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Extended Abstract

Background and objectives: The Hyrcanian forests play a crucial role in carbon storage, soil and water
conservation, and climate change mitigation. Previous studies on the silvicultural management of these
forests have primarily focused on estimating stand volume and structural characteristics. However, the
effects of different management regimes — particularly the shelterwood system — on aboveground
biomass, a key indicator of carbon sequestration, remain unclear. The main objective of this study was to
quantify and analyze the effects of shelterwood management treatments on tree quantitative
characteristics and aboveground biomass in the beech (Fagus orientalis Lipsky) forests of Kelardasht,
northern Iran.

Materials and methods: The research was conducted in Compartment 5 of the Kelardasht forest
management plan. Five management treatments were selected: control, shelterwood, partial shelterwood,
shelterwood with improvement cutting, and unmanaged (outside the management plan). In each
treatment, five 0.5-hectare plots were randomly established. Diameter at breast height (DBH), total
height, and stem height were measured, and tree volume was calculated. Aboveground biomass was
estimated using tree volume, wood specific gravity, and FAO expansion factors. Data were analyzed
using one-way ANOVA and independent t-tests.

Results: Results showed that mean diameter at breast height (DBH) and total height were significantly

greater in unmanaged treatments (control and areas outside the management plan) compared to managed
treatments. The control treatment exhibited the highest aboveground biomass at 613.58 t ha™!, whereas the
complete shelterwood treatment had the lowest at 272.56 t ha™', representing a 56% reduction relative to
the control. The partial shelterwood and shelterwood with improvement cutting treatments had mean
biomass values of 417.13 and 273.61 t ha™!, respectively. These trends were consistent with structural
indices such as stand volume and total height; even-aged stands resulting from complete shelterwood had
lower biomass, while uneven-aged structures in partial shelterwood and control treatments demonstrated
superior performance.

Conclusion: The findings suggest that the partial shelterwood method is a suitable option for the mid-
elevation forests of Kelardasht, as it combines significant economic benefits with biomass levels closest
to those of the control treatment, while preserving the advantages of uneven-aged forest structures. This
study is the first to demonstrate that extending the shelterwood regeneration period can lead to the
development of natural, uneven-aged stands exhibiting characteristics of sustainable forests.
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Figure 1- The study area


http://yujs.yu.ac.ir/jzfr/article-1-144-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-04-21 ]

0 (69 009 Sy ) O gy’ g9 Glbb; oguis gl 33yl Kon g P

I bLsS Cox (ogatte (g Wb (et A pl
(Pourazimi, 2016) o oolatwl s4>ge Jglax
oy WV Caghy 5o (V) alaly @ azgh b G
yare Oy 5 M gemal ol o> (SG12)
ael Cowsa (caSaye ,o ) (SGop) Sas

(Reyes et al., 1992)

SGop = SGiz x +/A + +/+\¥¥ (Y) akay,

wL..u‘ 2 )...u (BEF) oéﬁaw) ja....._v wra
(Brown & Lugo, 1992) o pees (V) alal,

(¥) alayl,

BEF = exp [¥/Y\Y — +/5 In (V x SGop)]

ol Juloxi g & 525
R )R &)58ley b ,0 oadsyslaas slaosls
Jbys Lol o33 (Core Team, 2023.03.1
~ 35,5 5alsS 5051 5l ealanl b laesls w558 4052
aools @555 45 (63,190 )3 5 O (o) 2 B9 o
Slaslie emily has @b 5l wog Jloyine
O35l 5l edliil b el )ly (e o oy
S 5 Olesed shales ln 23S (o0 00
asals ilee yudii coldS g bl slo pls 5 Jlois]
SN S s sy slelosed I (Sl o
Julosi b b jlasd oo 50 S0k a0l oolazu]
03¢5 ;0 duwlie .0 (yg903] ANOVA 48,b S il g
& vy sl eolaiul b saiicy pae g odd g s

S0 slaiss (o5 Sl o))l jshaea

P s ol e s NS B, i 5o 0l
Oy e g a8 gl (JS eld)l i
Jgaz) al aule 465 1o gl alflos & g0a
shlo ddlhie e wigs lgea il aigS ()
el &5 (5 jsbay (el CSgS L**w sl
0 £lis)) iele YOXF 51w iy kS

¥Y

Sl paiged b

O Jels gl cnl jo adllas 9550 (slaylos
IR e b Cupae cou a5 Sl
ClS A5zt 5 005 ol 0095 ylaie 4y Lol 5 )ls
CON=Control cuul sois ploil ol o Lz,
a5 aly L (Y «(harvesting tree without)
Ol s eoles JLo YO (b g ons Lol JalS &gy
SHS: ) (Jel5 oly) cusl oads ciloy asye
a5 by ks (¥ «Shelterwood System
L 2l cwl caid Juls QT 30 ol cusle
SHI: Shelterwood with ) (JelSL cusls,
sleosgs (F «(Incomplete harvesting all trees
a5 by bty 2l 5l Jols Jluas 5 alls
S b Sl e b Sl Rl G e
en Slles Cov e g SlaBS
L olyo oaliy) wlasd S 13 (0,5 (09 ) 0 5 S
SHT: Shelterwood with ) (&5, <llee
b 09 exiicenae Jles (O 5 (Thinning
<l (NFP: NO Forestry Plan) (s ,lolXs
O Bolal ©jgon et o 50 Sagh plxl cux
YO ggomme ;0) K0 Ibtae  digeiaslad
(G LS pus ) o Vor 50 O olayl (o (Wgaidalad
5 aie mp l gye Yoo Jlle Jolgd s
GPS Ly wgeiashd 5. olélas Sledlbl

Losld (5 9] @osr

9 O AsS £55 (SIS e Aiged aslad (490

4 s gl g JS el cin pl sl sl alily

Slalad 35 50 Jomo 0 (azme sl piie (5 ol on

Lyw LS00 0dgicans) o8 Cubloy diged

Pourazimi, ) o opuss $l6 g, wlel 5 (AGB)
(2016

AGB =V x SGop x BEF (V) alal,

Jsoz 51 (LS 53 caSe i) (V) 30 oo
S5 5 65| 4 45 b e JSiz alde 55


http://yujs.yu.ac.ir/jzfr/article-1-144-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-04-21 ]

FA-YA :lxio [1F+F (090 o lals o, 0,98 | I (slapotuan o8| Olidixi aloxo

YU e Gl b a5 colrosls ;o 2iSTy olee
rlenl el sgpin JS eli)l g a pln k8 5o
655 onl sladiged o ol g3l g5 5l S
bs polie shls ghe o o, sloaigh wisl oo
P s sy S50 oyl 5 S omb
i ply yha8 (eSile b loaisS plo 095 cole
00, ;0 waSoe VAY o> g o gile YY/AY
Gl ga Sila eols (ulasjls 18 lawsis

A il 0085 ol pen gladisS ey ax gy b

ol o oz 5y AN an gl e VFV
Ol 50 el oo 09l caSeyie IV CS
> OeSiles Gaytien b oy S ol e laaiss
Lo i plp Sl g (coSa e TIAP) b o2
adhie wiegs Lo 5l (Glessle FY/OY) YU
PG50 gt
YU Faren plp Shad b a5 izmon
YAY a5 e YENY S el oo il
P (i ped ) )0 Sl e St
Ot Lo 5 gileaily g ol 13 Ly

ok adlae jo il 00g8 LS, Lboss Gledbl - Y Jgus
Tablel- Descriptive statistics of beech tree stands in the study area

x> a5 glas )l Js el A ol ylab
(exSo y0) () (=) (ragils) $o5
Volume Trunk height Total height DBH Species
(m3) (m) (m) (cm)
2l
0.70 £ 0.02 9.51 +0.18 16.07 +0/10 23.34+£0.27 “‘w_) .
Fagus orientalis
0.75+£0.25 2.54 £3.10 11.73 +1.00 26.21+4.41 o
Crpinus betulus
3.86+1.72 11.22 +0.96 18.46 +1.80 42.52 + 8.67 s
Acer velutinum
Sl et
0.15+0.03 11.85+1.08 16.00 + 1.33 1458 + 1.14 .
Acer cappadocicum
glesils
0.58 +0.56 10.63 +5.13 10.63 +5.13 26.50 £16.50 Quercus
castaneifoliq
Bewgs
3.17 £0.5 15.07 +0.72 24.12 +0.95 49.04 +4.03
Alnus subcordata
0.25+0.04 11.50 +0.59 16.78 £ 0.75 17.05 +1.04 zk
Ulmus glabra Huds
aigs Hle
1.93 +0.59 10.00 +0.97 17.82+1.68 32.83 £ 4.69

Other species

O S 75k g et 45T (59565 4 eols
oo ) (FYIF) pSile

o3lil 5l s yammy oS oren e oyl
il a5 by gl byl ple 4 cad 1) ks o

ST o obg g i Sl (Seals
Soled 5o (ol jo Lcewl 2o pae alblos ole (o

Yy

s Jliml S5 ay obiee sl sl

o aals il plas oS bl slaasls
Gl logei 5l i il Jld . Sile 5 Sl
C"L‘*’ (a—YJSw:)MooLa.M.»‘ s_;)b uJLaju.Jyg
O g olis e s plp kSl awslas
ol 1) gyblias M Ko o pae slo e


http://yujs.yu.ac.ir/jzfr/article-1-144-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-04-21 ]

0 (69 0098 Sy ) Oyt 1 DL 0gud Iyl S U il Kon g (A

Slewd G 0 F -y L) R P A V- S
9 (K> b ow g JAS) eddd Copane
Syl 05>y (gylobiae BB cndics poe e
Jode oy i gl ediic pae Hlews a5 (5 5bas

ok o

00gCm; a5 ol las Luib,ly Ul mlbs
P<120) )lobne jsbay 5 (LS8 (feeiss,
s2ly a5 Jl s ol las LSe o o5 £IYL0A
G jo o YYYIOR LT Jade p eSS
U8 e & s 208 Lo pals ol sccsls
Oz 50 00,58 cliloy axgs B I Kls 5 ol
ool et ol Kir 8 058 b Wl
oaipslis LSe o 3 FIVAIY . Sle L JelSL
SESle kg LS 5l Lise Las cois
RPSE05 g el 0357y O, Slas g Jluonls
Slod (puizran 20 o 1 08 Jles 4 laids
0095 (el ()90 Sles b oljen (aly
ol I Sl a5 cusls |y LS jo o5 YVY/P)
Cadb p hyen Slles 5 ead s cuils
@Y J58) cal oogicans )

as ols i s Jiew (5 oyg0)) 5l ol s

3 OB eogidun) doy 0 Jlis! mhw o

(5, 75 s 9 JF55) eadd Co pow jles
B Y JSs ) canl i Copie e 4 o

¥¥

AE eSle )l ek (ool gt wile
ol SOk sleaiy 9 eSS dwply
S0 slunex b ol laesy sasmsglas
oSl s @l imen el SIS,
Copde it lajles o GBS el
P<+/+0) ols las |, ) lolae NS K
Ok (VoNF) (npiin (J 7S led &5 (5 0k
S FEemy oS izmen g il [ ) el
olis byl plo b awslie jo |, ela)l polie
e S5y Sl 5 ) b Y U2 sms e
Eoite slaglay | b Slis )0 0929 Jleix! 4 bools
(Jlae jo ccwl gopae alBlae e Wyl o
SSle L g MK b e bl

Sle plas ]y gl polie oy S e VYV

JESa 0wz 45 ol olis il s 5lUT b
Golie sl K opde sleles o
oSl dumlio s Lolol 1 s (D<</-0)
Lo 1, 5lSe o e 5eSbee G2 3WL S Lo
) o> nuolie 5l g amms oS (izren g Col
€ ¥ JS5) amo s b5 lars o by daglie 5o
Jlisl 5 ol iy SassT, Sly 55 ool -
O lulpd o geite lapz> b GBS0 vz
3 G 7ok el el o o alS o
s Ll ol Lz 1, oVl S o pms cSilie
313 58 w2 (ke J S e 4

as o plas e 5 oee;l 5l Jeols @l
9 (B-Y o) gyl (O-Y JSo) aew ol ,had


http://yujs.yu.ac.ir/jzfr/article-1-144-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-04-21 ]

FA-YA :lxio [1F+F (090 o lals o, 0,98 | I (slapotuan o8| Olidixi aloxo

150
150 a a d
b N a b
B 100 100
= g
= d cd K
/m
a =
a
50 50
0
CON NEP orre orrr IT Unmanage Manage
50 a b 50 a e
_ b
g 40 40 b
5 b =
':’30 30 d L = 30
s o
g 1)
jasi
S0 H s 20
4
=
10 10
CON  NfP SHS SHI SHT Unmanage Manage
1000
; ¢ 1000 a :
= 700 SR
S 3
£ 500 c F >
8 =
3 2
S Q
o ' 2
2 309 V 5 300
: ¢
> 20 d d §
ﬁ % 100

CON  NFP SHS SHI SHT
Unmanage Manage

IR Ca e e slaled 53 (©) S8 58 o 5 (0) £lis)) @) ais s b oSilos duslie 5 @5 ¥ JSib
Cu g sles SHT 9 Sldoc Lol o ol SHI LSt cusls 5 b ol SHS s ol CON ;5 L)
blis) saiiciy pae g eddie poe jled 4o (F) [iSa 10 gz 5 () glis ) (@) s pl a8 (1. Sloo anslio g (NFP oo

(oSiles oles o Lol Sl 5 ol gng yloges 5l eolatul b il oo Hloged 10 (1l jlade casms (lid 56,3

Figure 2- Distribution and comparison of mean DBH (a), tree height (b), and stand volume per hectare
(c) under different forest management treatments (Control (CON), Shelterwood System (SHS),

Shelterwood with Incomplete harvesting all trees (SHI), Shelterwood with Thinning (SHT), NO Forestry
Plan (NFP) and Comparison of mean DBH (d), height (e), and stand volume per hectare (f) between
manage and unmanage stands (Red dots indicate the mean values in the chart) using violin plots and
statistical analysis of mean differences).
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with Thinning (SHT), NO Forestry Plan (NFP) (a).
Comparison of mean tree biomass between manage and unmanage treatments (b).
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