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Table 1. Information of the studied stands

Weas K Jcia CAJJJMS J))LL.:T: Aol
Shastkola Haftkhal-Neka Kelardasht Shafarood Criteria
Loyl
27 36 139 34 ke
Compartment No.
oyl
2 4(2) 1 9 S e
District No.
La Lol
Comp. area (ha)
ER Lal
54023! 53030r 5101r 48049’ (Qfeﬂ) -gfl— Jg} d}l’
Longitude (east)
L Lol ;
36°42' 36°20" 36°40° 38°28’ (o) 2lr 20
Latitude (north)
) L i) el
1050 1500 1600 1200 (e )_J’CL’” e
Altitude (m.a.s.l.)
Lol ar g
North-West North-East North-East North A ’

Aspect
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Continued table 1.

Wenad S Jcaa s IS sosles dasin
Shastkola Haftkhal-Neka Kelardasht Shafarood Criteria
25 30 60 50 (h232) oo et
Mean slope (%)
; . . Sasle K
Calcareous dolomite Calcareous dolomite Sand stone Volcanic
Bed rock
S
Washed brown Washed brown Forest brown Washed brown o
Soil type

820

12

Anon. 1999

1000 1300
10 8
Anon. 1998b Anon. 1998a

1400

(o dos) Jaw 20 S0

Mean annual precipitation (mm)

(J‘;&Lﬂ) .b.ﬂj:.d Q)\f a2

Mean annual temperature (°C)

Anon. 2006

&
Reference

(Sagheb-Talebi, 2008) o3, ssicws slaplinily 3 Jod Jol o Ot gla jastls =Y J5u
Table 2. Criteria for selection of development stages in intact beech stands (Sagheb-Talebi, 2008)

() gk 4= (O adsl 5o () Sy ab=pn aaila
Optimal stage Initial stage Decay stage Criteria
Jleols ol A 035 (e 5 35
Middle age Young old Stand age out look
1102 >2 >2 A sl
No. of stories
3 e e oSl g it ST s g ke Ol e
Vb oS St =l s Sl b ST s
The most prop. in upper ~ The most prop. in middle The most prop. in upper Proportion of trees in
stratum and lower strata and middle strata strata
L g sb V'S S /e s slaws
moderate high low Stem No./ha
))W&iﬁ;ﬁ jsr@nﬂdjz.iﬁ )3‘,.@.,,&.3,:.1.:{ );QL:;'-ﬁV.@M
sskd 5 haiole ABOLs 5 k3,S sskd s sk SABsbadS
The most prop. in The most prop. in small The most prop. in large Proportion of trees in
medium and large and medium and extra large dbh classes
3L b e s 035 o=
High Moderate Low Stand volume
23 (e (e 23 (s (e 23 (et (2 e 20 ¢
ssks 5 hiole sskd 5 hiols oskd o sk S A8 glaadls
The most prop.in The most prop. in The most prop. in large Prop. of volume in dbh
medium and large medium and large and extra large classes
¢5 L g g S Sis >
Low Moderate High Deadwood volume

* Stem vertical and unforked, ** Stem and crown horizontal.
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Continued table 2.

(@) gk > (Ol adsl b o (0 ) Showsyal= o aaiile
Optimal stage Initial stage Decay stage Criteria
23 e (R 03 e (R A 53 e (R S Sis g
AB0Le 5 B S sskd 5 kiols sskd SRS slaads s
The most prop. in small The most prop. in The most prop. in extra Prop. of deadwood
and medium medium and large large volume in dbh classes
3,10 Y pens sls 3ls Cligy e
Usually no Yes Yes Presence of gap
s e 2L G 25t
Low Moderate High Reilr?:é\:]zi![;?ht
S Lo e S S gl ol
High Moderate Low Leaf area index
LS|,y D)o @ GBS Doy b SAIS Doy ks Gty 5 g
035 gl o wdsy e il e Presence of

Scattered over the area
eiééii-%jjjﬁj}/\i B u_’,Ua.Ab
Unsuitable &
plagiotropic

Group form in gap

<S558 5 o sk

Suitable & orthotropic

Group form in gap regeneration

Sosl3l5 S S
Quality of saplings

#0955, 5 o sl
Suitable & orthotropic

* Stem vertical and unforked, ** Stem and crown horizontal.
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ron Sl s Sl el spee S
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> (Amanzadeh et al., 2019) oS ;5 L5 sl
S s 5 (Mohammad-Salehi, 2010) s,
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Sagheb-) (pi,b 3l arls o sals 55 alols)
sl g Jsb o3l 5 (Talebi, 1995

ffé Jg e s s a8 Olasile -
I L oasls o watlins o,0ke kil wla
el b Jgla sl Bl - Os
Bl om Sl b 8l L (@i
ACTET)

J=lm o3 0388 53 50 8 Cands s Sl
ol s 5 bl oo o 5 il J
55 g S 5 oS Slhosas Loy ol
53 5 SUSA K aiged anked ja gla b Wb fon
oLl b laaidig) 53 3 30 S S 4 ged aslad ja
N N
Semge o B, bl He oas A an S g S
Anderson, 1964 ([Evans & Coombe, 1959)

4 e el s

Sagheb-Talebi,

L LAD S, mhe jasls fizes 5 (1995
(Frazer et al., 1999) GLA izl 5l eslizal

Sagheb-Talebi et al., 2001

ey

ol
350 olakd s ot gLl S psE s Sl
5l aS S S0ken ol ol SN Y Jgdr 55 oy
VAN 51 s s slawd osd o esiie Jads oyl
U W eeas 53 o de oy 5K s dol
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23 e 00 e Pl Lol ads L
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Figure 1. Illustration of 1000 m? transect and 4m? micro sample plots in one ha sample plot (right) and
the transect and 4m? micro sample plots in gap (left) (L1= small diameter and L2= large diameter of

gap)
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Table 3. Frequency (%) of

species composition in development stages of the studied plots

Wewas e Cis NS 3,5l
Shastkola Neka Kelardasht Shafarood o8
A & e A gk sl ] [&a] sl A gk o
Decay  Optimal Initial Decay  Optimal Initial Decay  Optimal Initial Decay  Optimal Initial
W
782 884 927 847 970 976 924 881 910 854 957 939 o
Beech
11.7 7.7 6.8 6.4 0.8 15 5.6 5.6 7.5 2.1 1.3 2.7 S
Hornbeam
<k
2.7 34 0 0 0 0.3 1.0 1.2 0.4 4.4 2.3 1.9 Velvet
maple
Ko
5.8 0.5 0 8.9 2.2 0.6 0 0 0 4.8 0 0.7
Alder
Dl el
0 0 0 0 0 0 0.7 4.8 0.4 3.3 0.7 0.8 Capad.
maple
0 0 0.5 0 0 0 0.3 0.3 0 0 0 0 CLA
Elm
s S
0 0 0 0 0 0 0 0 0.7 0 0 0 Wild
cherry
e
16 0 0 0 0 0 0 0 0 0 0 0 e
Persimon
Lo
100 100 100 100 100 100 100 100 100 100 100 100 ¢ ):)Cw'-
Total
JS:\.L«.?
G
188 207 206 248 396 341 302 336 454 248 304 475 ()
Total stem
No.

oy
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Table 4. Relative light intensity (RLI), Direct light intensity (DLI) and leaf area index (LAI) in
different development stages (initial, optimal and decay) of the studied regions

LAI DLI (%) RLI (%) ailais
Sk 4 s Bk s S gk e Region
Decay Optimal Initial Decay Optimal Initial Decay Optimal Initial

}))L:L.il
2.3 2.6 2.5 5.9 7.8 19.0 18.2 9.0 17.0
Shafarood
2.4 4.7 3.3 19.2 75 11.4 19.5 3.3 8.5 NS
Kelardasht
(¢
3.9 6.8 3.9 5.1 3.0 3.6 8.2 4.8 55
Neka
2.2 3.0 3.9 26.0 14.6 3.2 14.0 7.3 4.6 K
Shastkola
Sl
2.7 4.3 3.2 14.1 8.2 9.3 15.0 6.1 8.9 u& "
Mean

03 Aoy VE Bl ("J*‘"'“ o Oodd

08/8 jSlam b Cods SIS ailaie 53 Som S aidy,
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lsy 93 s g S p S b b
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Table 5. Relative light intensity (RLI), Direct light intensity (DLI) and leaf are index (LAI) within the
gaps sizes (small, medium and large) in the studied regions

LAI DLI (%) RLI (%) adlaie
Sop o hkep S Sop o hep S S,y hege  S5S Region
Large Medium  Small Large Medium  Small Large Medium  Small
b})lii:
1.6 15 1.6 54.4 49.0 30.0 320 394 31.0
Shafarood
C,..::b)%
2.1 4.2 4.5 29.6 13.6 6.4 235 8.7 3.9
Kelardasht
¢
3.9 25 4.0 7.9 74 12.9 131 12.9 19.6
Neka
3.6 3.2 2.8 8.1 13.6 12.7 8.2 7.5 11.2 s
Shastkola
Sl
2.8 2.8 3.2 22.7 20.9 155 19.2 17.1 16.4
Mean
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Figure 2. Age and No. of sapling in plot in development stages
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Table 6. Quantitative characteristics of saplings in development stages of the studied stands

Jdsb
o YL , i s
gt o sy ( fﬂf ) /)%LA ohiss B s gl N ’b) ‘ e
D B R N R C T g G e
Crown Shoot Length of the Mean height Height Collar Region Dev.
width (cm) o0 uppermost increment (cm) (cm) diameter stage
length internode (mm) (mm) g
(cm)
=
24.0 15 17.0 155 140.0 15.0 e
Shafarood
85.6 23 127 123 776 6.0 >
Kelardasht
74.4 3.9 9.1 8.6 93.4 12.8 N
Neka Initial
99.0 78 6.2 235 1408 13.2 Kl
Shastkola
0. &l
70.7 36 11.2 15.0 1129 11.7 ok
Mean
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Continued table 6.
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idth Shoot uppermost . diameter :
width (cm) length internode (mm) increment (cm) (cm) (mm) stage
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&:/\M;’j)%
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(¢ o S
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% - £
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Figure 3. Age and No. of sapling in plot in gap sizes
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Table 7. Quantitative characteristics of saplings in gap sizes of the studied stands
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i Length of the Collar i i)
Crown Shoot g Mean height Height ; Region .
width (cm) 00 uppermost increment (cm) (cm) diameter Gap size
length internode (mm) (mm)
(cm)
s
41.0 9.0 13.6 11.2 67.0 11.0 e
Shafarood
101.8 5.3 14.0 126 126.4 18.0 2
Kelardasht
& e
32.2 9.6 12.3 8.7 46.6 6.0 S5
Neka Small
20.6 5.7 145 8.8 26.4 4.0
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&l
48.9 7.4 13.6 10.3 66.5 9.7 e
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Continued table 7.

Jdsb
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Crown Length of the Mean height Height Collar Region
width (cm) Shoot uppermost increment ?cm) (cr%) diameter Gap size
length internode (mm) (mm)
(cm)
)}Ju..z
25.0 17.0 14.6 9.8 59.0 10.0
Shafarood
56.7 6.4 20.0 11.4 79.9 11.0 il
Kelardasht
¥ Ly
18.7 8.4 8.9 6.5 25.2 5.0 >
Neka Medium
28.1 7.0 15.0 9.2 46.0 43 sl
Shastkola
32.1 9.7 14.6 9.2 255 7.6 ok
Mean
)JJLL.;
185 10.0 15.3 5.4 325 11.0
Shafarood
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< g ..
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16.8 55 105 8.4 25.2 41 s
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Table 8. Frequency (%) of qualitative characteristics in development stages of the studies stands

I TN C55 Lol Ly 350k ails Sl
Healthy Plagiotropic Ortothropic Broom shaped Forked Unforked Region Dev. stage
Aj)LLi
100 14.3 85.7 0 14.3 85.7
Shafarood
57.1 85.7 14.3 0 28.6 71.4 s
Kelardasht
70.0 70.0 30.0 0 40.0 60.0 )
Neka Initial
100 80.0 20.0 0 80.0 20,0 S
Shastkola
0 &l
80.4 62.5 375 0 40.7 59.3 Jg; )
Mean
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Continued table 8.
Pl S5 SsA50 ol g 500k adlaie S A
Healthy Plagiotropic Ortothropic Broom shaped Forked Unforked Region Dev. stage
J})L&J
100 83.0 17.0 0 33.0 67.0
Shafarood
92.3 76.9 23.1 23.1 53.8 23.1 e N
Kelardasht
< .
100 62.4 37.6 0 5.9 94.1 &
Neka Optimal
93.7 66.6 33.4 6.3 125 81.2 o
Shastkola
0. &L
96.5 72.2 27.8 7.3 26.3 66.4 ok
Mean
:j)u.i
100 0 100 0 25.0 75.0
Shafarood
65.7 77.1 22.9 5.8 37.1 57.1 aaaeied
Kelardasht
85.7 25.7 74.3 0 31.4 68.6 i
Neka Decay
100 0 100 0 0 100 ot
Shastkola
0. &L
87.8 25.7 74.3 1.4 23.4 75.2 ok
Mean
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Table 9. Frequency (%) of qualitative characteristics in gap sizes of the studies stands

(.JLA CoS RN SPEES PEAWR IS a=Lgs 9y0Le adlals Ky o3Il
Healthy Plagiotropic Ortothropic Broom shaped Forked Monopodic Region Gap size
:,)LL;:
60.0 40.0 60.0 40.0 0 60.0
Shafarood
61.9 95.2 48 333 238 429 =
Kelardasht
< S S
82.1 28.6 71.4 0 32.1 67.9 ’
Neka Small
100 10.0 90.0 0 40.0 60.0 e
Shastkola
BRG] by
76.0 43.4 56.5 18.3 24.0 57.7 e
Mean
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Continued table 9.

vJLw CoS e <550 YEAWRIES Lo 5,50be aalaie gy 03l
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100 0 100 0 0 100 e
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. /'La
78.5 34.3 65.7 3.1 23.2 73.7 ek
Mean
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Abstract

Process of natural regeneration in uneven-aged stands is one of basic issues for sustainability in close
to nature silviculture approach. The present research started form 2009 in four intact oriental beech
stands of the Hyrcanian forests. Twelve, one ha sample plots have been established in three
development stages containing five micro sample plots of 4 m2 Three gap sizes (small, medium and
large) with five micro sample plots of 4 m? have been selected within the development stages and
characteristics of saplings have been studied. Relative light intensity (RLI) and leaf area index (LAI)
have been studied as well. Results showed that the stands in the initial and optimal stages were pure,
while decay stage was mixed. The least RLI was observed in the optimal stage and small sized gap
while the highest amount of RLI was in the decay stage and large gap. The lowest amount of LAl was
calculated in the optimal stage and small gap size. The maximum mean height increment was
measured in the initial stage and small gap, maximum length of uppermost internode and annual shoot
in optimal stage and large gap and the widest crown width was calculated in the initial stage and small
gap. The proportion of saplings with favored quality was highest in the optimal stage and medium gap
size while the highest proportion of twig and broom shaped saplings was observed in the large gaps.
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Overall, small and large gaps can negatively affect the saplings, whereas medium sized gap creates
better condition for saplings.

Keywords: Regeneration, Saplings characteristics, Oriental beech, Gap, Development stage.
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