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Figure 1. Geographic location of study area.
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Figure 2. Concentric circular plots, the area of the large and small circles is 1000 m2 and 4 m2, respectively.
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1- Height above Nearest Drainage Point
2- Topographic Wetness Index
3- Soil Water Content
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Table 1. Investigated variables in the analysis of regeneration in the Hyrcanian forests.
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Table 2. The mean number of trees for different species that have a diameter of 7 cm during the past 10 years.
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Table 3. The combination of data and environmental variables used in determining the variables affecting

regeneration.

o yas 310a5 Slre Gl sl oSle Jeth
N Std. Deviation Mean Variable

1895 0.143 10 Ingrowth Number s ;s (551505 slis
1895 236.590 4291.79 . _
1895 18.85 19.8 Asol_mean s 55 iyt b 8551 de (Sl
1895 0.134 0.38 e e e . L
1895 0.059 0.05 Asol_std e 3 ey o2l (65 HMae Hlas LBl el
1895 0.375 15.27 Swe_mean Sk of e o Sile
1895 0.000 0.00 B
1895 1.398 061 Swe_std S Ol i Jlae Sl
1895 0.765 0.81 Trp mean L e
1895 2.183 3.17 P-MEAN o2 2o 2 S
1895 0.145 0.17 Tmp_std St sl a5 jlre Bl il
1895 16.047 41.95 P . e
1895 17.185 32.00 TWILMeaN (318 555 (oot ol Jaw s
1895 30.332 43.32 TWIStA 318 50 5 o Latls s Sl

Wind_mean st cs o Lo 52

Wind_std sb e o las Gl 2l
ijécfﬂ&bA{BAaéjckruchw
J&Jécdwﬂ&bszAL Q\:a‘-ﬁg-ﬂjj_}kéckbchﬂ
DBH fo sl & o 0 5

e



OlySed 9 Dby 3900

" . ..\W ?\..t.JU Lofe ol s .m«.a\r..AVhJ nﬂ.\jU o /e el

oe (s
e e g (0 oCm0
R R o
e wat iy #00°0 LETH #56F1°0 #:£96'0  #4S60°0 «4S61°0 w6¥70 wPEP0 w+0LE0 S00°0r 010'0- 0001
el g i «+96°0 i «0ET0 £950°0 010°0- «8LI07 SE0Qr 00°0r STo0r «FELD 0001 OLO
CE T aPPrOr A 9£0°0- YZ0°0- +870°0 «£9L0°0 «1S0°0 €10°0 8€0°0- 600 axllgor  +8F00
e eyl 0 S 6100 —— £+£8€°0 w81E0"  #x0LE0"  #eF9TO #4L0T0" weF 110 000'1 9€0°0r cT0'0r x:SEC0-
e e e 600°0 T £LPO0 w0110 wbEF0  wTLIO +£881°0" 000°1 w1100 oo £00°0- xx0LE0"
R S 9z0'0- 050 e €10 46670  wx6PT0 5480€°0- 0001 «xS81°0- wL0T0- LOO'O- €E0'0- #PEV0
i A0 e | = #+0L170- V70 #4120 *%680°0 #0510 1 #+80€°0 #4CL1°0- #x 79T 0" *x591°0" #x8L1°0" **mﬁm.o
o - ¥00°0 s #6710 +4£95°0 000'1 «4S61°0 w6VT0 *4FEP0 £+ 0LE0 S00°0r 0100- #x651°0
AT | A SO0 o0 g 6100 000°1 «€95°0  xx680°0 #x6670° #0110 w81E0-  %x£90°0 9500 w950
i s BOALD - 000'1 6100 xxGPI0-  x11T0- #1E1°0 *LP0°0- #x€8C°0 #1970 #s06T0  +6FL0C
LR ARG e ++00T0" 5 L69°0- 8T0'0 wbEI0 wal¥TO 0£0°0 £+680°0 H8LT0"  walbTO sa86T0- wPEDO
L I ' *x981°0 +£50°0 $00°0 x0L1°0 920°0- 600°0 620°0- wbPL0 xx96°0 KLY
Fos T e (D o
&1 (W) (b
WLMM_ ueaw’ [0Sy pI1s josy uga Mg pIs omg uBdwWw M I, PIS IML vd
d q 3
o cosl i e . ﬁr . ueaw dui], £ s ueaw E.:_B. vd i yImoIsur
LhaAl < o e e Feo (efes
. A < D o | C e Ay 5 el g€ CCRD
() D % 1 T o sy Ly b o ot e
ot i MO o e <l e 2 evepd

d0Iqe PUE 1101q JO UONEIAUSFAI Ay} BUIIORYJe SI[QRLIEA 3] [ UddMI3] UONE[ALI0D UOSIER] Y QB
A..J..ﬁﬂ. 3- e aJ.vldVbJ wvw._lmuo s -111 cun...hﬁj e ¢ u.hﬂm..mlva Dhﬁ\M«._ﬁ “ m._a_ﬁﬁwJ.

AR



IFAT(Y) ol (TE) s K g g (559U 9 pole (s idg sy 4 puid

Lol cdls 5 5180 3 WWAY Jla s Culi 4 gel
el Loyl 5 (6350 U dlis Ok 3 Lo g
AL e L s el edd el G
ol e 5 SKhe gla puite 15,8 oSS L Laesls
ool (B 5 e Sl Sl S
S Dl Gl (ool o L6 (5 Sl
boge (Jad Solm arys huge S O
o2t e Sl (IS5 e el
o NS 5 e, S B sl o B gte 5 e
operds 5 S 5 Dosen B &S ke S
o s S ol cel K gla st L
2L bl ol S s K s xie
Oan 5 L (Y4 8) OLSan 5 ls Slalllas
5 slose (YY) 0L 5 Llwl (Yeed)
955 5 (V) 0L 5 5yl (YY) O,
Y AT A T sl lgsen (TOT) O Kea
SaS Sty Jhd) (goslaly Je >l b g (Y
bt (WlasdS oy OLL 4o e ol Vo ks
Sogeals L w5k wsosbls 15 ek
U asl o i oliss b 855 aiged Sladad L
s s Gas o ey Sl ol 5k Ol
Golwand 5 Swm Gl ooy fesle 5 S
S lp b dais o I eslind (sl5T3)
chiordan LS bl 5 b ae ol o5
Pile Sl ssd e als Sl sl 035
g s kb S Gl pames 5 G )
S rwS szﬂ.s\)' S ;fL“" Ty K S :J,f )\J.E
ey 6ol St s dswS Gl glams &S 5l
5 ke LS beSis gy b, Al
Slie 4 adlaie 5 (gs0sl5 4 ST ol oSl
(e s 5 S o e o b ) s BB
Cul S Sk sl S ol Sl Js

)MJJ&L})JW\i' GYe J}J})rs.,\.;ﬁ&

)Y

3 e slas SIS glols SIS le.adf;q-

TA s 2l ) s o My S
8L S sl g 5 S O 5l cbl-
Al Al Aaer 5 LS S pde S
laal uls s e 58 Jleeal o e &S Ul e
Copde oy Wl dbe e s LIS s,
S Sl b 13l 655005 b ol Ll Jlast
R S
5 0 K s tle 3L Jleal 5 Jbo
Sladon podle Ol Jd b K o5 ey
sy el s osladl Bl (s (e
B Jf.a— upte glaael o 3L )b
S 1 sl (K ) Olaind glaeslinal
L uslsls 35050 5l ol > 5 03,8 oo Jby
3l Sl plals Kle o Sul Jls b 4
(Sasly adlas s s K 5l L= gl &S
b osps plold ooslsly i JS,80 e Jelse
03 G Sldll (de 5 33 O )seas Olsn
Sos1sl3 S e ol ¢l>,u'\ Soslsl Co o8 4}
o oS S s 5 IS il s |
s s a Jelse ul o Blss 0o ey
PN Gl 55 oS el 5L Lol s sl
Jolss G cnl 53 a5 il S5 S WS
O 5 0bey Jsb 53 &5 s f 5 ) uiie
sl ol Ll 5 Lasie daes Ly Sl
L @ 5L e onl el lp s et
Slasis S 8 il o 335 5 e glaesls
5 Blals ol 4 coladle Kol s 4 iy
33 ety Wged Slakad L gols bl 5l eslinad L
s S slaeshs AL salens slas o
o 03 0L sl Gl s e 5SS 5 Ll
Slakad b g5l k] R SIS 1



Oy Keon 9 il Sg000

el 2l5sl 5 Liugy lyl s see Cel 5
2 bl e el culg s s bl )
o ol Gde OLL s s L;L<.\> 4o e
2 S L e s fes bl ol
Sl &L"‘f":"‘ QJ;J«SJJW)J){ LSJJTD\).
S Ol (g Sesll Jy axdls olsw 4 56 &S
St 03,5 Jlsan (090> U 5 il o a5
Gl Slgiaal 48 (jls ho 5 el gla tass oS

NN Wo'g) U Slial 4

& 785 4o

S sladas sl Ol oo &S sl QLA s @L:.}

2l Gledle cer sl o
O oo ol gl 2 5m5 sabita) Jlod sl o
s Lgl.ﬁdf;;,— »dld o e Soslals aS s
oo alol V0 sau js bl 46y 55 g b A s
by Gosbls it mmes Adbe S
S sl ol golwdoe @L:.} il e 5l 48
Lo Kl 3 guslsly o N850 Lelye o jtage
S (ol sk s phis mlae (S Sa
Lol ol Co w5 Al o000 (655
Jlss Cupde 5 G il mB S eslind
3> 631313 3308 o Ol om (51505 SIS U
ol o3 edd S8 S belye ST as s K
Clles o 5 e Lo e L OIS s 1) GoS

Al 3 e W K Sl 23l e 5 s

&l

.

Guslaly Slais e il e Jlo £0 LYY a s
edd sy Ol s Sl WlS e 5 SIS 5
Jm ot S ol 1y Kl axe s 5 35
2 s M Cte S Nl i 55505
N I N P W P T S W T D)
h3) sai ol s sl FA Sl asls
oy95 OLL o e gl Vb 1A gl s
S8 sl Aoy 0 UL,K*’.')U{L; M5 (LlawsdS
Ol 4l 33l Spee slaes s gl dos Vor 5 A
Sp 0 A st S gl s
5 6ol 58 Jas s Ko s it ol
5 bl St (0) Wil e el i
Coslaly 3 ke U Wlg e e gl ke
S5 L oS Oloman daL azils sagl s Ol s
G5t Ul b slbacldes 5 Waps S
Gushaly Gall 4 s esls zalS 1 col, Ol e
Liler addlas opl s (VW) LS Slsl 5SS
ol ol alie gl K 5 45 (oL Sl
OLKan 5 5ol (Y010) OLKKea 5 LS) ol
S ol ol (YY) OLKes s Ll o(YOO)
DS, sl ol s ey b s ks Jolss
03 oo Cldles L s addlae ol s
oSS LS ol Cledlbl 5 laesls L 0355 oS
5 el olllas g SLMBl pea 0
L oS 5508 Ol Ol pwmen ol plowil (5 ,2halS
2w eSS 5 s solles ol

S w3liS 5b i 30 655 8los Ol e

1. Atri, M. 1997. Phytosociology (Sociology plant). Research Institute of Forests and

Rangelands press. 384p. (In Persian)

2. Bang, C., Sabo, J.L., and Faeth, SH. 2010. Reduced wind speed improves plant growth in a

desert city. PLoS One, 5(6): 1-12.

Y



IFAT(Y) ol (TE) s K g g (559U 9 pole (s idg sy 4 puid

3. Basiri, R. 2003. Growth area ecological study of Quercus Libani using analysis
environmental factors in the region of Marivan (northern Zagros). Ph.D. thesis. Natural
Resources. (In Persian)

4. Bassow, S.L., and Bazzaz, F.A. 1998. How environmental conditions affect canopy leaf-
level photosynthesis in four deciduous tree species. Ecology, 79(8): 2660-2675.

5. Bayat, M., Pukkala, T., Namiranian, M., and Zobeiri, M. 2013. Productivity and optimal
management of the uneven-aged hardwood forests of Hyrcania. European Journal of Forest
Research, 132: 851-864.

6. Bayat, M., Namiranian, M., Zobeiry, M., and Pukkala, T. 2015. Growth Models using to
Simulate and Investigate Different Forest Management Methods (Case Study: Gorazbon
District in Kheyroud Forest, North of Iran), Journal of Forest and Wood product, 67(4): 595-
612. (In Persian)

7. Bottero, A., Garbarino, M., Long, J.N., and Motta, R. 2013. The interacting ecological
effects of large-scale disturbances and salvage logging on montane spruce forest
regeneration in the western European Alps. Forest Ecology and Management, 292: 19-28.

8. Bourque, CP-A., and Matin, MA. 2012. Seasonal snow cover in the Qilian Mountains of
Northwest China: Its dependence on oasis seasonal evolution and lowland production of
water vapour. Journal of Hydrology, 454-455: 141-151.

9. Buffum, B., Gratzer, G., and Tenzin, Y. 2009. Forest Grazing and Natural Regeneration in a
Late Successional Broadleaved Community Forest in Bhutan. Mountain Research and
Development, 29(1): 30-35.

10.Campbell, G.S., and Norman, J.M. 1998. An introduction to environmental biophysics (2nd
Ed.). Springer-Verlag, New York, 306p.

11.Chavez, P.S. 1988. An improved dark-object subtraction technique for atmospheric
scattering correction of multispectral data. Remote Sensing of Environment, 24: 459-479.

12.Daubenmire, R.F. 1976. The use of vegetation in assessing the productivity of forest lands.
Botanical Review. 42: 115-143.

13.Endara Agramont, A.R., Maass, S.F., Bernal, G.N., Valdez Hernandez, J.I., and
Fredericksen, T.S. 2012. Effect of human disturbance on the structure and regeneration of
forests in the Nevado de Toluca National Park, Mexico. Journal of Forestry Research, 23(1):
39-44.

14.Geiger, R. 1965. The climate near the ground. Harvard University Press, Cambridge,
Massachusetts, 611p. Lutz, JA and Halpern, CB. 2006. Tree mortality during early forest
development: along-term study of rates, causes, and consequences. Ecological Monographs,
76: 257-275.

15.Kamler, J., Dobrovolny, L., Drimaj, J., Kadavy, J., Kneifl, M., Adamec, Z., Knott, R.,
Martinik, R., Plhal, R., Zeman, J., and Hrbek, J. 2015. The impact of seed predation and
browsing on natural sessile oak regeneration under different light conditions in an over-aged
coppice stand. Journal iForest- Biogeosciences and Forestry. 9: 569-576.

16.Martinez Pastur, G.J., Esteban, R.S., Pulido, F., and Lencinas, M.V. 2013. Variable retention
harvesting influences biotic and abiotic drivers of regeneration in Nothofagus pumilio
southern Patagonian forests. Forest Ecology and Management, 289: 106-114.

17.Murphy, PNC., Ogilvie, J., Meng, F-R., White, B., and Bhatti, JS. 2011. Modelling and
mapping topographic variations in forest soils at high resolution: A case study. Ecological
Modelling, 222: 2314-2332.

18.Nagendra, H. 2001. Using remote sensing to assess biodiversity. International Journal of
Remote Sensing, 22(12): 2377-2400.

19.Nakashizuka, T. 2001. Species coexistence in temperate, mixed deciduous forests. Trends in
Ecology and Evolution, 16: 205-210.

20. Parhizkar, P., Sagheb-Talebi, K., Mataji, A., Nyland, R., and Namiranian, M. 2011.
Silvicultural characteristics of Oriental beech (Fagus orientalis Lipsky) rgeneration under
different RLI and positions within gaps. Forestry. 84: 2. 177-185.

V¢



gb&oﬁ: 9 uLa dgodm0

21.Pausas, J.G., and Austin, M.P. 2001. Patterns of plant species richness in relation to different
environments: an appraisal. Journal of Vegetation Science, 12: 153-166.

22.Retuerto R., and Woodward FI. 1992. Effects of windspeed on the growth and biomass
allocation of white mustard Sinapis alba L. Oecologia, 92: 113-123. Zhang, J., Hao, Z., Sun,
IF., Song, B., and Ye, J. 2009. Density dependence on tree survival in an old-growth
temperate forest in northeastern China. Annuals of Forest Sciences, 66: 204.

23.Soriano, M., Kainer, K.A., Staudhammer, C., Marlene Soriano, E.S., Kainer, K.A.,,
Staudhammer, C., and Soriano, E. 2012. Implementing multiple forest management in Brazil
nut-rich  community forests: Effects of logging on natural regeneration and forest
disturbance. Forest Ecology and Management, 268: 92-102.

24. Tahmasebi, P. 2015. Ecology of plant communities. University of shahrekord Press. 247p.
(In Persian)- Volkov, 1., Banavar, JR., He, FL., Hubbell, SP., and Maritan, A. 2005. Density
dependence explains tree species abundance and diversity in tropical forests. Nature, 438:
658-661.

25.Wang, X., Comita, L.S., Hao, Z., Davies, S.J., and Ye, J. 2012. Local-Scale Drivers of Tree
Survival in a Temperate Forest. PLoS ONE, 7(2): €29469.

26.Wassie, A., Sterck, F.J., Teketay, D., and Bongers, F. 2009. Effects of livestock exclusion on
tree regeneration in church forests of Ethiopia. Forest Ecology and Management, 257(3):
765-772.

Vo



Sciances and Natural Resources

J. of Wood & Forest Science and Technology, Vol. 24 (2), 2017
http://jwfst.gau.ac.ir

Presentation of Ingrowth models and determination of biotic and abiotic factors
affecting regeneration in the Hyrcanian forests

*M. Bayat’, M. Namiranian? and F. Pourshakouri Allahdeh®
! Assistant Prof., Research Institute of Forests and Rangelands, Agricultural Research Education and
Extension Organization, Tehran, Iran, ?Professor, Dept., of Forestry, Faculty of Natural Resources,
University of Tehran, Karaj, Iran, *Senior Expert Researcher, Iranian Space Agency Mahdasht Space Center
Received: 06/25/2016 ; Accepted: 01/30/2017

Abstract

Background and objectives: Hyrcanian is a productive region near the southern coast of
Caspian Sea. Her forests are mostly uneven-aged beach-dominated hardwood mixtures. There is
increasing willingness to treat these forests without clear-felling, following the ideas of
continuous cover management. This paper examines the possible ecological controls on
ingrowth in a high-elevation forest in northern Iran. Natural regeneration is one of the most
important affecting factors in survival and stability of natural forests. Understanding the factors
that affecting the forest species regeneration can be helpful to understand the ecosystem
succession stages. Recently, due to complexity of factors that affecting natural regeneration,
using the growing models in order to determine affecting factors is very common.

Materials and methods: The Kheyrud forest covers 80 km® near the port city of Nowshahr.
The elevation of the Kheyrud forest varies from 10 m to 2200 m above sea level Ingrowth
model was used to estimate the diameter increment in oriental beech at fixed sample plots level
over a period of 9 years (2003-2012) In this study the impact of biotic and abiotic variables like
competition, energy of sunlight in the growing season, topographic wetness index, highest point
to nearest of drainage area, wind speed from ground-complex process models and other
variables which are considered to be achieved for the first time on natural regeneration were
investigated using fixed plots in Hyrcanian forests.

Results: Results showed that the mean number of regeneration in the unit area (hectares) are
very low and equal to approximately 15 trees per hectare (up to a diameter of 7 cm) in a period
of 9 years. The simplest way to predict and simulate ingrowth is to use the mean values for all
stands. However, this is not biologically justified since ingrowth should eventually start
decreasing with increasing stand basal area. The beech trees are of the most number of
regeneration per hectare which represents the suitability of environmental and biological
conditions for these valuable trees in the Hyrcanian forests. Basel area per hectare was the main
affecting factor on regeneration in study area which defines about 40 percent of regeneration.
Conclusion: Humidity and temperature and the amount of solar radiation were the most
important variables in the number of regeneration in Hyrcanian Forests. Consequently methods
that used in this study are new and also can be used in other forested area in Iran. Finally, this
research is trying to explain changes of ingrowth and abiotic and biotic variables in the fixed
sample plots.

Kaywords: Hyrcanian forests, Regeneration, Affecting factors in regeneration, Modeling
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