[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

& : JFER :_
e o ol
vy, ot

Journal of Forest Ecosystems Research, 2025, 4(2): 38-49 === e

Research Article

Effects of the shelterwood system on changes in aboveground biomass of
trees in the beech forests
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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.

Keywords: Aboveground biomass, Shelterwood, Partial shelterwood, Forest structure.

DOI: 10.21859/jfer.4.2.38

Department of Silviculture and Forest Ecology, Faculty
of Forest Sciences, Gorgan University of Agricultural

Sciences and Natural Resources, Gorgan, Iran. ISSN: 2423-4427 (Online); 2423-4095 (Print)
*Corresponding Author, Email: habashi@gu.ac.ir Received: 13.10.2025, Accepted: 20.11.2025,

Online Published: 07.02.2026


https://orcid.org/0000-0001-9142-9803
http://yujs.yu.ac.ir/jzfr/article-1-144-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

FA-YA :Olxio [VF+F (090 o lols [ o)l 0590 [ LS (gL oS | lidiond’ alxo

Olimlsly BBoa LS 30 (Suw) (69 0995 Comn § Ol guadd’ g9 (ALY 09 (sl p2! Jib

‘&t’:) dobls “gs"L""’) R “s‘*‘"’ ) “s“)'e.-& o=
b gmno 00

Slogtegsy S oo bl o8l Sliss alS 5 ol 5 S chblir o) 0533 0 S 18 G e sla iz idas g adil
S pe il (slooged ;3 5 oud game laossi (,lle slo Ty 5 o2 3551 4 Butes daJKiz cnl Jhy9n Logas 5 95250
ol el Baa ol patael GBS (0)S com (APl (n s Glye & (iS008 p il gy oRg (S
2 SeiSs) P 5 0EF (05 TRy 2 ALy esed 0 ande oo sl Sl Jlos 5 silessS esk

sl s DI bl sl S

Bl JrS Slesd Jold (g poe o @y b plsl Clo DS 6 S i a2 o il plagite o asllhe (ol g g Slge
S diged ankad il lod o 50 el bl 6l b (g0 Jlesd 5 (D59 Sldes Lol en ol (JolSU ol (JelS
0395 Camn ) 20,8 drwlee LS9 e 5 wd (g glaen 4l gla )l (S el )] e ol k8 slaosls 5wl bkl Jolai & jsea
5 43,y ey 5IUT (slagygasl b laosls w0 5 0,51 FAO Ly culps 5 0oz pogasie 09 (ol )0 px> bl » (s,

S b i

slosled 5l YL gloline jsbas (o)l 25k (9 5 J58) et o e slojlas jo S gl g dias ply b (. Siloo Sl
LT, e o ymeS LelS ol a8 o s wcudls LS 4o o8 FITIOA uSilos b 1) oogiconss oyt JyuS lasd -3gs 00l Syt
5 USa 50 55 FIVY Sl JelSl aley Lot ol 58 Lo 0 Cand A0F 2alS (sbsS a5 ol ol 1S o o5 YYYIOF
Slomes JS el )| g ez wiile o)l o asls b lagSl cpl ausils JlSe jo o YVYPY (1Sl ()90 Dldes b oljen by
o s L ol Sl Jlooal Jlsle a5 b 3 s ,S asi (6,8 03gicamy) JolS ol 5 Jols clsiSy slaosss souils
bl g g 0 Shes S5

Sy9logm S (o 1y el o NS sl dilaie g1y conlin 1438 JulSL ool oged 45 amo oo i ZlS 16 S AR
@l 0l olyen & |y Jlusal Sz (blie aSST (el i J S o 4yl 0 5003 0055y (il calamdlo BB (soladl
aasly I (S p Gelate b b oagh slml 4y 0 oaly gl )o D Job (Rl L a5 vges DL L Gries sl gy ol
1) e inssST ol 5 oS i g0 5 Lie sl o by 45 pren B0 IS i, sl Six s gl S sl
S e

I el (JolSL ol ol o5 w0098 Gy 1 godS slaojlg

WSS ple aaSails ¢ JSi (s5lsS 5 sl S 03

DOI: 10.21859/jfer4.2.38 ce e . €.
: Ol OB S QB F (b glio 9 (55,9LaS pole oRslo

(o) YEYY-F- 20 (a3 ) YEVY-FFYV LLs

habashi@QU.aC.ir : s oo 55 Sig Sl o

VE- ¥/ AIYR iy g 5 V- VTN sl e gl
VECENANA sy el & b


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

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

. D) (69 609 S ) Ol i’ g GﬁbLu ogui gl 2! Jili oyl o g (>

Sl 0 0 clly pee sleoged 5l (S
Yo ogu> Sae @ a5 el ol oged eiS Jled
Slaosg pgar 4 9 U K> o Jl
Sl wass Bas b aS g, ol ol plol ol
oo Lzl b Sz o Jlos glo izl sl 5 xnils
Ao o iz jo @l Ol (s cdlsy Jold g
sl by 5 sl sl cwle Ll B el
5% S oS 0 Wlgh oo (oaliy 090 03,5 el )2 wa
S Cugh) ey e (BL0 58 (b 2L Ol
& g why p (Folite SISl GBSy e 0B,
2y g LRl Geizren 5 oaile Bl LS5 egicen;
bogw S5 Ghgy cnl sl il s gla b
GRIBl g 00y ilaglez b Ol waas Jaes
@ S ool sl et slasely (slasS g9
Syl szl Shgo 0 K0 e 3l Ll wylo ol er
slaiss 5SS ocugb, els cel Wl
30,5 005 ormb oS5 hmdl 5 b, Sy
(Bradley et al., 2001; Pokhrel et al., 2024)
B 335 S0 (g pde sloogad Cuanl 392 L
S S TR 5 ei89) 009y Syt o]
Sl slooygs 5l G oRgt (A, slaosg (&S
ol 58 (aagh g ool Slaom p wieils (S
Glopllss ol 50 (oote BB ooy G
Oldlhe 0nS o byl kUS> Cupie celis
Sopde sl oged a wlools lis ol jo ety
Sz il jo bl Sl 4 e Wy
5 Hassanzad Navroodi sle v,y «Jle sl 09
Ve Job joas sl olas (YY) Jle ;o Seyedzadeh
oo poboar g loline St (aly sl 5l Jl
5 e g caste ol glie gla b 4 ke
&S Sogbar il osls &) (LS50 (AS 4z g LS
@ ) 5l Gl aS 5 g al pals S o e
Se S 4z, b b e slasd g 00 et Swgs
Shojaei ¢ Vosoughian . pcowes ool aily zals
5 Pl slosy awslis o (Y4VV) Jls o Shami
Gyl o ollime G wddi (gl 00
5 ghis gl @b gl e ply hd ola g bsls
0l 5,0 o e slrodgi jo AT oS cuslise e

doddo

P shemrecens Sl Sl (n Seeite b fSox
v jlas s Ve sgae a5 s gue ool
Chli> S S aler | satedl Sless Sl
Iy o8l Slposs rals asess o wl g S
5| (Dobrosavljevi¢ et al., 2025) a4l o pl3
57 Om oS Jol 5l Sledes s b iz a5 o]
)‘ ) csloals uol..w‘ 09.‘> LY ‘) é«-ﬂ} ).n...u}u 9
WS oo Wl ()8 aS iz 0 1) A G et gl
A Sis slapiunwss! (Ameray et al., 2021)
035y o yd Yoog ey (5, edgiluns) duopo
(Lietal, 2024) aias oo JoSis 1) (o))

Sl (32,5 sk 35 5l (S (A edgicans;
IPCC L lgpsl &lyss 9o oo Ciud lawgs oS
The Intergovernmental Panel on Climate )
chle gals o b Jule SO lse 4 (Change
o wonl oud ailid (yhmeil S anSlgo
Iy o2yS g 00,8 cais |, CO2 mwgid 5,k 5l olls
Iy s)S 42350 (pl g diiS g0 0,033 355 00Ty 4O
Castafio-) sges ol JKiz Copae Gk 5l les e
Slge a4 (JKi> co pow (Santamaria et al., 2013
bz sty B b Wl e csuds Jale S
B U W PR JIPS INER
Jl Jelis JKo> &y pow .(Bouriaud et al., 2019)
Sl 5 Glacgeme a5 canl e slaoad o
(Luyssaert et al., 2011) 5,5 op ;o |, goie
Cbuil aex 5l (K Copoe getie sla g,
g w‘b).: Lgl.hoj.a.w 9 uo)f S ‘WL.A Lngd.a;

5 202 Ol i ef g e jsb 4y aiilgS o0
el o NG S bR e oS 0SS
Sante LIS (n e 3l ar Sl n laoged
Sl wilgige oS Wgd o wgue K> o
QLS50 (e (59, 0095 Cem) (e «oled 50 § S
Pussinen ) wuss 13 36 cov e BB jsb 4,

.(et al., 2008; Ranatunga et al., 2002


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

[ Downloaded from yujs.yu.ac.ir on 2026-06-22 ]

FA-YA :olxio \FF 093 olous [ 05l 0590 [ S50 (6L poimmmw o8| lidizns’ alxo

B b9y 9 9lge
axfllao 90 adlaio

Tk e Sl el o Giesh ol
ogSad, Jlad slaaials jo adly cclio MS (¢ ol
plsl O3 slys ez 5o @8-S shaal L) 55l
slogpr o bSe o Ul coxdee b
sledsb 5 Jlei YFOYE L YEoYL oY Ll
gl 18 Bn VNV OV FY T LSl s
5 ol A oo g | LS VOYS Al sl
ogax aildle Swjb (:Sle hyls asdhin pl sl
G AYer 5T els)] sogame g o0y yio Lo £O-
52 (o308 e sl it b5 gl | e YYO-
Ji o] cuz g hagio b gudle Boes addllas 590
o YO b dihie ol 0 g llKs #b aib
Aoy b I el ouls Hlaiagase 0,50 90 5 ool ogus
ol SBiasas g adgl amlS o sezge Sledbl 4
g ool plxl YO B 0. Jlo jo Lz, cudlsyy adhais
ogueds gl Azl o odd s Jluos slroogs 1A
Shls (VYT Y L) 6)ls pdige sl o oLy
R U I L
b g o pll Gy olles AF-AT Lo o S
O IS as el eSS ]

2 o Ken g Dieler « Sl zhw o ool oog s
A eEl Gl Shy (Fr el (T4 Jle
Copde Slooly gl s ojlal g4 ¢ Hlo aSis ke
2 ohes 5 Zhou a5 Jl> o wis S o)l K
Kz copae glaogds a5 sl olas (Y-VY) Jlo
o Dl & o SRz 03950 55 3
OB 4 azg Lol (n)S anuSlgs chilé 5 alse
(Bly gl ohg 4 (S Cupde Glaosed (559
5 Kz oS 3 Slee 5 LSl o o
@il 52 Gl patlh plyie 4 eogilun Coeal
L 5 «Navar, 2009) loeiwewsS! cpl S sl
Slyes Glyie @ S o Slo iz Coenl (285 i
eor @k s slp adllle ()l S Sk
2 o) 9y 039 p alo osad sl b
Sl M ddhie alls liesl) anedl sleesss
Jos 5 ileoeS gl (nl (ol Baw jls o
9y 039S e » (e 09l (sl SIS

resl e )| GlapiannsST (l jo (LS50 (e

s 3ren wirsen e

e

wwen

¢ i pr—

wew

adllas 3,90 ddlaie =) S

Figure 1- The study area
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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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