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The focus of this study was to characterize and compare the fiber morphology 

(fiber length, fiber diameter, lumen diameter, cell wall thickness, and cell wall 

fraction) and derived values (Runkel ratio, slenderness ratio, flexibility ratio, 

Mulhsteph ratio, rigidity coefficient, and Luce’s shape factor) of four 

underutilized native tree species grown in the Maguindanao region, namely; 

Dita (Alstonia scholaris (L.) R. Br.), Himbabao (Broussonetia luzonica 

Blanco), Tangisang Bayawak (Ficus variegata Blume), and Kalukoi (Ficus 

callosa Willd.). Wood samples from the selected trees (between 10-20 years 

old) were collected at dbh level (1.30 m) and then macerated for three hours. 

The macerated wood fibers were observed under a Euromex compound 

microscope and then measured using ImageJ Software. Results revealed that 

F. variegata had the longest recorded fiber (2.73 mm) with the thickest cell

wall (9.57 µm) and highest values for cell wall fraction (36.72%), Runkel ratio

(0.74), slenderness ratio (60.48), Mulhsteph ratio (53.63%), rigidity coefficient

(0.17), and Luce’s shape factor (0.43). As for fiber diameter, F. callosa (52.83 µm)

was largest. Moreover, A. scholaris fibers recorded the largest lumen diameter

(38.73 µm) with the highest flexibility ratio (77.74%). Analysis of variance

showed significant differences relative to fiber morphology and their derived

values, except for slenderness ratio. Results suggested that the four

underutilized species are good not only for pulp and paper production, but also

have potential for light construction, wooden toys and shoes, pencil slats,

matchsticks, toothpicks, ice cream spoons, popsicle sticks, boxes, shelves,

molding, veneer and plywood, buoys, and floats. In further validation of the

suitability of materials towards intended uses, characterization of other wood

properties (e.g., physical and mechanical) and consideration of factors like

genetic control, locations/habitats, stand density, elevation, age and diameter

classes, height level and wood types are recommended.
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1. INTRODUCTION

 Escalating demands for wood products, driven 

by expanding domestic and international markets, 

have significantly reduced the availability of many 

commercially valuable wood species. This decline not 

only jeopardizes critical ecosystem services but also 

disproportionately impacts various communities (Díaz 

et al., 2019). In response to these challenges, the 

Philippine government enacted Executive Order No. 

23, series of 2011, to combat deforestation, forest 

degradation, habitat loss, and illegal logging 

(Government of the Philippines, 2011). However, 

despite these efforts, the increasing needs of 

residential, commercial, and construction projects 
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have outstripped the declining supply of timber and 

other wood products (USDA FAS, 2021).  

In light of this, the exploration of sustainable 

alternatives to traditional wood species has become 

increasingly urgent, not just to alleviate the material 

shortage but also as a crucial component of broader 

climate mitigation and adaptation strategies (Numeron 

et al., 2023). The Philippines, an archipelago of varied 

regions, provides the finest environments for the 

cultivation and growth of some of the most unusual 

plant species on Earth (Javargas, 2021). With 

approximately 3,600 native tree species in the 

Philippines, of which 67% are endemic (De Jesus, 

2021), some of these are underutilized (lesser known) 

species which offer significant potential. 

Unfortunately, infrastructure development, 

urbanization, and a lack of public awareness are 

accelerating the decline of these native and endemic 

species (IUCN Urban Alliance, 2021). 

In South-Central Mindanao, particularly in 

Maguindanao Province, Ligawasan Marsh Wetland 

Biodiversity Reserve (LMBWR) is one of the most 

significant ecosystems in the Bangsamoro 

Autonomous Region in Muslim Mindanao (BARMM) 

(Tanalgo et al., 2024). Considering the existence of 

different native tree species thriving abundantly in 

areas such as Dita, Himbabao, Tangisang Bayawak, 

and Kalukoi, it is vital to have comprehensive data on 

these species as well as inclusively accounting their 

values towards sustainable ecosystems. These 

underutilized naturally growing trees in the BARMM, 

are essential for maintaining local biodiversity and 

contributing to the timber industry. However, security 

concerns in the region have limited the 

characterization of the potential native tree species, 

with a forest cover of approximately 299,195 ha, 

(45%) of the region’s total land area of 1,293,552 ha 

(Saiden, 2020). Hence, further study of these available 

native trees in the region is vital.  

Dita (Alstonia scholaris (L.) R. Br.) is a fast-

growing, typhoon-resistant tree that can reach heights 

between 30 to 40 m. It is highly effective in controlling 

soil erosion and is naturally distributed across South 

Asia, Southeast Asia, and Southern China. This 

species thrives in lowland environments, flourishing 

in both primary and secondary forests. The bark of the 

A. scholaris tree, widely harvested in the Philippines

and nearby islands, is a significant component of

traditional medicinal practices (Florentino et al.,

2010). Although classified as a species of least

concern by the IUCN (2024), further study is needed

to improve its conservation and utilization strategies 

and fully understand its ecological benefits and role in 

maintaining forest health (Sutcliffe and Malabrigo, 

2020). 

Himbabao (Broussonetia luzonica Blanco) is a 

drought-tolerant, fast-growing tree native to the 

Philippines, capable of reaching heights of up to 25 m, 

with trunk diameters around 30 cm. It is commonly 

found in second-growth forests at low to medium 

elevations throughout the country. While B. luzonica 

is traditionally used as a vegetable in certain parts of 

Luzon, its widespread presence indicates potential for 

research aimed at improving its nutritional value and 

cultivation practices, which could enhance its market 

potential (Florido, 2010). Additionally, B. luzonica is 

recognized for its medicinal uses, including anti-

inflammatory properties and digestive benefits, 

though its anatomical and morphological features 

remain underexplored (Quintos et al., 2022). 

Tangisang Bayawak (Ficus variegata Blume) is 

native to the Philippines and many other countries 

such as the Andaman Islands, Australia, China, India, 

Indonesia, Japan to name a few. This tropical fig tree, 

part of the Moraceae family, typically grows in warm, 

humid lowland forests. Generally reaching a height of 

about 15 m, older specimens can grow up to 30 m. It 

boasts an erect trunk up to more than 1 m in diameter, 

adorned with tabular roots, which are flattened roots 

similar to buttresses, at the base. Its smooth bark, a 

grey-brown color, is associated with abundant milky 

sap when it sustains damage (Stuart, 2016; Malabrigo 

and Umali, 2022). 

Kalukoi (Ficus callosa Willd.) is another fast-

growing fig tree species within the Moraceae family. 

Native to the Philippines, Southern China, Indochina, 

and Malesia, F. callosa can grow up to 29 m in height, 

with trunk diameters of approximately 55 cm (Florido, 

2010). It usually has a straight bole buttressed in older 

trees and harvested from the wild for local use as a 

food and source of wood and fiber. Despite this, its 

lightweight and durable wood makes it suitable for 

small-scale livelihood applications, such as boat 

construction (Osmeña et al., 2000).  

Characterizing the properties of underutilized 

wood species is crucial for determining suitable 

processing techniques and ensuring optimal use 

(Marbun et al., 2019). The characterization of these 

species will not only provide information regarding 

their potential as alternative resources to meet the 

increasing demands of the wood industry but also 

support conservation and sustainable development 
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efforts. This study underscores the importance of 

further research into the A. scholaris, B. luzonica, F. 

variegata, and F. callosa tree species found in 

Maguindanao, particularly on fiber morphology and 

their derived values, as they are strongly correlated 

with the other properties of the wood, for their 

potential contributions to wood-based industries, 

conservation, and sustainable practices. 

2. METHODOLOGY

2.1 Plant materials and sample collection

The wood samples of Dita (A. scholaris), 

Himbabao (B. luzonica), Tangisang Bayawak              

(F. variegata), and Kalukoi (F. callosa) were collected 

at Datu Odin Sinsuat, Maguindanao del Norte (07°08' 

N 124°16′ E), Bangsamoro Autonomous Region in 

Muslim Mindanao (BARMM), Philippines with an 

elevation ranging from 85-110 m.a.s.l. (Figure 1), 

displaying a tropical monsoon climate (Classification: 

Am). Three mature trees (between 10-20 years old) 

with a straight bole were selected per species with an 

average diameter of 20 cm at breast height (DBH) 

level (1.3 m). Wood samples were extracted at three 

distinct locations (Due North, East, and West) within 

the tree’s DBH level which were free from defects, 

knots or injuries, using a 5.15 mm diameter by 100 

mm long alloy steel increment borer, with a fine-

threaded tip. After extraction, wood samples were 

placed in the zip lock for safekeeping. The extracted 

wood samples located between the pith and bark 

portions were used for fiber maceration and 

measurement.  

Figure 1. Location map of the four native tree species in Maguindanao del Norte, Philippines 
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2.2 Wood fiber morphology 

2.2.1 Fiber maceration 

Matchstick-sized samples were prepared from 

the collected wood samples and then macerated in 

equal volumes (1:1) of acetic acid and hydrogen 

peroxide (50% concentration), following the 

procedure of Espiloy et al. (1999). The maceration was 

done in a water bath and heated for three hours at 

100°C until the samples turned white and became soft 

to separate individual fibers. Afterward, the samples 

were then washed with distilled water until acid-free 

and subjected to microscopic observation and 

measurement. 

2.2.2 Fiber measurement 

Before fiber measurement, the macerated 

samples inside the test tubes were shaken to ensure the 

separation of different structural elements. Twenty-

five undamaged fibers were observed per replicate 

under the Euromex compound microscope and 

measured using ImageJ Software (ImageJ 1.45). The 

length, diameter, and lumen diameter of each fiber 

were measured according to the International 

Association of Wood Anatomists (IAWA) standard 

(Wheeler et al., 1989), while the cell wall thickness 

was determined based on the difference between the 

fiber diameter and lumen diameter. Also, cell wall 

fraction (1) was calculated using the equation used by 

Eloy et al. (2024). 

Cell wall fraction =
2 x Cell wall thickness

Fiber diameter
 x 100   (1) 

2.2.3 Derived values 

Based on the fiber morphology data, the derived 

values such as Runkel ratio (2), slenderness ratio (3), 

flexibility ratio (4), Mulhsteph ratio (5), and rigidity 

coefficient (6) were computed using the equation used 

by Hartono et al. (2022). While the luce’s shape factor 

(7) was determined using the equation followed by

Takeuchi et al. 2016. The assessment for the potential

of A. scholaris, B. luzonica, F. variegata, and F.

callosa as raw materials for pulp and paper production

was conducted using the Indonesian Timber

Assessment Criteria as Raw Materials for Pulp and

Paper (Hartono et al., 2022).

Runkel ratio =
2 x Cell wall thickness

Lumen diameter
 (2) 

Slenderness ratio =
Fiber length

Fiber diameter
  (3) 

Flexibility ratio =
Lumen diameter

Fiber diameter
× 100  (4) 

Mulhsteph ratio (%) =
Fiber diameter2−Lumen diameter2

Fiber diameter2
× 100  (5) 

Rigidity coefficient =
Cell wall thickness

Fiber diameter
  (6) 

Luce′s shape factor =
Fiber diameter2−Lumen diameter2

Fiber diameter2+Lumen diameter2 
  (7) 

2.3 Statistical analysis 

One-way analysis of variance (ANOVA) was 

used to compare the wood fiber morphology and 

derived values of the species. Also, Tukey’s honest 

significant difference was used to determine the 

significant differences among the mean values of the 

data. The statistical analyses were carried out using 

Jamovi version 2.3 (Jamovi Project, 2022). 

3. RESULTS AND DISCUSSION

3.1 Fiber morphology

The fiber morphology of A. scholaris, B. 

luzonica, F. variegata, and F. callosa wood species 

such as fiber length, fiber diameter, lumen diameter, 

and cell wall thickness, were presented in Table 1. 

Likewise, the Tukey’s honest significant difference 

result on the fiber morphology of these four species 

was shown in Figure 2. 

Table 1. Fiber morphology of A. scholaris, B. luzonica, F. variegata, and F. callosa wood species 

Property Wood species Significant level of 

difference (p-value) A. scholaris B. luzonica F. variegata F. callosa

Fiber length (mm) 1.79 1.44 2.73 1.82 0.010* 

Fiber diameter (µm) 49.50 35.83 52.13 52.83 0.005* 

Lumen diameter (µm) 38.73 26.33 33.07 37.40 0.034* 

Cell wall thickness (µm) 5.40 4.73 9.57 7.70 <0.001* 

Cell wall fraction (%) 21.82 26.40 36.72 29.15 0.088ns 

*significant at 0.05 significant level; ns=not significant
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Figure 2. Tukey’s honest significant difference result on the fiber morphology of A. scholaris, B. luzonica, F. variegata, and F. callosa 

wood species (In each property, means with common letters (a, b, c, d) are not significant) 

3.1.1 Fiber length (mm) 

The result of the study showed that F. variegata 

records the longest fiber (2.73 mm), followed by           

F. callosa (1.82 mm), A. scholaris (1.79 mm) and          

B. luzonica (1.44 mm). Analysis showed that the fiber

length of these four wood species was significantly

different with a p-value of 0.010. Moreover,                   

F. variegata exhibited 41.79% and 61.75%

significantly higher than A. scholaris and B. luzonica

species, respectively. While compared to F. callosa,

F. variegata showed a 40.09% difference, but not

significant. On the other hand, the average fiber length

results were relatively shorter than the fiber of

softwoods (3.50 mm) (Sharma et al., 2011), but longer

compared to Eucalyptus tereticornis (0.72 mm),            

E. grandis (0.92 mm) (Sharma et al., 2011), Ficus

carica subsp. Carica (0.95 mm) (Yaman, 2014),

Plumwood (0.98 mm) (Kiaei et al., 2014), hardwoods

(1.00 mm) (Anupam et al., 2016), 3-, 5-, and 7-year-

old Falcata trees (1.16, 1.14, and 1.17 mm,

respectively) (Alipon et al., 2021), Ganophyllum

falcatum (1.20 mm) (Villareal et al., 2022b), Aquilaria

cumingiana (0.98 mm) (Villareal et al., 2022a), and

Melia azedarach (0.57 mm) (Megra et al., 2022).

Based on Salehi’s (2001) characterization, fiber 

of F. variegata falls under 3rd group with > 1.90 mm 

fibers, while fibers of F. callosa, A. scholaris, and       

B. luzonica fall under the 2nd group, characterized to

have an average fiber length ranging from 0.90 to 

1.90 mm. Moreover, Madsen et al. (2013) reported 

that fibers ranging from 1 to 5 mm are commonly used 

for making composite materials with in-plane 

isotropic properties, i.e., composite materials with a 

non-specific orientation. According to Suansa and Al-

Mefarrej (2020), fibers with an average length greater 

than 0.4 mm are deemed suitable as raw materials for 

papermaking. Generally, long fibers with thin cell 

walls were much preferable for pulp and paper 

manufacturing since the longer the fiber, the higher the 

tearing tensile, and bursting strength, and folding 

endurance of the paper (Sharma et al., 2011). Thus, the 

four underutilized wood species examined in this 

present study may be used for pulp and paper 

production and other composite materials. Among the 

four species, F. variegata might exhibit higher 

bursting strength, tensile strength, tearing strength, 

and folding endurance given the longer fiber length it 

showed. 

3.1.2 Fiber and lumen diameter (µm) 

The result of the study showed that F. callosa 

fibers having a diameter of 52.83 µm had recorded the 

largest value, followed by F. variegata, A. scholaris, 

and B. luzonica with 52.13, 49.50, 35.83 (µm), 

respectively. Significant difference was shown on the 

fiber diameter of these four species with a p-value of 
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0.005. It was also observed that F. callosa fibers differ 

significantly to B. luzonica fibers with 38.35% 

difference. As compared to other wood species like 

E. tereticornis (15.00 µm), E. grandis (19.00 µm)

(Sharma et al., 2011), F. carica (21.40 µm) (Yaman,

2014), hardwoods (25.00 µm), Plumwood (13.77 µm)

(Kiaei et al., 2014), Gmelina arborea (27.00 µm)

(Prabawa, 2017), G. falcatum (23.00 µm) (Villareal et

al., 2022b), A. cumingiana (32.00 µm) (Villareal et al.,

2022a), and M. azedarach (13.45 µm) (Megra et al.,

2022), the fibers of four wood species in this present

study were relatively larger. While B. luzonica fiber

seem to be comparable to softwood (35.00 µm) (Kiaei

et al., 2014) and 3-, 5-, and 7-year-old Falcata trees

(35.40, 37.40, and 38.00 µm, respectively) (Alipon et

al., 2021), but relatively lower than the rest of the

wood species of this present study.

In terms of lumen diameter, the present study 

showed that A. scholaris fiber (38.73 µm) was 

relatively larger than F. callosa (37.40 µm),     

F. variegata (33.07 µm), and B. luzonica (26.33 µm)

fibers. Significant differences in lumen diameter

across species were observed with a p-value of 0.034.

A significant difference was only seen between            

A. scholaris and B. luzonica fibers with 38.12%

difference. In view of wood drying, A. scholaris wood

may dry faster as it has larger lumen diameter where

the removal of water from wood is facilitated (Eloy et

al., 2024). Eloy et al. (2024) also reported that lumen

diameter together with fiber diameter showed a direct

effect in the drying of wood, a directly proportional

relationship with moisture content, and an inversely

proportional relationship with basic density as well as

the values of mechanical properties. Moreover, the

average lumen diameter results of these four wood

species were relatively larger than those of                

E. tereticornis (5.12 µm), E. grandis (6.67 µm)

(Sharma et al., 2011), F. carica (12.50 µm) (Yaman,

2014), Plumwood (5.60 µm) (Kiaei et al., 2014), G.

arborea (21.00 µm) (Prabawa, 2017), G. falcatum

(9.36 µm) (Villareal et al., 2022b), A. cumingiana

(23.40 µm) (Villareal et al., 2022a), and M. azedarach

(13.03 µm) (Megra et al., 2022). As compared to 3- ,

5-, and 7-year-old Falcata trees (28.90, 30.90, and

31.70 µm, respectively) (Alipon et al., 2021),

B. luzonica fibers was relatively thinner while the rest

of the wood species of this present study were

moderately larger.  Technically, lumen diameter

influences the beating process in pulp and paper

production because liquid penetrates the fibers’ empty

spaces (Kiaei et al., 2014). According to Moya Roque

and Tomazello-Filho (2007), lumen diameter can be 

affected by the physiological growth of wood as the 

tree ages and expands in girth. It was also pointed out 

by Anupam et al. (2016) that fiber lumen varies for 

different species. The results of the present study 

suggest that the four tree species exhibited favorable 

beating processes that would greatly affect the quality 

of pulp and paper products.  

3.1.3 Cell wall thickness (µm) 

The result of the study showed that F. variegata 

fibers exhibited thicker cell wall with 9.57 µm, 

followed by F. callosa (7.70 µm), A. scholaris 

(5.40 µm), and B. luzonica (4.73 µm). Significant 

difference was observed across species with a p-value 

of <0.001. Among these four species, F. variegata cell 

wall differs significantly with A. scholaris and B. 

luzonica cell walls with 55.71% and 67.69% 

differences, respectively.  

The average cell wall thickness results of these 

four underutilized wood species were relatively 

thicker than G. arborea (3.00 µm) (Prabawa, 2017), 

3-, 5-, and 7-year-old Falcata trees (3.30, 3.20, and 

3.10 µm, respectively) (Alipon et al., 2021), and 

M. azedarach (2.52 µm) (Megra et al., 2022). As

compared to E. tereticornis (4.74 µm) (Sharma et al.,

2011), Plumwood (4.08 µm) (Kiaei et al., 2014),

F. carica (4.50 µm) (Yaman, 2014), and A. cumingiana

(4.36 µm) (Villareal et al., 2022a), the cell wall

thickness of A. scholaris and B. luzonica were

relatively comparable. While F. variegata and

F. callosa appears thicker than the others like

E. grandis (6.27 µm) (Sharma et al., 2011), and

G. falcatum (6.26 µm) (Villareal et al., 2022b).

Basically, cell wall thickness increases towards

maturity and usually governs fiber flexibility. With a

thicker cell wall, it is expected to produce a bulky and

course surfaced with large amount of void volume

paper (Sharma et al., 2011). Based on the present

result, paper made from F. variegata and F. callosa

fibers will be more rigid but less dense compared to

A. scholaris and B. luzonica fibers, which likely

produce denser and well-formed paper.

3.1.4 Cell wall fraction (%) 

The result of the study showed that F. variegata 

obtained the highest cell wall fraction with 36.72%, 

followed by F. callosa (29.15%), B. luzonica 

(26.40%), and A. scholaris (21.82%). Moreover, 

F. variegata has 22.98% difference to F. callosa,

32.70% to B. luzonica, and 50.90% difference to
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A. scholaris. However, analysis showed no significant

difference. The results of the present study showed

relatively lower than the findings of Eloy et al. (2024)

on Peltophorum dubium (64.00%), Parapiptadenia

rigida (57.80%), and Eucalyptus grandis×Eucalyptus

urophylla (55.20%), while relatively higher than

Schizolobium parahyba (21.60%). Basically,

materials with higher cell wall fraction values would

exhibit slower flow of water resulting to a reduced

drying speed associated with a smaller proportion of

cell lumens that retain less moisture when saturated

(Eloy et al., 2024). A cell wall fraction less than 40%

indicates to be a good pulpwood material. It also

considered as an index for bending resistance which is

related to flexibility of fiber (Takeuchi et al., 2016).

The cell wall fraction exhibits a direct correlation with

the basic density of wood, while inversely correlated

with wood moisture (Lima et al., 2014; Eloy et al.,

2024). Moreover, a higher CWF increases the basic

density of the wood, and improves its mechanical

properties, making the wood more resistant (Sette

Junior et al., 2012; Tanabe et al., 2016). Based on the

present result, F. variegata wood may display a slower

drying rate, while A. scholaris may have the shortest 

rate of drying. The results also suggest the suitability 

of the wood species for pulpwood material. 

3.2 Derived values 

The derived values of A. scholaris, B. luzonica, 

F. variegata, and F. callosa wood species, such as the

Runkel ratio, slenderness ratio, flexibility ratio,

Mulhsteph ratio, rigidity coefficient, and luce’s shape

factor were presented in Table 2. While Figure 3

showed the Tukey’s honest significant difference

result on the derived values of these four species.

3.2.1 Runkel ratio 

The results of the study showed that the highest 

Runkel ratio was recorded by F. variegata with 0.74, 

while A. scholaris recorded the lowest value with 0.30. 

Analysis of variance revealed that there is a significant 

difference in the Runkel ratio among the four 

underutilized wood species. Particularly, F. variegata 

fibers were significantly higher than A. scholaris and 

B. luzonica fibers having 84.94% and 64.04%

differences. While F. callosa fibers were 41.77%

lower than F. variegata, but not significant.

Table 2. Derived values of A. scholaris, B. luzonica, F. variegata, and F. callosa wood species 

*significant at 0.05 significant level; ns=not significant

Figure 3. Tukey’s honest significant difference result on the derived values of A. scholaris, B. luzonica, F. variegata, and F. callosa wood 

species (In each property, means with common letters (a, b, c, d) are not significant) 
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Property Wood species Significant level of 

difference (p-value) A. scholaris B. luzonica F. variegata F. callosa

Runkel ratio 0.30 0.38 0.74 0.48 0.014* 

Slenderness ratio 37.13 42.04 60.48 35.87 0.129ns 

Flexibility ratio (%) 77.74 73.02 65.35 71.09 0.018* 

Mulhsteph ratio (%) 39.08 46.28 53.63 47.15 0.027* 

Rigidity coefficient 0.11 0.14 0.17 0.14 0.018* 

Luce’s shape factor 0.24 0.30 0.43 0.33 0.008* 
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Figure 3. Tukey’s honest significant difference result on the derived values of A. scholaris, B. luzonica, F. variegata, and F. callosa wood 

species (In each property, means with common letters (a, b, c, d) are not significant) (cont.) 

The present result was relatively lower than the 

Runkel ratio of G. falcatum (1.62) (Villareal et al., 

2022b), but higher to 3-, 5- and 7-year-old Falcata trees 

(0.24, 0.22, and 0.26, respectively) (Alipon et al., 2021). 

Compared to A. cumingiana (0.39) (Villareal et al., 

2022a), and M. azedarach (0.39) (Megra et al., 2022), 

the Runkel ratio result of B. luzonica was relatively 

comparable, while lower than F. variegata and           

F. callosa results. Accordingly, a Runkel ratio below

1.0 tends to indicate thin-walled fibers with good

mechanical strength properties and are considered as

the standard values that are relatively favorable in the

viewpoint of papermaking (Sharma et al., 2011; Kiaei

et al., 2014). Thus, the Runkel ratio results suggested

that the four wood species are likely suitable for pulp

and paper making and other materials were strength and

durability are not critical requirements.

3.2.2 Slenderness ratio 

F. variegata recorded the highest slenderness

value with 60.48, while F. callosa got the lowest value 

of 35.87. Moreover, F. variegata fibers showed 

35.96%, 47.86%, and 51.08% differences of 

slenderness results for B. luzonica, A. scholaris, and 

F. callosa fibers. However, no significant difference

was observed signifying a comparable value of the

slenderness ratio of the four wood species.

The slenderness ratio results of the study were 

relatively higher than those of 3-, 5-, and 7-year-old 

falcata trees (34.33, 31.98, and 31.90, respectively) 

(Alipon et al., 2021), and A. cumingiana (30.95) 

(Villareal et al., 2022a), while lower compared to 

Plumwood (73.28) (Kiaei et al., 2014). Except for 

F. variegata, the previous slenderness results of

M. azedarach (42.47) (Megra et al., 2022) and

G. falcatum (56.71) (Villareal et al., 2022b) exhibited

higher values. The present slenderness results were

within the permissible range value of 33 or above

(Kiaei et al., 2014). This further suggests the

suitability of materials to pulp and paper making.

3.2.3 Flexibility ratio (%) 

The results of the study showed that A. scholaris 

fibers have the highest flexibility ratio having 77.74%, 
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while F. variegata fibers got the lowest value with 

65.35%. A significant difference was observed across 

species. A. scholaris, with the highest flexibility ratio 

varied significantly with F. variegata showing 17.32% 

difference. The present results of the study were 

relatively higher than those of Plumwood (41.38%) 

(Kiaei et al., 2014) and G. falcatum (42.09%) 

(Villareal et al., 2022b), while lower compared to 3-, 

5-, and 7-year-old Falcata trees (81.99, 82.78, and 

82.84%, respectively) (Alipon et al., 2021), and     

M. azedarach (96.90%) (Megra et al., 2022). In

comparison with A. cumingiana (72.31%) (Villareal et

al., 2022a), the flexibility results of A. scholaris and

B. luzonica found higher, while F. variegata and          

F. callosa results found lower.

In relation to flexibility classifications devised 

by Bektas et al. (1999), A. scholaris fibers were 

considered highly elastic fiber (greater than 75%) 

while the other three wood species were characterized 

as elastic fibers (ranging from 50-70%). This indicates 

efficiency and appropriateness for paper manufacture 

since the flexibility expresses the fibers’ ability to 

collapse during beating or drying of the paper web 

providing more bonding area (Zobel and Van 

Buijtenen, 1989). Thus, the flexibility ratio results, 

especially fibers of A. scholaris will likely display 

higher tensile strength and further suggest the 

suitability of materials for pulp and paper making. 

Hartono et al. (2022) stated that with a higher 

flexibility ratio, it is expected to display higher tensile 

strength. 

3.2.4 Mulhsteph ratio (%) 

The result of the study revealed that the highest 

Mulhsteph ratio was obtained by F. variegata 

(53.63%) while the lowest was recorded by               

A. scholaris (39.08%). A significant difference was

observed across species. F. variegata was 31.38%

significantly higher than A. scholaris, while 12.85%

and 14.71% differences were observed towards       

F. callosa and B. luzonica, respectively. Regardless of

wood species, the Mulhsteph ratios result fall in class

II with values ranging from 30-60% based on the

classification used by Hartono et al. (2022). The

Mulhsteph ratio value affects the pulp’s density, as

well as the smoothness of paper and the plasticity

between the fibers (Hartono et al., 2022). Based on the

observed results, fibers of these four species could

produce a paper that is relatively conducive in terms

of smoothness and pliability which difficult to tear

when folded.

3.2.5 Rigidity coefficient 

F. variegata showed relatively higher rigidity

coefficient with 0.17 compared to F. callosa (0.14), 

B. luzonica (0.14), and A. scholaris (0.11). Moreover,

F. variegata showed 43.66% difference for

A. scholaris, 24.68% for B. luzonica, and 17.61% for

F. callosa, but only F. variegata and A. scholaris

differed significantly. Except for F. variegata that

falls under class III (>0.15 values), the present rigidity

coefficient results fall under class II ranges from 0.10-

0.15 based on the classification used by Hartono et al.

(2022). Fibers with a low value of rigidity coefficient

signify a substantial value wherein the fiber will be

more flexible, and the paper produced will not easily

be torn when given a tensile load (Hartono et al.,

2022). With the present results, papers from the fibers

of four wood species have considerable rigidity and

stiffness, especially papers made from A. scholaris

which recorded the lowest value; hence, it will not be

easily torn-apart when given a tensile load.

3.2.6 Luce’s shape factor 

The result showed that the luce’s shape factor of 

F. variegata (0.43) was relatively higher than

F. callosa (0.33), B. luzonica (0.30), and A. scholaris

(0.24). Analysis of variance revealed a significant

difference in the luce’s shape factor across species.

Specifically, F. variegata was significantly higher

than B. luzonica and A. scholaris with 35.62% and

56.72% difference, respectively. The present results

were comparable with the two Eucalyptus species

examined by Ona et al. (2001): E. camaldulensis

(0.34) and E. globulus (0.32). Luce’s shape factor was

considered as an index for the beating resistance of the

pulp, where a lower value indicates a less resistance to

beating (Takeuchi et al., 2016). It is also a significant

fiber index which related to paper sheet density and a

value of less than 0.5 luce’s shape factor would

signifies favorable value associated with good strength

for pulp and paper making (NagarajaGanesh et al.,

2023). Thus, the result of luce’s shape factor further

confirms the potential of A. scholaris, B. luzonica,

F. variegata, and F. callosa fibers for paper

production.

Results suggested that the four underutilized 

native wood species are good not only for pulp and 

paper production, but also potential for light 

construction wherein strength and durability are not 

critically important including wooden toys and shoes, 

pencil slats, matchsticks, toothpicks, ice cream 

spoons, popsicle sticks, boxes, shelves, molding, sash, 
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door, veneer and plywood, buoys, and floats, etc. 

Further, the diverse factors like genetic control, 

locations/habitats, stand density, elevation, age and 

diameter classes, height level and wood types, etc. 

(Alipon et al., 2021; Adimahavira et al., 2023), would 

likely be the contributors to the significant differences 

observed in the results. 

4. CONCLUSION

The present study underscored the fiber 

morphology (fiber length, fiber diameter, lumen 

diameter, cell wall thickness, and cell wall fraction) 

and derived values (Runkel ratio, slenderness ratio, 

flexibility ratio, Mulhsteph ratio, rigidity ratio, and 

luce’s shape factor) of the four underutilized native 

tree species thriving in the Maguindanao province, 

Philippines. The result revealed that F. variegata 

records the longest and thickest fibers having 2.73 mm 

length and 9.57 µm cell wall. Likewise, F. variegata 

records the highest values in terms of cell wall 

fraction, Runkel ratio, slenderness ratio, Mulhsteph 

ratio, rigidity coefficient, and luce’s shape factor 

having 36.72%, 0.74, 60.48, 53.63%, 0.17, and 0.43, 

respectively. As to fiber diameter, F. callosa (52.83 

µm) was the largest, while A. scholaris recorded the 

largest lumen diameter (38.73 µm) and the highest 

flexibility ratio (77.74%). Moreover, except for the 

slenderness ratio, the result showed significant 

differences on the fiber morphology and their derived 

values. Results suggested that the four underutilized 

native wood species are good not only for pulp and 

paper production, but also potential for light 

construction wherein strength and durability are not 

critically important including, wooden toys and shoes, 

pencil slats, matchsticks, toothpicks, ice cream 

spoons, popsicle sticks, boxes, shelves, molding, 

veneer and plywood, buoys, and floats, etc. 
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