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Table 1. Frequencies of seedlings and saplings in different size classes of gaps in the managed and unmanaged compartments

[ SATUNIR v

oLy e
o350 Unmanaged Managed
slows sbdlgs € sl € slows sllgs € sl g
RER L bl N Ade T T L e N Shde T T T g
Gap size S Beech e Jes Beech e Je Total S Beech S Jes Beech = Je Total
Number of seedling Other Total sapling Other Total © Number of seedling Other Total sapling Other Total ©
microplots seedlings  seedlings saplings  saplings microplots seedlings  seedlings saplings  saplings
o 15 3 64 67 11 29 40 107 15 36 59 95 12 19 31 126
Small
Lo g
15 8 24 32 25 69 94 126 15 3 1 4 22 7 29 33
Medium
S5 15 4 12 16 13 20 33 49 15 39 110 149 23 27 50 199
Large
& 45 15 100 115 49 119 168 283 45 78 170 248 57 53 110 358
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Table 2. Comparison of mean + standard error of beech sapling characteristics between different gaps sizes in the managed and

unmanaged compartments

SISy pde anked 5o aldy, 03l

Gap size in the unmanaged compartment

oS phe 4nlad 55 Al 03l

Gap size in the managed compartment

Se S Lo e Sz S5 Lo e Sz
Small Medium Large Small Medium Large
(o dua) ady ko
) i 2.8%14.4 3%25 6.7120.8 2.1%18.1 3.6125.8 4%31.7
Collar diameter (mm)
(e o) ol
A S 19.5°+109.6 28.5°+232.3 73.8%04203.4 22.4°+160.6 36.4%4254.2 40.6°£343.3
Sapling height (cm)
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S s 18.7°+90.9 22.4°+186.3 22.1%%111.3 22.8+£120.4 29%173.8 26.7+£202.2
Crown width (cm)
0.1£0.8 0.07£0.8 0.120.7 0.1£0.8 0.09£0.8 0.09£0.8
Healthiness™
:!“:‘-Ct" . . . P
0+0 0.04£0.04 0.120.1 0.08+0.08 0.1£0.3 0.1+04
Crown form™
-.::-';:'X‘ASLN sz
0.1%1.1 0.1%1.3 0.1+1.3 0.1%1.2 0.09+1.2 0.08%1.2
Stem form™**
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Different letters in each row and each compartment indicate a significant difference between means (P<0.05).
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In the examination of healthiness, healthy and unhealthy saplings were assigned the numbers 1 and 0, rcspcctivcly.%

. . . . . . . . sk
In the examination of crown form, orthotropic and plagiotropic saplings were assigned the numbers 1 and 0, respectively.

In the examination of Stem form, unforked, forked and broom shaped saplings were assigned the numbers 1, 2 and 3, respectively "
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Table 3. Comparison of mean + standard error of beech saplings characteristics between the managed and unmanaged
compartments

Unmanaged saiicy e Managed soscy e

(o o) 4ty s

2.4°421.5 2.28+26.6
Collar diameter (mm)
(2 ) ol )
S G 25.204197.1 23.6"+270.4
Sapling height (cm)
(e ) -
S S 14.6+145 16.5+174
Crown width (cm)
0.05%0.82 0.05%0.79
Healthiness™
MC\: Curdy
0.03°£0.06 0.062£0.3
Crown form™*
e .5
0.07%£1.2 0.05%1.2
Stem form™

Al Ao 40 oluabl CL“ 53 b gme OOl eamsglad e a 5o Y ooplan s >
Different letters in each row indicate a significant difference between means (P<0.05).
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In the examination of healthiness, healthy and unhealthy saplings were assigned the numbers 1 and 0, respectively.®
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In the examination of crown form, orthotropic and plagiotropic saplings were assigned the numbers 1 and 0, respectively.”"
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In the examination of Stem form, unforked, forked and broom shaped saplings were assigned the numbers 1, 2 and 3, respectively***

Hedera) Ca_w)é)\) r..a-\_.é.a A_ng &)‘)wd u,u.h)jv S

.

a0 83,50 > &S (pastuchovii Woron. exGrossh.
Sholp 4 ogeaa ks s s a s SaS i
&5 cpl Hgam Jsay oole plis s Gamas das sanlice
2@ Sl g S s yn 5 5d 2l o Wl5 e
FVon | (S s s (oS (g5l andl e g
S5l o3l 5o s oS aali 5 abeal (5 S
00 Klge Fom2oe cal a5 Bl e sl

2 U + I 5) coslaly Sl e S5 L

V/A) o0k GRs3 03 (e e slen Gk seiaaki )
(odmiin pdhe 53 Aol £/Y 5 ooty pie ankss 5o Aol
obaly 5o b iy (s s s 5l S Sl
I ol VE/8 5 VY Sl ile b e s S
39 bIEily pde g od—dla phe Slaanks 3 o g

5 anlllas 5,50 ola anks s (Parhizkar ef al., 2022a)



e AL g aasin awlis

Sl el ol s asy) 5l el

s AI g e asks S5 sy, o Il Cui')\ B
Parhizkar C’\“ L oS oz samlie (o il YEY/F-2Y/5)
laaiiy, 5o g L )b cille (Y-YYa) oS
w22 il cdlg s Sob w5 S5
ol e 8l s Ll i) JRs G b3l
3oy Jas! pl op) s (Huth & Wagner, 2006) oo
slazy; 5o bl it g S o sadoly Sl a5 50
by J<i'> Saiiy, & Cowd sddly e add S5
o ol bl s lamiie sl SO
sl irgn (osar ol o s saalie sy pde aski
SIS elis s 5 G e i slaea s 5o iy
.(Mohammadi et al., 2020; Sefidi et al., 2011) x5 S

osba sdaly pae add s Jle bdlg Sl
23 el Cawdty ediSCy pde ands 5l man (ool jme
b s ol th Gl s, adsl sladds .
slacs,; b Shs e W Sl Ossen
Seliss b Solap Jali s sl wsb ol
Stancioiu & Rozenbergar & Diaci, 2014) s,z
S o e 80 31 S5 opl (O’Hara, 2006b;
o G s Jle s axs 1 el ool
Petritan ef ) S oo SKaS ale 5o il 55 il 50 4 Cids
Saholsl sl e sl | gl bl (al, 2009
Stancioiu & O’Hara, 2006b; Petrifan et ) x> s\l
Comdy il S 55 Jlde az o cpl b dal, 2009
Wagner ) 530 oble ria AL sbdle Jsla e
s iy oo (1999; Stancioiu & O’Hara, 2006a
(o e Yo A/Y) oasly pie aalss 5o oty plaw bov e
ol Ceay (e e YOU/Y) oaiicy pde ankid 5l ua
FSonsbatig; 53 gl s 3sms 5 a8l cpl das S
ssa> pl s (Schliemann & Bockheim, 2011)

¥

2 bl eanl slaiay s

5 oy e sbaasks 55 2l oslaly Gl 3 ant
Gioled S s bugie Gbaaiig; 55 (i ja s ddy pa
ol p BNl saimsglias 58 W tays & mld o
Ses g o il gaoslul b laazy; o 1) sy
Mohammadi ef al.,) Cwl sdidly pde 5 odily pie
sdicy pdhe s K> 3 .(2014; Faraji et al., 2021
Sl i dilsa bl b laatag,; Jpane,sbay
spin pl ol a8 S lraiy bl cuis
cbolsl, s S Jbs (Sefidi e al, 2011)
6;0\-’ &35l Gslaly g pae b gl 0adily pae
5yl Ay sl s

e B 5 i S Sl ety ke 4ali o
odi g e andss 3 Sl el Cesay Aol VAV 5 VN0
(ol W) LIl 5l i (Aol YFA) Wdlgs JS i) 5
a5y pde Slapliatl) 53 K05 sbatas g ol L aS sy
o\l (Parhizkar ef al., 2022a & b) s, cals
b oSos o5l cadlln 5,5 ailie slapli i b b
olel 53 iy pde askd 55 Cewsa)ls o=l 45
Jlas sl sy a8 el s sl 5 (gl alas
L oslaly 5 Goslod s cust | Ll oo sl
e il sl

YYY/YEYA/O) gl anin eaiscy o asks >
WETENY/R) 2, sl 26 pe s (sl
Glass o p A sdnlie bwgie bty 5o (el
F. sylvatica' ) oL, 2, wirel b K 5o oslsl;
o Bl s Ll cladle & b olas gy s (L.
a2l L T S s ils 65K 55 b il
{(Orman et al., 2021) ss o 528 ) 35 26 Ly
boge basy, 5o bl o5 cbaasie s iy

o o bl i e Jds 4 “U\)Sg;‘ B AES e PR



40

Slovakian  Carpathians.  Forest Ecology and
Management, 415-416: 38-46.

- Gustafsson, L., Baker, S.C., Bauhus, J., Beese, W.J.,
Brodie, A., Kouki, J., ... and Franklin, J.F., 2012.
Retention forestry to maintain multifunctional forests: a
world perspective. Bioscience, 62(7): 633-645.

- Huth, F. and Wagner, S., 2006. Gap structure and
establishment of Silver birch regeneration (Betula
pendula Roth.) in Norway spruce stands (Picea abies L.
Karst.). Forest Ecology and Management, 229: 314-
324.

- Mohammadi, L., Marvie-Mohadjer, M.R., Etemad, V. and
Sefidi, K., 2014. Quantitative charachteristics of
regeneration in natural and tree fall canopy gaps in the
mixed beech stands, Northern Iran (Case Study:
Namkhaneh district, Kheyrud Forest). Iranian Journal
of Forest, 6(4): 457-570 (In Persian with English
summary).

- Mohammadi, L., Mohadjer, M.R.M., Etemad, V., Sefidi,
K. and Nasiri, N., 2020. Natural Regeneration within
natural and man-made canopy gaps in Caspian natural
beech (Fagus Orientalis Lipsky) forest, northern Iran.
Journal of Sustainable Forestry, 39(1): 61-75.

- Moslehi, M., Habashi, H. and Rahmani, R., 2017.
Seasonal changes of soil organic carbon pool in the
managed and unmanaged beech-hornbeam stands.
Iranian Journal of Forest and Poplar Research, 25(2):
286-297 (In Persian with English summary).

- Nasiri, N., Marvie Mohadjer, M.R., Etemad, V., Sefidi,
K., Mohammadi, L. and Gharehaghaji, M., 2018.
Natural regeneration of oriental beech (Fagus orientalis
Lipsky) trees in canopy gaps and under closed canopy
in a forest in northern Iran. Journal of Forestry
Research, 29: 1075-1081.

- Orman, O., Wrzesinski, P., Dobrowolska, D. and
Szewczyk, J., 2021. Regeneration growth and crown
architecture of European beech and silver fir depend on
gap characteristics and light gradient in the mixed
montane old-growth stands. Forest Ecology and
Management, 482: 118866.

- Parhizkar, P., Hassani, M., Ghorbani, H., Karimidoust, A.,
Maghsoudlu, K., Babatabar Malekshah, R., ... and
Mousavi, R., 2020. Investigation on gap characteristics
in the managed and intact oriental beech (Fagus
orientalis Lipsky) forests, Iran. Iranian Journal of
Forest and Poplar Research, 28(3): 217-230 (In Persian
with English summary).

- Parhizkar, P., Sadeghzadeh Hallaj, M.H. and Hassani, M.,
2022a. Managed vs. unmanaged Fagus orientalis
Lipsky forests: structure and diversity of natural

Yooole YN W o)) o s Li.a/'. Sl e a4y s

el e 55 BB sy e addsd 5y iy Jle bl
Sygn aals 53 o A S Ko s S sl

Ll i) 5w b ool it 48 ol olts adllas
s a5 c;LJ el g sadCy pie ankd A e
a gy oolil Gl B L ol ladlg s s bl gl )] ontin
Soke &S ssbol (Orman ef al., 2021) 555 0 5L
L gt [ oba sadiy e aalid 5 bards, claw SREPIS]

Ay sbadiie anlis .ol a5 0adCy e 4nki
Glooss o asomit 5 olsd adhn bkl o
o ol gtme BManl 4 sls gl als 5 saies s e e
Parhizka e ) 3,15 5555 aals 5 ool o e claanks
SERas 0 Aty sbaaiie g s pae al, 2020
A 0313 el 05 o axkad 3 WS casls 4y S0

‘gf”)ﬁjjf&i‘?)gg;“;&bwd‘fr"g‘”“bﬁb;\
035wl p ah by ass ln ) Gemle Ll e

s S Gl esn bl Y K sl 25d
Lol Joaw 6l cmlin b, Kl s K ol 53 05,V

solawl 090 ol

- Amini, M., Sagheb-Talebi, Kh., Namiranian, M. and
Amini, R., 2009. Investigation on increment of Fagus
orientalis Lipsky using time series analysis. Iranian
Journal of Forest and Poplar Research, 17(3): 404-421
(In Persian with English summary).

- Faraji, F., Eshaghi Rad, J., Parhizkar, P. and Manthey, M.,
2021. Quantitative charachteristics of regeneration in
natural and harvested made canopy gaps in different
elevations in oriental beech (Fagus orientalis) forests.
Journal of Forest Research and Development, 6(4):
661-678 (In Persian with English summary).

- Feldmann, E., DroBler, L., Hauck, M., Kucbel, S., Pichler,
V. and Leuschner, C., 2018. Canopy gap dynamics and
tree understory release in a virgin beech forest,



e AL g aasin awlis

- Sagheb Talebi, Kh., Sajedi, T. and Pourhashemi, M.,

2014. Forests of Iran: A Treasure from the Past, a Hope
for the Future. Springer, Dordrecht, Netherlands, 152p.

- Sagheb-Talebi, Kh., 1995. Quantitative and qualitative

characteristics of beech saplings (Fagus sylvatica L.)
growing under various site conditions with emphasis on
light. Ph.D. thesis, Swiss Federal Institute of
Technology in Ziirich, Ziirich, Switzerland, 219p (In
German with English summary).

- Schall, P., Schulze, E.D., Fischer, M., Ayasse, M. and

Ammer, C., 2018. Relations between forest
management, stand structure and productivity across
different types of Central European forests. Basic and
Applied Ecology 32: 39-52

- Schliemann, S.A. and Bockheim J.G., 2011. Methods for

studying treefall gaps: a review. Forest Ecology and
Management, 261: 1143-1151.

- Sefidi, K., Marvie Mohadjer, M.R., Mosandl, R. and

Copenhaever, C.A., 2011. Canopy gaps and
regeneration in old-growth Oriental beech (Fagus
orientalis Lipsky) stands, northern Iran. Forest Ecology
and Management, 262: 1094-1099.

- Stancioiu, P.T. and O’Hara, K.L., 2006a. Morphological

plasticity of regeneration subject to different levels of
canopy cover in mixed-species, multiaged forests of the
Romanian Carpathians. Trees, 20: 196-209.

- Stancioiu, P.T. and O’Hara, K.L., 2006b. Regeneration

growth in different light environments of mixed
species, multiaged, mountainous forests of Romania.
European Journal of Forest Research, 125: 151-162.

- Wagner, S., 1999. Okologische Untersuchungen zur

Initialphase der Naturverjiingung in Eschen-Buchen-
Mischbestdnden. Schriften Forstl Fakultdt Univ.
Gottingen, Nieders. Forstl, Sauerldnder, J D, 265p (In
German with English summary).

- Weber, T.A., Hart, J.L., Schweitzer, C.J. and Dey, D.C.,

2014. Influence of gap-scale disturbance on
developmental and successional pathways in Quercus-
Pinus stands. Forest Ecology and Management, 331:
60-70.

¥

regeneration in northern Iran. Journal of Forest Science,
68(8): 318-328.

- Parhizkar, P., Sadeghzadeh Hallaj, M.H. and Hassani, M.,

2022b. Quantitative and qualitative characteristics of
regeneration in Shafarood managed and unmanaged
beech forests. Journal of Forest Research and
Development, 8(4): 343-354.

- Parhizkar, P., Sagheb-Talebi, Kh., Mataji, A., Nyland,

R.D. and Namiranian, M., 2011. Silvicultural
characteristics of oriental beech (Fagus orientalis
lipsky) regeneration under different RLI and positions
within gaps. Forestry, 84: 177-185.

- Petritan, A.M., Nuske, R.S., Petritan, I.C. and Tudose,

N.C., 2013. Gap disturbance patterns in an old-growth
sessile oak (Quercus petraea L.)-European beech
(Fagus sylvatica L.) forest remnant in the Carpathian
Mountains, Romania. Forest Ecology and Management,
308: 67-75.

- Petritan, A.M., von Liipke, B. and Petritan, I.C., 2009.

Influence of light availability on growth, leaf
morphology and plant architecture of beech (Fagus
sylvatica L.), maple (Acer pseudoplatanus L.) and ash
(Fraxinus excelsior L.) saplings. European Journal of
Forest Research, 128: 61-74.

- Pommerening, A., 2002. Approaches to quantifying forest

structures. Forestry, 75(3): 305-324.

- Pretzsch, H. and Schiitze, G., 2005. Crown allometry and

growing space efficiency of Norway spruce (Picea
abies [L.] Karst.) and European Beech (Fagus sylvatica
L.) in pure and mixed stands. Plant Biology, 7: 628-639.

- Raymond, P., Royo, A.A., Prévost, M. and Dumais, D.,

2018. Assessing the single-tree and small group
selection cutting system as intermediate disturbance to
promote regeneration and diversity in temperate
mixedwood stands. Forest Ecology and Management,
430: 21-32.

- Rozenbergar, D. and Diaci, J., 2014. Architecture of Fagus

sylvatica regeneration improves over time in mixed old-
growth and managed forests. Forest Ecology and
Management, 318: 334-340.



97 Iranian Journal of Forest and Poplar Research Vol. 31 No. 2, 2023

Comparison of the beech (Fagus orientalis Lipsky) saplings characteristics in unmanaged
and single tree-selection cutting compartments

P. Parhizkar ", M.H. Sadeghzadeh Hallaj %, H. Ghorbani * and M. Hassani >

1*- Corresponding author, Assistant Prof., Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension
Organization (AREEO), Tehran, Iran. E-mail: Parhizkar@rifr-ac.ir

2- Research Expert, Research Division of Natural Resources, Golestan Agricultural and Natural Resources Research and Education
Center, AREEO, Gorgan, Iran

3- Research Expert, Research Institute of Forests and Rangelands, Agricultural Research, Education and Extension Organization
(AREEO), Tehran, Iran

Received: 19.04.2023 Accepted: 24.05.2023

Abstract

The single tree selection method was applied in the Hyrcanian forests of northern Iran to imitate
nature and enhance the ecosystem characteristics and functions such as biodiversity, flexibility, and
adaptability. However, the effectiveness of this imitation and the changes in the forest stand
characteristics were unclear. This research compared the regeneration characteristics of tree species
in canopy gaps larger than 100 m? in a beech (Fagus orientalis Lipsky) stand in the Hyrcanian forests
that underwent single tree selection in 2013 with an unmanaged beech forest as a reference. The
abundance of seedlings and saplings of all tree species was recorded in each microplot (with an area
of 4 m?) in the center and four edges of each gap. The height, collar diameter, crown width, health,
stem form, and mode of branching of beech saplings were also measured in each sample microplot
and compared. The results indicated that the mean collar diameter (26.6+2.2 mm), height (270.4+£23.6
cm), and frequency of orthotropic beech saplings (0.3£0.06) in the managed compartment were
significantly higher than the unmanaged compartment (p < 0.05). The average frequency of
regeneration in the managed and unmanaged compartments was 7.9 and 6.3 per microplot,
respectively. The frequency of beech regeneration in the managed compartment was higher in large
gaps, while it was higher in medium gaps in the unmanaged compartment. Although the low
harvesting in the studied forest improved the growth conditions for beech seedlings, the abundance
of dead trees should be considered. Moreover, the presence of Hedera pastuchovii Woron. exGrossh.
in these forests should be examined and managed accordingly.

Keywords: Collar diameter, orthotropic, sapling height, tree regeneration.



