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ABSTRACT 
 

This study evaluates the characteristics of superior clones of Eucalyptus 
pellita and Acacia hybrid (Acacia mangium × A. auriculiformis) aged six years selected from 
a breeding program in Indonesia as materials for pulp and papermaking. Height, diameter, and 
wood density differed significantly between species and among the clones, with respective mean 
values 21.6 m, 12.57 cm, and 657 kg.m-3 for E. pellita and 19.5 m, 24.83 cm, and 567 kg.m-3 for 
Acacia hybrid. Most fiber morphologies were significantly different between species. Cellulose 
and lignin differed significantly only among Acacia hybrid clones. The mean value of screened 
pulp yield Acacia hybrid (52.50%) was higher than that of E. pellita (50.31%). Kappa number 
and brightness were significantly different between species and among E. pellita clones. Some 
correlations of growth and wood properties showed a better relationship to pulp properties. 
Handsheet properties varied between species, and some clones showed an outstanding one. 

 
KEYWORDS: Acacia, Eucalyptus, tree breeding, wood properties, pulp yield, handsheet 
properties. 
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INTRODUCTION 
 

The pulp and paper industry dominates Indonesia's forest industries. Acacia mangium was 
the most recognised species for planting in dry-land to supply raw materials for these industries 
(Harwood and Nambiar 2013, Arisman and Hardiyanto 2006, Turnbull et al. 1997, 
Pinyopusarerk et al. 1993). After the second rotations of the plantations, however, severe 
problems occurred, particularly in the face of serious threats to A. mangium posed by two 
devastating diseases of Ganoderma and Ceratocystis (Brawner et al. 2015, Harwood and 
Nambiar 2014, Harwood et al. 2015, Tarigan et al. 2011). To maintain the plantation's high 
productivity, it is critical to look into other potential species. 

Eucalyptus pellita is currently replacing A. mangium as the best alternative species as it has 
been identified as a species with good adaptation and productivity on mineral soils suitable for 
the plantation areas in Indonesia (Nambiar et al. 2018, Inail et al. 2019). Another promising 
species is Acacia hybrid, an inter-specific crossing between A. mangium and A. auriculiformis, 
that has been reported to have high yields in Vietnam (Le and Ha 2017) and Malaysia (Ibrahim 
and Awang 1991). Some studies had suggested E. pellita and Acacia hybrid as potential species 
tolerant to the current major diseases affecting the A. mangium plantations (Guimaraes et al. 
2010, Trang et al. 2017, Nasution et al. 2019). 

For the past two decades, a breeding program to improve the productivity of E. pellita in 
Indonesia has been carried out, mostly through the establishment of first-generation progeny 
trials (Kurinobu and Rimbawanto 2002). The improved seed from such breeding has been proven 
as having a stand volume improvement of 17% to 38% over the unimproved seed (Handayani et 
al. 2020). Some plus trees were selected based on the improved growth and vegetative 
propagated for further clonal testing using the genetic base available in the first-generation 
breeding population. Some superior clones have been reported to have a greater stand volume 
productivity of more than 96% over a control stand established using improved seed from 
first-generation breeding (Kartikaningtyas et al. 2020). 

Following the success of developing Acacia hybrid in Vietnam (Le and Ha 2017), 
Acacia hybrids breeding program was undertaken in Indonesia (Sunarti et al. 2013). 
A controlled crossing between A. mangium and A. auriculiformis was used to initiate 
the breeding process. Some Acacia hybrid progenies have been identified and further 
propagated for testing in a clonal trial. Some hybrid clones were later reported to have a 17% 
higher stand volume yield than the improved pure parent species of  A. mangium (Sunarti et al. 
2013). 

The  breeding program of  E. pellita and Acacia hybrid has selected some superior clones 
based on the growth, but its wood quality and  pulping properties have not been reported. This 
study aimed to evaluate the characteristics of superior clones of E. pellita and Acacia hybrid 
(A. mangium × A. auriculiformis) at 6 years of age selected from the breeding program as 
materials for pulp and papermaking. 

 
 
 



WOOD RESEARCH 
___________________________________________________________________________________________________ 
 

849 
 

MATERIAL AND METHODS 
 

Breeding and clone selection 
The breeding program of E. pellita was started in 1994  by establishing first-generation 

progeny trials in several sites in Indonesia, such as Sumatra, Kalimantan, and Java (Kurinobu and 
Rimbawanto 2002). The genetic base for the progeny trial was explored from wide ranges of 
natural distribution in Papua New Guinea and Australia with 115 individual seedlots. 
In the progeny trials, a series of genetic selections involving within and between family selections 
were practised to convert into seedling seed orchards for genetically improved seed production. 
Nine top-ranking plus-trees in the orchard were selected based on their improved growth and 
clonally propagated for testing in a clonal trial in Central Java (Tab. 1). The clonal trial was 
established under two series of plot configurations: single tree-plot and squared tree-plot. It was 
reported that three out of the nine clones, namely Ep006, Ep007, and Ep014 were considered as 
consistent superior clones based on improved growth up to around 4 years of age after planting 
(Kartikaningtyas et al. 2020).  

In the case of Acacia hybrid, co-improvement methods had become a basic strategy 
for Acacia hybrid breeding program. The improved hybrid progenies would be expected from 
a combined improvement of two parent species. A hybrid breeding garden consisting 
of A. mangium and A.auriculiformis  had been established using selected trees based on 
improved growth and wood properties (Sunarti et al. 2013). Clonal development is the main 
target for deploying the superior Acacia hybrid into an operational plantation, and clonal testing 
is a pre-requisite for high vigorous hybrid progenies. Forty four Acacia hybrid clones derived 
from nine controlled-crosses combinations were tested in the clonal trial established adjacent to 
the clonal trial of E. pellita in Central Java (Tab. 1). The trial was laid out in randomised 
complete block design with a single tree-plot, 20 replications, and spacing of 3 × 3 m. After three 
years of age, it was reported that two out of the 44 clones, namely Ah025 and Ah044 were 
considered as consistent superior hybrid clones on improved growth with the stem volume 
productivity ranging 14% to 17% over the improved pure parent species of A. mangium (Sunarti 
et al. 2013). 

 
Tab. 1: Site description of the clonal trial of E. pellita and Acacia hybrid (Acacia mangium × 
A. auriculiformis) in Central Java (Sunarti et al. 2013). 

 Site conditions 
Latitude (South) 7°32′ - 8°15′ 
Longitude (East) 110°41′ - 111°18′ 
Altitude (m a.s.l) 141 
Climate (Schmidt & Ferguson) C 
Average of annual rainfall (mm) 1,878 
Min-max temperature (°C) 22.0-33.6 
Soil type Vertisol 
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Sample trees, growth and wood properties assessment 
For examining growth, wood, and pulp properties, sample trees were obtained from five 

superior clones selected on the improved growth in the clonal trials 
of E. pellita and Acacia hybrid described above: three clones from the E. pellita and two clones 
from the Acacia hybrid. Three trees at 6 years age from each of the five superior clones were 
used as wood samples. Before felling, diameter at breast height (DBH) was measured for each 
sample tree. After felling, total tree height was measured, followed by cutting off three stem discs 
from DBH upward at three cm intervals for wood properties assessment: wood density, fiber 
morphologies, and wood chemical contents. The wood properties analysis was conducted in the 
wood anatomy laboratory of Forest Products Research and Development Center, Bogor.  

The wood density was determined as the oven dry matter weight (kg) per unit volume of 
green wood (m3). For fiber morphologies, the fiber was macerated based on Franklin method as 
mentioned by Tesoro (1989) by sizing wood in 1 mm by 1 mm dimension with the length of 1 – 2 
cm. Then, wood small sticks were soaked in acetic acid and hydrogen peroxide in ratio of 1:1. 
The mixture and wood samples were then slowly heated at 40 - 60ºC in a boiling water until it 
becomes pale and fibers are easily separated. The samples were then washed in aquadest for 
acid-free samples. The fibers were then embedded in the object-glass using transparent glue prior 
to fiber dimension measurement under the conventional microscope. For chemical contents, the 
cellulose was determined based on Norman and Jenkins Methods (1933), while the lignin was 
determined following the SNI 8429 (2017) Acid-insoluble lignin in wood and pulp.  
 
Wood chipping and kraft pulping  

The kraft pulping process was conducted in the pulping and bleaching laboratory 
of the Centre for Pulp and Paper, Bandung. Wood chips were prepared using the whole  stem log 
taken from the base to the 5 cm top diameter which was cut into a specimen with 2 cm width, 
2 cm length, and 2 mm thick. The wood chips from each sample tree were mixed to obtain each 
1 kg of oven-dry weight chips for further kraft pulp processing. Pulping was done by the process 
of kraft and pulp bleaching using the elemental chlorine-free (ECF). Kraft pulping was done 
under conditions as shown in Tab. 2. Wood chips were cooked in rotary digesters with controlled 
hot air. The pulp is then washed thoroughly to remove black liquor from the pulp. The pulp 
obtained was then characterised by the screened pulp yield, screened reject, and total pulp yield. 
The kappa number was determined following SNI ISO 302 (2014). 
 
Tab. 2: Kraft pulping conditions. 

Parameter Conditions 
Temperature (°C) 165 
Ratio 1 : 4 
Active alkali as Na2O (%) 18 
Sulphidity (%) 25 
Time (hours) 1 + 1.5 

 
The unbleached pulps were further bleached by the ECF process with D0EpD1D2 bleaching 

sequences (D0- early chlorine dioxide; Ep- extraction with peroxide; D1- first chlorine dioxide; 
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D2- second chlorine dioxide). Details of pulp bleaching conditions are shown in Tab. 3. After the 
bleaching process, the pulp was washed until neutral and pressed to remove the water. 
Furthermore, the bleached pulp was characterized by bleached pulp yield. The bleaching 
performance was then evaluated by measuring the degree of brightness following SNI ISO 
2470-1 (2016). 

 
Tab. 3: Bleaching conditions. 

Parameter 
Stages 

D0 Ep D1 D2 
Consistency (%) 10 10 10 10 
NaOH (%) - 1 - - 
ClO2  (%) 0.22 × KN* - 1 0.5 
Time (min) 120 60 180 180 
Temperature (C) 90 70 75 75 
Peroxide (%) - 1 - - 
*KN - kappa number. 

 
Handsheet properties 

Physical properties testing was carried out on a pulp handsheet in a PFI mill. Variations in 
milling degrees were determined based on the variation of grinding time measured using CSF 
(Canadian standard freeness tester) based on ISO 5267-2 (2001). The handsheet was further 
tested for its physical properties involving the freeness, bursting index, tearing index, and tensile 
index which were determined following ISO 5267-2 (2001), SNI ISO 2758 (2011), SNI ISO 
1974 (2016) and SNI ISO 1924-2 (2010), respectively.    
 
Observed parameter and data analysis 

The experimental parameters for data analysis covered the growth: height and DBH, 
the wood physical: wood density, the wood chemical: cellulose and lignin, and the fiber 
morphologies: fiber length, fiber diameter, lumen diameter, wall thickness. While for the pulp and 
handsheet properties were kraft pulp yields, kappa number, brightness, freeness, bursting index, 
tearing index, and tensile index. Statistical analysis was made through analysis variance 
(ANOVA) of each parameter using all sample trees data to assess the differences between 
species and the differences between clones within each species. The ANOVA was calculated 
using SPSS software. Pearson’s correlation coefficients were used to determine the significance 
of relationships among the observed parameters. 

 
RESULTS AND DISCUSSION 

 
Growth and wood density 

All trees from the two species used in this study were selected from the same age and had 
experienced the same site conditions because they were planted on adjacent trials. Tree height 
and DBH were significantly different (p < 0.01) between E. pellita and Acacia hybrid (Tab. 4). 
Similarly, the clones within each species differed significantly, with the exception  of Acacia 
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hybrid tree height. The two species differed in their superiority on the two observed growth traits 
at six years of age. The E. pellita performed better in tree height with mean value of 21.6 m. 
The Acacia hybrid, on the other hand performed better on DBH with mean value of 24.83 cm 
(Tab. 4).  

 
Tab 4: Growth, wood density and fiber morphologies of clones from E. pellita and Acacia 
hybrid (Acacia mangium × A. auriculiformis). 

Species Clone Growth Wood 
density 

Fiber morphologies 
H DBH FL FD LD WT 

(m) (cm) kg.m-3 (mm) (µm) (µm) (µm) 
E. pellita Ep006 20.2b 11.37b 632b 1.086a 21.973a 12.692a 4.666a 

Ep007  21.3ab 12.83ab 643ab 1.142a 21.962a 12.263a 4.767a 
Ep014  23.4a 13.50a 695a 1.161a 22.360a 12.698a 4.810a 
Mean 21.6 12.57 657 1.130 22.100 12.549 4.749 

Acacia hybrid Ah25 18.9a 19.67b 531b 1.426a 21.870a 12.286a 4.835a 
Ah44 20.1a 30.00a 599a 1.410a 19.290b 10.970a 4.160b 
Mean 19.5 24.83 567 1.418 20.580 11.630 4.495 

Significance of species  p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.01 p< 0.05 n.s 
H - height; DBH - diameter at breast height; FL - fiber length; FD - fiber diameter; LD - lumen diameter; WT -wall 
thickness; n.s. - not significantly at the level of 5%. Mean followed by the same letter within the column for each 
species indicate not significantly different at the level of 5%. 
 

Because of its strong link with other wood properties, wood density is considered one 
of the most essential parameters determining wood quality. Similar to DBH, wood density were 
significantly different between the two species or among the clones within species (Tab. 4). 
It was suggested that variation on DBH could further affect a significant difference in wood 
density. The high and positive correlation between DBH and wood density (r ≥ 0.78) supported 
this hypothesis, indicating that the clone’s DBH may be used as a good predictor of their wood 
density (Fig. 1a).  

 
a b c 
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Fig. 1: Correlations between wood density and growths, fiber morphologies, chemical contents, 
pulp properties, handsheet properties of clones from Eucalyptus pellita and Acacia hybrid 
(Acacia mangium × A. auriculiformis). 

 
For the five superior clones investigated in this study, the widely reported adverse 

correlation between diameter growth and wood density did not appear. As species- specific 
character, the wood density of E. pellita, however, was much higher than that of Acacia hybrid 
despite the fact that the DBH was smaller. 

The mean values of wood density of the clones examined in this study was 657 kg.m-3 for E. 
pellita and 567 kg.m-3 for Acacia hybrid (Tab. 4). Clone Ep014 of E. pellita had the highest 
value (695 kg.m-3), while clone Ah044 of Acacia hybrid had the highest value (599 kg.m-3), and 
these two clones also had the biggest in DBH within species. The density of E. pellita found in 
this study were higher than in  other Indonesian studies, ranging from 404.5 kg.m-3 to 558.7 
kg.m-3 from four years old sample trees (Ramadan et al. 2018) and 590 kg.m-3 to 630 kg.m-3 from 
10 years old trees (Yuniarti and Nirsatmanto 2018). But, it was comparable with 10 years old 
of E. pellita grown in Vietnam ranging from 657 kg.m-3 to 665 kg.m-3 (Hung et al. 2015). For the 
Acacia hybrid, the values were also higher than other studies that were reported ranging of 420 
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kg.m-3 to 473 kg.m-3 at 3.8-5 years age of Acacia hybrid in Vietnam (Kha et al. 2011, Viet et al. 
2020) and around 470 kg.m-3  of 6 years age in Malaysia  (Ismail and Farawahida 2007). 

The results as described in the preceding paragraphs confirmed that the breeding program 
for selecting superior clones of E. pellita and Acacia hybrid has improved the height and 
diameter growth. Selection based on growth traits has had positive impact for improving wood 
density of the clones. It appeared that clones selection as a breeding method in the two species 
was one of the practical ways to simultaneously improve growth and wood density. Furthermore, 
given the importance of wood density in affecting wood quality, the high correlation between 
DBH and wood density found in this study could be expected to be a useful tool not only for 
breeding selection but also for examining other wood properties and further end-product 
processing.    
 
Fiber morphologies  

Except for wall thickness, all observed fiber morphologies showed a significant variation 
between the two species (Tab. 4). Except for the fiber length, E. pellita fiber morphological 
values were higher than Acacia hybrid. For E. pellita, the mean values of fiber length, fiber 
diameter, lumen diameter, and wall thickness were at 1.130 mm, 22.100 µm, 12.549 µm, and 
4.749 µm, respectively, and for Acacia hybrid, 1.418 mm, 20.580 µm, 11.630 µm and 4.495 µm, 
resp. For within species, the clones showed similar values, except for fiber diameter and wall 
thickness of Acacia hybrid in which the fiber of clone Ah25 was significantly wider and thicker. 
The values of fiber morphology of E. pellita clones in this study were higher than a study 
reported by Lukmandaru et al. (2016) using materials from nine years old plus trees in the 
second-generation progeny trial in South Kalimantan, Indonesia. The previous study reported 
averages of around 1.02 mm, 13.25 µm, 6.94 µm, and 3.15 µm for fiber length, fiber diameter, 
lumen diameter, and wall thickness, respectively. Except for lumen diameter, the mean values for 
the Acacia hybrid clones in this study were also higher compared to another study for 
three Acacia species at eight years old reported by Yahya et al. (2010) that ranged from 0.877 to 
1.000 mm (fiber length), 16.76 to 19.39 µm (fiber diameter), 11.13 to 14.29 µm (lumen 
diameter), and 2.51 to 2.81 µm (wall thickness). 

Concerning the wood density, there was a correlation pattern in which the fibers diameter 
and wall thickness were a high and negative correlation (r = −0.77 to r = −0.97) with the wood 
density for the Acacia hybrid clones. Still, it was a weak-moderate and positive correlation 
(r = 0.10 to r = 0.60) for the E. pellita (Figs. 1b,c). It appeared  that differences in the proportion 
of the cell wall thickness and diameter of the fibers were related to variations in wood density 
in Acacia hybrids. Panshin and de Zeeuw (1980) stated that cell wall thickness and cell 
dimensions are major factors in the variation of wood density.  

The fiber morphologies of clones from the E. pellita and Acacia hybrid indicated 
the suitability of the wood as raw materials for pulp and papermaking. The fiber wall thickness 
and lumen diameter values (Tab. 4) derived Runkel ratio (Valkomies 1969) at low values of 
around 0.70 for all clones. The fiber length and fiber diameter derived slenderness ratio at high 
values of more than 50 for all clones.  The low Runkel and high Slenderness ratio from the clones 
of E. pellita and Acacia hybrid in this study indicated that the wood from those clones is 
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favorable as raw materials for pulp and paper. These results are comparable with a study in 
Acacia hybrid reported by Jusoh et al. (2014) that the Runkel and Slenderness ratio were at 
around 0.35 and 57, resp. According to du Plooy (1980) and Bamber (1985), a lower Runkel 
ratio (<1.00) indicates a favorable fiber strength in pulp production. In addition,  Xu et al. 
(2006), reported that a higher Slenderness ratio (>33) indicates good fiber in papermaking.  

 
Chemical contents 

Cellulose and lignin were not significantly different between species and 
among E. pellita clones, but differed significantly between Acacia hybrid clones (Tab. 5). 
Clones from the two species had 47.49% to 51.54% cellulose and 23.59% to 28.50% lignin. 
For E. pellita, the cellulose was comparable to a study reported by Lukmandaru et al. (2016), but 
the lignin  was 2% lower. In the case of Acacia hybrid, the chemical contents were higher for the 
cellulose, but slightly lower for the lignin as compared to the study reported by Yamada et al. 
(1991). 

 
Tab. 5: Wood chemical, unbleached pulp yield, Kappa number and bleached pulp yield 
of clones from E. pellita and Acacia hybrid (A. mangium × A. auriculiformis). 

Species Clone Wood chemical Unbleached pulp Bleached pulp 
Cellulose Lignin Screened Reject Total Kappa 

number 
Yield1 Yield2 Brightness 

(% ISO) (%) (%) (%) (%) (%) (%) (%) 
E. pellita Ep006 49.70a 26.98a 49.48a 0.41a 49.89a 19.67a 48.16a 97.31a 85.60b 

Ep007  51.26a 27.40a 51.81a 0.50a 52.31a 15.75c 49.25a 95.03a 87.81a 
Ep014  49.91a 28.50a 49.64a 0.69a 50.33a 16.68b 46.80a 96.20a 85.71b 
Mean 50.29 27.63 50.31 0.53 50.84 17.37 48.07 96.18 86.37 

Acacia 
hybrid 

Ah25 51.54a 23.59b 51.99a 1.05a 53.05a 18.76a 48.92a 94.18a 88.60a 
Ah44 47.49b 26.65a 52.99a 1.17a 54.16a 18.38a 49.38a 93.17a 88.83a 
Mean 49.51 25.12 52.50 1.11 53.60 18.57 49.15 93.67 88.71 

Significance of 
species 

n.s. n.s. n.s. p<0.01 p<0.01 p<0.01 n.s. n.s. p<0.01 

n.s. - not significantly at the level of 5%. 1 bleached pulp yield (%) on wood; 2 bleached pulp yield (%) on screened 
yield. Mean followed by the same letter within the column for each species indicate not significantly different at 
the level of 5%. 
 

The correlation between cellulose and  lignin was weak and positive for E. pellita (r = 0.27), 
but a high negative correlation (r = −0.79) was observed for Acacia hybrids (Fig. 2a). The 
negative correlation for Acacia hybrid was also reflected in its correlation with wood density: a 
high and negative (r = −0.84) for cellulose, but  a high and positive (r = 0.97) for lignin (Figs. 
1d,e). It was observed that the wood density could  be used as a good predictor of cellulose and 
lignin content in Acacia hybrid clones. The clones with greater wood density tend to produce 
wood with a higher lignin content and a lower cellulose content. These findings suggested that as 
the male parent, A. auriculiformis,  had a greater influence on the lignin concentration 
of  Acacia hybrid progenies. The lignin content of A. auriculiformis had been reported to be 
high (Yamada et al. 1991, Haque et al. 2019).  
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a b 

  
Fig. 2: Correlations of lignin with cellulose and reject pulp of clones from E. pellita and Acacia 
hybrid (A. mangium × A. auriculiformis).   
 
Kraft pulp properties 

Kraft pulp yields and Kappa number of the individual sample trees from the three superior 
clones E. pellita and the two superior clones Acacia hybrid are presented in Tab. 5. Unbleached 
total pulp yields were different between the two species. Although having lower wood density 
(Tab. 4) and cellulose (Tab. 5), the mean value of total pulp yield of Acacia hybrid (53.60%) was 
significantly higher than that of E. pellita (50.84%). However, the Acacia hybrid had 
a significantly higher reject pulp (1.11%) compared to E. pellita (0.53%). As a result, 
the screened pulp yield for the Acacia hybrid was not significantly different to the E. pellita, 
although it was numerically still greater. In the case of clonal variation within species, the total 
pulp yields were similar among the clones ranging from 53.05% to 54.16% for Acacia hybrid, 
and from 49.89% to 52.31% for E. pellita.    

The high and positive correlation (r = 0.68) between lignin and reject pulp (Fig. 2b) was 
suggested to be one of the main contributors in increasing reject pulp for the Acacia hybrid 
clones (Tab. 5). In addition, the yield of pulping process was not affected by the variation of 
wood density of clones. It could be observed in the Acacia hybrid that the denser wood 
contained higher lignin and lower cellulose (Tab. 5), which under given pulping conditions (Tab. 
1) tended to impact a greater difficulty in a delignification and a decrease in the selectivity of the 
pulping process. It was also confirmed on the correlation values in which the wood density was 
stronger and positively correlated with rejected pulp (r = 0.71) rather than its correlation with the 
total pulp yield (r = 0.51) (Figs. 1f,g). Aguayo et al. (2015) reported a study in E. globulus that 
a higher pulp yield was obtained from the wood sample containing lower original lignin content 
than higher lignin. In addition, they concluded that the structure of lignin in genotypes of a single 
species should be considered an important parameter on the selection and improvement of the 
species in commercial plantations for pulp production. 

The insignificant difference in screened pulp yield between the two species (Tab. 5) was also 
influenced by the level of delignification process of the pulp as identified by the kappa number. In 
the same active alkali content of 18% and sulfidity 25 %, the mean value of kappa number was 
significantly different between species: 17.37 for E. pellita and 18.57 for Acacia hybrid (Tab. 5), 
and indicated that the wood of E. pellita pulped easier than the Acacia hybrid. Interestingly, 
there was a tendency for the decreases of kappa number with the increases of wood density (Fig. 
1h). In general, the kappa number among E. pellita clones was more varied than the 
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Acacia hybrid. A significant difference (p < 0.05) was found among E. pellita clones, but not for 
the Acacia hybrid. For E. pellita, the significantly lower Kappa number for the Clone Ep007 
(15.75) produced, numerically but not significantly, greater pulp yields (> 52%), followed by the 
Clone Ep014 and Ep006. While for the Acacia hybrid, the two clones were similar on the kappa 
number and pulp yields, although numerically the mean screened and total pulp yield of the clone 
Ah044 were around 2% over the clone Ah25. The same active alkali content (18%) resulted in 
less variation in the pulp yields, even if the kappa number varied significantly, such as in E. 
pellita. It indicated that the given pulping conditions tended to cause the weak-moderate and 
negative correlation between the kappa number and the pulp yields for the clones of E. pellita (r 
= −0.43) and Acacia hybrid (r = −0.16) (Fig.3a). These results are similar to a study on the effect 
of active alkali on A. mangium and E. pellita reported by Ardina et al. (2018) that using active 
alkali content of 17% - 20% resulted in kappa number by  ≤ 18% and screened pulp yields by 
50% to 53%.  

 
a b c 

   
Fig. 3: Correlation of kappa number with total pulp yield and brightness, and between 
bleached pulp yield on wood and total pulp yield of clones from E. pellita and Acacia hybrid 
(A. mangium × A. auriculiformis).   

 
In contrast to the unbleached pulps, there was no significant difference in pulp yield after 

bleaching between the two species (Tab. 5). The mean value of bleached pulp yield (%) on wood 
was 48.07% for E. pellita, and 49.15% for the Acacia hybrid. A weak correlation (r = 0.18) 
between the bleached pulp yield (%) on wood and the unbleached total pulp yield was found 
on Acacia hybrid clones, but a high correlation (r = 0.85) was found on the E. pellita (Fig. 3b). 
It indicated that the bleaching process seemed to cause a higher shrinkage of the pulp yields on 
the Acacia hybrid clones  compared to the E. pellita. However, the bleached pulp yield (%) on 
screened yield was still considerably high in both species (> 93%). It indicated that the cellulose 
degradation during the bleaching process was relatively small for the two species.  

The bleaching process resulted in a significantly higher brightness on the Acacia hybrid 
(88.71% ISO) as compared to the E. pellita (86.37% ISO) (Tab. 5). The brightness was found to 
vary among the E. pellita clones more than the Acacia hybrid clones. A significant difference in 
the kappa number among the clones of E. pellita had influenced the brightness variation. 
As shown in Fig. 3c, the significantly different brightness among E. pellita clones showed a high 
and negative correlation with the kappa number (r = −0.66), which indicated that a lower kappa 
number produced a higher brightness. Although most of the wood quality was not a statistically 
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significant difference among the clones of E. pellita  (Tabs. 4 and 5), the varies in brightness 
stability might indicate that the impact of wood quality variation among and within clones are still 
significant (Oliveira et al. 2016). 

 
Freeness and handsheet properties 

A significant difference between species was found on the freeness and two out of the three 
observed handsheet properties: bursting and tensile index (Tab. 6). While among the clones 
the significant difference was found only on the tensile index in E. pellita. The values of freeness, 
bursting, tearing, and tensile indexes of Acacia hybrid were ≥ 507 mL CSF, ≥ 4.403 kPa.m2.g-1, ≥ 
9.520 mN.m2.g-1, and ≥ 70.05 Nm.g-1, resp. While E. pellita were ≥ 563 mL CSF, ≥ 2.997 
kPa.m2.g-1, ≥ 8.620 mN.m2.g-1, and ≥ 53.93 Nm.g-1, resp. Except for freeness, the higher minimum 
values indicated that in general the clones of Acacia hybrid showed better handsheet properties 
than E. pellita. The tendency of better handsheet properties of the Acacia as compared 
to Eucalyptus species was also reported by Mohlin and Hornatowska  (2006).   

 
Tab. 6: Freeness and handsheet properties of clones from E. pellita and Acacia hybrid (Acacia 
mangium × A. auriculiformis).   

Species Clone Freeness Bursting Tearing Tensile 
(mL CSF) (kPa m2 g-1) (mN m2 g-1) (Nm g-1) 

E. pellita Ep006 573a 3.543a 9.213a 60.84a 
Ep007  573a 3.347a 9.833a 59.60ab 
Ep014  563a 2.997a 8.620a 53.93b 
Mean 570 3.296 9.222 58.12 

Acacia hybrid Ah25 507a 4.403a 9.530a 72.20a 
Ah44 540a 4.677a 9.520a 70.05a 
Mean 523 4.540 9.525 71.13 

Significance of species  p < 0.01 p < 0.01 n.s p < 0.01 
n.s. - not significantly at the level of 5%; mean followed by the same letter within column for each species indicate 
not significantly different at the level of 5%. 

 
A varied trend of correlations of the freeness and the three handsheet properties either with 

wood density or fiber morphologies was found between E. pellita and Acacia hybrid clones. 
Some of the trends were in the opposite direction. A moderate and positive correlation was 
found between freeness and wood density for the Acacia hybrid (r = 0.50), but it was a weak 
correlation for E. pellita (r = 0.32) (Fig. 1i). For the E. pellita, the three observed handsheet 
properties showed a moderate-strong and negative correlation with wood density (r = −0.45 to 
−0.76) (Figs. 1j-l). It is similar to a study in E. grandis  reported by du Plooy (1980) that wood 
density is negatively correlated to tensile, burst and tear indexes, which then indicated a good 
predictor for the handsheet properties. While for the Acacia hybrid, the correlation was  weak 
(r = −0.11 and −0.34), except for bursting that showed a moderate and positive correlation 
(r = 0.60). For practical purposes, it suggested that wood density could be a good indicator for 
the handsheet quality in E. pellita clones and the freeness in the Acacia hybrid. 

Concerning the fiber, bursting index was negatively correlated with two of the observed 
fiber morphologies in the two species. For Acacia hybrid, fiber diameter and wall thickness were 
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good indicators for bursting (r = −0.72 to −0.81), while for E. pellita it was found only on fiber 
diameter (r = −0.70) (Figs. 4a-b).  

 
a b 

  
c d 

  
e f 

  
Fig. 4: Correlations between fiber morphologies and handsheet properties of clones from 
E. pellita and Acacia hybrid (A. mangium × A. auriculiformis).   
 

The tearing index showed a different trend direction of the correlation between the two 
species. For E. pellita, tearing showed a weak correlation with fiber length (r = 0.09), but it was 
a strong and negative correlation with wall thickness (r = −0.72) (Figs. 4c,d). 
On the contrary,  Acacia hybrid’s tearing was a strong and positive correlation with fiber length 
(r = 0.83), but a weak correlation with wall thickness (r = 0.03). It indicated that although 
the absolute mean value of tearing between the species was not significantly different (Tab. 6), 
variation among the clones within species for fiber morphologies could influence the strength and 
trend of the relationship of tearing. Another study reported by du Plooy (1980) indicated 
a strong correlation between the fiber length and tearing index.  

In the case of a tensile index, the fiber length showed a better indicator as shown by the same 
moderate negative correlation with around r = −0.50 for the two species (Figs. 4e,f). It seemed 
that the influence of fiber length for the tensile index was stable, although the fiber length was 
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significantly different between the species (Tab. 4). On the contrary, the correlation between the 
tensile index and wall thickness were positive for the two species. Although a non-significant 
difference in wall thickness was found between the two species (Tab. 4), its strength of 
correlation to the tensile was different: a moderate correlation (r = 0.49) for the Acacia hybrid, 
and a low correlation (r = 0.14) for the  E. pellita. 

Comparisons of freeness, brightness, and the three observed handsheet properties between 
this study and other reported studies on common tropical Acacia species planted in Indonesia are 
presented in Tab.7.  
 
Tab. 7: Comparisons of freeness, brightness, and handsheet properties between this study and 
other common tropical Acacia species planted in Indonesia, and the threshold of the SNI 6107 
(2015). 

Parameter 

Clones  Other common species 
SNI  

6107:2015c  E. pellita 
(6 years) 

Acacia hybrid 
(6 years) 

A. crassicarpa (6 
years)a 

A. mangium  

(5 years)b  

Freeness (mL CSF) 570 523 580-600 590 ≥ 430 
Brightness (% ISO) 86.37 88.71 87.69-88.60 87.06 ≥ 85 
Bursting index (kPa m2g-1)d 3.296 4.540 4.50-4.70 5.73 ≥ 2.5 
Tearing index(mN m2 g-1)d 9.220 9.525 5.60-5.80 8.330 ≥ 5.5 
Tensile index (Nm g-1)d 58.12 71.13 57-63 85.70 ≥ 45 
a Sugesty et al. (2015), b Kardiansyah and Sugesty (2020), c The SNI, Standar Nasional Indonesia (Indonesian 
National Standard), d Measurement under freeness 300 (mL CSF). 

 
In general, the comparisons varied among the observed values. There were some 

outstanding values from E. pellita and Acacia hybrid clones used in this study compared to other 
species referred, such as on tearing index in which almost all clones showed values more than 
9.000 mN.m2.g-1. All Acacia hybrid clones could therefore be expected to be somewhat also 
higher on brightness (≥ 88.60% ISO) than that of the female parent species of A. mangium as 
well as A. crassicarpa. On the other hand, there were some lower values, particularly on bursting 
index and freeness. However, it should be noted here that the comparisons might be confounded 
mainly with differences among the sites of the sample trees grown, different ages, as well as the 
differences in the pulping process. All of the parameters from clones examined in this study 
showed a better value on the threshold of SNI 6107 (2015). 
 

CONCLUSIONS 
 

The results suggested that the superior clones of E. pellita and Acacia hybrid (A. mangium 
× A. auriculiformis) evaluated in this study showed good growth and wood properties 
characteristics, which provided a better effect on kraft pulp yield and handsheet properties. 
In general, Acacia hybrid clones showed higher pulp yields and better handsheet properties than 
E. pellita clones. Some observed wood properties from the clones showed a good relationship 
and were considered a good predictor of the quality of pulp and handsheet, such as wood density, 
lignin content, fiber diameter, and wall thickness. Some of the relationships showed an opposite 
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direction and influenced the specific characteristics between the species. All clones also showed 
a better value on the threshold of the Indonesian National Standard (SNI). Therefore, the five 
superior clones could be considered promising materials for planting to maintain supplying raw 
materials for pulp and papermaking in Indonesia. However, some further studies are still required 
to ensure the adaptability of the clones in other sites representative for plantation.  
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