaking
in comparison with G. arborea.

The results of the t-tests conducted indicated a significant difference between data from each
of the 12 species of Caesalpinioideae and that of G. arborea (Table 3). These results cannot be
overemphasized for the fact that the data from Caesalpinioideae species used in the comparisons
were the means of the projected PPM outputs for the species rather than the computed suitability
indices themselves.

Table 1: Mean proportion by volume of some tissue types in the wood of G.arborea and some
Nigerian species of Caesalpinoideae

Mean Percentage by Volume Mean Number of cells / mm?

Species Fibre*(F)  Vessel*(V) Parenchy (P)* Ray* (R) F/V* F/NF* Fibres Vessels Ray Parenchyma
1.Gmelina arborea 49.15 £2.24 14.61+£5.05 20.55+4.21 15.69+2.53 1.85 + 0.64 0.98 + 0.10 529°+ 27.93 10 °+ 0.69 11 + 0.36 303" + 10.01
2.Afzelia africana 21.87+ 6.88 10.96+4.47 48.84+2.70 18.31+2.34 1.31£0.92 0.32+ 0.12 4523+26.60 42+ 0.04 33+ 0.00 1682 + 10.59

3.Bauhinia rufescens 28.19+4.16 24.45+4.78 27.65£1.29 19.72+4.10 1.47+0.62 0.42+ 0.08 631°+17.89 25°+ 1.28 4°+0.36 1982 % 6.76
4.Brachystegia eurycoma 18.52+6.45 11.95+4.19 48.14+2.13 21.40+2.48 3.30+1.69 0.25+ 0.09 4082+9.31 8°+0.55 32+0.18 337° + 11.14
5.Caesalpinia pulcherima 23.95+4.36 16.61+3.43 26.18+1.76 26.18+1.76 1.84% 0.69 0.32+ 0.08 3232+13.69 38+1.46 4°+0.18 1323 +6.76

6.Danielia ogea 48.85+£12.49 15.47+4.03 17.46+4.88 18.21%10.10 4.35+ 1.65 1.3 +0.49 624°+31.04 20°+ 0.91 32+0.37 1622 + 9.49
7.Danielia oliveri 26.40+7.72 10.82+4.02 36.41+1.76 26.37+4.75 1.05+ 0.41 0.42 £ 0.19 3173+9.49 22+ 0.18 33+0.00 833+2.92
8.Delonix regia 33.294+2.25 13.55+4.88 36.14+3.49 16.98+2.71 4.02+ 1.56 0.51 £ 0.05 2873+9.49 23+0.18 33+0.00 1822+9.13

9.Detarium senegalense ~ 3.85+3.85 18.45+12.31 59.74+5.30 17.96+5.67 0.00+.00 0.45+ 0.05 3132+23.74 42+ 0.18 32+0.18 435° +£27.02
10.Piliostigma thoningii  14.72+9.86 24.62+12.88 39.60+£5.46 21.08+4.12 0.39+ .40 0.23%0.17 3853+£14.97 7°+0.37 7°40.18 1523+5.48
11.5enna siamea 33.55+5.97 6.58+3.88 33.33+4.59 26.55+2.21 1.13+.66 0.52+ 0.08 630°+33.41 14° 1.09 22+0.18 1483+11.5
12.Senna sieberiana 32.74+6.73 15.54+8.42 32.50+4.53 19.21+4.94 2.36+ 1.45 0.53 £ 0.16 3312+24.97 6°+0.91 4°+0.19 369° +16.34
13. Tamarindus indica 21.2449.37 10.36+4.65 31.32+3.50 37.10+7.77 8.77+ 5.85 0.56 + 0.09 1034°+73.58 9°+ 0.55 4°+0.37 460" +76.87

F/V =Fibre-to- Vessel ratio; F/NF =Fibres to nonfibrous tissue ratio= (F/V+P+R);

Table 2: Some pulp and paper-based wood fibre and wood constituent characteristics in G.
arborea and some Nigerian species of Caesalpinoideae

Mean Fibre dimensions ( um) Mean fibre - derived ratios
Species Length Diameter  Wall thick Lumen width RFL (L/D) Runkel (2C/I) Coeff. I/D
1.Gmelina arborea 672.09°+18.33 25.60°+0.86 2.30°+0.13 20.99°+0.87 26.76°+ 1.11 0.24°+ 0.02 0.82+ 0.01
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2.Afzelia africana
3.Bauhinia rufescens

6.Danielia ogea
7.Danielia oliveri
8.Delonix regia

956.42I°+ 49.66 11.953+ 0.59 2.393+0.08 7.173+ 0.54 89.44°+8.01 0.79 2+0.08 0.58°+0.02
936.28°+32.99 10.508+5.68 3.102+0.18 4.313+ 0.35 96.49°+6.91 1.64°+0.13 0.40°+0.02
4.Brachystegia eurycoma 1079.64°+39.97 15.703+0.61 2.823+0.11 10.073+0.58 71.23°+3.57 0.62°+ 0.06 0.63°+ 0.02
5.Caesalpinia pulcherima 747.863+25.88 15.532+0.51 3.88°+0.16 7.773+0.58 50.34°+3.06 1.19°+ 0.16 0.48°+0.03
874.16°+30.52 13.318+0.69 3.65°+0.18 6.022+0.52 69.98°+3.83 1.53°+ 0.16 0.43°% 0.02
950.96°+23.13 14.08°+0.61 4.74°+0.25 4.863+0.54 69.29°+2.87 2.39°+ 0.19 0.32°+0 .02

1129.93°+46.79 27.91°+1.73 3.032+0.16 22.19°+1.75 89.44°+8.01 0.3

42+ 0.04 0.75% 0.02

9.Detarium senegalense 621.233+28.79 15.452+0.48 2.263+0.10 10.992+0.43 46.46° £3.59 0.44°+ 0.03 0.70°+ 0.02
908.29°+20.27 11.863+0.54 3.113+0.12 5.553+0.48 41.74°+2.49 1.43°+ 0.14 0.45°+ 0.02
1029.50°+38.51 15.272+0.53 2.992+0.13 9.302+0.45 82.52°+3.81 0.68%+ 0.04 0.60°+ 0.02
1120.60°+36.69 11.263+0.57 3.95°+ 0.24 3.373+0.26 70.19°+3.82 2.70°+ 0.19 0.29°+ 0.02
678.573+30.08 11.952+0.58 3.163+0.19 5.632+0.51 107.18°+6.25 1.42°+ 0.16 0.46°+ 0.03

10.Piliostigma thoningii
11.5enna siamea
12.Senna sieberiana
13. Tamarindus indica

RFL= Relative fibre length ( Fibre slenderness); Coeff.= Coefficient of flexibility; Runkel =
Runkel ratio ; Means of Caesalpinoideae species with no significant difference from that of G.
arborea bear the same superscripts with G. arborea (P=0.05) while means with significant

difference bear

a different superscript (P<0.05)

Table 3: PPM suitability indices and means of projected PPM suitability values compared for 12
Nigerian species of Caesalpinioideae *

Species Suitability index t df Mean Sig.2-tailed Mean Difference.
1.Afzelia africana 1.0836 2,503 19 1.5291 0.22 0.5291
2.Bauhinia rufescens 1.1119 2.265 19 1.5594 0.035 0.5594
3.Brachystegia eurycoma 1.1801 2.050 19 1.3635 0.054 0.3635
4.Caesalpinia pulcherima 0.7562 2.089 19 1.3275 0.050 0.3275
5.Danielia ogea 1.040 2.192 19 1.4486 0.041 0.4486
6.Danielia oliveri 0.8423 2,570 19 1.7917 0.019 0.7917
7.Delonix regia 1.2781 2.009 19 1.6010 0.050 0.6010
8.Detarium senegalense 0.9114 1.603 19 1.2728 0.125 0.2728
9.Piliostigma thoningii 0.9431 1.877 19 1.3142 0.760 0.3142
10.Senna siamea 1.0647 1.736 19 1.4600 0.099 0.4600
11.Senna sieberiana 1.1565 1.892 19 1.5665 0.074 0.5665
12. Tamarindus indica 1.5426 1.895 19 1.4369 0.073 0.4369

* Test value= 1; PPM, Pulp and paper making

Figs.1 to 5 shows the variations in five PPM key parameters of the thirteen woody species studied
namely, the mean Fibre-to-Vessel ratio (fig.1), mean Fibre-to-Non-fibrous tissues ratio (fig.2), the
mean fibre slenderness ratio (fig3), mean Runkel ratio (fig. 4) and mean coefficient of fibre

flexibility (fig. 5).
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Fig. 1 Variations in the mean Fibre - to - vessel ratios in the wood of 13 tree species studied.

Error bars: +/- 1 SE
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Fig.2 Variations in the mean Fibre-to-Nonfibrous tissue ratios in the wood of 13 tree species studied.

gme = Gmelina arborea ; afa =

eurycoma ; cap = Caesalpinia pulcherima ; dao =

Error bars: +/- 1 SE

Afzelia africana, bar = Bauhina rufescens ; bre
Danielia ogea, dal = Danielia oliveri der =

Delonix regia; des = Detarium senegalensis ; pit = Piliostigma thoningii ; ses = Senna siamea; seb
= Senna sieberiana ; tai = Tamarindus indica.
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Fig.3 Variations in the mean Relative Fibre Lengths in the wood of 13 tree species studied.
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Brachstegia

Delonix regia; des = Detarium senegalensis ; pit = Piliostigma thoningii ; ses = Senna siamea, seb
= Senna sieberiana ; tai = Tamarindus indica.
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Fig 4 Variations in the mean Runkel ratios in the wood of 13 tree species studied.

Error bars: +/- 1 SE

gme = Gmelina arborea ; afa = Afzelia africana; bar = Bauhina rufescens ; bre = Brachstegia
eurycoma ; cap = Caesalpinia pulcherima ; dao = Danielia ogea;, dal = Danielia oliveri der =
Delonix regia; des = Detarium senegalensis ; pit = Piliostigma thoningii ; ses = Senna siamea; seb
= Senna sieberiana ; tai = Tamarindus indica.
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Fig § Variations in the Coefficient of flexibilities in the wood of 13 tree species studied.

Error bars: +/- 1 SE

gme = (Gmelina arborea ; afa = Afzelio africana, bar = Bouhina rufescens | bre = Brachstegia ewryconra

cap = Caesalpimia pulcherima | dao = Darrielia ogea; dal = Dawielia oliveri, der = Defonix regia; des =

e F is o pit = Fili i hrorvingdi | ses = Senna sicmea, seb — Serra sieberiara | tai =

Tarnarindis indicea.

4. Conclusion

The pulp and paper making suitability of 12 hardwood species have been quantified, a contribution
that has an edge over the conventional method. Moreover, going by the fibre characteristics of
eight of the experimental wood samples, (namely, 7amarindus indica, Delonix regia, Brachystegia
eurycoma, Senna sieberiana, Bauhinia rufescens, Afzelia africana, Senna siamea, Danielia ogea,
with over 100% suitability index value ) the wood can be said to be more suitable raw material than
G.arborea in pulp and papermaking.
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