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Abstract

There is no doubt that the tree density is the main property used as a wood quality index for
various end uses. The wood quality results from interaction between genotype of the trees and the
silvicultural conditions to which they were subjected. Based on these interactions, research on the factors
that add values to the woody raw materials has an influence on production of the various forest products.
The present investigation was aimed to study the effects of different plant spacing on the above-ground
biomass and some physical and chemical wood properties of Leucaena leucocephala trees. Three
planting space for L. leucocephala namely, 1x1, 1x2 and 2%3 m was used. The obtained results indicated
that the higher increment in above-ground biomass i.e. plant height, stem diameter at breast height, fresh
and dry weight of woody stem, branches and leaves as well as fresh and dry weight of biomass were
due to planting at the wider spacing, while the least values as result of the narrow spacing. Also, the
higher a- cellulose (64.30 %), holocellulose (75.09 %), the higher extractive percentage (17.98 %),
lignin (23.79%), and ash content (1.40 %) were registered with the wider spacing. Moreover, applying
1 X 1 m spacing proved to be most effective to produce the lowest value (50.0%) of moisture content,
while the highest content (56.0%) was detected with the wider space. The maximum value (0.70 g/cm?)
of specific gravity was attained with the wider distance (2x3 m), while the minimum value (0.67g/ cm?)
was attained from trees that planting at 1x1 m. Therefore, to obtain higher above-ground biomass and
wood quality characteristics from leucaena trees, the study recommends planting these trees at a distance
of 2x3 m under the study conditions.
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Introduction

Biomass is one of the most world’s natural resources, which provides with the
opportunity to use it for energy purposes, as fuels, heat, power generation, electricity and
chemical products (Jeeban and Sea, 2012). Forest biomass is related to the carbon sources and
sinks in the forest ecosystems (Zhu et al., 2020). Then, accurate estimation of the forest biomass
1s necessary basis to monitor and assess forest carbon sinks (Fang and Wang, 2001) and its
effect on the ecosystem-level carbon cycle and feedback on the climate change (Yu et al., 2022).
However, biomass is defined as the mass of living organisms in the forest. It is simply the
weights of all organisms living precisely in a specific area by putting it on a scale. Mostly, the
biomass in trees is focus on the methods for estimating biomass by measuring the above-ground
portion of trees (Condit, 1998).

Chemical analysis of wood is often used to determine the chemical composition of
wood. The chemical components of wood extremely influence the characteristics of natural
composites and opportunities for their uses. Wood is composed of cellulose, holocellulose,
lignin, and extraneous materials (Miller, 1999). The basic wood properties of Leucaena
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leucocephala will help support suitability and use of raw materials in wood composite (Nazri
et al., 2009). Wood ash is the inorganic and organic residue remaining after the combustion of
wood or unbleached wood fiber. The physical and chemical properties of wood ash vary
significantly depending on many factors. The chemical composition of wood gives an idea of
how feasible the tree is as raw material for papermaking (Haygreen and Bowyer, 1996).

The physical wood properties as moisture content of green wood vary considerably
among species. However, the moisture content of green wood is important because of its direct
relation to the weight of logs and green lumber. Therefore, it is of concern to those who design
harvesting and transport equipment, purchase wood on a weight basis, or must ship or transport
green wood. Also, specific gravity of wood is its single most important physical property. The
mechanical properties of wood are closely correlated with specific gravity and density. The
strength of wood, as well as its stiffness, increases with specific gravity. The yield of pulp per
unit volume is directly related to specific gravity. Moreover, the heat transmission of wood
increases with specific gravity as well as the heat per unit volume produced in combustion
(Haygreen and Bowyer, 1996).

Leucaena leucocephala Lam. is one of the most fast-growing multipurpose tree species
and is planted as a forage or fodder crop. It also planted to produce timber and lumber, fence
posts, fuel wood, charcoal (Brewbaker, 1997), human food after certain processing, pulp, paper
(Parrotta, 2000). Environmentally, Leucaena displayed substantial role, since it is used in sand
dune fixation and soil conservation (Ragab, 1998), in desertification control and to ameliorate
nutritive status of soil throughout its role in bio fixation of nitrogen by aid of symbiotic nitrogen
fixing bacteria in poor sites (Parrotta, 2000).

In Egypt, some industries face major challenges, such as the manufacture of paper and
medium density fiberboard (MDF) due lack of raw materials needed for these industries. L.
leucocephala tree is an ideal green manure crop; it is grown for animal feed and fodder, ground
cover, firewood, providing wood and other uses. Its fibers are harsh, coarse and shiny in
appearance but lack elasticity. It is an ideal green manure crop and they are grown for animal
feed and fodder, ground cover, providing wood, firewood and other uses in traditional
agroforestry systems. In addition, its fibers are harsh, coarse and shiny in appearance but lack
elasticity (Singh and Rani, 2014). Extracted fiber is suitable for nonwoven fabric and used for
making fish net and rope, carpets, sackcloth, sailcloth and cordages, paper pulp (Singh and
Rani, 2013).

For producing sufficient and sustainable quantities of electricity generation, plantation
managements must identify the important factors that have an impact on the growth and
productivity after harvesting trees. Plant spacing is one of the most crucial factors affecting the
growth of leucaena. (Van den Beldt, 1983). In this respect, Chotchutima et al. (2013) determined
the effect of plant spacing on the growth, biomass production and wood quality of leucaena.
They revealed that wider spacing resulted in greater plant height, stem diameter and sprout
number, while the narrowest spacing (1 % 0.25 m) produced the highest total dry weight of leaf,
woody stem and biomass yield. However, some of chemical compositions as C, O, P, K and Ca
content show significant different with the different spacing. Therefore, this study aimed to
measure above- ground biomass, physical and chemical wood properties of Leucaena
leucocephala trees grown under different plant spacing in Qena Governorate, Egypt.

Material and methods

This investigation was carried out on a private farm in Qena Governorate, Southern
Egypt (26° 9' N, 32° 42' E), for the purpose of studying the effect of plant spacing on above-
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ground biomass and some physical and chemical wood properties of the fast-growing
leguminous tree i.e. Leucaena leucocephala Lam. The soil analysis of the study area was
characterized as loamy sandy, pH 8.4, organic matter (0.40%), and electrical conductivity 0.65
mmbhos. The field experiment was assigned for each species in a completely randomized design
with three replicates. Three planting spaces 1x1, 1x2 and 2x3 m was used for L. leucocephala
trees. The field of the experimental area was manually cleared and ridged; each experimental
unit area included four ridges each of 50 cm width, and 3.5 m length. Seeds of the tree species
were obtained from healthy trees neighboring the experimental area. Fresh seeds were sown in
hills on February 10™ of 2021. Four weeks after, only one healthy seedling remained in each
hill. All cultural practices were carried out on tree seedlings, including irrigation and weeding,
up to 2- year- old.

In February 10" 2023, two years after planting, above-ground biomass and some
chemical and physical wood properties of Leucaena leucocephala trees were evaluated in the
study. Ten trees from each spacing treatment were selected and used to evaluate the different
parameters.

Above- ground biomass characteristics:

Data on the above-ground biomass parameters of the tree species under varying plant
spacing were determined i.e. stem diameter (cm), plant height (m), woody stems fresh and dry
weight (kg), fresh and dry weights of branches and leaves (kg) as well as the fresh and dry
weights of above-ground biomass (kg).

Chemical properties of wood:
Cellulose:

Cellulose content of the Leucaena wood was estimated as described by Sadasivam and
Manikam (2005). For this finely powdered pre extracted saw dust were taken after the pre
extracted saw dust, prepare Acetic/Nitric Reagent by mixing 150 ml of 80% acetic acid and 15
ml of conc. Nitric acid. Prepare fresh Anthrone reagent by dissolving 200 mg anthrone in 100
ml concentrated sulphuric acid and chill for 2 hours before use. Prepare 67% sulphuric acid by
mixing 68 ml Conc. Sulphuric acid and 32 ml distilled water. After preparing the above
solutions add 3 ml acetic/nitric reagent to a known amount (100 mg) of the sample in a test tube
and mix in a vortex mixer for 5 minutes. Place the tube in a water bath at 100 °C for 30 minutes
and then centrifuge the contents for 15-20 minutes, discard the supernatant, and wash the
residue with distilled water. Then add 10 ml of 67% Sulphuric acid and allow it to stand for 1
hour, and dilute 1 ml of the above solution to 100 ml. To 1 ml of this diluted solution, add 10
ml of anthrone reagent and mix well, heat the tubes in a boiling water bath for 10 minutes, cool
and measure the colour at 630 nm in spectrophotometer by setting a blank with anthrone reagent
and distilled water. Then, take 100mg cellulose powder in a test tube and proceed the steps of
creating the standard by addition of sulphuric acid to anthrone reagent as above procedure.

Holocellulose:

Five grams of oven dried sample pre-extracted with alcohol-benzene (1:2 v/v) was taken
in a conical flask and 160 ml of distilled water was added to it. Then contents were treated with
1.5 gram of Sodium chlorite and 10 drops of acetic acid at 70-80 °C on a water bath for one
hour. The process was repeated four times till the meal became white. Then contents were
filtered through IG-2 crucible, washed with water and finally with acetone. The sample was
dried in an oven at 105 + 2 °C to a constant weight. The holocellulose content was calculated
on the basis of the oven dry weight (Anonymous, 1959 a).

Lignin content:
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Two grams oven dry sample pre-extracted with alcohol-benzene (1:2 v/v) was treated
with 15 ml of 72% sulphuric acid for two hours at 18-20 °C with constant stirring. The material
was brought down to 3 % by adding 345 ml of double distilled water. The solution was refluxed
for 4 hours and then allowed to settle. The contents were filtered, washed with hot distilled
water and dried in an oven at 105 + 2 °C till constant weight and expressed in percentage on
oven dry weight basis (Anonymous, 1959 b).

Eextractives content:

Two grams oven dry powdered wood sample was placed in a porous thimble (oven dried
and weighed). The thimble was placed in a Soxhlet Apparatus and extracted with 200 ml of
alcohol-benzene (1: 2 v/v) for six hours. Then, porous thimble was taken out and allowed to
dry in open air and finally in an oven at 105 + 2 °C till constant weight. The alcohol-benzene
solubility was determined by calculating the loss in weight of the sample taken and expressed
in percentage (Anonymous (1959 c).

Physical wood properties:
Moisture Content (%):

In order to measure moisture content, the samples of wood were weighed in a weighing
balance and then dried in a hot air oven at 103+2°C till a constant weight. Then, the final weight
has been taken as oven dry weight. The moisture percentage of the samples was calculated as
ASTM (1989) formula:

Moisture content (%) =Mi—Mo/ Mo x100.
Where, Mi = initial weight of sample (g), Mo = Oven dried weight of sample (g).

Specific gravity (g/ cm’):

The specific gravity was measured based on air dried weight (12-14% MC) and volume
of wood as described by Haygreen and Bowyer (1996). Ten blocks (2x2x5cm) from the wood
sampled of each spacing treatment were weighed, made air-tight with plastic foils, and volumes
were determined by water displacement. The specific gravity of each sample was calculated by
dividing the conditioned air-dried weight by the volume of water it displaced in the formula:

SG (g/ cm®) = W + (Vb-Va), where, W = air-dried weight of wood sample at 12-14% MC, Va =
volume of water after immersion, Vb = volume of water before immersion.

Statistical analysis:

Data of the above-ground biomass, physical, and chemical wood properties were pooled
to compute the range, average and standard deviation of stem diameter. Meanwhile, data of the
other characteristics were tabulated and statistically analyzed according to the method by
Snedecor (1956) and L.S.D mentioned by Little and Hills (1978).

Results and discussion
Above-ground biomass:

The effect of plant spacing on some above-ground biomass i.e. stem diameter, plant
height, woody stem fresh weight and woody stem dry weight of 2-year-old Leucaena
leucocephala was shown in Table (1). There were significant effects of plant spacing on these
traits. Stem diameter of L. leucocephala was gradually increase by increasing spacing from 1x1
m up to 2x3m. However, higher stem diameter (6.20 cm) was recorded with the wider space,
while the least one (4.23 cm) was obtained with the narrow spacing (1x1 m). The plant height
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was significantly affected by plant spacing. The increment in plant height was associated with
the increase in plant spacing. The tallest plant (7.58 m) was attained with the spacing of 2x3 m,
followed by 7.10 m for 1x2 m space, while the shortest plants (6.63 m) were with the narrow
spacing. Woody stem fresh weight/ tree was significantly increased by increasing plant spacing.
Maximum fresh weight (9.03 kg) was obtained with 2x3 m space, while the minimum (5.08
kg) was due to 1x1 m interval. Also, woody stem dry weight/ tree was significantly affected by
plant spacing. Planting L. leucocephala seedlings at 2x3 m spacing recorded the higher value
of woody stem dry weight (5.06 kg), while planting at the narrow spacing attained the least one
(2.85 kg).

Table 1. Average stem diameter, plant height, woody stem fresh weight/ tree (WSFW) and
woody stem dry weight/ tree (WSDW) of Leucaena leucocephala at 2- years old.

Tree spacing Stem diameter Plant height (m) | WSFW (kg) | WSDW (kg)
(m) (cm)

Ix1 4.23 6.63 5.08 2.85

1x2 541 7.10 7.42 4.15

2x3 6.20 7.58 9.03 5.06

LSD 5% 0.78 0.14 0.47 0.26

The effects of plant spacing 2 years after planting of L. leucocephala were significantly
different for branches and leaves fresh and dry weight, as well as fresh and dry weight of above-
ground biomass as shown in Table (2). The higher values of these characters were produced
with application of 2x 3 m spacing, but the lower values were noticed with 1x1 m spacing. As
plant spacing increased, parameters of branches and leaves fresh and dry weight, and fresh and
dry weight of above-ground biomass of L. leucocephala increased. The higher fresh weight of
branches and leaves/ tree (5.45 kg) was attained with planting trees at 2x3 m, while the least
value (3.05 kg) was due to 1x1 m spacing. The maximum dry weight of branches and leaves/
tree (2.83 kg) was produced with 2x3 m spacing, while minimum value (1.59 kg) as a result of
planting leucaena at 1x1 m. Generally, aboveground biomass in terms of fresh and dry weight
biomass of L. leucocephala was affected by spacing treatments. The higher increment in
biomass production was 14.48 and 7.89 kg/ tree occurred in fresh and dry weight, respectively
due to planting at the wider spacing. Meanwhile, the least values of 8.14 and 4.43 kg/ tree of
the fresh and dry weight of above-ground biomass as result of the narrow spacing as shown in
Table (2).

Table 2. Average branches and leaves fresh weight/ tree (BLFW), branches and leaves dry
weight/ tree (BLDW), above-ground biomass fresh weight/ tree (BFW) and above-ground
biomass dry weight/ tree (BDW) of Leucaena leucocephala at 2- years old.

Tree spacing (m) | BLFW (kg) BLDW (kg) BFW (kg) BDW (kg)
1x1 3.05 1.59 8.14 4.43
1x2 4.62 240 12.03 6.55
2x3 545 2.83 14.48 7.89
LSD 5% 0.37 0.19 0.34 0.18

Chemical characteristics of wood:

The effects of plant spacing on two years old of L. leucocephala were significantly
different for the chemical compositions’ traits in terms o- cellulose (%), holocellulose (%),
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extractive (%), lignin content (%) and ash (%) as shown in Table (3) and Figs 1&2. The higher
contents of these characters were noticed with application of 2x 3 m spacing, while the least
ones were attained with 1x1 m spacing. Also, increasing in plant spacing caused improving in
chemical compositions of L. leucocephala wood. The higher a- cellulose (64.30 %) was
recorded with the wider distance (2x3 m), while the lowest value (56.56 %) was due to 1x1 m
spacing. Maximum holocellulose (75.09 %) was produced with 2x3 m spacing, while minimum
value (71.17 %) as a result of planting leucaena at 1x1 m. The higher extractive percentage
(17.98 %) in leucaena wood was due to the wider distance, while the narrow space registered
the least (14.87 %). The higher and lower values of lignin (23.79 and 18.67 %) of leucaena
wood were registered with the wider and narrow spacing, respectively. Also, ash content was
improved as a result of the wider spacing and attained the highest (1.40 %), while it reduced
with the narrow distance between leucaena trees and obtained the least one (1.15 %).

Table 3. Effect of plant spacing on chemical wood characteristics of Leucaena leucocephala
at 2- years old.

Tree spacing a- Cellulose Holocellulose | Extractive | Lignin Ash
(m) (%) (%) (%) content (%)

(Y0)
1x1 56.56 71.17 14.87 18.67 1.15
1x2 60.25 73.02 16.08 21.45 1.25
2x3 64.30 75.09 17.98 23.79 1.40
LSD 5% 2.13 2.02 0.89 2.21 0.06

Physical characteristics of wood:

The effects of different plant spacing for Leucaena leucocephala wood on some
physical properties in terms specific gravity and moisture content is presented in Table (4) and
Figs 1&2. Significantly differences were noticed among the moisture content percentage of
wood as a result of different plant spacing. Applying 1 x 1 m spacing with L. leucocephala
proved to be most effective to produce the lowest value (50.0%) of moisture content.
Meanwhile, the highest content (56.0%) was detected with planting L. leucocephala at the wider
space compared to other treatments. On the other hand, significant differences were detected
for the specific gravity due to plant spacing. The maximum value (0.70 g/cm?) of specific
gravity was attained with planting L. leucocephala at the wider distance (2x3 m). While, the
minimum value (0.67g/ cm®) was attained from trees that planting at 1 x 1 m.

Table 4. Effect of plant spacing on moisture content (%) and specific gravity (g/
cm?®) of Leucaena leucocephala wood at 2- years old.

Tree spacing (m) Moisture content (%) Specific gravity (g/cm?)
1x1 50.0 0.67
1x2 54.0 0.68
2x3 56.0 0.70
LSD 5% 0.02 0.01
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Fig. 1. Moisture content (%) of L. leucocephala wood as affected by plant spacing.
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Fig. 2. Specific gravity (g/ cm?) of L. leucocephala wood as affected by plant spacing.

Discussion

The influence of different plant spacing on the growth, biomass production and wood
properties of L. leucocephala were evaluated in Qena governorate, Egypt. Increasing in plant
spacing was accompanied with improving in fresh and dry weights of above-ground biomass
in terms plant height, stem diameter and woody stem fresh and dry weight. In this respect,
individual plant performance was superior at the low plant density as compared to the high plant
density (Sayed et al., 2015). Beldt et al. (1982) also observed decrease in diameter at breast
height with increase in density (narrow spacing) from 5,000 to 40,000 plants/ha in leucaena and
due to interplant competition. In this study, plant height of leucaena was relatively higher at the
wider spacing and lower at the narrow spacing. The height of this species was significantly
affected by competition which has been due to the extremely high planting densities (Verma
and Misra, 1989). The higher densities resulted in decreased plant height which was caused by
the failure of sprouts to grow after emergence due to the lack of solar radiation. Also, plant
spacing had an enormous effect on the stem diameter. Leucaena trees responded to the wider
spacing and lower competition by producing greater stem diameter with the wider spacing and
produced the largest trees, while the narrow spacing reduced the stem diameters. The increasing
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in stem diameter at the wider spacing may be due to the higher availability of moisture, soil and
light resources (Prasad et al., 2011). Previous studies on other tree species have also reported
an increase in plant density resulted in reduce in stem diameter of trees such as eucalyptus
(Bernando et al., 1998) and poplar (Armstrong et al., 1999). Moreover, the sprout growing
from the different spacing recorded variations in their regrowth. However, the sprout number
increased with the decrease in stand density and there were significantly differences in large-
sized stumps. With small-sized stump of narrow spacing could cause a decrease in sprouting
from such stumps (Prasad et al., 2011), because small area of stump led to low sprout number.
The high sprout number of wide spacing resulted in increased fresh and dry of above- ground
biomass yield (Chotchutima et al., 2013). It is clearly from our results that the spacing had an
influence on the fresh and dry weight of woody stem yield. The spacing had distinctly difference
in weight of woody stem yield. The results showed that better performance contributed to a
higher branches and leaves and woody stem yield in the wider spacing of as compared to that
of the narrow spacing of L. leucocephala at two —year-old. In accordance with Proe et al. (2002)
who stated that the widest spacing may be suitable for obtaining high yield. The previous study
of Mitchell (1995) was in accordance with our results, which proved that the widest spacing
tended to produce the high woody stem yield and biomass yield. Therefore, the wider spacing
would be more desirable; it decreased a number of seeds and allows of weed control (Gathaara
etal., 1991). The differences of above-ground biomass with regard to plantation spacing seem
to result from the early growth stage by developing a longer living crown at the widest spacing
compared with the narrowest spacing. Diameter growth has been positively related to
photosynthetic biomass and its efficiency (Zhang et al., 2013; Hébert et al., 2016). Plant
spacing affects the growth of leucaena and, consequently, the properties of its wood. Our result
proved that as plant spacing increased the chemical composition and specific gravity of wood
was occurred. These results were in agreed with the findings Rocha et al. (2016), who indicated
that plant spacing significantly influence key properties of wood and bark. They proved that
clones of Eucalyptus grandis x E. camaldulensis planted at wider spacing had wood density
approximately 8% higher than the same clones planted in the narrow spacing. Also, lignin
content from wood of wider spacing was approximately 12% higher than wood from narrow
spacing. Holocellulose and extractives percentage was also affected by plant density. They
added that, for Eucalyptus clones, plantations with the wider spacing could lead to produce of
raw materials with the characteristics more suitable for energy purposes. On the other hand,
some studies on conifers reported lower wood density with the greater spacing (Kennedy,
1995; Hapla, 1997). This result was consistent with reports by Moulin et al. (2015) who
reported that Eucalyptus wood cultivated at wider spacing produced the highest lignin content
compared to the narrow spacing. Moisture content and specific gravity of wood are vital
determinant of the wood quality and dry weight yield per volume of woody material. Density
of wood decreases as moisture content decreases, but below the fiber saturation point the
specific gravity of a sample increases as the moisture content decreases (El-Baha et al., 2009).
Moreover, by increasing the growth rate, wide spacing of some woody trees tends to increase
its density (Haygreen and Bowyer, 1996). Moreover, with respect to wood quality and plant
spacing, Naji et al. (2014) reclaimed that the wood formed at the low plant density is
characterized by heavier wood density. The results of Nasser (2008) indicated that the variation
of extractives, holocellulose, lignin and ash contents among the plant spacing treatments were
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highly significant. Abdel-Aal and Kayad (2007) concluded that heavy thinning gave higher
value of extractive contents, while moderate thinning had the lowest extractive content value
on Cordia myxa, Citharexylum quadrangular and Eugenia cumini. This means that the heavy
thinning or the wider distances between trees led to an increase in extractives (Nasser, 2008).
Our result pointed out that increasing plant distance led to improve cellulose content of leucaena
wood. This result was in agreement with the finding of Shupe et al. (1996) who found that
lower stand density yielded greater cellulose values in Pinus taeda wood. Abdel-Aal and
Kayad (2007) concluded that heavy thinning (wide space) had the highest average value
(44.97%) followed by moderate thinning (44.68%), while the least value of cellulose was for
control (43.28%). Washusen et al. (2005) also concluded that there is an influence of thinning
on crystallite width of cellulose for Eucalyptus globulus wood, which was increased with
thinning intensity. Also, the obtained results recorded that increasing of plant spacing between
L. leucocephala trees led to increase holocellulose content. Shupe et al. (1996) reported that
lower stand density yielded greater holocellulose and cellulose contents, which means that
hemicellulose content was decreased. Lignin content in wood of leucaena was increased as the
plant spacing increased. These results were in agreement with those reported by Abdel-Aal and
kayad (2007), who proved that the wide spacing was the higher in lignin content, while the
narrow spacing was the lowest. Poo et al. (1995) stated that the widely spaced trees led to higher
value for lignin. Also, ash content of wood was increased with increasing plant spacing. These
results were in contrary with the study of Nasser (2008), who reclaimed that narrow spacing,
had the higher ash content (2.75%), followed by mediate spacing (2.41%), while the lowest
value of ash was noticed with wide spacing (2.17%) of Conocarpus erectus wood. He added
that the effect of spacing levels on specific gravity was significant. By increasing spacing from
0.7 to 2.1 m, specific gravity of Conocarpus was increased (0.63 to 0.66, respectively). Similar
results were obtained by DeBell et al. (2001) for Eucalyptus saligna, who reported that wider
spacing increased mean diameter and wood density.

References:

Abdel-Aal, M.A.M., and Kayad, G.R. (2007). Effect of thinning on chemical composition
of some trees grown in Egypt. Egyptian Journal of Applied Sciences 22 (11): 167-178.

Anonymous (1959c): Alcohol-benzene solubility of wood. Official standard. T6m-59.
Technical Association of Pulp and Paper Industry, New York, 29-30.

Anonymous (1959b): Lignin in wood. Official standard. T12m-59. Technical Association of
Pulp and Paper Industry, New York, 36-37.

Anonymous  (1959a): Holocellulose of wood official standard. T9m-59. Technical
Association of Pulp and Paper Industry, New York, 43-45.

Armstrong, A., Johns, C., and Tubby, I. (1999). Effects of Spacing and Cutting Cycle on the
Yield of Poplar Grown as an Energy Crop,” Biomass and Bioenergy, 17 (4): 305-314.

ASTM American Society of Testing and Materials (1989): Standard test method for specific
gravity of wood and wood- based materials. ANSI/ ASTM vol. 4.09; D 2395.

Beldt, V.D., Brewker, R.J., Andhu, J.L., and Boontawee B. (1982). International leucaena
population trials. Leucaena Research Reports, 3: 96-99.

Bernando, A., Maria Reis, L., Geraldo Reis, G. F., Harrison, G.R., and Deuseles Firme, B. J.
(1998). Effect of spacing on growth and biomass distribution in Eucalyptus
camaldulensis, E. pellita, E. europhylla plantations in south- eastern Brazil,” Forest
Ecology and Management 104 (1-3): 1-13.

Brewbaker, J.L. (1997): Leucaena leucocephala-a versatile nitrogen fixing tree. Fact Sheet
97-06 Winrock International, Morrilton, AK. 5 p.

-78 -



Soliman et al., 2024

Chotchutima, S., Kangvansaichol, K., Tudsri, S., and Sripichitt, P. (2013). Effect of spacing
on growth, biomass yield and quality of leucaena (Leucaena leucocephala (Lam.) de
Wit.) for renewable energy in Thailand. Journal of Sustainable Bioenergy Systems 3:
48-56.

Condit, R. (1998). Tropical Forest Census Plots. Springer-Verlag and R. G. LandesCompany
, Berlin, Germany, and Georgetown, Texas.

DeBell, D.S., Keyes, C.R. and Gartner, B.L. (2001). Wood density of Eucalyptus saligna
grown in Hawaiian plantations: Effects of silvicultural practices and relation to growth
rate. Australian Forestry 64 (2): 106-110.

El-Baha, A. M. A., Abu - Gazia, H. A. ElI - Settawy, A. A. A, and
Zayed, M. Z. A. (2009). Leucaena leucocephala: Effect of spacing and age on growth,
biomass and some physical and anatomical characteristics of wood. J. Agric. Sci.
Mansoura Univ., 34 (7): 8093 — 81009.

Fang, J., and Wang, Z. (2001). Forest biomass estimation at regional and global levels, with
special reference to China’s forest biomass. Ecol. Res. 16, 587-592.

Gathaara, G.N., Glumac E.L., and P. Felker, P. (1991). Three-year growth studies of
Leucaena leucocephala (1094) and L. pulverulenta (1001) at two spacings in Texas.
Forest Ecology and Management 40 (3-4): 189-198.

Hapla, F. (1997). How to bring into accord the silvicultural management and the end-users’
interests in case of the Douglas-fir. Pp 3-8 in Proceedings of the CTIA/IUFRO
International Wood Quality Workshop. 18-22 August 1997, Québec City.

Haygreen, J.G., and Bowyer, J.L. (1996): Forest Products and Wood Science.3rd ed. lowa
State Univ. Press/ Ames 232pp.

Hébert, F., Krause, C., Plourde, P-Y., Achim, A., Prégent, G., and Meénétrier, J. (2016).
Effect of tree spacing on tree level volume growth, morphology, and wood properties in
a 25-year-old Pinus banksiana plantation in the boreal forest of Quebec. Forests 7 (276):
1-16.

Jeeban, P., and Sea, C. O. (2012). Degradation characteristics of wood using supercritical
alcohols. Energies 5: 5038-5052.

Kennedy, R.W. (1995). Coniferous wood quality in the future: concerns and strategies.
Wood Science and Technology 29: 323-338.

Little, .M. and F.J. Hills (1978): Agricultural Experimentation, Design and Analysis. Johan
Wiely and Sons Inc. New York 320 pp.

Miller, R.B. (1999). Structure of Wood. Wood Handbook—Wood as an Engineering
Material. General Technical Report FPL-GTR-113. USDA, Forest Product Laboratory,
Madison.

Mitchell, C.P. (1995). New Cultural Treatments and Yield Optimization,” Biomass and
Bioenergy 9 (1-5): 11-34.

Moulin, J.C., Arantes, M.D.C., Vidaurre, G.B., Paes, J.B., and Carneiro, A.C.0. (2015).
Efeito do espacamento, da idade e da irrigacdo nos componentes quimicos da madeira
de eucalipto. Revista Arvore 39: 199-208.

Naji, H.R., Bakar, E.S., Soltani, M., Ebadi, S.E., Abdul-Hamid, H., Javad, S.K.S., and Sabhri,
M.H. (2014). Effect of initial planting density and tree features on growth, wood
density, and anatomical properties from a Hevea brasiliensis trial plantation. Forest
Products Journal 64 (1/2): 41- 47.

Nasser, R.A. (2008). Specific gravity, fiber length and chemical components of Conocarpus
erectus as affected by tree spacing. J. Agric. & Env. Sci. Alex. Univ. Egypt 7 (3): 49-68.

Nazri, W.M., Jamaludin, K., Rudaini, M.N., Rahim, S., and Nor Yuziah, M.Y. (2009).
Effects of chemical components on properties of oriented strand board from Leucaena
leucocephala wood. Journal of Tropical Forest Science 21(4): 353-360.

Parrotta, J.A. (2000): Leucaena leucocephala (Lam.) de Wit Leucaena, tantan. International
Institute of Tropical Forestry, Rio Piedras, PR. p. 308-316.

Poo, C., Gary, L.R, and William. K.M. (1995). Chemical compositions of five 3-year-old
hardwood trees. Wood and Fiber Science 27(3): 319-326.

-79-



Soliman et al., 2024

Prasad, J. V. N. S., Korwar, G. R.,, Rao, K.V., Man- dal, UK., Rao, G. R., Srinivas, I.,
Venkateswarlu, B., Rao, S.N., and Kulkarni, H. D. (2011). Optimum stand density of
Leucaena leucocephala for wood production in Andhra Pradesh, Southern India.
Biomass and Bioenergy (35) 1: 227-235.

Proe, M., Craig, J., and Griffiths, J. (2002). Effects of Spacing, Species and Coppicing on
Leaf Area, Light Interception and Photosynthesis in Short Rotation Forestry,” Biomass
and Bioenergy 23 (5): 315-326.

Ragab, M. (1998): Adaptability of nitrogen fixing trees. Leucaena leucocephala in Egyptian
soils: 1. Effect of inoculation and phosphate fertilization. Cairo University Publication
ISBN, 89-96.

Rocha, M.F.V., Vital, B.R., Carneiro, A.C.O., Carvalho, A.M.M.L., Cardoso, M.T., and
Hein, P.R.G. (2016). Effects of plant spacing on the physical, chemical and energy
properties of Eucalyptus wood and bark. Journal of Tropical Forest Science 28(3): 243-
248.

Sadasivam, S., and Maanickam, A. (2005). Biochemical methods. 2nd Edition, New age
International, New Delhi.

Sayed, R.M.M., Ebeid, AF.A., Ali, E.F., Mostafa, Mona M.A. (2015). Effectiveness of
planting intervals on the growth, above-ground biomass and some wood properties of
two Sesbania Species. International Journal of Advanced Research 3 (9): 146 — 153.

Shupe, T.F., Choong, E.T., and Yang, C.H. (1996). The effect of cultural treatments on
chemical composition of plantation-grown loblolly pine wood. Wood and Fiber Science,
28(3), 295-300.

Singh, N. and A. Rani (2013): Extraction and processing of fiber from Sesbania for
preparation of needle punched nonwoven fabric. Natl. Acad. Sci. Lett. 36: 489-492.

Singh, N. and A. Rani. A. (2014): Needle punched non-woven of Sesbania fiber. Int. J. Text.
Fash. Tech. 4: 7-12.

Snedecor, G.W. (1956): Statistical Methods 5st ed. lowa State College Press, Ames, lowa
270 p.

Van den Beldt, R.J. (1983). Effect of spacing on growth of leucaena, proceedings of
leucaena research in the asian- pacific region. International Development Research Cen-
tre, Ottawa 103-108.

Verma, S.C., and Misra, P.N. (1989). Biomass and energy production in coppice stands of
Vitex negundo L. in high density plantations on marginal lands. Biomass 19 (3): 189-
194.

Washusen, R., Baker, T.G., Menz, D., and Morrow, A. (2005). Effect of thinning and
fertilizer on the cellulose crystallite width of Eucalyptus globulus. Wood Science and
Technology 39 (7): 569-578.

Yu, Y., Pan, Y., Yang, X.G., and Fan, W.Y. (2022). Spatial Scale Effect and Correction of
Forest Aboveground Biomass Estimation Using Remote Sensing. Remote Sens. 14,
2828.

Zhang, J., Ritchie, M.W., Maguire, D.A., and Oliver, W.W. (2013). Thinning ponderosa
pine (Pinus ponderosa) stands reduces mortality while maintaining stand productivity.
Can. J. For. Res. 43: 311-320.

Zhu, Y., Feng, Z., Lu, J., and Liu, J. (2020). Estimation of Forest Biomass in Beijing (China)
Using Multisource Remote Sensing and Forest Inventory Data. Forests 11, 163.

1l paddall
Calinal Cusiall sasal 8 5aS daadtiiead) dont )l Analall o ladl) A6ES o b els Gl Ll
Gl Aoty Cagplag HlaitSl hsll Sl G Jelill e cadal) saga iy LAl claladiy |
AS slpal) ) el Crp 3 algadl e Gaadl ol cedleliall ol e oliy L) iy Il
sl il Auhe I Jall Gl Cangy Aahaal daapall cilatial £l e ab L 2l

-80-



Soliman et al., 2024

Aty Akl Auddl) Galsdll Gansy )] s (368 Apgeal) ALK e il G clilal
,sY Leucaena leucocephala. «ils delyy clalue &G plaiul L. leucocephala a5
Gsd gl A 8 A 530 o ) Lale Jgeanll &5 ) i) el a FXY 5 YX) ) X)
gaills dndall Blall Galally Z3Uall (jslls Lauall gy vie Glull iy clall g lay) @l (oa))
i Lty caelal) Ll Bl e o)y qun al€ Ay aall ABSU Caladly o Uall 03l) GU3S G153 )y
B doaad bl el selall dam adl)l o Ssbuslselly o(TE70T) LY Ul
ae (V.60 7) o)l (ssimas (YY.VAT) Cpiallly ((VV.9AT) el La ) A5 Aully o(Z V0.4 4)
(0. 7) dad ol zluY Alad SV 4 jia ) X ) Adle gl il clld e s ke . g sY) ac il
o Ipanll & au sV dabuall e (070 7) (gsina ol L) @ a8 skl (s5ine (e
iadll e Jpandl &5 Ly ¢ ¥XY) as¥) Adlisal) ae Gue il 28ESY (Yass/an +.V+) (Gouaidl) Aagdl
oaibiad o Jpanll @l Lo V%) dile o Lgieh) o S St e (Yanfps +2 1Y) Ll
D) o3 Aol 3 Al pa s lpusdlll el e 88 Bagay (V1 35 Ayseal) ABSU el
Auhall Cagyls e ¥ XY dile e,

Leucaena leucocephalaciall pailiad ¢ Y1 (358 4y soall ALK bl aels :Apalidal) cilalst)

-81-



