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Extended Abstract

Background: The leaf area index (LAI) is one of the structural indices of forests and a key
variable in the state of forest ecosystems. This index is one of the major structural indices of
forests that plays an important role in the processes of evaporation and transpiration and in
monitoring the growth of trees. The role of LAI is very important in the changes in the
structural quantitative characteristics of forest stands. There is a general relationship between
the LAI and the quantitative characteristics of the mass. The leaf area of each tree can be
estimated using allometric equations of quantitative characteristics. This research focuses on the
effects of changes in the quantitative characteristics, such as tree density (n.ha™), basal area
(m>ha), volume (m*.ha"), mean height (m), mean diameter at breast height (DBH, cm), crown
area (m”>ha"), and crown volume (m’.ha"') on the LAI and preparation of their allometric
equations in the broadleaf forests of Golestan province.

Methods: To collect ground information on LAI, 227 circular sample plots with an area of 1000
m?* with a systematic sampling method and a 100 x 100 m grid were dismounted in five habitats
from west to east (Kordkoy, Shasat Kalathe, Zarrin, Gol, Sorkhdari, and Loveh). In the center of
each sample plot, the LAI was measured using a leaf harvesting trap with dimensions of 60 x 60
cm. The geographic center of each sample was recorded using a Differential Global Positioning
System device. The species type, breast diameter greater than 12.5 cm, the height of trees, large
diameter, and small crown diameter are measured, then as tree density (n.ha!), basal area
(m”.ha-"), volume (m’ ha'), mean height (m), mean DBH (cm), crown area (m”.ha™"), and crown
volume (m® ha™) located in each sample plot were calculated in each plot. To calculate the LAI,
it is first necessary to measure the specific leaf area of all species in the study area. To calculate
the LAI, 20 trees were separated from each tree in each habitat and five leaf samples were
separated from each tree in four geographical directions. In total, more than 15,000 leaf samples
were analyzed and scanned in five habitats. The area of each leaf was measured using Image]
software. The wet and dry weight and surface area were measured simultaneously using a
digital scale with an accuracy of 0.01 and then scanned with a high-resolution scanner. After
scanning, the leaves were dried in an oven at 72 °C for 48 hours to obtain their dry weights.
Non-linear rational function, Gaussian, hyperbolic, heat capacity, and exponential models were
used to investigate the relationship between LAI and the structural characteristics of the stand.
Results: The results of the analysis of descriptive statistics showed that the minimum,
maximum, average, and standard deviation of the LAI were calculated for 227 samples (1.86,
13.45, 6.33, and 2.33), respectively. The results of the analysis of descriptive statistics also
showed that the mean and standard deviation for the characteristics of volume (m?ha™), tree
density (n.ha™), basal area (m*.ha-"), crown area (m*.ha), crown volume (m*.ha'), mean height
(m), and mean DBH (cm) were respectively (96.96) 298 and 18.205), (24.05 and 12.82), (24.05
and 12.82), (51.148 and 54.155), (2.781 and 05.95), (41.36 and 9.97), and (25.81 and 4.93). The
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results of the relationships between the LAI and the quantitative characteristics of the volume
(m ha'), tree density (n.ha"), basal area (m*.ha-'"), crown area (m”ha™"), crown volume (m*.ha
", mean height (m), and mean DBH (cm) of the coefficients of determination showed (36-0.96)
R2 = 0.00 with a mean square error of MSE = 0.48-2.06. Among the investigated quantitative
traits, the average height, crown volume per hectare, and volume per hectare gained the highest
R2 values (0.36-0.96) and the MSE (0.48-2. 06) with Gauss1an Richard, and heat capa01ty
allometric models, and the tree density trait (n.ha™'). The lowest R* (0.36) and MSE (2.06) in the
study of LAI were obtained with the Gaussian model The results also showed large changes in
the LAI for the crown volume trait up to 400 (m*.ha™), followed by a uniform trend. For the
average height of up to 40 (m), many changes were found in the LAIL For the volume trait
(m*.ha"), the LAI 1ncreased up to 800 (m*.ha") and then showed a uniform and even downward
trend until 1200 (m>.ha™).

Conclusion: The results of this research demonstrate that the three quantitative traits, viz. crown
volume (m’.ha™'), mean height, and volume (m?.ha™"), have the greatest effect on the changes in
the LAIL Thus, these three tralts can better explain the LAIL The LAI can estimated using the
three crown Volume (m*ha'), mean height, and volume (m’.ha™) traits. Based on these three
traits, the LAI can explained on a large scale, and the estimated results can be used in climate
models and the development of appropriate climate change policies.

Keywords: Gaussion, Golestan Province, Heat Capacity, Leaf Area Index, Mean Height,
Volume (m*.ha™)

How to Cite This Article: Seyed Mousavi, S. Z., Mohammadi, J., Darvishzadeh, R., Shataee Jouibary, Sh.,
Rahmani, R & Ghorbani, Kh. (2024). The Effects of Changes in the Forest Structure’s Quantitative Traits on the
Leaf Area Index |n Hyrcanian Forests, Golestan Province. Ecol Iran For, 12(2), 59-72.

DOI: [0.6T1867ifel. T2.2.59



https://ifej.sanru.ac.ir/article-1-556-en.html

£\ VT IY oo fpaly> Jlo ool o fSin eolipsy oo (Y nccess

$ol b lha 5 (55,918 gl o>

OUdS (bl ¢ S (sl S

E8ilesn Ul Gl Todlj g0 Siddy, I (gaaom 1Rl M Gawsge saww 1h ] b
LB S 5% ey el

Wrl GBS 555 (b o 9 55,5l pole oSl (YR pole oaSiily (JSir e 09,5 155> sl =)
(mousavizahra242@yahoo.com : _Jggue 6w, 95)

ol 5 5SS b o 5 (55y5LS pole olRutily (Kin pole 0aSils ¢ S o 055 ¢l Y
o i olily (ITC) (o Sy 5 (oldlyis SleMbl pole 05,5 oliwl =Y

ol 05,5 S b asbie 5 55y9LS psle oISy (Ko pole 0aSeils (i o 0,8 kil -
I S G5 o o 5 s3glS sl oISl (JSin pole 21Kls (S 55551 5 (ouli S 05,8 il -
el F (55 L aibie 9 (55l pole ol (S g Ul poiigeo oSl o] (its 0, ol =5

VY01 Bl )b VYNV el s ol
VY b O taxio

Do 048
0a3Ls ol ABl e (i latnsS] Cundy 10 SIS e S5 plgisar w358 )3 lagasls o 3 S g (a3l 1BMD 9 deuile
oo S g (a3 B ) (ee G 050 05 il 9 5)5 5 e sl 0 o sl SR Lo slaasls o inee
Sy e )l 3935 0355 oS lrdasuino b Sy pdaw (23l o (IS LIl pre jlas (IR clrodg jldle oS lrdasio ol
330 S )3 w6 cladasiine Sl 1 gk cpl g8 ylp oS sladasiine S ytegll Yol I edlitul b g e cSy a
9 ol S ingll olas 4t 5 S s S £l g b (uSin 3 )50 3 £l e f5Sa 3 £l e l5Sa 5 o) gy S

a3 58 (b)) 2y90 |y QS pliel S e sla S
ooy b apeyio Voor Colue 4 IS (lopls digeiaskad YWV Sy pdaw asls ey cleMbl cuslyy cas adllae opl ) i Wiy g ge
Fre b odly (og) g ()b p (5 ) N Cuad (5953)5) b 4 ) Sl oy iy 3 pe Veex Ve dSd g Slettuns () gl
5 ool b digesasad jo SLélas 310 a8 odlitel Sy maw (el (g, Selul gl yie e FexSe ol b Sy by db digasaskd o
S5 S350 5 ool > £l o b WVIB 1 s gl 1 55 59 el o 3 05 b S Sl SCarbyo i ol
EW)l g b (1o 5 LS 13 gl o> (LS )3 g Colus LS )5 (o) ag) LS 53 sl US> o> e A (65001 2 S8
S5 55l aslllas 390 ailate 3 laaisS aled 5 0us s ol pi¥ 1] 5y o L Agslrs (lyy A5 Aploe digoiasad a5 ol
g g bl oldlss cas ke 0 Sy dised gy <y jlg sV alid;ﬁ”).m)_s@&).sédﬁﬂjl}gﬁx@awua&uwwd\x
Colus g Sid g 5059 b (6 S0l Imagel jl58ls 5 5l osliwl b Sy jo ol s (Sl g 3JU1 Sy 903 VO + 51 Ly goame 0 oKy,
VY slod 5 Sl 5l G S s Sl YU zgudg b Sl b s g (65503000 +/+ ) s b Jlsms (6955 51 oolial b oylojod jobods pdaww
Glaansio g Sy phw (a3ls g bilyy oy cas W05 Cpje byl iS¢ Bas SS9l jd celo A Gdedy 3,5 sle a5

35 030l (1o 3 GaollS b K sln s IS Jd s csln Jao 35 5L
iy geiasad YWY (cly Sy maw (asls jlae Blil g 0Ske ST (s olie o5 s (LS Lhwog (slaoylol 3JUT gols laaidly
S 3 vz gladasiie gl e ll 5 Sile a5 3l (LS pizmen Lnog slboylel JIUT s b dusle (YV/YY 4 SIYY AY/¥D A/AF)
5 V¥/+0) (Y+0NA 5 YAMRS) Cuspdy 3 gl 5 Jad 1 Sko o, 13 2U v (S 32U Colus lSa )3 ) 49 oS ) sl
0aLs Cp Lalsy oy guls b b (F/AY gYO/AY) 5 (R/RY 5 YS/FY) (A0/-0 5 VAVIY) ((YAB/BY 5\FABN) (/AT o Y¥/-0) (AY/AY
)l 9 5lad (xSls 5 S )3 26w S )3 26 Coluwe S 53 (i) gy LS 53 S LS 3 e oS gladasiio b S e
Om 2 &S b Gl en gl ol L (MSE =+/FA =Y/ #) o ) lad Slaje 055ke e 5 (RZ=2/Y8 = +/8) (o |y e ol olee

Jso b JiSa > olis5 duabo 5 lslS i g 3y s Syiagl] sl o b L dsleo (MSE = +/FA — +/05) s Clayyo (Siks
@l b Sy gaw (el b ey 3 ) (MSE = ¥/05) L Slaje (:55ke 9 (RP =2/¥5) (e iy Oline 28 mosS S ytesll
21 (S ol ) der e 5945 S s 23U Sy o o jia T o B IS )3 26 o3 (sladiasiio (ol 5 2l oL igen
e pa3ls oo i Are b 5 kS )3 oo dasetio (gl adle obj Sy e (eSS St o 20 Fe b elis)] (i S0le aasedie

2> (o5 5§ B yrs e 2o \Yoo b ol Sl dm g g Blioo Rl (9500 o b Sy
o) 2y B oyl S 53 w5 £l (xSolie IS 13 26 o (o Auasiie dus 48 b 03> S 305 oyl | ol gulis 15 S doid

)] pSle ccpsS oS aw (a3 LS )by S 53 wo (S il 165 sWaojlg
LGS b SBocbles 5 ke Gl ell8l doddo
Gl Sy slafiin (i laptunwsS] ainte | e o) Gl St gaw pow Sy 290 b S
e Oll g Sl pinle)S gals ) g BB i oS Olyosd doa 5 Ol pald > Lege LI 5 MBI o Sl


https://doaj.org/toc/2676-4296
https://orcid.org/0009-0003-8563-9232

S s g Slex) el )lag (alid Glnd w3liigyd Sidy) csrade 1 Silex csgugn dum [n) odnes

£y Sy CJA”U“’L‘“’ S92 AN slrodgs Sl wsdh”w‘ i Ol yoss

cole  Wlg e ord 390y Lasls cpl D)5 s
Sloglie 5 addl o Jie ax 5 el Sl
2355 )8 oolatwl 5y90 (Sles 5 (gldilaio
oS lraasiio b Sy phaw (a8l )y 4
Pourhashemi ) wlalllas & )lg5 oo oyl 53 0355 (5l L
a5 o)l (Babaei Kafaki et al., 2009 et al., 2012
4 (Pourhashemi et al., 2012) ,Kan 5  ouilnyg
o 3 £l 5 Jab Sy ingl balgy b Syt o s
LDy paiiew Al gpad s o plelach s 2
dasuiie 58 50 dis plp JlaB &S ob ol mls
Sy olelaely (s Sy mdaw (sl b bls)l o (W5
bl a8 sl VY yiie ool slp e cups Ol
4, (Babaei Kafaki et al., 2009) .,Ken 5 SIS
Quercus  &s5 o35isj 9 Sy ghaw adld (ow)p
SblSeud bl L Jos,l Jds > macranthera
i) 5 lab elbdaseto 45 o> ol gls izl S
Ol )l Sy ghaw el b ) (Ser (g yide
5 Ayl b8 oS laaasiio ly e Gups
W dpobre /YD 5 /YA oy i)
Zhaietal ., ) Olllas & ()l 0 50 508 5l 2y
«Chaturvedi et al., 2017 <Tian et al., 2021 2023
McDowell et Pape et al., 2001 <Vyas et al., 2010
Kenefic et al., 1999 Tobin et al., 2006 <al., 2001
Pretzsch & <Turner et al., 1999 ‘Arias et al., 2007
5 &l ge o)l3l (Li et al, 2005 Mette, 2008
Sy s La3ls )y 4 (Zhai et al, 2023) o) Son
b Jled sla S o LIDAR (glacals (wlwl y jige
syl cdy & s e ol @mbs by e
eb g we b (B Ghdg gl asle S kil
S5 ojul Sy paw (@3LE L (w25 LB jobay iy
gl o (Smon (pl g LI (Siused (p <+/+)) 0l
Tian et al., ) o)en 5 L5 g jboliae [ calises
@ bgpe baysio b Sy gaw (adld (ow)p « (2021
aS ol Gl mls by el Gide U 4 gl
gaw gald (w)p 3 Gibe 2L 4 Cons 1] dasiie
Ohlen 5 (£39)9le Canl 110,65 (g Comal 1 S
S ieqll sldJde )y 4 (Chaturvedi et al., 2017)
5 kb il Clab > Sy e pasld oyl
as o s bl sy lugas ks el
s Jde g disw ply jlS aaside lp Sted Jae
03U U Ly e s gt ) o oy
dasuio 90 lp e olps e aih Sy paw
A Al /Y g [FA gy gyl g i ply el
b aw wyp 4 (Vyas et al,, 2010) o, Sen o by
P Spoghe 03l L ogel o Sl iy
ul:u).o u.‘iﬂm OI)..:A sls ULMJ CJL) ._\L&bﬁ: ‘_',l;;.:a.\;.zza
9 S5 4 gl 45 lp gl o aasie lp s
oL Gioren @l b ()15 @peyie YA 5 /A gl
g lp poles g ot yahl S pdaw (a3LS &5 3D

3 e olesS Il 5 bl s s ] e
s |y lSingh drg & cul ol (e
S5 938l jg) Gl S eyl 03,5
@ Sl (A5 g ok 2 cage Jalo g3l dinej
Sarvazad et ) cuol o (3, 0055 3 ol Sblg g S
i gl g SIS (o5 g ey 1 (@l 2024
s N9y iyl 5 shaasie I SMbI 4 8l
Ol b a3l o 5l Sy s jas i g 0350 aiilo o]
dlo o ladasuio Dged objyl 1) Sluss cpl ol
uLal Lgbb)uwc )I S).g C.L}.w uabL.o 9 03958 b 0dg
Siledie > ol Glapiie Sl gpzen 9 (08 S5
sl ke g dibhie wlie o & siwa o8l
on by (yp b ygpe g R lpmgc
ko 0dg7 Jlinle (o sbdastie 5 o8l caasio
Wilby et al., ) a8 o i cilisee bylps o 1) g
ol (Colue) ol 3 yus el wuldl @lyuss (2013
039555 9 (g Fwgd (i )3 i Cl ol iy
Ol e el Jolge cpl degorme & 290 (155
ale 0355 Hlidle oS sladasuie cledbl 4 5L ol
gaw padld il (6y9p8 g p3Y Sy aw el
Taw B)b o lpiedr 5 Sl oy gl CueS o Sy
Buchmann ) cul osds cayyai p0j plaw dnly j3 Sy
95 4 Sy paw adls Yseso (and Schulze, 1999
(CS)MY Al )I oslatwl b j).x 6)5‘@>) foaliao dLmuoj)
o pa3lS g pSeilul gy (nileebl b g (8
5 690 Lo laodhy ( Sl eyl asle 3
S )b g2y g ol pia J L GbpoeSe om0
-\.&.’l‘lédtf 3)5l).3 ‘) S)JCJQ») ua.’>l.w
Slen S (IS sbhodgs Ll Olpsd 4 asg
Wle 0355 Hldle (oS sladasuio o) | v 5 45 S
5)‘.:&@ » Slass 5)‘.:&@ » u“‘?”) 4)9) 5)b§\h P o>
Candy (piomed g opé g jhd (xle 5 gl (ke
2018 eetiwe gba ybg, I oolitwl Wedgs cpl (31,5 ees
921 63k Sl o8 4 b g A oledd e
Wipp g )lpdd ol cpl e ns sbaghe) >
Slhdnsiio dg oy ;4 dxe b oyl pogMe .l
LS 53 (e gy HUSB )3 e wle 0358 Ll oS
2ok g )l ke WSe o gls Sl
9 &l BSe glojle bwy &5 Joans (slac)ls bl
b oizmad g Caol oud plodl Cpdise b jodS (o) juso]
boosgs jlidbe (o gladasiie (558 L)l 4 @y
oals i oy Lails) 5T 5 S5 oSy el el
Caadl (gl 0397 jlidle oS cbraasuio b S, paw
0395 )L.>Lw gof dlﬁw ua)l.wl 29 o U’JYL
Ewy Sbolde )3 1) Sy aw (a3l Sl (g0



S 5 e meh s (ol ol ljiing,> i, stome nSlee cpugn deo 2 o

Y

VY IY ojlaids [om3jlgd Jlo oflpl sl K wliipss

doy liSa o ol Sa 3 o sladasuie Ol
9 )L(S.h ).) Cl} > ‘)lifu‘a ).) cb CA}L«M 5)‘.:&% ).) U’Juao)
slaJSiz > Sy o a3l b el 5 b (ke
Slgo 380 ol @b bl S lial S
Sy pow (a3l Clpd die) ) (glied))l aleMbl
5 K gl (ol Sl Copte )3 Wl o 48 Amd oo Loty
5 Sk ol daej » mome slacwlw (pgk

A &l Loy pudl ol s

W sdg; 9 dlge

Ol S 3 pob iagh 4 aliws jglaied,
oddpll LS il 3 oRingy gy > aBly ¢yl
o gl g ol&iygy oyl 5l Pl LV JS0E) conl
Sl B gelae JSKis slacy 5 calise slaby
o wl R D9 olif.\?” Oswss (565 ,S o8y,
S5l W ol g g atsel Sy adllo )90 JSin
5 Carpinus Betulus L 5> e b 5 Jluoals
odgze y ddlaie oyl .cwl Fagus Orientalis Lipsky
b 3 Lp maw e YVeo B ol
.(Kordkoy management of forestry project, 2008)
Heb (Brb gz 53 90l pb AW Cuad pgd oy,
ol dalllas 3yg0 ddlaie 550 (sladisS Sl o 5
«Carpinus Betulus L ¢Acer A ¢Fagus Orientalis Lipsky
o) .l Quercus Castaneifolia Parrotia Persica
B Ly pdaw jl e Ave B Yer clahy) o3gimee 45 ddlaio
Doctor Bahramnia Forestry plan ) )b
gy pwosw JScp,; o&iys, .(Management, 2009
SladisS il o S il oUT e )3 @8ly axdllans g
5 Carpinus Betulus L. ; Joli adllaesyge adlaie (5
odgae 43 dilaie pl cusl Quercus Castaneifolia
Zarrin gol ) 5> 1,8 L y> pdaw jl jie Qe e U Fee clas)l
[(Forestry Plan Booklet, 2000

Sl oy 3y50 oBllng) o)z (SolS e oy,
dibie 550 glaisS oyl 13 Loy b Jled o oS
Acer ¢Acer Cappadoicicum Gled : Jols dslllae )40
5 Carpinus Betulus L. Gaerten &Velutium Boss
0dgze 3 ddkaie pl .AiL o Quercus Castaneifolia
b 8 Ly mew o Ve B oVeer el
.(Sorkhdary Forest Management Plan, 2007)
g 3 4 Cunl (g 3)90 oKy ety o) ol
390 ddlaie 555 gladigs )l JI5 GSJE 0l ()b
Carpinus  Acer Velutium Boss :Jols asllas
dilie oyl .l Quercus Castaneifolia 4 Betulus L.
5l )13 Lo e 1o VAo BVYe e elal odgase p
.V JS.s) (Loveh Forestry Plan Booklet, 2007)

(Arias et al., 2007) o, Ken 5 byl cal L3y 26
b ol ey sl 9 S e eSS 25l oy @
Bo)lwls )3 (oo (3550 &5 (b ) 0395 (5yg0 0
W)l g Sy o adli o a8 ol L ls by
5 ST g 3 s g bime Bl Ly oo 5 (I
sl oglls s 0 sy Ay ol S gl slge
Dy 0 ol S Jyparme 9 Sy ghaw (adls e (g e
38> (a5 4 (Tobin et al., 2006) -, o g
Tectona grandis 3y gledy Sy pdaw adls
feb oS slaaasie b dilize (g)lb sla oS (ol
By lwgiin ) gl maw g 0815 )] i
25 s g dies iy B (gladaseie &5 ol o5 ol
023l L1 bl o 5ge8 <[PV g < IVe e s b
McDowell et al., ) o,Ken 5 Jgho Ko t)ls Sy pdans
eyl b Sy daw jasld o b)) ) p 4 (2002
Al G yel y5iily 13 Sy Siew (slaodg jd B
Sy o Cod s> glar)l (Rli8l b oS o lis wls
g gl b daly cwyp @ bbe (ERE 0dg (1)
Bopel Lddls )3 s (U8 p> Sy v b gl yoye
b Sy o o 698 (Stsad 3b ol gl bl
adly 3929 (S ped US> )] 92U el iyl b
Ay a8 leaasiio cly odd awslre s calps
desle (V= Y] (13 )] 5 gl jlad et
5 2b b iy i) 4 ol s st gl 0
bl «dl, (ials (1355 o l81 b di pl jlaB )
Al 8 l33) eisS i (glyy S o 43, ¢
UGl e & we LGB Sy e
Pape et ) cuil Sy maw 5 <8 ojll 5 255 B
Tsuga & Sy mow ]y 4 .(al, 2001
w9y ) oS sladasuio b .l > Canadensis
@l by gl Job 5 gl poe s plp jhb (e
plo b awlio p Guej dg) dasuie oS db lis
Sl TPV e Gupd b e @l o8 glaaaseis
.(Kenefic et al., 1999) sls
i) 3 (o5 Ollllas (ST @le j9p0 4 4298 b
slrodg Jdls 5 oS ldasin Ol il )2
P See) 2y HlSe 53 3 LS ) e aile (IS
oeke 5 LS 3 gl o2 LS 3 gl colue (LS
o33 Pl Sy s il L o] bl 5 glis) 5 b
023l o8l aej OleMbl 4 da g b piored ol
0l ol ol s g Sy b S 5 S
o oot ST 4 315 p osde 5 oS ol 55
5 ol i Slessge dan jl Gilike cole 3 Sy
baasiio pl Ol Sl g buly) (cw)p S pile)S
iy ()90 9 PV S paw (aLS b oy jlble (oS
Ay by oyp adlas ool I Gan cplply



S 5 e dmeh s (ol ol dljiing,> Kb, stome wSlee cspugn duo 0] o

¥ 6)3 c]a.w L)‘>L‘:‘3 &9y 2 rl$> Lgl.mby' )l:(>L» ro.S L;me* ol oy ).'il
45°00'E 50°00°F 55500 60°00F 65°00"F
40°00"N ) N =
W%E -
-
35°00"N
30°000"N
25°0'0"N Lazal,
- K s
— s [
o s 240 o U st
15°00°E 50°00°E 55°00°E o
| $s52)5
\ Sl aSs e
Vs Km
e 0 £ 120 160

(2) &N cands IS () GldS gluwl () ool bl )> addllass jgo dilato Cuxbge =) S
Figure 1. Location of study area in Iran (A), Golestan Province (B), Shast-Kalateh forest (C)

2 Colue b oSl g WU Sy dges V0o v o5l i
5 ¥0y59 b (g pSojlul Imagel lisle 5 il eslawl b Sy
S 5 i b oo shoty o Colus 5 St
7959 b Sl b s g (6550l +/o ) ey by Jbused
e W gled 3 oSl e b, 5 Sl Y
059 9 WA SuiS yl el FA Gaea oS il
(F) ety 51 S oy s g 2305 035 g S
A b oSS s 4 S e colue el I
Syope pow (1She duwlbxe (Waring et al., 1983)
Chason et ) (% ableo) wis odlatwl 5 Jge,8 5l 4565 2

.(Eermak etal., 1998 <l., 1991

sam
LAy

SLAtS = WD::.m (;) d‘b‘)
P S A lp ohy Sy aw SLA S
LAE™ wal p5 2 @p sagile cusp oKy,
sy oBUg) p2 > BgS s | Lges Sy Colue
Gged Sy Sis )y WDE™ g el mpe o gl
SL
SLA,, = 2 SLA
n
b Sy gaw padld (e geiadad 1o ly e
W Al (A) doles 5l oalizl

(V) alil,

SLA
LAL, = WDE™ x —= (A) i,

GA

P 3 4S e gly Sy opdaw esls LAL &S
K5,a SypaY Sud js WDE™ Cal digesasab
5 Cool o8iugy o 0 dgeidalad L Sy dl > s
dilaio po 3> CE )3 455 sly oy S glaw SLA,
0a3ls sl (FexFe=YEecem?) o) dow GA .l
dlne o dlasly Sl 5 Wigesadkd pa lp S S

(A dlaly) 15
n
LAIL = Z LAI (@) s,
i=1

odl> (5 jglgon 5 (5,1 praiged

bWy gl 0 ey leedly (gglaes
ot oSsd by oLt gy by plite o ptige
Coluws b UG gloph diges cldad 5 yio Verx)ee
Cuad «(55535) IR b w2 e Ve
2V JS) a3 el (o) 5 JSins syl S
il S50 us (gylhylel dgaiaskad YTV 1> goeone
SR Cliubye piuge ol jlodlinul b digeiaslal o
sad oS £o5 digeidshad ja > . cu3 (DGPS) sl
b g gl gyl eaatle WIB Gl e Eiwply
OS2 ) @ s $S0jlNl gl Sa S jlad 5 S5
NSe ) 2l Coluwe GlSa (3 duej argy LS ) dlaas
Wgaidalad ya )3 pli5)l g jla8 (Sle 5 iS5 26 w2
(V0 Lalyy) 13 dploee

V =GHf Y day,

G = gdg Y abl,

_ gLoxsD ¥ oy
- 2

VC. —n }IDg ¥ ‘JG%I)
12,

Db? = (L +E)2 b dai,

G (S o CaSo o) S (3w V bl o &S
el colue A (LS 3 @pepie) JiSa ) (s )
5 (Se > S yia) 2w Ve g (S > @peyie)
d sy S8 cops o) cdp gyl H yusen
Soss fb Wy Sy b Ly (iale) s b
S mhw (a2 lo s
d)ﬁfo)".ﬁl aslao dy90 dalaio » Lhmb; L;oloa j).g 137
Ve olSingy p g0 (B0 dsS b jl jelaie pl (gly 0
P Sy diged gy A s 5l e WS Gbal cé
Eoomxoyd olidugy iy )0 Wb e oldles cas e



S 5 e 0meh s (ol ol dljiing,> i, stome Sk cpugn duo o] o

)

2 S togll Lauly sl oalisl b lis)) g b (5 Siko 5 ,USa
)‘ pey) YW Ad; )KA: L.f); C.la.w ua.>Lu .))91)4
Gyl ials cas bmosly (55, e g baodly (5lueslal
Giltsen Sl 4 ()l oS (sladaseto ol j1 lno
25 dlone dib 0 ) S aw (a3l (1S0be 5 e
Chaturvedi & Raghubanshi, Chaturvedi et al., 2017)
9 Spoghe o3l oo by eyn e (2015
Jusy bt gladse jl o35 ldle (laaasis
@l g bl Cer S ple (e (iSOL

(Y Jods) s eolazal

VY IY ojladds [om3jlgd Jlo oflpl sl S awliipss

Sguiadss sl JS Sy g sl LAIL o
P S5 slp Sy oghe asle LAL; 5 cwl
Joe 30 Sy dli VYV olawd ado0 (pl 3 ol digaidalad
Sp503l8l 0y90 Jobo 55 095 oabedld 48 dgeidalad i se
Sl ool 4 g a5 oloya S s cladls w@lo )
LD g0 J°-~° 039 O 9 95 (il
Wodly Julosgay 305

090) 3l cwss a8 el s (gl
A oalatwl oaly g Jloys Capn g yroul-Bg 5 50)sS
OSa ol S (0 oz 039 (oS sladiasuie
2 el e e 3 gl Colue GUSB > (dnej 4)

3rY) )L.'>Lu: ‘_;QS rdasuio b Sﬂ C.]a.u ua>l.w 4]44\) R G (G0 u:l P odlal dy90 u.\a> g JLQJJA_\ sz\?
Table 1 The non-linear models used in this research to investigate the relationship between the LAI and the quantitative

characteristics of the mass structure

55 e Joe o ojfed
Refrens Formol Model Model number
(Farr et al., 1989) ¥Y=a+hxiny ol
Exponential fit 1
(Hung et al., ( 1992) _(x _ b): S
Y =0 ——5— Gussion 2
2e-
(Hung et al., 1992) Y=a+bxx+c/x? L Llfu.:.m 3
Heat capacity
(Ratkowsky & Reedy, 1986) a+bxx iS5 s,
- _ - X 4
ltcxx+dx (x) 2 Retinal function
(Richard, 1959) a 50,
Y= (1 ter—*)id Richard 5

Shdnsuio gy jlre Bl 5 (1 Sho & Db L
JSa 3 aej gy olSe 3 Al LS > e
9 a8 (nSle 9,8 )3 26 e LS 3 2l colue
(VVAY 5 YE/-0) {Y-01A 5 YANAS) i iy 355 £lis)
(070 5 YAV/Y) (VOB/OY \FAIDY) {\Y/AY 4 Y¥/-0)
(Y Jsis) 45 dusleo (F/AY oYB/AY) o (A/AY o YS/EY)
Olpe &S b s Loy ool I ol mls
Sldlas b 4 ws yly (SIY) Sy paw a3ls
‘Rahmani et al., 2014 Pourhashemi et al., 2012)
oa3ls ol & (Kamal et al., 2016 4 Tran., 2014

s oyl callas wdly 5155 (A LY) o 1) Sy e
P e & o Gl 58 ey WS dmw 0y
2 b Colus GlSa )5 o) ag) oS )l LS
FANAE) las)l 5 b (. Sle o S )3 g6 w2 )i
(Y&)//\\ 5 YEIFY YAVY OYABY NF/-0 SFUYY
Oldllas b Giagh cpl )0 ol duwles gl (A5 dusbre
Mohammadi & Masoudi, :Ahmadi et al., 2020)
o Valipour et al, 2014 <LeDante et al, 1999 2022
0395 ;L lo oS sladasuio 3y, 4> (Zhu et al, 2021

Sy cdllas

sldasio oo bily) Objl wyp Glp oroen
Wwyﬂjﬁ@amﬁbbb)y)buwf
23,5 oolatuwl ‘(MSE) s Slaypo (1Slko o (VY alaly)

MSE — ?:1(31711 — Vi) Ve aba,
2

RZ=1- 20i = 9)° X 100 VY
-5

Vi g o )5l dasciio T, dadiges dlawi n oS ¢ ygbas
Slp oomen Al (dej 02D (6pSojlul wasiis
oS sldasuie gl Ol}ﬁ.o’ S ol iy p
Llodds 39l g (swej 0l (g S0l
Sgosaalh VYV ggarmo | plol by wps gl
Agaiashad AY (co85,8 oy, ;3 digaiashad YO ey
DK@%)) 2 4)90)4&‘43 ¥oo M cuad Dli»ﬁg‘a) 2
YY 5 syl oRingy 0 digedasad VY JSopy;
o il 18 s il og) oKing) ) 4.,5»;4*!43
oSl (PBlas e oS ol lis avogs sleo ol 3JLI
o iy Wgeiaalad VYV (sl LAL Jlne Bl ol 5 (1SSl
Onmed gl A5 dwle (VY g SIYY OYIFD A/AF)

1- Mean Square Error



S 5 e dmeh s (ol ol ljiing,> iy, stome Sk cpugn duo o o

24 5)3 CJMu‘»L“’ &9y 2 rl$>/‘. Lgl.mby' Sl wsdh”w‘ b ul)».::u ).al

o) s Sl ) odelcandty o (sladuasuie g LAL jpalio =Y Joun
Table 2. LAI and quantitative characteristics values obtained from field measurements
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Figure 2. Cloud points of leaf area index values against volume (m3.ha™!) (A), histogram of leaf area index against
volume (m3.ha') (B)
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Figure 3. Cloud points of leaf area index values against tree density (n.ha') (A), histogram of leaf area index against
tree density (n.ha™')(B)
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Figure 8. Cloud points of leaf area index values against mean height (m) (A), histogram of leaf area index against
mean height (m) (B)
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