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Extended Abstract

Background: Forests play a crucial role in mitigating atmospheric carbon dioxide, the most
important greenhouse gas that is a significant contributor to the ongoing climate changes on Earth.
Through the photosynthesis process, forests absorb carbon dioxide and produce oxygen, thereby
helping to reduce the concentration of greenhouse gases in the atmosphere. In this way, forests
act as a natural buffer against climate change. Climate predictions indicate that atmospheric CO,
concentrations will reach 700 umol mol! by 2100, which is expected to result in widespread and
prolonged drought occurrences and temperature increases in Europe. The primary consequences
of these climatic disruptions will disproportionately affect European forests, particularly
European beech forests. Previous research has demonstrated that beech mortality is more
significantly influenced by drought than by other factors. Consequently, recent studies have
focused on the relationship between ecological factors, such as temperature and light, with
photosynthesis rates, CO, uptake, transpiration, and other physiological aspects of European
beech. This tree species is recognized as an indicator of the sensitivity of European broadleaf
forests to the impacts of climate change. This study investigates the effects of varying light
intensities on leaf photosynthesis rates, transpiration, intercellular carbon dioxide concentration,
and stomatal conductance.

Methods: To study the physiology of photosynthesis and gas exchange rates in European beech
trees (Fagus sylvatica) at the Hainich National Park in Germany, five young trees, each
approximately 2.5 meters in height, were selected under the canopy of mature trees. From each
tree, five healthy, mature leaves that had developed naturally were selected for analysis.
Measurements were conducted using the LC Pro+ device at ten different light intensities ranging
from 0 to 696 micromoles of photons m2 s™!, with five replicates for each condition. The
measurements were performed in a controlled temperature environment set to 21 °C + 1. An area
of 6.25 cm? of live beech leaves was placed in the measuring chamber. After the initial
measurements, CO, and H,O concentrations were introduced to both leaf surfaces within the
chamber. The concentration of CO; in the air exiting the chamber, after being utilized in the
photosynthesis process (which typically leads to a reduction), along with the concentration of
H,O (released following leaf photosynthesis), was re-measured and analyzed subsequently. The
net assimilation rate (photosynthesis) and transpiration were continuously calculated from the
differences between the input concentration (reference values) and the final concentration
(analyzed values) of CO, and H,O gases. Thereafter, light response curves were constructed based
on the average data for the European beech species.

Results: The light compensation point, defined as the light intensity at which the rate of CO,
assimilation equals the rate of CO, consumption in the photosynthesis process in plant leaves,
was determined at 7.5 pmol photons m 2 s~ ! for the European beech species. The dark respiration
rate was measured at approximately -0.19 pmol of CO, m 2 s~!, based on the average of all tests
conducted. The photosynthesis rate in European beech increased significantly with rising
photosynthetically active radiation (PAR) from 0 to 174 pmol photons m 2 s, reaching its
maximum at the radiation of 435 pmol photons m > s~', with an average rate of 2.944+0.65 pmol
of CO, m 2 57!, As PAR increased, the European beech exhibited a strong tendency to rapidly
consume CO», achieving the minimum light required on its leaf surfaces; specifically, with a slight
increase in light intensity from 0 to 44 pmol m2 s}, the CO, concentration in the intercellular
spaces of the mesophyll leaf significantly decreased to its minimum level (264 umol of CO; per
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mol of air). This reduction is attributed to the sudden influx of intercellular CO, into the
chloroplasts to initiate the photosynthesis process at very low light intensities, which also results
in a considerable reduction in stomatal conductance. Beyond a light intensity of 44 pmol m 2s !,
both stomatal conductance and transpiration showed a continuous increase with a gradual slope,
reaching their maximum at 696 pmol m 2 s™'. Meanwhile, the intercellular CO, concentration
(Ci) exhibited a much slower relative increase from a light intensity of 44 umol m 2 s 'to 696
umol m 2 s 'and never reached the maximum level observed in the dark or at zero light intensity.
Taking into account the maximum photosynthesis rate for European beech saplings of 2.94 umol
m 2 s !, the net CO, uptake is approximately 4.66 kg per hectare per hour at a radiation level of
435 pmol photons m 2 s!, corresponding to a carbon (C) uptake of 1113 g C m2 yr.
Conclusion: The present study indicates that the European beech is a highly shade-tolerant
species with a significant response to environmental changes, such as light, rendering it a very
sensitive tree species to alterations in ecological conditions within European ecosystems.

Keywords: European beech, Photosynthetically active radiation, Photosynthesis rate, Shade
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Figure 1. Changes in the net photosynthesis rate (A), leaf surface (T1) and leaf chamber temperature (Tch), stomatal
conductance of water wapor (Gs), intercellular CO2 concentration (Ci), and transpiration rate (E) of European beech
leaves in different intensities of photosynthetically active radiation (PAR)
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Table 2. Mean (& standard error) of physiological parameters” measured in European beech trees

S o)l
Individual eref Cref Tch Tl u p Ci E Gs A
number
1 13.02£0.05 372.710.73 21.37£0.03 21.6710.08 200.6£0.03 982.7+0.13  280.6£15 0.496%0.06 0.042410.00 2.27%0.39
2 12.7720.06 373.2+1.23 21.14%0.03 21.4810.09 200.5%£0.02 982.0%£0.00 282.2%8 0.516%0.06 0.046210.00 2.1710.27
3 12.8120.06 372.9%1.68 20.89%0.03 21.2010.08 200.5%£0.02 982.0%£0.00 280.1%11 0.657£0.09 0.06301£0.00 3.0610.45
4 17.4020.21 413.8%4.06 20.70£0.08 21.0240.09 200.5%£0.02 984.0%£0.04 334.7£16 0.296%0.04 0.046810.00 1.95+0.31
5 17.30£0.17 383.6%2.31 20.87£0.07 21.1910.13 200.5%£0.03 985.0+£0.00  334.1%7 0.383+0.04 0.0570%0.00 1.53+0.25
L]'i/i;": 14.66£0.32  383.2+2.47 20.9910.04 21.31%£0.05 200.5%£0.02 983.240.17  302.3%6 0.469%0.03 0.0511£0.00 2.20%0.16
'3;‘2 f-b,"b 12.60 369.40 20.40 20.70 200.38 982.00 243.6 0.09 0.01 -0.52
= Minimum
)5,‘» 18.64 431.60 21.60 22.10 200.70 985.00 472.0 0.99 0.10 4.14
Mazimum
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T A: Net photosynthesis rate (umol m> s™'), E: transpiration rate (mmol m? s™'), Gs: CO, stomatal conductance (mol m> s™), Ci: intercellular CO
concentration (vpm), TI: leaf temperature (°C), Tch: measured chamber temperature (°C), Qleaf: received radiation on the leaf surface (umol photon m”
28", Cref: atmospheric CO2 concentration (vpm), eref: atmospheric H2O concentration (mBar), P: barometric pressure (mBar).
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Figure 2. Changes in the intrinsic (A/E ratio) and instantaneous water use efficiency of European beech leaves in
different intensities of photosynthetically active radiation

Ol @S B )l Mg GalS b awolie 3 50wl
Vo bl 14559y Colia g 385 Giwgi & (Baiod
Ol Gide gl pj el Jda pbol ) e
Cos oS QoS dg bl dg 48518 6o
Slyee oS (SLA) Sy 0329 o 23S 00 43 35 il
AVl jwgd g5 9 Sy ogdaw g 3 pude G9yis
EHPL SN CR IS AER VW P STV It S aPL ST
el g b Shy sl | pbogli (asie (5
S 28133929 55 Jld 9 Jb 01553 S 53 (5w gid
o35 St gomn o5 15 15 b oo Lol o Jg
S o w5 1y o) sy S 0sSl; 0 b
b YL 3 YL 5 s LBl slacs, dl ol
bl 1y Sy Cul (Ses g WS (0 M5 395 by,
S5l Foml Giber g6 Y )3 68 )5 Cab L oS S
.(Holscher, 2004) sl

9 gledl abaiis > (el Gl 255 )5 (63b5 slaeglis
B SbsS d (swg sbyiell plo g (Amax)
d529 ol 5 Jlod Syl diine claJSix ) 520
Oiiey U sV 50 (300 465 Y Amax <2V o il
Voo 2 9 4l ) @ po g Jgeg)Sue VT LY ]
@i 2> J9e9 S VW gV g Camgrlole )3 (35,5 468
ey Jliwgid £ g (plf Jled )3 29 Oglite 4B
5B 85 Can 4 bgpe QLBL S adlbaswys kS
et al. 2001; Holscher 2004

dy90 dilals ,> (2004) Holscher lwg (gladllas
Al gl 5 Ll 555 3 (s (e 5 alas
it £ 51as 3 ool Lol 655 oz la Ve b
Acer pseudoplatanus sadsss sla Js ;> (Amax)
Tilia ¢ Fraxinus excelsior Carpinus betulus
OIY (YYY glail yo il yo) #IY ey platyphyllos
OIY o (YYA gLl y5 s j0) 0 (VOF gl y5 s o)

oy e VIO ol (gl jiwgid a3l
FYO (Amax) )98 gl adaii > addlas 3)90 oLyl
VIAY L ply bwgie joboas asll 3 @yeyio p JgagySe
ol Jlan o sl ety 446 e JgagSen
g2y, > p S wS16 p)S5LS F/EF dgue Ll
Parre peS WLl (5) C ol by celw
ool (ECm? yr!) Jloys

bo)l Ol e a8y balyd dog)l sbolia 51 (6 lun )
Wby S 18 el Gl WSU Cod add Al e
Cunl Sen (2bo)l Bl €8 By Uly g Sleoss;
S B Aby Jab Jobo 3 (SuiS g8y b cod
sy g9y oAb g Syl ord ol s 53U
Cilpody oa] j0 conl (Sas (extreme) s el
Uil g o ke polie jd oddabul Wl 1 5 Gues
(Priwitzer et al., 2014) il

Cuonl oS olin Spone a8 Gl
L) (egian b g b (6)93l5 1 ol o)5 0 (ols
&chmlg.?qu@c;wuolk}mmbﬂjb@
(Catoni et al., 2015) cul o L3l

by Ca 5 G plals 5515y sl (609 oy o
5945 COs clale g ol5 tlw dayd Ve slod )3 .cawl ol
Cs lS Gy opolpe daii (Jse p Jgeg)See TV
PW PRy J9A9)§AA Ve LA J.)l:wPAR I Yw
P e 2 JsesSee N LY 0 55 Caplals (sl s
Sl LS gl dield cpl b sl b slasl 4l
Sl s @Y g cwl o a8 S8 S H Ly
Col s 93 )3 48)5)1)5 S b g dnyy98 lalS
VID 3g15 _aliy) il 655 (sl ylade ol (Nobel, 2009)
455 8 Canl (pl S0l oS 39 4B 5> @peyie 1 Jgag,Se
ogMe gl blS ) Statols o adllas 350
Fwgd £ Sle pieS gygole dal Gl g)lygs


http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-fa.html
http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-08 ]

[ DOI: 10.61882/if€j.2025.568 |

\Al

NP 955 39l 9y Solo das]

(Fagus sylvatica) sl (3ly 38 ©Yols &5 g (gjuwsd (e

» Vo ole 3 (a6 )3 @yeyio p Jgo IY) i,
5 CuwsST (P95 Slale )3 9 pdlie (yies Vb wlelis)|
Lol lis 1y polie i b olelwyl o yeliw
G5 sl > mpayie p Jsog)See VIV siiwgid ol i)
Y Glaiey colan g 4B > @peyie p Jgahe VYO
O sl )3 09290 (328 16 (45 13 rpe i 1 Jge
bogas g Cudls polo Biod & ailie (Jlyess g Ll b (Jolo
5 Suid olo (o j0 g oy 0 VPM Yo U YD 0
bl OBy €80 s,y calie Glie (Ve ileS
O Sl o 0l L el a2 g BB Hsba
rSedzy Rl 4 e fedge peb 9 39 Sy sladijy)
8y 5l i8S alold orimdplis gl cpl A3 5y £
9 S B Ragh 0 eduoin Syl
P obly 48 sl (Petrik ef al, 2022) o, Sen
dojee 4 & cwl Se S ) cla s
15 4,55 ] adllae loj 3 oMl  JhwcSis

24 (S yieS Jiuwgd £yl plp ) polie slaeigS
b oawlis ) wle a5 ol » as S )15 s,
S8y PPF &S cusl 3 JB .05 )b st yg8 (sladisS
P Erse nJeeaSee Veor g GbLS lp dudys>
(Catoni et al., 2015) cusl celws

P98 JES 1) 3% 398 wg gl colia
gl (p)S Ol g &gy pj S eSled il aes
s (GS) slg colin (Sobuj, 2014) 1S o palits |,
oo U &30y 5 glooyis 5l cp S aeSlies lasl bl
oS 5 ol CasdlogylS JSD > 05 dluSes S
Fwgd AT 10 a5 cul (Co) awdls,lS” COy clale
ol (Kitao ef al., 2021) 5,5 o ,l,8 oolitwl 5,90
Jole @ly > g jwgs eaiSgie Jole sl
ol Qlizee ladisS ) fuwgd il glas 1> 0aiS s
Iy 3ar 9 &l Spae yg0 e Gs aljlecul 2 ogMe
3% Qlojer (Il gy g G (Il 5 )b
9 L.J‘ O a0 ‘_’)Lo.ﬁb D ST 0 douk cLladJ)'j)
Ol ) 9 Mby 53 A2 b a8l sty oS eSTied
Kitao et al., ) s)bs o 1) Ko sy 0355 g
I (ol o e sasamslis ol 5 LS, (2021
sbooygd (93359, el Bl e & Canl )k slagSl >
2 0ol slroyed 3 )80 g (uptn JB pe Jlosuis
709 S0 £ ORIl cnl o g on e iz b
é),wsl)) 0dgdte g L;meb 2 Djiﬁd‘f ‘u-’.liﬁﬂ U"’I)
Lo 5 oS > po s i 094 o0 (sl 4355 (2]
Sl (oo Loyl (B3 g ) i) oS> sy A
Uios ()95 lai 5l &5 Wgd S35 (St Jood (sl po 40
Ve Jlo b JlocSis slaolis, Jlod lsél o
393 b (Blidpg (bl 1 513 6y 4 L3 550 4565
(Stojanovi¢ et al., 2024) cuily salg

Dy 4B )3 @yeyie 2 JgeSe (VFV lidl y6 ad )
33, g VL 5 o8 @ o5 scS e ly polis )
) Vo0 (FAA glusl yoo o 1) VWD iy Aidgy 03,8
VWO 5 (W bl g s o) VY (PFE eludl o cons
Wb > mpepie p Joag)Sen (FOO lidl o ud )
Bl o5 gb ol S p 4 bgye polie sl cuwdey
) 0 (YA gl jo ol 13) O/ 35l Wdgr e ol Sy
13) 015 4 (BY0 gludl y o ) W (¥V+ gludl yo5 o
4B > @peie p Jgeg S (YA gledl o5 o

Ariura ) ghlSes 5 1)l lawgs & (6505 (agh 5
2 b plodl Fagus crenata €65 (s, y (et al., 2023
2 dsessSee Voo 9 00 cuiia) by g o8 e glacad
VeIVO g YIVY jiawgid 5 pS1as o i (46 50 @y o
VY 9 VY (slaiey calin g asl p> @y yie  Jgeg)Sen
ol Cuwday agl (0 misesio p Jso

B C); ¢(SObuJ etal., 2014) TR adlao u»l.wl).s
Y ;| Populus tremula L. 3955 3Y (gl ol g pSojlul
Y55 g CangST oo 1> 4l > yeyie oo 010 b
Byoyio y oo IAY B /Y0 3l glajey Colan g lwsd )
O oS amSlied cdale g pxie ologdy pl j3 Al
YOU Y. 3l 50 jwgd 7 9 VPM VY. B AVD I Jolu
2 iz glacasy om ) 4l )3 @pesie p JsesSee
kb olo g3 ol b

» 1y s (Petrik er al., 2022) o) SKen 5 6,0
boakaly > 2bo)l ) ladKe (Lad slaisly 500
0213 plomil S (5902 )3 (555 Sl 9 35 9 p
55ty sl S a9 Lbly 5 &S w3l Lt la s (laazsly
2505 o ol p3 &Sl Slaonls 18, S5Ly oS amd o
395sm el ol 05 )3 Sl b it 5,5 & 559 5
Ol cnl gde Lais anld 93 (o e dlaily G g
bdije, bding o JluSis  glaoygd o a5 aad e
W3 g0s &) S p sy jl (g B ol L ey,
.l il oy 45 39300 Gl sl 4rymie oS
2 (Sepdemgl SodisS (Sag) ol Lo 1oy Lt
Pl Ghape b Yoo Sopamonl s (flie
TP @ ORI 4 e o Limd e (L Wadijy) (e
b o )3 3y gy &5 Sloj (> 9o 5y
Sb e Spdagisl Bl a8l gl 2V
@l oS ol S 0 )l sl (eSS
b S )Lid gl g phals Clilad il o ST
Dyl ol yamndy 3.5

BoriSev et ) ,San g gusyg bowes &S Ao b
il £la5 )l dw > dlw AD byl i) (g9 0 (al, 2024
Slj9) Calia g )% g £y M plxl Sl
b 5 Sits ol 3 5 YU @lelisy] )3 |y Jado oy yieS
P arrie p JeegSee YN jiwgd g5 il Yo
Colia g (a6 3 @yeyie 2 Jseie +/F) 35 (4l


http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-fa.html
http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-08 ]

[ DOI: 10.61882/if€j.2025.568 |

\al

o5 Jo5)S 245 g 555 Bolo das]

VEFIY o)l ptd o Jbo ol sl i awliiips

g celo o 3 )lSe 13 p)SelS F/PF e 4 dige
2 Ll cansdy Jlo 0 mipesio p e S VWY @ p)S
ool g Mgl €80 S5 plgisas (2bg)l G 455
WL 9 b & Gl 3 pegadar ase s 4
Ol b dgzlge )3 1) 665 cpl Comnl b Shog ol 29800

sbedld & s ol 1 St 3iS ol @l

2bol Uil B8 3 e g By rhgd il g CE g
Sy gl dads )l 1,8 49 il WU cou Gabay

Wb 50 @peple 2 5P JsegSee VIB 93 13 L5

sl @ Slge & djloge (bl pbe (Bldeg  JsagShe =N L plp (S0l 0 (e 5 A e
Do gmne Sy i) sla S 030 LS &S Ay Cud 4 45l ) mpe ey (S deaS 63
sy o oLy oy J;»l)w » oS ol Sl el
e i el | 1 L )wiriw S5 Sk & g £ ity Jlb G o
g oxdplbl Sl jl isw I Jolbs o 1yoyie 3 558 JsessSue YYD 53 9 il il WE
G T adel claosls ol ot 26 ol 1ol st Ty 2 0P J9ey » 9 U
S 2 o sl s gliand wutﬁmwf i3 o U5 gl (et sy 295 Sk 4y agl )
GNT Sy 25 ONPPS SBRAD 2 FWlae Guot G sl il b b)) ) S
.M&)ijsbowthﬁgmlnb‘rjlou‘mu aalS b e 45 ol ol .blab,;w‘J
7 .7 . OeBb Ay ORR Koy mlp )2 (P el
5 LS5 ol 1 g . Cle > vl o » oo " ¢
M?)) L)’] rnl?u‘ Lg]).:—LC PRO+ o&wd u.)].) )‘)5 )Lu.>| " duub 2 &peyie Jy’s,&w ¥ )9’ o )l “_;K )9L>d.:
d.fw‘)f)J:lBJJ”IL;oJo&mu;b)ASB)iﬂudaw Sl lie ||d..>9§l S i 1630y Colin YU
Ll B e i s wes DI (segle ()9 Q12 Om 9 SIR)9) < g
79 Ol b OB e BB OB SSER a5 pesie 2 0ish JgessSee PO 53 3
D L 5 655 ol S aeSliss Gl Gl iy e 355

References

Borisev, M., Zupunski, M., Arsenov, D., Nikoli¢, N., Tar¢ak, S., & Pajevi¢, S. (2024). Understanding beech
(Fagus sylvatica L.) photosynthetic responses to microhabitat water deficit: a site-specific investigation.
European Journal of Forest Research, 1-15.

Buonincontri, M. P., Bosso, L., Smeraldo, S., Chiusano, M. L., Pasta, S., & Di Pasquale, G. (2023).
Shedding light on the effects of climate and anthropogenic pressures on the disappearance of Fagus
sylvatica in the Italian lowlands: Evidence from archaeco-anthracology and spatial analyses. Science of
the Total Environment, 877, 162893.

Catoni, R., Gratani, L., Sartori, F., Varone, L., & Granata, M. U. (2015). Carbon gain optimization in five
broadleaf deciduous trees in response to light variation within the crown: correlations among
morphological, anatomical and physiological leaf traits. Acta Botanica Croatica, 74(1), 71-94.

Fang, J., & Lechowicz, M. J. (2006). Climatic limits for the present distribution of beech (Fagus L.) species
in the world. Journal of Biogeography, 33(10), 1804-1819.

Flexas, J., Cano, F. J., Carriqui, M., Coopman, R. E., Mizokami, Y., Tholen, D., & Xiong, D. (2018). CO,
diffusion inside photosynthetic organs. The Leaf: a Platform for Performing Photosynthesis, 163-208.

Fotelli, M. N., Nahm, M., Radoglou, K., Rennenberg, H., Halyvopoulos, G., & Matzarakis, A. (2009).
Seasonal and interannual ecophysiological responses of beech (Fagus sylvatica) at its south-eastern
distribution limit in Europe. Forest Ecology and Management, 257(3), 1157-1164.

Gerosa, G., Marzuoli, R., Bussotti, F., Pancrazi, M., & Ballarin-Denti, A. (2003). Ozone sensitivity of
Fagus sylvatica and Fraxinus excelsior young trees in relation to leaf structure and foliar ozone
uptake. Environmental Pollution, 125(1), 91-98.

Hatam, J., Tabari, M., Bahramifar, N., & Fallah Nosratabad, A. R. (2023). Growth and physiological
responses of Populus nigra L. male and female seedlings under cadmium stress. Ecology of Iranian
Forest, 11(22), 93-100. [In Persian]

Holscher, D. (2004). Leaf traits and photosynthetic parameters of saplings and adult trees of co-existing
species in a temperate broad-leaved forest. Basic and Applied Ecology, 5(2), 163-172.

Janova, J., Kubasek, J., Grams, T. E. E., Zeisler-Diehl, V., Schreiber, L., & Santracek, J. (2024). Effect of
light-induced changes in leaf anatomy on intercellular and cellular components of mesophyll resistance
for CO2 in Fagus sylvatica. Plant Biology, 26(5), 842-854.

Kartoolinejad, D., & Sahebalam, 1. (2024). Effect of Humic Acid and Cattle Manure on Stomatal
Conductance, Photosynthesis, and Growth Variables of White Mulberry Seedlings in the Nursery
Condition. Ecology of Iranian Forest, 12(2), 130-143. [In Persian]

Kartoolinejad, D., Shayanmehr, F., & Moshki, A. (2024). Investigation of the Leaf and Pollen
Micromorphology of Maples (Acer L.) of Iran. Ecology of Iranian Forest, 12(1), 124-137. [In Persian]

Ke, X., Yoshida, H., Hikosaka, S., & Goto, E. (2023). Photosynthetic photon flux density affects fruit
biomass radiation-use efficiency of dwarf tomatoes under LED light at the reproductive growth
stage. Frontiers in Plant Science, 14, 1076423.


http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-fa.html
http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-08 ]

[ DOI: 10.61882/if€j.2025.568 |

a5 Jo5yS 3gld g yg5 Folo desl

\43 (Fagus sylvatica) sl (3ly 38 ©Yols &5 g (gjuwsd (e

Khodaverdi, S., Amiri, M., Kartoolinejad, D., & Mohammadi, J. (2018). Characteristics of canopy gap in
a broad-leaved mixed forest (Case study: District No. 2, Shast-Kalateh Forest, Golestan
province). [ranian Journal of Forest and Poplar Research, 26(1), 24-35. [In Persian]

Kitao, M., Agathokleous, E., Harayama, H., Yazaki, K., & Tobita, H. (2021). Constant ratio of Cc to Ci
under various CO, concentrations and light intensities, and during progressive drought, in seedlings of
Japanese white birch. Photosynthesis Research, 147, 27-37.

Koike, T., Kitao, M., Maruyama, Y., Mori, S., & Lei, T. T. (2001). Leaf morphology and photosynthetic
adjustments among deciduous broad-leaved trees within the vertical canopy profile. Tree
Physiology, 21(12-13), 951-958.

Leuchner, M., Hertel, C., & Menzel, A. (2011). Spatial variability of photosynthetically active radiation in
European beech and Norway spruce. Agricultural and Forest Meteorology, 151(9), 1226-1232.

Leuschner, C., & Ellenberg, H. (2017). Ecology of Central European non-forest vegetation: coastal to
alpine, natural to man-made habitats: vegetation ecology of Central Europe, Volume II (Vol. 2).
Springer.

Modlder, A., Bernhardt-Romermann, M., & Schmidt, W. (2006). Forest ecosystem research in Hainich
National Park (Thuringia): first results on flora and vegetation in stands with contrasting tree species
diversity. Walddokologie online: AFSV-Berichte der Arbeitsgemeinschaft Forstliche Standorts-und
Vegetationskunde, (3), 83-99.

Nazari, M., Zolfaghari, R., & Faiaz, P. (2011). Comparative Performance of Gas Exchanges in Seedlings
of Three Native Oak Species of Zagros. National Conference on Central Zagros Forests. Khorram Abad,
Iran. [In Persian]

Ninou, E., Tsialtas, J. T., Dordas, C. A., & Papakosta, D. K. (2013). Effect of irrigation on the relationships
between leaf gas exchange related traits and yield in dwarf dry bean grown under Mediterranean
conditions. Agricultural Water Management, 116,235-241.

Petrik, P., Zavadilova, 1., Sigut, L., Kowalska, N., Petek-Petrik, A., Szatniewska, J., ... & Pavelka, M.
(2022). Impact of environmental conditions and seasonality on ecosystem transpiration and
evapotranspiration partitioning (T/ET ratio) of pure European beech forest. Water, 14(19), 3015.

Petritan, A. M., Von Liipke, B., & Petritan, 1. C. (2007). Effects of shade on growth and mortality of maple
(Acer pseudoplatanus), ash (Fraxinus excelsior) and beech (Fagus sylvatica) saplings. Forestry, 80(4),
397-412.

Priwitzer, T., Kurjak, D., Kmet, J., Sitkova, Z., & Lestianska, A. (2014). Photosynthetic response of
European beech to atmospheric and soil drought. Central European Forestry Journal, 60(1), 32-38.
Rahmati, Y., Nourmohammadi, K., Naghdi, R., & Kartoolinejad, D. (2019). Effect of fungal degradation
on physicochemical properties of exploited stumps of oriental beech over a 25-year felling period and

the obtained Kraft pulp properties. Journal of Forest Science, 65(3), 96-105.

Sadeghipour, A., & Kartoolinejad, D. (2017). Carbon uptake and leaf gas exchange of ash tree (Fraxinus
excelsior) affected by different intensities of photosynthetically active radiation (Case study: Central
Europe forests). Journal of Natural Environment, 70(2), 373-384. [In Persian]

Sanginés de Carcer, P., Vitasse, Y., Pefiuelas, J., Jassey, V. E., Buttler, A., & Signarbieux, C. (2018).
Vapor—pressure deficit and extreme climatic variables limit tree growth. Global Change Biology, 24(3),
1108-1122.

Sobuj, N. A. (2014). Performance of European aspen (Populus tremula L.) under the combined effect of
elevated temperature and UV radiation (Master's thesis, Itd-Suomen yliopisto).

Stojanovié, M., Jocher, G., Kowalska, N., Szatniewska, J., Zavadilova, 1., Urban, O., ... & Marshall, J. D.
(2024). Disaggregation of canopy photosynthesis among tree species in a mixed broadleaf forest. Tree
Physiology, 44(7), tpac064.

Thomas, C., Wandji Nyamsi, W., Arola, A., Pfeifroth, U., Trentmann, J., Dorling, S., ... & Aculinin, A.
(2023). Smart Approaches for Evaluating Photosynthetically Active Radiation at Various Stations
Based on MSG Prime Satellite Imagery. Atmosphere, 14(8), 1259.


http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-fa.html
http://www.tcpdf.org
http://dx.doi.org/10.61882/ifej.2025.568
https://ifej.sanru.ac.ir/article-1-568-en.html
http://www.tcpdf.org

