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Abstract
Background and objectives: Understanding the spatio-temporal variability of tree radial growth and its
ecological response provides a basis for assessing forest vulnerability and growth under environmental
changes. The growth response of plant communities, including different stand types, may depend on
climatic parameters, silvicultural practices, and competition-induced stress. Dendrochronology is a
reliable and highly reproducible technique for detecting tree growth patterns over time. Given the
increasing national demand for wood resources and the role of stone pine (Pinus pinea L.) in afforestation
programs in northern Iran, the present study aimed to evaluate the growth response of this species to
thinning operations by analyzing changes in radial growth in the Zaghmarz —Behshahr plantation,
northern Iran.
Methodology: A plantation stand of stone pine located in the Zaghmarz nursery, 3 km south of the
Caspian Sea, was selected. After a field survey, 20 trees from the thinned sections of the stand were
randomly sampled, and two increment cores were extracted from each tree (west-facing core: Sample 1;
east-facing core: Sample 2) at breast height using an increment borer. In the laboratory, ring widths were
measured under a binocular microscope using the LINTAB measurement table and TSAPWin software
with an accuracy of 0.01 mm.
Results: The results indicated that the developed chronology, with a mean sensitivity of 11.0 and GLK
values ranging from 60% to 100%, showed good quality and a strong common growth signal among the
sampled trees. Considering the relatively high mean ring widths in most trees (approximately 0.3-0.5
mm), the thinning conducted in 2005 appears to have effectively reduced competition and improved tree
access to light and growth resources. Complete alignment between the east- and west-facing cores of each
tree reflected a relatively uniform reduction in competition and balanced light availability following
thinning. Moreover, the results showed that thinning had a positive and substantial effect on radial growth
in stone pine, as the mean ring width during the ten-year period after thinning was about 20% higher than
that during the ten-year period prior to thinning. Examination of growth orientation indicated that mean
radial growth on the west side of the trunk was approximately 8% higher than that on the east side, likely
due to greater light availability following the removal of canopy competition.
Conclusion: The findings confirm that thinning in stone pine stands has a long-term positive effect on
radial growth and can be recommended as an effective management strategy in northern Iran’s
afforestation programs.
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Copyright: © 2026 by the authors. This is an open access, peer-reviewed article published by Research

@ G.) Institute of Forests and Rangelands (https://ijfpr.areeo.ac.ir/) and distributed under the terms of the Creative

Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.




e 2 00 S S5 b e \YA

(Pinus pinea L.) ool3b g5 el 9y g 035 <5 Wb vy
()@&@ — )&l ddlaio 6)KJ£;?)

"l Sl e 5 *T SL b o ‘\CW A2
RS S @-wl’ @\;.4 5 ils r}l‘— Mzl g;’*"l’ c:\v’* sl uﬁ)‘-ﬂf\’? =}J§ bl =\
ol ol (ol b gle s so\eS psle sy ( and el 028zl (s I JRin (6585 o s sk 5 = FY
nazariani69@yahoo.com : s S Cony
w5305\ s 5 s Giisal i Lol a5l plal b el 5 sooslas sl 5 Dliios S e (b el Oliizs sy (Fime Wl IS -Y

olpl el

VECE/N Y s VEE /Y e VFF/ 8/ sl g

oS
Ay 5 Spdmr] 2l 6l i o] sElle s maly 5 i elad as @Kﬂ b G e SHoidae 4l
Sl & e oS gl s sbaess oo plal daiie LS i ) il o e Sl Bl s JSn
Sl S a5 sleel BB 5 s elael8 sl analy Sae cl, bt s st Sllas (oadd)
Pinus ) Aol £ 55 5 o i 8lp 5558 Lo Ll 31 apar gl ol e ol s lii s a2y ke (552D
Gk 3l 005 S Sles 4 88 Gl sy el i B b o0t sy ol St sl s (pinea L.
ol g —5 el aibie S s elad s,y O Jlow
o Slod Csie G e kS an 5 i 5 eel pledlg s é‘} b C\S il s 355 skt sl il i, 5 8l
LS ok 202 S5 slacans Sl Wbl £ ol Y- dlae 550 aidate 51 w33k 5 2o S UK 5l L i ol
e Sl oalanal b ai ol gLl 5o (Y w50) (B2 5 (V 450)) (08 S 52) (sdus) dsed 92 (350 a5l s Ol
05 s LINTAB (s Se5luil son ¥ 5t b5 ntiged s sloo pls g ol&tylesT sy JUash 51 oy ot ] il il
A g Sesll o /N 2ds Y TSAPWin ) 53!
Shedoss Ve b8 auls 53 GLK olie 5 VV/ ¢ Cpmlam 0800 b atalny] elizel§ sl cesay slaasly ol il
Sl 3L Comdty S0le aam gl s laspn ks o S B Slies 5 St sy 68U s Gl CuiS
Tl 55 ool 555 S5 Oldas dse ity e e +/0 5 /% 530m) pli s 51 Sloas iy 3 s slauile
5 S A 53 Bl Gl cmtmen il 0ad s wlie 5 55 4 Gl s 35 5 B, e SaalS un VTAT
5 e 56 50 8 S Slles i 538 S8 5l ey 6555 Jol 5 culs; JaalS S samaplas iy a8
33 535 K5 31 g Alies w93 55 il sligy Sile 4S5 5bar s Aol 18 elet Lty Gl 31y 5 G
330 AT G e 3 Elad gy onhe a5 0l plis i S g om0 S i Jlees 51z do s Yo
Db g ki (2 b, Bl Bl e i 598 Sl Bl AU Sl ) S0 g 8 S Sl mi do )y ot
s0b lad ) ol e Bl 28 Glas g 5s 03 S SG 48 w8 2l sl Gy 1 S S S an

S do g 598 St g, 8 K L3 i o LSl olyea Kl

.w\;&bg (S99 Slles ﬁd;ﬁ TR (s k.;uM'L" :6'\'3'\5 ‘-‘;Lhaj‘}



Y4

Sk oz My Rl (el 5 sled sl sse
ol Bl w6, ool el sl sl
Larocque, 2024) sz delusl Jolse ol 5 5o cuylis
Ay 5 osr M 0085 Kool e Ol
Sl e by s Sagie sbaS
Horner ) ¢l sz 3,158 58 olbs e s claa S
s Hou Loy saa 28 mls ulaly fer al., 2010
Gy 5o Cer a8 5 s (YY) ol
25 (S Gl b 2 S (S5 LS g
ol 5 5ol bay Slasls § LS sse L wly s
S RPN E @L’“ 4 o d Gl ol e S,
w2l 08 gm0 Mg Sl gl ) s asles
My e bal (S5 asslone pls a8 s
by s 03555 5 sl Jola pauly laplal) by 5
S S5 Il ms el cs n S CL‘“ sl
sbesle 5 caos w00 S S oles Ol
et s plaaly x4 Nl e by e Al WS
sd e SR ol e gl el
5 éﬂ‘ claw Az g tw)‘ b pley e
ool 3 S bl e Ll 3 a5 s o
Sde o) 3 Llas) e Sae 5 baasie | Ll
sl L, (Ampoorter ef al., 2020) 3 5i o iy &5
Jas Jsb s oS el ols ol dassl gl s
Ay il ol ol Jeell asl e sl s,
» 0ol Ol & Cuml I8 gy ol 5 c3 00
Sl Lol sy 5 Ll b sy Jad oLl
S92 Jelss f\» o (Mmoo s, S
Ol 38 S ol s e sbade o
cbsl 5 AVl ol e sl e Dl s
el S sl s eSS el
2 oeadell glatas s (Amini & Sadeghi, 2013)
UL s 008 S aS sl plas o8 S5 S
(Omzad B oo il Bl Oseady gbesgy s )
035 S8 bwsie Wiy 008 S oslane g,

Yooolad ¥F i o)) o s Li.a/'. Sl e a4y s

doddo

Sl o slaenis 355 (Pinus pinea L.) sl Y
e sl (o 3luln) 5 O Cato pedle &S
4oL Cwslie o corizen )l (S O ae
@25beS 5 i aine) 03w A g sl ( Sis
S ol gl SR (el Sla S
(Liu et al., 2023) 558 o @ guame i ot 5 St

Mypodae b kel sbos Sl 28 e g cilS
5 e iy e 48 Gl Loy ol sas ol G
o al Jepll sss o asle oLy eolasl g5,
Sloal 3 ) sba 5 wlsl i a8 s bSas ol i
i S @S Gl owl w3 8 |3 am g 355
S xS olie &S 55 e badg cnl 0L
Loosd o3 035055 03 5 wda il op SueSls
b ol ol e sbts, S
o 3 osr M ol ssba wls e cualiows
Slr Sl bl & g b S At b S
Bilg sl S S Gl sl sl sl
Wl g Sl Slas 5 Coe ady ol
e g aly oS h plis (S s5lee i
(Tavankar et al, 2025) cul cwlie o (58>
LS i JS aoss can e b, S
o 3 o3 VYUY 51 ity S dipte Jali 1) plen
B INE L R s DS e My L ol s
S ol el s o My s e Ll
.Scheuber & Ko6hl, 2003) 48 s | aob

Lk ol S ob K 5o 008 Ko
035 S 5l saaobl gl s Gis b &S el s
S ol S 6 s pladl JSa
dpdme mlie ay ol o el Bl e s (il
S& ol Gan Ll Gl Bl Slie sl 5 o 5 sl
obs,s ol 5 cwS s, bl s oS
5 o Ol Bl g Gleagnge culb, el eails L
e Kl Oldes Gl ol g golasl i)



e 2 008 S& S e

VSl sl a8 Kb e b a8 sl pli esy
Gorji Bahri et ) w4 oo (i) 31 ao s ¥ tLas)\ PRV
Il sm e gl 3L plas s al,, 2009
il Lmll S s caSe e YAV/Y 4 VPPV
N AVA SPVIRYVA S5 RSV SO WP SN
Ol 03,5 S b golea il 25 LSS s S
A oon M oby Ao WVl i e )
2 S slaakie 5 elad g, x2S SE
ol 55 5 eely pledlg L3 sl 28 Al Y. s s
r.;o.,clmck.ﬂjl@ Cbaasis a8l glas sk
ST CE" 03 i S biwad 5y LS
Ll el 0azi S sl 31 iy o gxe 5 sbay
AT 5 2 adSE lwnd 5o plil aabiis o
o (Taghipour, 2014) sz sunlin (g, gme Splis
o Jl cin s (i Sl s oled (g B
Gcwad 5l o8 9 B Cem g0 2 o 00 S ST
Lo Wl smlie b gae M) waa Sy
d»%—?'ﬁéﬁ)é&*;x}‘uﬁsjbmgcwﬁw
S ol sme sba Aoy AN claw 2 28 S
Dy e diSSE slwnd o elad Ly, b
Sl o oalBl Jolse 5 005 Kool gLl
Sl saome SV 53 218 e 658 53 5 6l elas
L) elamd 5550 03 8 S lats, Sl (S &S ah ol
G b olad Al Kl e (Lt a8l olans) plas
$Lpel (wzes (Hirsch er al., 2023) .S sbx
B P B S U - LI I\ CE S R PR
ol 5 C)L‘)'r"" bl Coanl cLJ o) o Oslat
o o s e el 5 (058 ) Kasr o pe
ool pla ol el 5 eles ws; sbanl B
DS ST 4 Solime sl Cemdy b ol il mal
53 S Ks &S by e Pinus massoniana Lamb. s
5 k8 A, gao,s /Y B N0/ A Ll Bl e
Zhao et) :,.ﬂ@ oz My (a0 YA/AY B Y- /YA
S S 3 S S J"/u*.i. (omad al., 2023

VY.

» S iys, (Kumar et al., 2019) uS 5\ |,
o8 QML.HLK,;- sboeds cwls RS Sk
ool 5 s 4 Loy Jlo aen 5 258 0 Opume
sl b bl d@\.} oy sl
Arov oo ol s cwslie (s, Oldas
ewlie Ll o sl b 5 b 25 b GL“WY
s 5 2l g ks At el BL Bl s ol
(Khorrami et al., 2021) 355 o 345 Lol ©pm M5
sl M sy sy 55 Jsm (s n Slles
0 bl cala 5l SO WS G omd s S
(Wessel et al., 2018) el JKi ¢y ye

Ol das )l Cllizes Julse dbewpay ol )
PRV TP PE N W JE I U R W P ]
Colgss (w5 p S L S s 5 sbdl) bl
SS ol 53 Kb s ey sl ) L 5 O sen
> JUT (Fallah et al., 2023) s58 o cof aibte
Lo by elide 5o 1, 8 Sl SS& s
f\}" B Q\‘ﬁ"" )\ L;)J' u.upu BEEE) M)@ 4:\)\ sy
g».LCA) \) u\):- )\ (sBhs 093 ¢ 995 uLbLg ASgg.Lﬁ\
Larson, ) s)ls 5,8 S o Joos Sia b Lo
J..A.wj)\ L.fwﬁ) C)\}LGA{ 6..9-).) @ut..ubg d.xnhe (1994
d)JL j\ ujjé.g MJ.; DL Uaui..&.wj L;JL&LM Lg\ﬁ
ol os elad iag, Ky, o @'\-45\5 Ol i andls
5| Q@)’Lﬂrﬁ cbasl 3 S gl Llasl, avw s
s ol (o Lowlb oy o ol
2,15 cpenl Loy Isb s oKy s, dawsi s e S
.(Rampheri et al., 2022)

ol cor My s BBl Dl sy
Sl 0528 50 LU elsl osoa ool S S5 sm
Sagheb-Talebi, 1999) 5,5 Jlo ez 250> 51 iy
S N N T N [ PR R
et Cll., ) JJ)ML;A cws\s S CjL—u BEIE) A.?\u.)i\).lf \)
dakie o S ey cuallows Ji,;- P o



Sl o8 welss &) Jlisa 5 el asls 5 o)

C\S cws\Seaws L;Lm:js 0 SR L;Ua.:ﬂ\) RN

L 9y 9 dlge
A:JLL.A )9 A.O.kua

b g8 el cas g (hasn 5,5 ailate

G A S Aw o gl 5 el ol s &l
ol el ae olas (V SK2) cul s b
OYC YA N 5 Jls oe YF° 07 YO ikl
(e e VAAY) AYPY Jlo 5o el 3 Jsb
Ao YxY cals ol bbbl 28 dl S sl
Sl pledlg Lo LS [l ;28\4. sl o &
33 S Ko s, Oldas VWWAY JL 5o as aslS
aibie 5 bl b ol s 8 sl s 0 S o
s 0581 5 Wloaan, osloly A o 4 addlas 55

NS VLIV 6&));\.3 g.)).a\ﬁ

B S N TS

S 2 5 i Aol Yo aFeY L s
350 035 3l ead ST slacwns 5 Gola oo
o s M 90 S 5las Obsl e
S S v S s (\ ase) pf Cer o
e dle ate 5l aalimal b aie pl i)l 5 (Y 6540)
il aadi Ly 5l plis ol gl e
S sl w5 gl o asle e 5 <8
ez A w8 L s an Saoe 5 Slesasle
N adisad 535 ol 5l el 4 oy, 45 T
ols S Sadl Gbob Jals Lol el a
A sl ol G Aead a4 by e A aas
s Jize s8] 4 b ged o e

Yooolad ¥F i o)) o s Li.a/'. Sl e a4y s

sasle Gia b 38,5 as, slas Joa gl 20
A )8 e
5528 eanl b3l S Eel (b b K
om 3l el Gl ol Sl 00 e A s A
CTSE RT3 R P CCRap VN S A ECL SRR EN e
Cose e onl 0o e s poY Ol b, e
6UCJJ’ » S sbaS Sl el 58
Coslie Jdoa M is slal 5 808
5 ke s Bl s LS Gl ol cwsa
a0 ‘@K&.ﬁ) il Lyl o | Lol 850
2Ll sl Jal s war gl ol w3 S 15 e
5w LAl by asa Jelse 5 slaels
Sroe s sbaS S s 03y ol
Sl st Sagis sLaS el o2
@b ol b 5l oSk 5 b olos (ool Lis
el o 3l dole sslies elll se salan]
2255 A0 5l i (Gleensy ksl Ll S ki
((Nazariani et al., 2019) 51> | 3 o 4lks CJM 59
SIS olyea Liasgn ans aw b Ll 28 L
>l /6‘4“\*‘ 2Ll SR sl el
pam sl cwl a8 15 s ja sl st
Sosre s olal Jhs L 85 ) pom et
2 0 S S8 o olles gMTJ\S PL53)
Sy eai B s sl ol s o
2035 S5 Sl osame Sl Saa b )
=5 el bt SR s 88 ol el s,
Sl (VFY B AYAY) oo o0 K b 5 e
(Y-\Y) Taghipour isys aslsl jo idys ol .as
SIS olsiea 025 S8 LB w2 S0 L
PR B Py ) wL«Jio- sl nl e

538 s Bl s 90 cw\d ol s s ‘rﬁ‘-\ﬁ'



wotes) 2 035 S5 SL e

100000 AN00HE TOOOOG 1000000 1300000 1600000

4400000
4400000

4000000
4000000

3200000 3600000
3200000 3600000

2800000
2800000

0 120240 480 720 960
5

100000 400000  T0O00DO 1000000 1300000 1600000

A

VEY

A Ol e (g5 015k pland (@ Olal (B s a5 3 50 allaie Comdpe =\ IS
Figure 1. Location of the study area on: (a) the map of Iran, (b) Mazandaran Province, and (c) Behshahr County

= 6)\5@@.)\5
bl e 0 a5l Jols wisai 5o oty il sl
b Jols b pomie a0 d;:fw'\*?\ Loms &5 504
laosls a8 J xS 5 (Cross dating) gl sls Gus
s ped (M| 458 sanlie & yp0 5o HAE )
L N U S P PR SV VS PP
3 ohmlad ol 5l S ok s el aas
Como 5l pliabl ) shiteay (553 w\,;.;:,\f s iag s
Loale 5 s, LSl e 5 Sl als
a el ity sl ) o @b sty
SN s 4] (Najafi-Harsini er al., 2022)
ol GSL 5 GLK 5L Jliie il (65,0 s
Lol et 511 Sl sm 59 45 Cal slo,lel GLK

s e plad ;) Sl w9 SIS & S s

sy Sl by 5 Se3lnl 5 3lueslal o g
JUs) 51 ey eedle ae ) sl sbaaisel
REECRCE- NG VLI VRPN LA VS DY
Ly ot osb e (Sul Lol o dbaiped coti 51 g
CL“ St aY (B8 s b oas Sl ealind
Chos b iz b AVl laaile oS loslalay aas sud
Sesliad U e a2 cazls sl sanlae L
L oWl Frankrinn LS ¢l LINTAB 1T 6&ens
4 Cgy o 3 AV ladils e e +/0) s
el wae oles 5 @ Seilul s, Ase sae
oLl TSAPWin aass 1k 5 5l eslinal L 5L
s 55 » 2o (el 6)‘5‘5'@)\5 S 8 8
iy sbails gl Sl (Seslul
G s ool ol Al b bkl

e gl s



VY

53 15 GLK (6515 gme o8 sl GSL K05 e by
0 e 53 GLK e olas bl Gilise £ 5k
23 L2 48 e 3 () sl K Opon a0
(%) lin an b ao)s 49/8 o s 5 (FF) o)l
O T Y B v KV A R P A
Dl Gy Sl gmte on it Soales G e sl
o~ -(Abedini ef al., 2010) ¢l aadlas 5, 50 dilaie o
L GLK ol o2l 5 Gl gls colg sl
Sl S 55 5l 55SSke TSAPWIN 1530 5 51 ealiz]
JEN SN N P G SOV RO YVRICIE S VR PN
e oo ol TSAPWIn 1530 5 5o 15 S

T 2 =
%ﬂ TSAP File Edt View Data Chrono Msth Options Window Help
Bob BB O &ER &K
HE MERI-IEHE

2008 2010

Data type:Tree Keycode:TZRIR Length:21 Date begin:2003 Date end:2023 Dated

Yoolad ¥F als ol sio s SR Slidss e 40

22,3) Gleichlacufigkeit o3ly 51 55 wlizolS o
S el sl ons Gl olyea (Cumpr slocws
L bakgal o sl polie g o ealizal Sl (6 m 5
L 5 (GLK) Wuloly @ls aos wlaas o amlon
Eckstein & Bauch, ) as aclw (V) il 3l eslac

(1969

GLK=YG -G (V) ala

P sy sails by polie o O] saglas

ol ol 3l L Jl 4 cvs Jl

ik &8 8 v v E

22 2014 2016

sert ring hefore selected ring
Insert ring after selected ring
Modify ring prpperties

Remove selected ring Umesch+Entf jd

TSAP I3l 5 Math Graph o = ;3 2Ol LG -¥ Je
Figure 2. Editability in the Math Graph window of the TSAP software

el o (7 alal) d5 Al (VWAF) 05 5 S5
RPN P vy P W PR VY ¢ o P A
=1l 5 (Moderate release) law sie a2, il 3l oo,
83 55 Wy doy YO 31 mae ULl Slds ) &S
opl Nas ganaid (Major release) sas ai; il 3l
5 e ol a5l as ganaid ol bakd
i 815 eolaad 5550 0 S
i saaplts bl ol &l aes obls

Uy Ny 2 u;\,@f\; sl alls ol

GI‘OWth ) .a\...:) Ju’..' Loy szj) j\ QL’:.'.’-)) Q;C\:.w
lae S e s, Sl oo sxe (GC=Change
(\44V) Abrams , Nowacki L 5 suzall 5 S5y, b
O 0 S el e elad L gliea
g demge S gl ANl Sl e ot
Slg oxShe 3l eslazad b (GCY) s, Ol i do s
Jlo 5l e Jle oo 5 o Jle oo 5o 2oy, slaails



e 2 008 S& S e

d\j.v .4\....:) g.)\ju.;.v M)J J{JL{ GCV. ‘AJJL%A CJ"\ 0
2 st G oSl M e S J3 s Jle

\FY

ol @Y Aol by e dlees as ol
Lo Jkel (V44V) Abrams 5 Nowacki sla,lae

L bae JW) lae Jl 5l i saaobual Gus Job N Jgas)
lad Gy o le samaglis My 5 (5,8 0 5 50 58
el hiae Ll ol ol
J]" J BANG ek oV J)L 02 GC%=[(M2-M1)/M1]><100 (Y) ALQ\)
oy Q‘mﬁ'.\.ajé U‘L"“‘J"' %3 (&Lﬁ)) U‘;'-’-‘Jé‘ WIRW ‘_;.\.I.gd.a.,b ‘_;lj.g a.il:..ﬂ,l:lia—\ J_g.\:
Table 1. Threshold values for classifying growth release intensity based on Growth Change
Threshold value Growth Change Percentage (GC%)
Moderate release GC=10%
Major release GC>25%
(Mean Sensitivity) Cewle U.QLA el oa Ao C“L"

sbals by bogme b ww samsgla </
sl (glailate wt;.:btf s bdl Jsb s =9
Ol B 0o G Sl Gbaails aSG) was sl
5 olael B bl Lis 5 5p snd coml L sl
wa wsF k5 elalS abnl Gl pials
el 02 5ET (63 VAR F Ul 51 glailate o lisolS

S sadag ks s, Olasia ¥ Jsaa o

15NN I RURCIN N R AR L PSS
S 5l A g al, b g Yl claadls
Yo S Gl baide sle ole 5 mad ols ks
VRO VO DV SOV C N SIS PUP VI
Y Jsae 5o e szl laibie wlizelS s S5,

aJ.:M.:ul:m wk_:..:alf ‘_;Lh‘;}i_g -y J}Jq

Table 2. Calculated chronology characteristics

Species Chronology start year

Chronology end year

Mean sensitivity  Standard deviation =~ Number of trees

Pinus pinea L. 1994 2023

0.11 1.49 20

Slas ol 3 G olad wi, s omlBl KL
Sl sbole s am a .l VWAY Jl 5o o0 S S
s Clln j\ X u)\ D gul g0 san i 692 J_,L B

.A;S@%L“\)Qh;&)agcw,\.:)joa;

g B VY VG A1 = S CH N o

bl b5 b e ) W&gy o ol L)
2 Sl G Slew ¥ JSe i ol <ol
L ool 28 baaisn 3 s, sbails slg o Kla
Sases S S ams e plas YoYY B VAAY o0 o



VYO

Azl Sl g mls Lol d..u\...wo@ L aoy 44/4
DI aoyn Ve b fe Al s sl GLK 5l

Yooolad ¥F i o)) o s Li.a/'. Sl e a4y s

e

¢ T
Sin = ipgNh iy R h
»

7
—

[y

(o hes) oolad 2as )
Radial growth (mm)

=}

1985 1990 1995 2000 2005 2010 2015 2020 2025

{JL...} ;5)." e
Tree age (vears)

VARY—Y e YY o 5 s ol g8 Gl gl o) bl sl :le Sl s —Y S
Figure 3. Time series of mean tree-ring width in Pinus pinea L. (1994-2023)

Jod= 5o glis s o,\aTd,.waA;. L;\.MJ}N' G\S d.’Uz

coazls 549 A0 g, sme th“ 0 basa sl o Sl gae

‘_f\.al wk.:..ialf PRI ‘_;U:wk.;ialf o GLK ,sls -Y Jou>

Table 3. GLK values between individual chronologies and the master chronology

Sample

(vegetative) Start year  End year Chronology length Mean radial growth ring width (mm) GLK GSL
1 2004 20 0.446 75 -
2 2003 21 0.169 93 "
3 2011 13 0.141 100 -
4 2007 17 0.335 60 -
5 2012 13 0.521 100 -
6 2009 15 0.258 100 -
7 2014 10 0.342 86 *
8 2013 11 0.493 100 -
9 1994 30 0.854 67 *
10 1995 2023 29 0.190 87 -
11 2004 20 0.204 89 -
12 2002 22 0.180 90 -
13 2006 18 0.126 94 -
14 2004 20 0.187 94 -
15 1998 26 0.352 100 -
16 2010 14 0.315 92 -
17 2011 13 0.308 91 -
18 2012 12 0.133 100 -
19 1998 26 0.178 81 -

20 1996 28 0.611 94 .
* %% and *** indicate statistical significance at the 95%, 99%, and 99.9% confidence levels, respectively; “— indicates a non-significant result.
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Figure 4. Growth curves of two time-synchronized samples from the same tree
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Table 4. Comparison of mean radial growth of almond pine before and after thinning in thinned sections
Mean ring

Time period width (mm) Standard deviation Percentage change compared to pre-thinning
Ten years before thinning 2.34 0.18 -
Ten years after thinning 2.81 0.24 20.1% increase in growth
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Table 5. Classification of sudden radial growth increases in almond pine in thinned stands according to the method of Nowacki &

Abrams (1997)

Time period Percentage change compared to the previous ten years Change classification
Year of thinning 30%+— Moderate sudden increase
lod years after Between +15% and +25% Major sudden increase

thinning
Stod years after Between +11% and +20% Major sudden increase
thinning

After 8 years Gradual decrease to ~10% Outside sudden increase threshold
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Table 6. Comparison of mean radial growth of almond pine ten years before and ten years after thinning

Sampling direction

Mean ring width (mm)

Difference compared to other direction (%)

West 2.78

8.3

East 2.65
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