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Fibre morphology oPolyalthia longifoliaandButea monospermfor pulp and paper production was
evaluated. Three sapwood samples from top, middi laase portions were collected frofn
longifolia at diameter at breast height (dbh) 0.70 m, 0.7d4nch 1.10 m, an@. monospermat dbh
1.36 m, 1.78 m and 1.80 m, respectively. The sasnpre macerated in equal volume of glacial acetic
acid and hydrogen peroxide. Slides of macerated filere inserted unto Reichert visopan microscope;
fibre properties were measured and derived indiege calculated. Fibre length, fibre diameter, lame

width and cell wall thickness d. longifolia andB. monospermaanged from 0.83-1.00 mm, 14.82-
23.12 um, 8.57 - 16.18 pm, 2.86 - 5.75 pm and 0.868-mm, 13.33-22.51um, 2.45-11.42 pm, 0.44 -
4.62 pum, respectively. Runkel ratio Bf logifolia and B. monospermaanged from 0.45 — 1.10 and
0.62-5.49, respectively. Thoudh longifolia andB. monospermaan both be used for pulp and paper
making. HoweverP. longifolia proved to be better suitable comparedBtomonospermalue to its
more appreciable fibre length (0.86 mm) and Rum&gb (0.70). Conclusively, the smaller the dbh,
better their suitability of the species for pulplgraper production.
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1. Introduction

Pulp and paper industry predominantly utilizeod to supply paper and paper products to more fivan
billion people globallyBajpai, 2018) Wood has been largely the conventional raw melteised for pulp and
paper production even though nonwoods raw matesae originally utilized for paper making since tlate
1700s(Smook, 1992)Globally, 70 % of worldwide wood fiber roundwoadd chips and 30% came from forest
residues and manufacturing in 20BICA & WRI, 2007) The global manufacturing of paper and board was
reported to be roughly 407 million metric tons Bil8.Global paper utilization in 2020 is expectedegach up to
500 million tons. With regards to some 407.5 millimetric tons of paper consumed globally in 20hg t
world’s paper consumption is approximately equaltie sum of paper produced annualBajpai, 2018)
Consequently, anticipated global papermaking fibtiézation of 425 million tons in 2010 was repattéy
Hurter (1998) As a result, several strategies have been prdptseards meeting the increased demand for
cellulose fibre.

Polyalthia longifoliacommonly called mast tree, masquerade or poleds it is popularly called in Nigeria
is a single-stemmed lofty evergreen tree origindlbm India, belonging to the family Annonaceae and
mostly distributed in places like tropical Africaputh and Southeast Agislitra, 1993) It is successfully grown
in Nigeria where it is mainly used for its aestbetalue as ornamental tree. The tree has assurmextiaually
increasing role in landscaping system. This high tdilization is probably due to its fast growsitraight pole
formation, suitable root system, and resistanceital thrown.Polyalthia longifoliais reported to be used for
the treatment of skin diseases, fever, diabeteshgpertensionOgunbinu, et aJ 2007) The inner bark of
Polyalthia longifoliais reported to yield a high-quality bast fibre efyellowish-white wood is tough, soft, fairly
close and even-grained. It can bend effortlessty tzas been utilized in the making of barf@®D, 2020a) In
Asia, the leaves dPolyalthia longifoliaare used for ornamental decoration during festivelie wood was also
used in the making of masts for sailing ships. Tisathe reason the tree is also referred to as Niess.
Currently, the tree is commonly used for producsmgall articles like pencils, boxes, matchsticks ago
others. The oil from the seed has been reportezbbtain anti-lipooxygenase, anti-oxidant, and aitiobial
that are against various clinical isolates actgthmong other@\tolani et al.,2019)

Butea monosperm& commonly known as flame of forest, belongingttie family FabaceaéPatil et al,
2006) This tree grows up to 50 ft high, with clustefsflowers. It loses its leaves as the flowers giiovithe
month of January to MarcButea monospermia reported to be employed as a cheap board warostructural
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work and for wood pulp which is said to be suitafslenewsprint manufacturinghmbasta, 1994)in south East
Asia, this species is used for many purposes. ldicimee, it is potent astringent, applied in theatreent of
diarrhoea and wounds. The seeds also can be giatmd paste mix with honey are used as anthelminti
purgative antibacterial and antifungal properti@ther uses of the seeds include mixing the paste lamon
juice used as a rubefacigfitPD, 2020a) The seeds constitute about 18 % oil which isctiffe in hookworms’
treatmentButea monospermiowers and leaves are aphrodisiac, diuretic astdrgent. The flowers are also
helpful in the treatment of liver problem. An esg&nanti-asthmatic property has been reported fil®m
monospermdark. The agroforestry usesBf monospermare that the green branches and seedlings aralaid
rice farms as salt-filtering substance and greenuma Slime produced by leaf-decomposing bacteoia fthis
species produce can aggregate clay soil partidlesa result, micro-cavities are formed by loosenthg
compacted of the soil to allow leaching of noximadts from the soil solution. India farmers regiylarse this
tree species to stabilize field bun@$D, 2020b)

There dearth of information on the suitabilitiyP. longifolia andB. monosperma#rees species for pulp and
paper making. Therefore, this study was aimed atueting the pulp and paper making characterigifcB.
longifolia andB. monospermgrown in Makurdi, Benue State, Nigeria.

2. Materials and Methods
2.1 Study Area

The study was conducted at the Federal Untyeeodi Agriculture, Makurdi (FUAM), Benue State. Makli
town (Figure 1) is located at latitude 7° 38’ N°>-50 'N, and longitude 8° 24’'E and 8° 38’(Bbah, 2013) The
town experiences two distinct seasons, the raiag@e and the dry season. The rainy season lasts&poil to
October with annual rainfall in the range of 100200 mm. The temperatures fluctuate between 21XC3n
the year. The vegetation is guinea savannah wititesed trees likdParkia biglobosa, Prosopis Africana,
Daniellia oliveri, Vitellaria paradoxa, Khaya senglgnsis, Gmelina arborea, Ceiba pentandra, Syzygium
guineense, Melicea excels, Anarcadium occidentsllangifera indica, Elaeis guineensi&ucalyptus spp.,
Tectona grandis , Acacia spp., Azadirachta indiEacalyptusspeciesTerminaliacatappa Terminalia molineti
Butea monosperma, Polyalthia longifohaong others.
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Figure 1. Map of the study area (Sourd&bu et al., (2013)Msugh-Ter et al., (201Y)
[A] Map of Nigeria, [B] Benue State and [C] Fededaiversity of Agriculture Makurdi

2.2. Sample Collection

Non destructive method was used to collectetlse@pwood samples from top, middle and base parfiom
Polyalthia longifoliaat diameter at breast height (dbh) 0.70 m, 0.7d4nch1.10 m, an@utea monospermat
dbh 1.36 m, 1.78 m and 1.80 m, respectively fromelf@ University of Agriculture, Makurdi. Wood saleg
were taken by cutting chips of sapwood along the bbthe tree, the base (10%), the middle (30%), @ the
top (60%). From each of these three parts, chigspivood sample were collected by means of a sutldhout
any damage done to the standing trees. The samptesdried at room temperature for two weeks.
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2.3. Determination of Fibre CharacteristicBaftea monospermandPolyalthia longifolia

Fibre characteristics determination was caroetl at Forest Research Institute of Nigeria (FRIbgdan.
Each representative samples were prepared inrslof about 1cm 2 cm 2 cm. The slivers werearae in
equal volume of ethanoic acid and hydrogen perofide) in side an oven at about 100°C for 2 hotlitse
macerated solution was agitated to separate solutto individual fibres. Slide of macerated fiwas mounted
on a Zeiss light microscope (standard 25) under 8Qenty fibre were randomly selected and fibregtén(L),
fibre diameter (D), lumen width (d), with cell walickness were measured from each slide accotdiniprge
(1999) who stated that at least 18 fibres per slide shonéasured to keep error below 5 % for a 95 %
confidence level. The microscopy was performeddenadance with the ASTM D1413-48 of 1983 and ASTM
D1413-61 procedure of 2007. From the measured phlysharacteristics of fibre, derived fibre indicegh as
Runkel ratio, Elasticity of coefficient (um), Rigig of coefficient, F ratio, Luce|s solid factorpl#l Factor and
Felting rate were calculated as follows:

Felting rate (slenderness) = Fibre length + Fihaengter Q)
Elasticity coefficient (%) = Lumen + Fibre diametet00 (2
Rigidity coefficient (%) = Cell wall thickness ~+Ibtie diameter )
Runkel ratio = (Cell wall thickness x 2) + Lumeradieter 4)
F factor (%) = Fibre length + Cell wall thicknes$00 (5)
Solids factor= (Fibre DiameteT— Lumen Diameté) x Fibre length (6)

Luce’s shape factor = (Fibre Diamétdrumen Diameté}/(Fibre Diameter+Lumen Diamef(7)

Data collected were subjected to one way AmslyEVariance (ANOVA) to determine the significaffects
of different portion on the properties. Follow @sts are carried out using Duncan Multiple Rangst BMRT)
where significant differences exist.

3. Results and discussion

Table 1 shows the means of fibre length, fiti@meter, lumen width and cell wall thicknessRaflyalthia
longifolia at dbh 0.70 m, 0.74 m and 1.10 m at different gpemtion of base, middle and top. Form the table,
mean fibre length ranges from 0.82 mm-1.00 mm, mddme diameter from 14. 82-23.12 um, mean lumen
width from 8.57-16.18 pm whereas mean cell waltkhess from 2.86-5.75 um . The result also showag th
means of fibre length, fibre diameter, lumen widthd cell wall thickness olPolyalthia longifolia are not
significantly different among dbh and stem portiabhg < 0.05. However means of fibre diameter &t @F0 m,
0.74 m and 1.10 m were significantly at p < 0.05.

Table 1.Fibre Characteristics &folyatalogifolia Wood Species

DBH of Specie: Fibre Length  Fibre Diameter Lumen Width Cell wall

(m) Tree Portion (mm) (um) (um) Thickness (um)

Mean4+Std Mean+Std Mean#Std Mean+Std

0.70 A base 0.83t0.15 18.56t2.99 10.4Gt1.30° 4.10+1.10

A middle 0.83t0.17° 21.7Q:2.51 15.573.90° 3.10:1.12

Atop 0.90+0.1 77 23.1262.77¢ 16.18:3.01° 3.470.80°

0.74 B base 1.00t0.18 21.62:3.50F 13.26:3.38 4.18:1.27

B middle 1.00t0.10° 22.71#3.19 11.22+2.64 5.751.26

B top 0.86+0.12° 23.123.7¢ 12.013.92¢ 4.25:0.94

1.10 C base 0.84+0.10® 15.23+3.86" 8.572.00" 3.33t1.36"

C middle 0.82t0.10° 16.18:3.01° 9.11+1.79 3.54t1.15"

C top 0.91+0.1 2% 14.82:3.0F 9.11+1.47° 2.86t1.158

Total 0.86t0.13 19.66t4.53 12.013.92 3.83t1.37

Mean values in the same column with salpteabet are not significantly different from eaather (P< 0.05).

Table 2 shows the means of Runkel ratio, @iggttoefficient, rigidity coefficient, 16.80 ratidk.uce’s shape,
solid factor and felting rate ranging from 0.45€;.49.53-69.73 %; 14.33-25.33%; 16.80-39.27; 0.33-0
128.20-241.47 and 38.13-64.73, respectively. Tisallralso shows that the means of Runkel raticstieity
coefficient, rigidity coefficient, F ratio, luce'shape, solid factor and felting rate are not sigaiftly different
among stem portion at p < 0.05.
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Table 2.Mean value of Derived fibre indices Bblyatalogifolia wood species
DBH of Runkel ratio  Elasticity of Rigidity of F ratio Lucels solid Solid Felting
Species (m Tree Portiol coefficient (%) coefficient (%) (%) factor factor rate
Mean#Std Mean#Std Mean4+Std Mean4Std Mean4Std Mean4Std Mean4+Std
Abase 078020 56.8a6.00 21.673.00 22471027 0.51:0.20 196.6G:67.75° 46.6714.47"
0.70 Amiddle 0.45026 71.1312.40 14.336.184 32.6@:15.84° 0.33t0.15* 180.7350.86° 38.735.01
A top 0.45:0.20" 69.738.00 15.4Q4.032° 26.8a:7.96° 0.35:0.1F 241.47%81.87° 38.4(5.25
0.74 B base 0.68:0.25 61.0:10.60¢ 19.40t5.2C 25.53t10.56° 0.46:0.1 241.4281.8F7 45.40:7.48°
B middle 1.10t0.3¢  49.537.2%  25.333.46  16.83.43  0.610.1F 241.4%81.87 41.53t5.42a
B top 0.65:0.28° 62.20:10.6° 18.935.24° 2147534Y 0440148 241.4781.8F7 38.137.27F
1.10 C base 0.8at0.27 57.5311.3% 21.335.66 36.5341.74% 0.510.14 144.0%88.4F 58.2714.30¢
C middle 0.8at0.30 57.049.30 21.474.5F 26.9312.8FY 0.51#0.1F 147.9359.1F 52.40:13.2G6"
C top 0.64t0.28° 62.7310.0% 18.6%4.97° 39.2720.74  0.44:0.1 128.20:62.2F 64.7317.10
Total 0.70t0.31 60.85:11.33 19.61#5.63  27.6(t18.75  0.46t0.14 219.6%116.20 47.14+13.89

Mean values in the same column with same alphalgetairsignificantly different from each other (P©B5).

Table 3 shows the means of fibre length, fidi@meter, lumen width and cell wall thickness oftdzu
monospama wood species at different dbh and stetiope From the Table the means value of fibregtien
ranged between 0.73mm and 1.00mm, and fibre diamatged between 13.33-2.51. There is no significan
different among dbh andstem portion at p < 0.05.

Table 3. Fibre Characteristics @utea monospamaood species

DBH of Tree Portion Fibre Length Fibre Diameter Lumen Width Cell wall Thickness
Species (m (mm) (rm) (Lm) (rm)
MeaniStd MeaniStd Mean4Std Mean1Std

1.36 D base 0.760.13 18.33+4.73c 11.422.56d¢ 3.43+1.54°
D middle 0.830.2% 22.514.00° 13.94:4.04 4.30t1.40

D top 0.840.2F 21.282.61° 12.04:2 AF 4.62+1.301

1.78 E base 0.780.17% 15.3@3.30° 9.66t1.441 2.8241.19
E middle 0.960.24 13.332.85° 2.45:1.70° 0.44+51.17

E top 1.080.24 14.423.77° 6.05:3.62 4.18k2.34°

1.80 F base 0.750.08 14.76:3.34° 9.04t1.33 2.86t1.23
F middle 0.880.92% 16.32+3.068° 9.66£1.22¢ 3.331.10"

F top 0.720.07 14.76:3.70° 8.43t1.57 3.16t1.25"

Total 0.830.19 16.7%#4.60 9.194.00 3.881.62

Mean values in the same column with same alphaleetairsignificantly different from each other (P09).

Table 4 shows the mean values of Runkel ratasticity coefficient, rigidity coefficient, F riat Solid factor,
Luce’s shape, and Felting rate Bfitea monospamat different dbh and stem portions as spannet 0&b7-
5.49; 17.73-64.73 %; 18.10-41.20 %; 104.80-26616087-32.18; 0.4 - 0.93 and 38.13-74.87, respdgtivEhe
result also showed that the means of Runkel raéaat significantly different among dbh and steontipns at

p <0.05.
Table 4. Mean value of Derived fibre indices Bitea monospamaood species
DBH of Tree Runkel ratid Elasticity of Ridgidity of F ratio Solid factor | Luce’s Solid Felting Rate
Species Portion Mean1Std | coefficient (%] coefficient (%) (%) (SF) Factor (LSF)|(Slenderness) (FR/
(m) Mean+Std Mean1Std MeanxStd Mean1Std MeanzStd Mean1Std
1.36 Dbase | 0.60:0.27 |64.1311.36 | 18.1(:5.76 29.00617.92° [171.6(:112.65| 0.42:0.14 43.53:11.92
D middle | 0.670.3¢ | 61.56:10.1F | 19.4G:5.5F 20.737.96° [258.33118.47| 0.45:0.14 38.1312.7%
D top 0.81+0.24 | 56.67210.10 21.67#5.09 20.00:8.87° |266.63:130.97 | 00.520.13F 39.6#10.57
1.78 E base 0.570.24 | 64.73:9.20 17.80+4.38 32.1317.24 | 104.86:54.40' | 0.41+0.17F 50.2716.44°
E middle | 5.49:2.44 | 17.738.14 41.20:4.0Z 17.87#4.700 | 172.6398.03 | 0.93+0.08 74.87%21.36
E top 3.03:3.3% | 43.33+25.3% | 28.20:12.60 | 30.13:14.14° [174.46:123.2F| 0.64:0.28 73.20:27.49
1.80 F base 0.62t0.27 | 62.878.90° 18.734.33 31.87%#15.1F | 108.4%64.08 | 0.44+0.117 53.6714.46°
F middle | 0.69:0.20" | 60.337.40 | 10.8%3.64 | 27.13:12.09™ [ 142.6%63.64 | 0.470.10" 50.20:11.56
F top 0.73:0.27 | 43.33:25.33 20.87%3.52 28.53:10.30° | 123.4%73.97 | 0.50:0.1G 56.33:14.5%
Total 1.4742.11 | 54.41%18.60 22.8% 9.24 26.38:13.38 | 169.21109.79| 0.53:0.21 53.3220.32

Mean values in the same column with same alphaleetairsignificantly different from each other (P09).
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Although the average mean fibre length valudath Polyatha logifoliaand Buteamonospermawere short
(Table 5), the average mean Runkel ratioPolyatha logifoliaand Butea monospermashowed that while
Polyatha logifoliaspecies will be very good for pulp and papermakiBgtea monospermaspecies would
produce poor pulp and paper (Table 5).

Table 5. Sustainability oPolyatha logifoliaandButeamonospermdor pulp and paper
making based on fibre length and Runkel ratio

Species Fibre length Fibre class Runkel ratio Ragki
Polyatha logifolia 0.86 short 0.70 good
Butea monosperma 0.83 short 1.47 poor

Table 6 showed the Elasticity coefficient (%4) Rolyatha logifoliaand Butea monospermaspecies. The
values obtained in the results revealed that boticies are elastic type of fibre.

Table 6. Summary of the Elasticitg@oefficient of Polyatha logifolia and Butea monosparspecies

Species Elasticity coefficient (%) Types of fibre
Polyatha logifolia 60.85 Elastic
Butea monosperma 54.41 Elastic

Figure 2 shows the comparison of fibre dimemdietweenPolyatha logifoliaand ButeamonospermThe
result that there is no much difference betweenwloespecies.
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Figure 2. Comparison of fibre dimensions Bblyatha logifoliaandButeamonosperma
3.1. Fibre morphology

a- Fibre length

The average mean fibre length obtained in shisly forP. logifolia was between 0.82 mm -1.00 mm and
0.73-1.00 mm iB. monospamThis finding is similar toAjuziogu et al (2010)study that reported fibre length
of 0.89 mm inPersea Americanal.15 mm inDacryodes edulignd Anacardium occidentaland 0.94 mm in
Mangifera indica.Also, Ekhuemelo and Udo (201&ported similar average mean of 1.27Ntringa oleifera.

However, the mean values obtained in this sadylower than 1.65mm- 2.33 mm reportedibskor and
Fuwape (2011jor 25 year old teak in eastern Nigeria and 1.5 for 42 years oldHevea brazilensiseported
by Tembe et al. (2010)Also, the values reported in this study are wittiie range of 0.93mm and 0.74 mm
reported by(Sharma et al., 2013pr Scorpia dinkisand Ageratum conyzaidedletcalfe & Chalk (1983gand
Anon (1984)defined fibres below 1.60 mm as short, while thieiggner than 1.60 mm in length were referred to
be long fibres. In line with this categorizatid®, logifolia and B. monospanin this study having mean fibre
lengths of less than 1.60 mm were therefore consilas short.

To produce fine papers, both long and shorefitare needed. Short fibre contributes to thegstims of pulp
blends, especially opacity, printability and st&fs as well as good printability. Paper frBmongifoliaandB.
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monospamapecies if blended with long fibre materials wgile good paper propertieBolyatha logifoliaand
B. monospermébre length in this study are lower than the recmended fibre length for good quality pulp and
paper. As a result, it will only produce good qtyatiaper when blended with long fibre materials.

b- Fibre diameter

Polyalthia longifoliaandB. monospermin this study had fibre diameter of 14.82 -23.12 u&3Q-22.51um.
The values are within the range of 20-40 um fibia@meter for hardwood fibres reported bgta & Eroghe
(1987) Also, the mean values are comparable with 22.7#ui8ida cordifoliareported bySharma et al. (2013)
and 20.96 um for bagasse as reportedHbynmasi et al. (2011Ajuziogu, et al (2010) reported lower mean
fibre diameter of 0.023 + 0.005 mmih americanao 0.026 + 0.005 mm iM. indica Furthermore, the finding
is similar mean values of some non-wood materiall paper making potential according®@mbonnaya et al
(1992) & Pahkale (2001) Fibre diameter is believed to be associated witlecular and physiological
variations that occur in the vascular cambium witbrease in cell walls during the tree growing msx
(Plomion et al 2001, Rogue & Fo2007)

c- Lumen width

In this study, the lumen width mean ranged fr8b7-16.18 um and 2.45-13.94um respectively, for
Polyalthia longifolia and Butea monospernighe means are within the range of 13.0 umTieectonia grandis
reported bylzekor & Fuwape (2011and 13.0um foGmelina arboreaand 9.87 um irLeucaena leucocephala
according toAjala (1997) Also, the values are comparable with 5.37-16.40 qbtained for bast, core and
whole stalk of kenafShakhes et al., 20L1However, the mean values are lower than 0.00@40Grn in
Anacardium occidentaland 0.014+0.06 mm iB. eduli, reportedoy Ajuziogu, et al (2010) Fibre lumen width
affects the beating of pulp. The larger the fihmaén width, the better the beating of pulp duéhtogenetration
of liquids into vascular spaces of the fib{@anshim & De Zeeuww, 1980yhe mean values recorded for fibre
lumen width ofPolyalthia longifolia and Butea monosperrimathis study implies that the species will be very
good during beating up of pulp.

d. Cell wall thickness

Means of cell wall thickness &folyatha logifolia and Butea monosperrabserved in this researcAnged
between 2.86 and 5.75 um as well as 0.44 and 4162'hese mean values are within the range of 1.994-4m
reported byOgunkunle (2010Jor Ficus species, 4.02um fds. arboreareported byRoger et al., (2007)3.83
pm for Gmelina arborea according toOgunkule (201Q)Also, it is similar to 4.64 um irotalaria pallid as
reported bySharma et al. (2013)

Studies have shown that wood with thick celllsvéends to produce paper with a poor printingfasze and
poor burst strength. Thick-walled cells do not bexadily and do not collapse upon pulping, whichikiith
chemical bondingZobel & Van Buijtenen 1989)Thinner-walled cells collapse upon pulping, bdadether
chemically, and produce a smoother paper suifisledan, 1991) Fibres with thin cell wall are dense and having
good formation hence the suitability Bblyalthia longifoliaand Butea monospernaa a raw material for pulp
and paper making base on their cell wall thickness.

3.2. Derived Fibre Morphological Indices
a- Runkel ratio

The result of the Runkel ratios obtained irs $tudy shows th&olyalthia longifolia and Butea monosperma
mean values ranged from 0.45-1.10 and 0.62-5.4%otisely. According toYusuf (2007)fibre for pulp and
paper can be classified into two groups using rurk#o. Fibres with Runkel ratio greater than Vda very
poor paper potential while those with Runkel raéiss than 1 have good paper potentRblyalthia longifolia
Runkel ratios less than 1 are within the range.@9Gor tropical pine species reported by AjalaqZ® 0.99
reported for bothPAnthonathama macrophyliand Dalium guinensishardwood species in Nigerian Rainforest
EcosystemEzeibekwe et al., 2009The values foPolyalthia longifoliaalso falls within the range (0.28 and
0.68) reported folGmelina aborea andFicus spprespectively byOgunkunle (2010pand 0.59 forLeucaena
leucocephalaaccording toOluwadare and Sotannde (200&hd 0.76 forDacryodes edulisas reveled by
Ajuziogu et al (2010)

Dinwoodie (1965has revealed that, the foundation for establistiegsuitability of raw material for pulp and
paper making is that the Runkel ratio must be €Runkel ratio for species is <1, such fibre souscsuitable
for paper productiorfVolkomer, 1969) On the contraryBektas et al(1999) stated that higher Runkel ratio
gives lower paper strength properties especiallyetoburst, tear and tensile indexes. Fibre witthhRunkel
ratio value is stiff, less flexible and form bulkigaper of low bounded area than the lower rakicefi Therefore,
it might be considered th&olyalthia longifoliaand Butea monospermaill produce good paper. Runkel ratio
should be less than 1 for good quality of pulp picitbn (Kpikpi, 1992).
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b- Elasticity coefficient (%)

Elasticity coefficient oPolyalthia longifoliaand Butea monospermia this study are within the elastic fibres
of 49.53%-71.13%, 17.73%-64.73 %, respectively.stidity coefficient is another important criteridor
evaluating fibre quality. Elasticity coefficient€kibility ratio) is classified into four groups dibres (Bektas et
al., 1999) high elastic fibres with elasticity coefficientegter than 75%; elastic fibres having elasticétior
between 50 and 75%; rigid fibres containing el@stiatio less than 30-50 % and highly rigid fibiesluding
elastic less than 30%. High flexibility shows tlamaterial may be suitable to produce paper widatgr burst
and tensile strength. The higher the value of flergth to width ratio, the greater will be therékflexibility
and the chance of forming well bonded paper. Silgilan increase in the rigidity of fibres resutsdecrease in
fibre bonding.

Elasticity coefficient oPolyalthia longifoliaand Butea monospermia this study is within the value obtained
by Brindha et al. (2012 Passiflora foetidavhere 50-60% was reported. However, flexibilittiodetween 50
and 70 implies that the fibers can easily be fiat give good paper with high strength propertigsndha et al.,
2012) Also, elasticity coefficient oPolyalthia longifoliaand Butea monospermia this study is comparable to
59.5 and 60.43 as reported Werveris et al. (2004)Sharma et al. (2013pr Hibiscus canabinusind Urena
lobata, respectively.Elastic fibres can be stretched making it a suitallv material for paper production in
other to achieve high resistance and as such,uttebsity of Polyalthia longifoliaand Butea monospermtor
paper making.

c- Rigidity coefficient (%)

The rigidity coefficient ofPolyalthia longifoliaand Butea monospermabtained in this study ranged from
14.73 % - 25.33 % and 17.80-41.20%, respectivalyttfe two species. These mean values are simil2R @b
% reported byHus et al. (1975jor beech sapwood and 41.61%Hnamericanao 50.07 % inA. occidentale
reported byAjuziogu, et al(2010) However,Sinha et al. (2019jeported a lower rigidity coefficient iM.
dubiavaried from 0.18 - 0.20 in 1-5 year age as obthfnem this study.

Rigidity coefficient is defined as the ratio dbuble cell wall thickness of fibre to its width. gives the
rigidity of fibres to form paper. The rigidity cdifient is an index for rigidity of fibres to forrmpaper. It
indicates the bending resistance of pafdekeuchi et al2016) Fibres with a rigidity coefficient of <= 0.5 are
normally seen to be good pulpwood because it ise®the collapsibility of fibres to make a flexilaled strong
paper sheefTamolang & Wangaard 1961 his implies that paper made frdPolyalthia longifoliaand Butea
monospermavith high rigidity would have less tensile, teanr&t and double fold resistance making it a suitabl
raw material for pulp and papermaking. Based on rigelity coefficient values in this studyRolyalthia
longifolia and Butea monospermmay not be utilized as a promising species for m@Klexible and strong
paper for printing and writing unless the fibres arixed potential fibre for paper production.

d- Solid factor

From this research, mean valuesPofyalthia longifolia and Butea monosperrmofSolid factor varied from
(128.20-241.47 and 104.0-266.60, respectivelna et al (2001) reported solids factor of 46x103 firand
91.2x103 prh for 14-year-old Eucalyptus camaldulensisnd Eucalyptus globulus,respectively. They
established significant negative relationship betwesolids factor and sheet density. Takeuchi e{24116)
reported solids factor of 167x103 fifior Macaranga bancanand 182x103 pifor Macaranga pearsonii
High value of solids factor indicates the lower @apheet densitfOna et al 2001) Sinha et al(2019)in their
study onMelia dubiawood properties reported Solids factorMf dubiato have significantly increased from
172x103 to 263x103 phat five age gradations and it was found to be simam at 4-5 years age. Solid factor
was found to be related to paper sheet densitycaottl be significantly correlated to breaking ldngt paper
(Ona et al., 2001that of beech sapwood.

e- Luce’s shape factor

Luce’s shape factor values obtained frBolyalthia longifoliaand Butea monospermavere between 0.33-
0.61 and 0.41-0.93, respectively. The means at@mihe same range of 0.47 fafzelia africanaand 0.73 for
Detarium senegalensas reported bpjo (2013) Pirralho et al(2014)has recorded Luce’shape factor between
0.39 and 0.74 in some Eucalyptus species. Lucelpesfactor of 0.41 iheucaena leucocephaléive year-old)
was reported byOluwafemi & Sotannde (2007Mercy et al (2017) also reported 0.26 ilRicinodedron
heudelotii.Sinha et al(2019)reported Luce’s shape factor ranging from 0.2@1Gor Meliadubia at five age
gradations. Based on these findingsgifolia andButea monospermaould be regarded as suitable for pulp and
paper production due to their low beating resisgtanc

Luce’s shape factor shows the beating resistafiqoulp Sinha et al (2019) It was reported to be directly
related to paper sheet density and could be sigmifiy correlated to breaking length of pap®@harma et al.,
2013 Ona et al., 2001)Luce’s shape factor low value shows the decreassidtance to beating in paper
production(Luce, 1970)
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f- Felting rate/slenderness

The mean values of felting rate or slendernese ddtPolyalthia longifoliaandButea monospermabtained
in this research ranges from 38.13-64af®1 38.13-74.87 respectively. These values aretless 50.06 for
Gmelina arboreaand 42.38-71.99 reported for different Ficus spedig Ogunkunle (2010)Sharma et al.
(2013) also reported 39.1 faBmelina. arboreaThe slenderness ratio dfanihot utilissimaranged between
31.02 and 35.16 was within the range of 39.1@wnelina. arboreaSlenderness ratio values of 58.7Nh
bancanaand 60.8 inM. pearsoniiwere reported byrakeuchi et al. (2016)Pirralho et al (2014) reported
slenderness ratio between 39.4 and 48.4 for manglifntus specie©hshima et al(2005)also reported a ratio
of 50.5 - 56.5 and 57.7 - 59.9 in fourteen yeard Blucalyptuscamaldulensisand Eucalyptusglobulus,
respectively.

The slenderness ratio is affect the tearingngith and folding endurance of paper and papermpts@lyahya
et al, 2010) When Slenderness ratio is high, it shows wellmied and well-bonded pap&Ashori &
Nourbakhsh, 2009)Slenderness ratio of cellulosic material morentB3 is considered to be good for pulp and
paper production. It also affects the flexibilitydaresistance to rupture of the fibres and papedymts(Xue et
al., 2006) Fibres with a high slenderness ratio are lonig, &md have high tearing resistance, whereas sinart
thick fibres have less slenderness ratio and tgaesistance.

4. Conclusion

The basic information on the fibre charactarssand derived morphology &olyalthia longifolia and Butea
monospermdor pulp and paper production was investigatede filtres of the two species are short and elastic.
The Runkel ratio values &folyalthia longifoliafibre are within acceptable values for paper pobida whereas,
that ofButea monospermaas not. The rigidity of the fibres as observeaatrrthe research is low therefore will
enhance fibre bonding. Pulp produced from thesedwsmecies can be mixed with soft-wood or agricaltur
residues for pulp and paper making because ofttbit fbre length of the research samples.
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