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ABSTRACT

The objective of this study determination total storage of carbon content weight for three tree species namely Eucalyptus
gomphocephala, Casuarina equisetifolia and Casuarina glauca during 2019. On this concerning carbon content decreased in
available merchantable portions which decreased carbon content as environment balance region and economic value. E.
gomphocephala and C. equisetifolia have recorded total tree biomass values (378.49 and 327.95 kg/tree) respectively which
were significantly higher when compared to C. glauca (148.95 kg/tree). On the other hand evaluating total weight of carbon
content on merchantable fewer portions had stayed on the same area. E. gomphocephala and C. equisetifolia had
significantly enhanced carbon content weight values on merchantable fewer portions (146.45 and 138.34 kg/tree)
respectively compared to C. glauca (32.99 kg/tree) more fourfold increment approximately. The investigated study was
carried out at the Experimental Farm of El-Kassasin Horticulture Research station, Horticulture Research Institute,
Agriculture Research Center, Giza, Egypt.
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INTRODUCTION

Global warming and climate change are the most widespread and pressing global issues. They primarily result from
increasing greenhouse gases levels due to anthropogenic activities like excessive use of fossil fuel, industrialization and
land-use change. Deforestation contributes about 20% to global greenhouse gases emission (Sternm 2007). Carbon dioxide
is the main component accounting for total anthropogenic greenhouse gases emissions (IPCC, 2014). At this time the
importance of different activities to decrease CO, emissions is being realized in connection with global warming (IPCC,
2003). Concerning Kyoto protocol explicitly considered afforestation, reforestation and regeneration of forests for carbon
sequestration accounting (IPCC, 2007). Trees accumulated carbon dioxide to biomass through photosynthesis (Liu and Li
2012). This function is beneficial to humans because it counteracts emissions of CO, greenhouse gas. Anthropogenic carbon
emissions have caused a 40% increase in atmospheric CO, concentrations in the last century, a change that is known to
cause global warming (IPCC, 2013). The untraditional technique of isolated CO, from the atmosphere in industrial factory
area by using capture pipeline underground geological and transported to terminals or permanently storage (Fanchi et al.,
2016). It coasted 11000 US/tC/250km (Akimoto et al., 2004). On the other hand, afforestation still appears to be a relatively
low-cost approach to reducing CO; concentrations (Andrew, 1999).

The biotransformation of carbon dioxide is quantified as tree carbon storage, in kilograms, and overtime as carbon
sequestration, in kilograms per year (Nowak and Crane, 2002). New Zealand has opted out of binding carbon targets of the
Kyoto Protocol but is still obligated to report on climate change mitigation measures regularly (Ministry of the Environment,
2010). Thus, carbon storage data is of use in New Zealand for estimating carbon stocks to report under the Kyoto Protocol
and for contributing to a better understanding of how trees offset carbon emissions.

E. gomphocephala (Fam: Myrtaceae) naturally occur in all Australian mainland states (Hall et al., 1970). They have
widely planted overseas in areas with a Mediterranean climate. However, Eucalyptus is believed to be introduced into Egypt
in the 1800's via El-Lakany et al. (1980). They are highly adapted to the local environmental conditions and grow very fast.
These species are traditionally planted as a windbreak, for shade and to supply wood for lumber. Ohlde et al. (2019)
observed that eucalyptus varieties fast-growing trees and safe long-term biological fixation of carbon. Behera et al. (2020)
concluded that plantation eucalyptus had significant carbon sequestration. Kumar et al. (2020) confirmed that eucalyptus-
based plantation offers a low-cost strategy for carbon sequestration besides increasing farm income.

The genus Casuarina (Fam. Casuarinaceae) comprises nearly 50 species, which are found in the Southern
Hemisphere from India and Malaya to the islands of the South Pacific Ocean, and find their greatest development in
Australia where they occur both in the arid areas of the center and the higher rainfall coastal regions (Hall et al., 1972).
Casuarina wood is a hard, heavy, dark redwood known as she-oak, river-oak, or Australian pine Potgieter et al. (2013). The
trees vary in size from small to large and their principal value is for shelter, conservation and rehabilitation, timber or fuel
supply. A few species were introduced into Egypt last century where they are planted essentially as windbreaks and to
supply wood for local industries. The trees proved to be superior to several other exotic and native species as they are
adapted to local severe climatic and soil conditions. Plenty of them has been used as windbreaks in the northern regions of
Egypt, where desert reclamation is underway. On this concern means of transport emissions, greenhouse gas is expected to
increase from about 169 thousand tons of CO; in 2013 to about 764 thousand tons of CO, in 2018. Accordingly, estimates of
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total accumulated greenhouse gas reduction during this period (2013-2018) accounted for 2.8 million ton of CO, Table (1).
This study aimed to evaluate the aboveground biomass carbon storage content on E. gomphocephala, C. equisetifolia and C.
glauca at different merchantable and merchantable fewer portions levels under El- Kassasin Station environment.

Table (1): Transports production greenhouse gas from different Egypt regions (ton CO; /year) Hamed (2014)

Year Total
Region 2013 2014 2015 2016 2017 2018 (2013-2018)
Greater Cairo Region 168667 197953 227239 256526 285812 315098 1451295
Alexandria 0 10712 21425 32137 42850 53562 160686
Other Governorates 0 79096 158193 237289 316385 395481 1186444
Total 168667 287762 406857 525952 645046 764141 2798425
MATERIALS AND METHODS

This study was carried out at the Experimental Farm of El-Kassasin station. Horticulture Research Institute, Agriculture,
Research, Center, Giza, Egypt during 2019 spring. The objectives of this paper were to estimate the aboveground carbon
storage from E. gomphocephala, C. equisetifolia and C. glauca over a growth period of 28 years at different merchantable
and merchantable less portions. Meanwhile samples were selected from 28 years old trees of Eucalyptus gomphocephala,
Casuarina equisetifolia and Casuarina glauca. Trees were planted at 6x6 m spacing.

Location study:

The present experiments were performed in Kassasin Station, Horticulture Research Institute Agriculture Research Center.
Kassasin station located near El-Salhia rod. According to the google earth application, the coordinates of Kassasin Station
were 30.53N2 and 31.96E°.

Soil analysis

Physical and chemical characteristics for the soil under study were conducted according to Page et al. (1982) and Klute
(1986). The results are shown in Table (2).

Table (2): Physical and chemical properties of the soil

Particle size distribution (%) Textural class
Coarse sand Fin sand Silt Clay Ca COs3 (%) *0.M. (%)
73.75 11.17 3.60 6.40 Sandy 4.60 0.48
lon concentration in “paste extract” (meq/L) Available (mg/kg)
pH EC SP % Ca** | Mg™ | Na* K* COs~ | HCOs Cl- SO4~ N P K
dS/ m
8.20 0.87 29.00 | 3.90 | 2.70 | 1.85 | 0.55 | 0.00 1.30 4.55 | 3.15 | 25.40 | 10.50 | 69.51

*0.M.= organic matter

Recorded data:

During the 2019 spring season at the end of the experiment (28 years after planting), responses of eucalyptus and
Casuarina sp. trees were evaluated as follows:

Sample trees:

Before tree cutting, the girth on breast height (DBH) was measured and converted to diameter. DBH is the stem diameter at
1.3 m above the ground level FAO (2004). Trees grown in the plot sector under this study were DBH measured. Three trees
were selected randomly from each species with a total of 9 trees and 45 samples (3 species x 3 replicate trees x 5 levels
determination carbon storage among tree height).

Tree height:
Total tree height (from stump to the tree end) and merchantable tree height (from the stump up to 5 cm stem in diameter)
were measured by a measuring tape (m/tree).

Above-ground biomass:

The selected trees were felled and the aboveground portion was processed into trunk wood, branches and leaves at the
field. Total height was measured from stump height (30 cm from ground level) up to the trunk end. The stem at the top was
cut at about 5 cm in diameter to measure the merchantable height, while the part of the stem smaller than 5 cm was
considered as branches. Leaves that were removed from the branches by hand and branches less than 5 cm in diameter
were combined and considered as foliage.

Tree volume measurements and equations:

The volume of each stem log was calculated using Samilian's formula investigated by de Gier (2003). The total stem volume
was computed as the sum of the calculated stem logs volume.

Vol. = /8 (D%+ d?) x L. Where, Vol. = volume of the stem log, i = 3.14, L= length of log, D= diameter of the larger
end of the stem log, and d= diameter of the smaller end of the stem log.
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Green and dry weight determination:

The trunk was divided into logs, the base ground log up to the (DBH), while the distance between breast height (BH) and
the merchantable tree height (up to 4 cm) in diameter) was divided into four sections. Green weights were recorded using a
digital scale (0.1 kg) in the field for a trunk, branches and leaves (Kg/ tree). From each portion of the trunk, a disk with 50
cm length was cut and leaves samples were collected. All the samples were oven-dried until they reach a constant weight,
where leaves were dried at 70 C2 while trunk and branches samples at 105 C2 Kettering et al. (2001). The ratio of dry/green
biomass weight of each component samples was calculated and used to determine the dry biomass weight of each tree
component. The green and dry weight for each component to the total above-ground weight were calculated.

Basal area:

The basal area at 130 cm above ground level (DBH) was calculated (m?2/tree). Wooden samples: Two disks of 50 centimetres
length were cut, one was taken at DBH (diameter at breast height) and the other disk at 50% of tree height up DBH, and
they were dried at 105 C2 even to constant weight.

Carbon determination:

The green samples of different parts of wood and leaves of each sample were weighed (2 mg), and oven-dried 75 C2 until
constant weights and then reweighed. All samples were finely powdered utilizing an electric grinder separately. The carbon
content was determined in Regional Center for Food and Feed Lab., Agric, Res. Cent., using an elemental analyzer Perkin-
Elmer 2400 Series Il CHNS/O Elemental Analyzer AOAC (2012). See Table 3.

Table (3): Storage carbon content on different timber trees biomass portion kgC/kg biomass

Organic carbon % E. gomphocephala C. equisetifolia C. glauca

Level (1) 0.59 + 0.00 0.53 +0.00 0.54 +0.00
Level (2) 0.56 + 0.00 0.52 +0.00 0.51+0.00
Level (3) 0.53 +£0.00 0.49 + 0.00 0.49 +0.00
Level (4) 0.54 +0.00 0.54 + 0.00 0.49 +0.00
Level (5) 0.47 £0.00 0.48 £ 0.00 0.50+£0.00

Level (1) = carbon storage content at DBH. Level (2) = carbon storage content at 50% trunk height.
Level (3) = carbon storage content at end of trunk height. Level (4) = carbon storage content on branch up 5cm diameter.
Level (5) = carbon storage content on foliage.

Statistical design and analysis:

The design was a completely randomized block (RCBD) with three replicates for each species. Each tree contained five-
carbon storage determination levels among tree portions. The least significant differences (LSD) were used for testing the
differences among the means of each parameter (Snedecor and Cochran, 1974)

RESULTS

Biomass parameter:

The total height of three species was non significantly different from each other, whereas the merchantable height was
found significantly different Table (4). Diameter at breast height (DBH) for C. equisetifolia had a recorded mean value 0.39
m which were significantly higher compare to E. gomphocephala and C. glauca. On other hand, E. gomphocephala had the
highest significant basal area mean value of 0.059 m2. The merchantable stem volume of E. gomphocephala had a
significantly higher mean value of 1.18 m3 while C. equisetifolia and C. glauca had 0.98 and 0.409 m3, respectively. For the
total stem volume, E. gomphocephala had the highest significant mean value of 1.36 m3 while C. galuca had the lowest
significant value of 0.472 m3.

Table (4): Mean values of biomass parameters of E. gomphocephala, C. equisetifolia and C. glauca grown in El- Kassasin
Station.

Total height Merchantable diameter at Basal area Merchantable Total

Species (m) Height (m) breast height (m?) Volume Volume
(m) (m3/tree) (m3/tree)

E. 23.00+0.76 a 20.00 +0.50 b 0.38+0.01 b 0.06%0.00a 1.18 +0.02 a 1.36 £0.02 a
gomphocephala
C. equisetifolia 22.50+3.06 a 21.00+0.30 a 0.39 £0.00 a 0.05+0.00b 0.98+0.02 b 1.0510.23 b
C. glauca 22.80+1.26 a 19.80+0.38 ¢ 0.26 +0.01 ¢ 0.02+0.00 c 0.41+0.03 ¢ 0.47 +0.09 ¢
LSD 0.05% N.S. 0.12 0.00 0.00 0.02 0.13

*Numbers followed the mean are the standard deviation of the mean

Green and dry weight:

Data presented in Table (5) showed the green and dry weight of trunk, branches, foliage for three tree species. C. glauca
has higher significant mean values compared to E. gomphocephala and C. equisetifolia branches per tree. The green weight
values for branches were 70, 30 and 50 kg/tree and the dry weight were 50, 22 and 35 kg/tree for E. gomphocephala, C.
equisetifolia and C. glauca, respectively. Significant increases in foliage green and dry weight (45 and 22 kg/tree)
respectively were measured for E. gomphocephala compared to C. equisetifolia and C. glauca. Total trunk weight of C.
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glauca had the lowest significant decrease on green and dry weight compared to other tree species. The merchantable
trunk dry weight values for C. equisetifolia were 266 kg/tree. The higher merchantable trunk weight would be considered of
more economic value for the wood market.

Table (5). Green and dry weight of trunk, branches, foliage and total above-ground biomass of E. gomphocephala, C.
equisetifolia and C. glauca grown in El- Kassasin Station

Branches Green weight (Kg / tree)

Species Number Total trunk Merchantable Branches up 5 cm Foliage

trunk
E. gomphocephala 12.00£0.58 b 1458.00 +49.01b 1341.00+£16.86b 70.00+1.26 a 45.00 £3.28 a
C. equisetifolia 10.00+1.03 b 1629.00 +88.79a 1570.00+£14.23a 30.00+1.53 ¢ 40.00 £1.26 ¢
C. glauca 60.00£6.03 a 561.00£50.69¢ 520.00£11.02 ¢ 50.00 £1.53 b 42.00+1.25b
LSD 0.05% 3.06 56.56 12.24 1.25 1.86

Dry weight (kg / tree)
Total trunk Merchantable Branches up 5 cm Foliage

trunk
E. gomphocephala 884.00 +3.51 a 767.00+2.65 b 50.00+1.53 a 22.00%1.73 a
C. equisetifolia 871.00£3.61 b 812.00+3.05 a 22.00+1.24 ¢ 15.00 £0.50 ¢
C. glauca 307.00+2.52 ¢ 266.00£7.51 c 35.00£2.03 b 18.00+1.26 b
LSD 0.05% 12.84 4.24 1.35 1.09

*Numbers followed the mean are the standard deviation of the mean

Carbon determination content:

Table 6 showed the carbon content weight of different merchantable portions of all three species. Carbon content
percentage increases from down to up across the trunk height. The first log biomass (under the DBH, level 1) of E.
gomphocephala contained carbon weight values of 29.58 kg/tree significantly higher than C. glauca (12.54 kg/tree). The
carbon content weight contained in the merchantable biomass stem of the three species (Level 2), also takes the same
trend as prescribed previously, where E. gomphocephala and C. equisetifolia had recorded mean values of 321.91 and
288.49 kg/tree respectively, while the carbon content was 119.35 kg/tree for C. glauca. The carbon content weight values
for branches up to 5cm in diameter (level 4) were 27, 11.8 and 17.15 for the same species in the same order respectively,
where E. gomphocephala had the significantly higher value of 27.0 kg/tree.

Table (6): Carbon content weight (kg) on different merchantable portions of E. gomphocephala, C. equisetifolia and C.
glauca grown in El- Kassasin Station

Species Level (1) Level (2) Level (4)
DBHW C cw UPDBHW C cw BW C cw
E. 49.85 0.59 29.56 575.25 0.56 321.57 50.00 0.54 27.00
gomphocephala +2.97a +0.00 +1.13a +2.95a +0.00 a +15.22a +2.52a | +0.00a | +1.80a
a
C. equisetifolia 51.94 0.53 27.63 559.30 0.52 288.59 22.00 0.54 11.81
+2.56a +0.00c +0.86b +1.01b +0.00b +8.29b +1.50c | #0.00b | +1.15c
C. glauca 23.21 0.54 12.46 232.10 0.51 119.29 35.00 0.49 17.15
+1.80b +0.0b +1.55¢ +3.67¢ +0.00c +4.02c +2.57b | +0.00c | +2.08b
LSD 0.05% 2.15 0.0020 | 1.05 2.39 0.00 8.86 1.94 0.00 1.49

*Values followed by the same letters within each column are not significantly different at p >0.05 according to Duncan’s
multiple range test. DBHW= diameter breast height weight, C%= carbon percentage, CW= carbon weight, UPDBHW= up
diameter breast height weight, BW= branches up 5cm diameter weigh

Data in Table (7) showed carbon content weight on the merchantable-less value portions. Level (3) clear that E.
gomphocephala and C. equisetifolia had carbon weight of 136.21 and 129.69 kg/tree respectively which were significantly
higher when compared to C. glauca. On other hand, the combined carbon weight values of foliage and small branches (level
5) were 10.24, 8.65 and 7.56 kg/tree E. gomphocephala, C. equisetifolia and C. glauca; respectively. Table (8) summarized
the total carbon content weight stored in the studied tree species (either as merchantable or stable carbon). The calculated
values of total weight of carbon content on the merchantable portions (available for transport) were 378.49, 327.45 and
184.95 kg/tree, while the stable carbon (merchantable-less) and stayed on forest site were 146.45, 138.34 and 32.99
kg/tree E. gomphocephala, C equisetifolia and C. glauca respectively.
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Table (7): Determination of carbon content weight (kg) on different merchantable fewer value portions from E.
gomphocephala, C. equisetifolia and C. glauca grown in El- Kassasin Station

Level (3) Level (5)
Species EW C cw FW C CwW
E. 259.00+1.85a | 0.53+0.00 a 136.21+8.51a | 22.00+2.65a 0.47 £0.00b | 10.24 ax1.64a
gomphocephala
C. equisetifolia 259.80+1.52a | 0.49c+0.00c | 129.69+5.35b | 18.00+3.03 b 0.48+0.00b | 8.65+1.40b
C. glauca 51.692.25b 0.49 +0.00 b 25.43 +2.52 ¢ 15.00+1.73 ¢ 0.50+0.00a | 7.56+1.01c
LSD 0.05% 1.64 0.00 5.16 2.17 0.00 1.19

*Numbers followed the mean are the standard deviation of the mean
EW-= end of trunk weight merchantable less, C%= carbon percentage, CW= carbon weight, FW= foliage weight

Table (8): Total carbon content weight (kg/tree) on merchantable portions available transported and merchantable fewer
portions from E. gomphocephala, C. equisetifolia and C. glauca grown in El- Kassasin Station

Merchantable carbon available transport Stable carbon (merchantable less)
Species (kg/tree) (kg/tree)
E. gomphocephala 378.49 £1.80 146.45 +2.29 a
C. equisetifolia 327.95+2.02 b 138.34+2.16 b
C. glauca 148.95+1.23 ¢ 32.99+2.13 ¢
LSD 0.05% 1.48 1.89

*Numbers followed the mean are the standard deviation of the mean

DISCUSSION

Carbon is the main component accounting for total anthropogenic greenhouse gases emissions. At this time the importance
of different activities to increase C emissions is being realized in connection with global warming. Concerning explicitly
considered afforestation, reforestation and regeneration of forests for carbon sequestration. On this concern means of
transport emissions, greenhouse gas is expected to increase from about 169 thousand tons of CO; in 2013 to about 764
thousand tons of CO; in Egypt during 2018. The target of this investigation was to evaluate the aboveground biomass
carbon storage content on E. gomphocephala, C. equisetifolia and C. glauca at different merchantable and merchantable
less portions levels under El- Kassasin station environment.

The results were in agreement with earlier researchers including (EL-Lakany et al., 1980; Baker et al., 2002; Saint-
André et al., 2005; Pambudi, 2011) they mention that eucalypt stand tended to fast volume rate. Rockwood et al. (1983)
reported that C. equisetifolia and C. glauca reached up to 32 and 19 m, respectively in height. Diameter at breast height
(41-23.5cm) respectively. On this concern, EL-Lakany (1981) described that C. equisetifolia had higher growth performance
than C. glauca under Egyptian condition. Meanwhile Zhong (1996) reported significant variables in height, diameter,
volume and crown spread between Casuarina sp. in Southern China. Trees of C. glauca had the lowest merchantable
volume value of 0.21 m3/tree compared to other casuarina species mentioned in the study (El-Juhany et al., 2002).

These data agreeable with the results of (El-Lakany 1981; John and Racette, 1989; Ngom et al.,, 2016) they found
that C. equisetifolia followed by C. glauca in biomass content. (Marcar, 1996) reported also that C. equisetifolia biomass
production was better than C. glauca. Chonglu et al. (2010) stated that the volume of wood production and adaptability of
clones were significantly superior in C. equisetifolia followed by C. glauca under abiotic stress in different areas of China.

Previous results related to the carbon content at different timber tree were in agreement with many factors,
including species, climate, growth rate, foliage area, site quality and tree vitality affected on C content. (Yang and
Hazenberg, 1991). On this concerning C concentration of wood varies depending on the species, stem anatomical parts,
growth, site conditions and stand characteristics (Elias and Potvin, 2003). Previous studies release trunk C content variation
(Barahona, 2005) showed significant differences in cellulose content at different heights, without a unique trend. Agreeable
(Bert and Danjon 2006; Campbell et al., 1990) reported that vertical C content variations. The recording data observed that
biomass and carbon content enhanced with increment standage (Litton et al., 2004; Peichl and Arain 2006; Noh et al., 2010;
Li et al.,, 2011). Data noted that carbon potency content of eucalypt trunk tended to increase with increasing trunk age.
(Baker et al., 2002; Saint-André et al., 2005; Pambudi 2011).

CONCLUSION

Results of this study revealed that the stems of E. gomphocephala trees when they reach the age of 28 years, they would
have an estimated wood volume of about 1.36 m3/tree and an estimated biomass about 884 kg/tree. This biomass may
store a total carbon of about 524.94 kg/tree, where 378.49 kg/tree would be considered as benefit carbon available to
transport and the other amount of 146.45 kg/tree carbon would be considered as an organic matter.

The C. equisetifolia timber trees aged 28 years would give about 1.05 m3 wood volume, and 871 kg/tree of biomass
which may contain about 466.29 kg/tree of stored carbon, which could be divided into stored carbon of about 327.95
kg/tree as merchantable available for transport and the other 138.34 kg/tree as organic matter.
The C. glauca had cultivated after 28 years recorded 0.47 m3/tree wood volume and 307 kg/tree of biomass which may
isolation 148.95 kg/tree carbon from atmosphere and storage as merchantable available for transport addition to 32.99
kg/tree organic matter.
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