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Table 1- Descriptive statistics of small diameter trees used to develop models.

(m) ¢ 20 (m) ¢l (o) e A 22 om) i s

Crown Width Height Dlamet:girge;ftbreast Collar Diameter PR Y

oS oSl ey S oSl iy S oShe il weS oSk o, (OPECEY)
Min Mean Max Min  Mean Max  Min  Mean Max Min Mean Max
B
1.72 2.45 3.15 210 7.18 1012 2.05 4.92 6.95 2.92 6.27 9.32 Carpinus
betulus
)
1.80 3.30 562 229 525 1000 233 4.76 8.05 3.00 6.81 10.20 Fagus
orientalis
Qi,gu‘l
136 235 458 385 560 822 276 479 787 331 584 996  parrotio
persica
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Table 2- Results of power regression models for selecting the most appropriate equation for
estimating biomass of different parts of small diameter trees of Carpinus betulus.

e P ol e P ol

P e PR Qly e P e PR Qg e

P.Value “Lw_ e Sz Independe  Dependent P.Value MLN_ it Sz Independe  Dependent
: Adjusted SE  NtVariable  Variable : Adjusted S NtVariable  Variable
R? R?
0.242 0.089 0.934 CD 0.000 0.928 0.320 CD
0.095 0.294 0.500 DBH S peosm) 0.000 0.928 0.321 DBH Wl o353
0.568 -0.100 1.026 DCB Leaf 0.000 0.886 0402 DCB Stem
0391 0021 0988 H Biomass 0000 0935 0305 H Biomass
0.033 0.485 0.702 CW 0.126 0.235 1.043 CW
0.000 0.909 0.265 CD 03533 0.007 0.689 0.498 CD
0.001 0.863 0.325 DBH 0.019 0.569 0.586 DBH o gy 3
0.001 0824 0369  DCB <~z 004 0437 0670  DCB Branch
0.000 0.872 0314 H Bark 0.055 0.398 0.693 H Biomass
0.122 0.243 0.765 Ccw Biomass 0.031 0497 0.633 Ccw
0.000 0.940 0.258 CD e
0.000 0.924 0.292 DBH Total
0.000 0.873 0.376 DCB Abovegrou
0.000 0912 0.314 H nd
0108 0268 0903 cw Biomass
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(Crown Width)
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Table 3- Results of power regression model for selecting the most appropriate equation for

estimating biomass of different parts of small diameter trees of Fagus orientalis.

B ad B ad
plaes . Lesl Jome i s plaas Ledl - Je wly ot
) : .
P.Valu & Slrs Indeﬁtende Depende  P-Valu & Slrs Indeﬁtende Dependent
€ i SE Variable nt € i SE Variable Variable
Adjuste Variable Adjuste
dR? dR?
0011 0574 sz cD 0000  0.859 0'6” CcD
0010 058 %3 ppH 0000 0934 %% pgH
5 53}21)‘ g a3l 53}1_{)
0007 0619 %% pce 0000 0914 %%  pce
Biomass
0165  0.149 0'17 4 H Leaf 0015 0534 0'57 4 H
Biomass
0009  0.590 Ofl cw 0002 0723 °f7 cw
0000  0.829 Og” cD 0001 0773 0'534 cD
0000 0863 °*  DpBH 0004 0669 % pgH
7 0353 7 Ll e guy
0000 0829 %*  pce = oq 044 .
. . ! .., o1 oee O DCB Branch
; Biomass
0012 0.560 0'67 6 H Bark 0066  0.318 0'5’9 H
Biomass
0003  0.701 0'163 cw 0012 0563 0'6‘8 cw
0000  0.863 0'036 cD
0.29
. 907 DBH
0000  0.90 : 16 oo5;
0000  0.881 0'533 DCB Total
Abovegrou
0018 0514 0'867 H nd Biomass
0002 0721 Ofl cw
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(Height), CW (Crown Width)

Ls\J}\JJSaJ‘}:.»)J)j]jksb.:dé&ﬁu{ﬁwuuw\)}bed\jdwﬁ)wcb
35800 Gl Mras e op Sl duw ol a8 &S 3l Olis el 655 5 ooty il

ey



VAL (V) o )lond dTY) s SR> 5 g2 (5908 9 pole (o sidg sy & pabd

d_}ul;-) .LJJL:L;G JS 03435 ) Oeomed g C,wu}.; cgfj.g L caslu JAL.Z Sy Calisee 6\J>\ 03435 )
YN 2l e i (S 5 S e a e ATV L Sl e sl i (G
.,\,JL:L;d gff erS.’)cu.byJA

oS Ol s il gl 5 JS 03505 3,00 el slas DLl SIS O S5 oS gl - Joix
ksl ‘G; Gl b

Table 4- Results of power regression model for selecting the most appropriate equation for

estimating biomass of different parts of small diameter trees of Parrotio persica.

S aBecd e
p i e = e | p i e = e el
P Value . sk Independent i P Value . sk Independent Dependent
' SE Variable Dependent ' ol SE Variable Variable
. Variable .
Adjusted Adjusted
R? R?

0.085 0.242 0.400 CD 0.001 0.757 0.385 CD

0.030 0.398 0.356 DBH S ensn) 0.000 0.861 0.291 DBH Bl o3 5n3

0.007 0.569 0.302 DCB Leaf 0.007 0.575 0.509 DCB Stem

0517 -0.078 0477 H Biomass _ 0.364 0008  0.784 H Biomass

0.013 0.507 0.322 CW 0.344 0.001 0.781 CW

0.003 0.660 0.328 CD 03555 0.015 0.487 0.617 CD

0.000 0.844 0222 DBH i 0.001 0.723  0.453 DBH wls oy

0.000 0.824 0.236 DCB 5 0.000 0.780 0.404 DCB Branch

0851  -0120  0.594 H Bark 0781 -0113  0.909 H Biomass

0.063 0.289 0.474 CW Biomass 0.017 0.468 0.628 CW
0.001 0.764 0.360 CD
0.000 0.936 0.187 DBH &S s
0.001 0.755  0.366 DCB Total

Aboveground

0.621 -0.089 0.772 H Biomass
0.131 0.169 0.674 cw

(25 22) CW (gl D H (6 g5 Jma 3 18) DCB (4w sl o) DBH (4 ) CD
CD (Collar Diameter), DBH (Diameter at Breast Height), DCB (Diameter at Crown Bottom), H (Height), CW (Crown
Width)
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Table 5- Power equations selected for estimating total aboveground and biomass of different
parts of small diameter trees of Carpinus betulus, Fagus orientalis, and Parrotio Persica.

NEW s S5 Jokse ey e S5
Equation D\?gﬁggf:t Species Equation Dependent Variable Species
3l 0343 ) Wl 034}
y= 55555712 B y= 37645552 < o
Stem Biomass tem Biomass
2L 03 g 3 2L 03 g 3
y= 18.113x7251 = : A y= 571.60x7% = ) e
Branch Biomass Branch Biomass
3 03 gu ) . 3 03 gu )
y=836.16x°21 i -Jﬂ) =R y= 813,200 7 -Jﬂ) e
Leaf Biomass Fagus Leaf Biomass Carpinus
_ 70352 S gy 0355 orientalis _ 11492 S g3 03525 betulus
y=2362.6X y=681.21x .
Bark Biomass Bark Biomass
Js 03 9% ) Js e
-] ﬂ)
— 32722 _ 6123.2
y=52.144x Abolgter\l]und y=64.110x Total Aboveground
Bior%ass Biomass
y=52.174x3%51 Sl 2
Stem Biomass
y= 816275522 SR
Branch Biomass
y= 502,715 S et bl
Leaf Biomass Parrotio
y= 554,201 S g3 03525 persica
Bark Biomass
63 4u )
- 65 216)(9739.1 Js 7
y=0o. Total Aboveground
Biomass
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Figure 1- Fitted regression curves for estimating total aboveground and different parts of small
diameter trees biomass using diameter at breast height as independent variable.
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Abstract

Background and objectives: Estimation of forest carbon stocks essentially needs
accurate estimation of biomass. During last decade, many regression models have
been developed, while biomass estimation of the small diameter trees as a missing
part of forest measurements is highly significant. The main objective of this study
is to develop allometric equations for easy, non-destructive, low cost and fast
estimation of different tree components biomass including stem, branch, leaf, bark
and total biomass of small diameter trees of Carpinus betulus, Fagus orientalis,
and Parrotio persica.

Materials and methods: From each species, 9 intact trees with 2-8 cm diameter
were randomly selected and collar diameter, diameter at breast height, stem
diameter at the crown bottom, crown width, and height were measured. Then the
trees were felled down and different parts were weighted. One sample from each
part of each individual was transferred to the lab and dried in oven until reaching a
constant weight (48 hours in 70 C for leaves and 72 hours in 80 C for other woody
parts) and the percentage of dry weight was calculated. The most appropriate
equations for estimating the different parts of the trees biomass were selected using
power regression model. For selecting these equations, R? standard error and
regression analyses of variance were used.

Results: The results showed that among the various independent variables,
diameter at breast height is the most appropriate estimator in the term of
determination coefficient (R?) for estimating woody parts biomass of small
diameter trees in all studied species. Highest determination coefficients were
observed for stem biomass of Carpinus betulus (0.928), stem biomass of Fagus
orientalis (0.934) and total aboveground biomass of Parrotio persica (0.936).
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Conclusion: Amongst the different standing tree parameters, diameter at breast
height a lone can be used to derive reliable allometric equations. In general,
establishing allometric equations for woody parts of small diameter trees with high
precision is achievable. But, for non-woody parts, highly precise equation is not
derivable; this may be a result of high variability of leaf biomass in younger age
due to variable environmental conditions such as available light.

Keywords: Power regression, Allometric equations, Diameter at breast height,
Non-destructive estimation
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