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Extended Abstract

Background: The biomass estimation of different tree organs plays a key role in sustainable
management and the estimation of forest carbon stocks. Relationships that relate the
characteristics of tree size (such as the diameter and height) to its biomass are called allometric
relationships. This study aimed to determine allometric equations for estimating biomass, carbon
sequestration, and leaf area index (LAI) of Acer monspessulanum subsp. cinerascens species in
the protected areas of Manshet and Ghalarnang forests in I[lam Province.

Methods: For this purpose, initially, the different sites of Acer monspessulanum in the study area
were determined by a forest tour. Afterward, quantitative factors (such as large and small crown
diameter, tree height, crown length, and collar diameter) were measured in 60 randomly selected
Acer monspessulanum trees. To estimate the leaf biomass, a quarter to an eighth of the leaves of
the tree crown were collected by the direct method of picking, according to the size and smallness
of the tree crowns of the A. monspessulanum sample trees. The dry weight was measured in oven-
dried leaves. The numbers obtained from a quarter or an eighth of the crown surface by
multiplying by 4 or 8 were determined as the leaf dry weight of the entire tree crown. The
percentage of organic carbon (0.47%) was obtained by burning a sufficient amount of dried leaves
in an electric furnace. The LAI of A. monspessulanum subsp. trees was calculated using the
specific surface area of the leaves through the weighing method. The average tree method was
used to generalize the results obtained from the sample trees to the whole forest. The Kolmogorov-
Smirnov test was used for the normality of the data. Linear and non-linear (logarithmic and power)
regressions were used to examine the allometric relationships between biomass, carbon
sequestration, and LAI as the dependent variables with the measured independent quantitative
variables of the tree (such as average crown diameter and tree height). Based on the criteria of the
coefficient of determination and the adjusted coefficient of determination, the best model was
selected among the three investigated models. The decision to confirm or reject the assumption
of'no effect of the independent variable on the dependent variable was made based on the p-value.
Results: The results of the Kolmogorov-Smirnov test showed a normal distribution of the data.

The average leaf biomass, average carbon storage in leaves, and average carbon dioxide
absorption from the atmosphere by 4. monspessulanum subsp. Cinerascens trees were estimated
at 200.30, 94.16, and 345.68 kg/ha, respectively, in the protected areas of Manshet and
Ghalarnang. The results of LAI estimation in the study area showed that the average LAI for
A. monspessulanum subsp. cinerascens species was 1.52 per tree and 0.119 per ha, respectively.
The results of the analysis of different models showed that the collar diameter as the independent
variable did not affect LAI as the dependent variable in all the investigated regression models,
with a p-value more than 0.05 for all three regression models, which shows no significant effect
of'the collar diameter on LAI. Meanwhile, the average crown diameter as the independent variable
in all three investigated models showed a significant effect on the LAI as the dependent variable
based on the p-values. Besides, the power model showed the highest coefficient of determination
(0.407) and adjusted coefficient of determination (0.397) for the average crown diameter as the
independent variable. The results revealed the significant effects of independent variables (collar
diameter, average crown diameter, and average crown area) on leaf dry biomass (the dependent
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variable) in A. monspessulanum subsp. cinerascens trees in linear, logarithmic, and power
regression models based on the p-value of all three independent variables in all three investigated
models. Among the other models, however, the power model had the highest coefficient of
determination (0.433) and adjusted coefficient of determination (0.423) for the collar diameter as
the independent variable. Therefore, the power model was chosen as the best model for the collar
diameter (independent variable) and leaf dry biomass (the dependent variable). In addition, the
results of the analysis of different models showed that the tree collar diameter (independent
variable) could affect leaf carbon sequestration (the dependent variable) in all regression models,
with a p-value < 0.05 for all three regression models, showing a significant effect of the tree collar
diameter variable on leaf carbon sequestration (the dependent variable). Among the investigated
models, the power model for the tree collar diameter (independent variable) has the highest
coefficient of determination (0.434) and adjusted coefficient of determination and (0.424).
Therefore, this model was chosen as the best model for the tree collar diameter and leaf carbon
sequestration as the independent and dependent variables, respectively. Therefore, the
examination of allometric relationships using regression equations showed that the power model
had the best coefficient of determination and adjusted coefficient of determination for predicting
dependent variables based on the mentioned independent variables.

Conclusion: The results of this study demonstrate the ability to measure biomass, carbon
sequestration, and LAI of A. monspessulanum subsp. cinerascens trees using allometric
equations.
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Table 1. Quantitative statistics of the measured variables of a mean tree

(1) &l oy Jhro Bl il Ske e

oS

CV% S.D Mean Maximum Minimum Variable
2.16 127 5.73 3.25 (22) £l
Height
(5%0) &b )l
25.30 0.99 3.93 1.65 Crown height
19.96 101 5.07 2.55 (55) gb ka8 Lo
Mean crown diameter
36.34 7.75 2132 4176 5.1 (@522 fdsngh coluws
Area of the crown
(o sblo) 4, s
31.00 9.69 31.26 7 Collar diameter (cm)
(p5) ndiges S S5 (g (ke
31.56 0.054 0-113 0.08 Mean weight of a single leaf (g)
(@200 st s8ls) S S5 s (5:S0ko
3073 215 702 12.37 297 Mean area of a single leaf (Cm?)
42.12 860.33 44132 95368 13840 5 S I S0k
M;an total number of leaves
36.16 10270.81 386528 606140 104733.97 , CmY) ea0 S oSy JS ol
(Cm?) The total area of the average tree leaves
37.89 0.88 1.52 7.03 0.55 S g gadls
Leaf area index
46.19 242,72 4854 13068.8 1917.31 (p5) S J5 039555
Total biomass of leaves
38.59 0.85 217 421 0.48 (p.555) S )5 gy
Carbon sequestration of leaves
38.62 3.065 7.93 15.44 175 (p5545) 52 5| CO2 i

Atmosphere CO» absorption

PSS 8 Sy (adld 5 Sy bawg (JiSe )3 p56kS) 2 5l CO2 Qi jlade Sy ()8 i S 03565 Y Jo>

adllas 350 ailate

Table 2. Leaf biomass, leaf carbon sequestration and the amount of CO: absorption from the atmosphere (kg.ha'!) by

the leaves and Leaf Area Index of Acer trees in study area

2 51 CO2 Cin laie Sr oS

S g 35 ) 5 s LS 3 ol .
feaf Area (salp,Sks) (Esalp543) (Sl S5ks) 5 39cs TiIumb);r);;r %
CO3z absorption from Carbon sequestration of Leaf biomass (kg/ha) Species
Index hectare
atmosphere (kg/ha) leaf (kg/ha)
0.119 345.68 94.16 200.30 413 >

Acer monspessulanum
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Table 3. The coefficient of three regression models, linear, logarithmic, and power, for the collar diameter of the tree

and the leaf area index

oxs 35kl gl 5

0l Dbl colyps

e —p o bl Sctggff%gtesd Unstandardized coefficients ol )w ™
P-value T on s Coefficients
Beta P B
Std. error
ol oy
0.000 5.325 s 0.383 2.042 Constant coefficient s
0.161 -1.421 0.012 0.017 53 oy jLad Lincar
Collar Diameter
ol oy
0008 2768 -0.181 1106 306 Constant coefficient P
0.167 -1.400 0.325 -0.454 S5 iyl )8 Logarithmic
Collar diameter logarithm
0.072 1.831 0.533 0.976 e .
0.160 Cor}stanﬂt co?fﬁ01eint Sy
0.221 -1.238 0.157 -0.194 3 dy b o8] Power

Collar diameter logarithm

Sy gdaw a3l 5 gl bawgie b sl Sl g (o) (oS (9 )S) Je dw culps —F g
Table 4. The coefficients of three regression models, linear, logarithmic, and power, for the mean crown diameter and

the leaf area index.

o1 >l coly s

oni skl colys

Jsde —p o)l Standardized coefficients Unstandardized coefficients ol ps J
P-value T Beta Culps e slas B Coefficients Model
Std. error
ol oy
0.000 8.399 s 0.483 4.055 Comsit ot "
0.000 5351 0.093 -0.500 &b bugie L Linear
Mean crown diameter
ol oy
0.000 8312 s 0.670 5.566 Comsimt ot o
0.000 -6.095 0.414 -2.526 &b bawgie Jlad o)1) Logarithmic
Mean crown diameter logarithm
0.000 7.264 0.317 2.305 <o gy . e
0.638 Co?stant coefficient Sy
0.000 6314 . 0.196 -1.240 g8 bwgie a8 020 Power

Mean crown diameter logarithm

u).LDwL;LbJ.M)b (Mb).uwo) L_?)J@muuabbjk}i'b‘mduw bMJAstuwwl)ao ).)‘.!La.a—a Jab

Table 5. The values of determination and adjusted coefficients for independent variables and the leaf area
index (dependent variable) in linear, logarithmic, and power regression models

Js

Adjusted coefficient of determination determination Coefficient of Model Independent variable
0.017 0.034 (Linear) s i
0.016 0.033 (Logarithmic) ez )& C>) A
0.09 0.026 (Power) g5 Collar diameter
0.319 0.331 (Linear) _las ] i
0.380 0.390 (Logarithmic) ., Mea ftrl:\:/iﬂdfmeter
0.397 0.407 (Power)  glgs
0.263 0.275 (Linear) _las o
0.384 0.395 (Logarithmic) _«z,\S) Aw%fat; Coluse
0.385 0.396 (Power) rea of the crown
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Figure 2. The logarithmic-power allometric relationship between the mean crown diameter variable and the leaf area
index of Acer monspessulanum trees
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Table 6. The coefticients of three regression models, linear, logarithmic, and power, for the collar diameter of the tree

and leaf dry biomass

00 3kl gl

0l 3 ikl ol yps

p e oyl Sctggg?ggﬁfsd Unstandardized coefficients Gulpo Js
P-value T 1% loe ot Coefficients Model
Beta el Yo 8 B
Std. error
0.111 1.619 0.598 0.969 b o i
Constant coefficient
0.000 6.234 0.633 0.018 0.114 ©80 4yl Lincar
Collar diameter
0.001 -3.442 1.742 -5.998 ol g b R _
Constant coefficient i, &
0.000 6.077 0.624 0511 3.108 N Logarithmic
Collar diameter logarithm
0.003 -3.061 0.402 1.231 b oy i
LT Sy
0.000 6.658 0.658 0.118 0.786 €80 dly ylad o2 S Power

Collar diameter logarithm
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Table 7. The values of determination and adjusted coefficients for independent variables and leaf dry biomass
(dependent variable) in linear, logarithmic, and power regression models

Wbl b el oy On Gy Je S juie
Adjusted coefficient of determination Coefficient of determination Model Independent variable
0.391 0.401 bd
Linear
0378 0.389 T 3 4y 3
Logarithmic Collar diameter
0.423 0.433 S
Power
0.198 0.212 U‘L N
Linear
0.199 0212 e gl bawgle
Logarithmic Mean crown diameter
0.235 0248 P
Power
0.208 0.213 U‘L N
Linear
0212 0.225 e s g colus
Logarithmic Area of the crown
0257 0.269 P
Power
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Figure 3. The logarithmic-power allometric relationship between the collar diameter variable and leaf dry biomass of
Acer monspessulanum trees
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Table 8. The coefficient of three regression models, linear, logarithmic, and power, for the collar diameter of the tree
and carbon leaf sequestration of Acer monspessulanum trees

00 3okl gl

0l 3 ikl ol yps

Jlée —p oyl Sctggg?ggﬁfsd Unstandardized coefficients Gulpe Je
P-value T 1% Lo olos Coefficients Model
Beta FRlpe e 8 B
Std. error
0.119 1.583 0.286 0.452 b o i
Constant coefficient
0.000 6.269 0.636 0.009 0.055 €80 4yl Lincar
Collar Diameter
0.001 -3.460 0.832 -2.880 ol g b R _
Constant coefficient )&
0.000 6.090 0.625 0.244 1.488 0 4y ylad o1 ) Logarithmic
Collar diameter logarithm
0.000 -4.908 0.401 -1.969 b oy i
T Sy
0.000 6.668 0.659 0.118 0.785 €30 dly ylad oS Power

Collar diameter logarithm
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Table 9. The values of determination and adjusted coefficients for independent variables and leaf carbon sequestration
(dependent variable) in linear, logarithmic, and power regression models

Wbl has el o On Gy Je seso
Adjusted coefficient of determination Coefficient of determination Model Independent variable
0.394 0.404 g
Linear
0.380 0.390 T 3 iy 3
Logarithmic Collar diameter
0.424 0.434 Slg
Power
0.196 0.210 g
Linear
0.196 0210 T gb bawgie jlas
Logarithmic Mean crown diameter
0231 0244 S
Power
0.203 0.217 g
Linear
0.210 0.223 e s g colus
Logarithmic Area of the crown
0.253 0265 S
Power
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Figure 4. The logarithmic-power allometric relationship between the collar diameter variable and leaf carbon
sequestration of Acer monspessulanum trees
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