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Extended Abstract

Background: The regeneration of trees in forests characterized by prolonged dry seasons, such
as the Zagros region, presents significant challenges. The ability to predict water deficit
tolerance in progenies of trees based on their geographic, vegetative, and physiological
characteristics—particularly the performance of photosystem II—can enhance the efficiency
of reforestation and plantation efforts. Understanding these factors is crucial for developing
strategies that ensure the survival and growth of saplings in arid conditions, ultimately
contributing to the restoration of forest ecosystems.

Methods: In this study, we assessed the progenies of 40 Persian oak trees, which were derived
from eight distinct populations located in the southern Zagros forests. Our primary focus was
to evaluate their water deficit tolerance based on various geographic, growth, and
physiological characteristics, specifically examining the performance of photosystem II under
controlled greenhouse conditions. Additionally, we conducted field trials over two years to
evaluate the percentage of seedling establishment for each mother tree. The data obtained from
these experiments were complemented by morphological assessments of the leaves and seeds
from the mother trees. These comprehensive datasets were utilized to develop predictive
models for seedling establishment in the field. Our research involved both greenhouse and
forest field experiments aimed at evaluating the responses of Persian oak seedlings to drought
stress. This was achieved by monitoring several indicators of stress resistance linked to
photosystem II functionality. In the greenhouse, seedlings from different mother trees were
subjected to drought stress by halting irrigation for one month. Following this period, seedlings
were re-irrigated for another month. Throughout these stages, we meticulously recorded data
on photosystem II performance, the percentage of leaf yellowing, and the survival rates of the
seedlings. Furthermore, we assessed the establishment success of the offspring from the
mother trees in the forest field, focusing on their survival rates and height over the two-year
period. We also investigated the relationships between these growth metrics and the
morphological characteristics of the leaves and seeds from the mother trees.

Results: Our findings indicated a positive correlation between the percentage of survival and
indicators of stress resistance observed in greenhouse conditions, as well as the survival rates
and heights of seedlings in the forest field. Notably, seedlings originating from drier seed
sources, as well as those from lower altitudes and latitudes, exhibited higher drought resistance
in greenhouse settings. However, it is important to note that none of the growth and survival
parameters observed in the field were significantly related to the environmental characteristics
of the populations. We also explored the relationship between the leaf and seed morphological
traits of the mother trees and the stress resistance and establishment success of their seedlings.
Our results revealed that seedlings grown from larger and heavier seeds demonstrated superior
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growth characteristics and survival rates, particularly during their first year. Additionally,
specific leaf morphological traits of the mother trees—such as petiole length, tooth width, and
the number of veins—were identified as influential factors contributing to the successful
establishment of seedlings in the forest field.

Conclusion: The outcomes of this research underscore the importance of collecting larger
seeds from mother trees exhibiting favorable leaf traits to enhance reforestation success.
Moreover, utilizing physiological traits assessed under controlled greenhouse conditions can
aid in identifying resistant progenies from superior populations or mother trees. This approach
not only supports the selection of robust seedlings capable of thriving in challenging
environments but also contributes to the broader goal of restoring and sustaining forest
ecosystems in arid regions like Zagros. In summary, our study highlights the intricate
relationships between environmental factors, morphological traits, and physiological
responses in determining the success of tree regeneration efforts. By focusing on these
relationships, we can develop more effective strategies for reforestation that consider the
unique characteristics of local tree populations and their adaptations to drought conditions.
Future research should continue to explore these dynamics, aiming to refine our understanding
of how to best support the regeneration of vital forest ecosystems in the face of climate change
and increasing environmental stressors.

Keywords: Chlorophyll fluorescence, Drought resistant index, Regeneration, Zagros forests, Mother tree

traits

How to Cite This Article: Alizadeh, Z., Zolfaghari, R., Molaee, S., & Fayyaz, P. (2023). Prediction of Establishment in
Progenies of Persian Oak Trees Based on the Morphological and Chlorophyll Fluorescence Traits. Ecol Iran For, 11(2), 24-

34. https://doi.org/10.61186/ifej.11.22.22



https://doi.org/10.61186/ifej.11.22.22
http://dx.doi.org/10.61186/ifej.11.22.22
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.10.8
http://ifej.sanru.ac.ir/article-1-494-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.10.8 ]

[ DOI: 10.61186/if6).11.22.22]

-

\ig VEY /Y oyles [pmail Jlo ol slaSin wlidpg
ol rmb galia g (559U pgle oS>

SR ol il s 5,3l 6853 15 sl sty
g5 (il jsld 9 cwliiis,
"ol pla o (Y90 Yo (D7 g laillg o Todl e 1525

ol sl csmly oSl (omnbs ailie 5 (65sliS oISt (g WIS 0,8 0l swolidylS )
(Zolfaghari@yu.ac.ir :J”....n D.,\Q.u.ﬁ?.'v) ‘Ol)il (G?»JLL ‘E?“’L» oKl (L;n...‘o C.!Ll.a 9 L;)'”Lf.f 0aSisly ‘d)‘.ﬂi;; os)f )l:..;b'lb -y
L’J‘)ﬁ‘ ‘E}“’li ‘39..:[9. olXissls 4@..]0 C‘.'I';"' 9 d)‘)BL:S suSisly ‘d)l.\lilq 55; )L:.ﬁb -Y
VEVININY t b pdy G b VENNWYY sl )b

bw b.&g;b

O & Cumgliie (s Cal 99) (935 Slacs)lgd b e ST ale (SYsb SiS fuab b sl 3 (5 Slesaes 1AM 9 desde
Wgion I s ag 3,Skes wilo gl Sujslsn b Sliogas 5 (spdle G153 5k 9 Sy (ulidcsn; o Shs ol p gli » (S
D9 e b )8 K 2l prljdl &

O & Cunglie il (g (o )STy SR ) @Bly (uiligg cuta Sl Sl bl <83 ¥l ol gls Gimgly cnl )3t R 9 S0
doyd priman Wb b)) S baylys ) T s atng 3,80es pulai (So5lor b g gy (2ldlyir Slastiio Jl olitul b Gl 34008
SleMbl ol yornas 9051 93 oyl 5 Jools (slaodls 3,5 s Jlo 93 ooty (6 p3le € )3 o (gl doye )3 uiligey (ygej] bl b Jleg izl
slaleg 35 51,38 odlial 3,90 dioye > Jlo il 02 i sladbe drwg sl 53l SEy3 a9 Sy ouliiesy; @ by
Sy ooy )3 b Jlag (s 125,55 olo Sy oy (65l gl by (Sl L5 o RIS 3 il g3l 153 5 sl syl bosh
O3> gl il iz 3,5 b Jlog Sloosij woyd 9 S 53)) 2oy d iugid g 5,Shoe e oo pled 53 g 505 (6 )kl olo
Py Sy lidesy) clogas bl byl g 03,5 oLy Jlo 93 (b > bl g 5 Sleoss aops bl (IR aspe 3 sl
435 sy gl Gl

ol gl g Slooss; dopd b (glailedS Loyl b j> (a5 4y Cnglie (gl ad s ¢ Sloods) doyd o o bl )l &S 903 jastie gls tai8l
2 YL (S 4 Cuglie Lgbb;wf_lg il s oy g ol GSias ) e | Jols gl s cpired )l 3939 (JKix doye
o iy bl y) el bl i Tase oo (sl Sig b duoe 5 oleoj g (aiingy cslyialy | Szt Lol Liogy (OIS 0 |8 Laglys
SAn Sy S5 enSi 5 e s ) Sl csln Jl o8 3 ol I el 5 5 & ol b 6o (553 i 5 5 el
555 3115 5105 (i o5y g S5 (6 pla (559 Sy liny Slin (o e ity gl S 53 4 it (slen 5 s
Wy MKx asye 0 bl il cuddge jd IS ,50 Gl

Cabge )3 lgi e S (b ) cuslio sla Sy bolyen (gl (553 5| 555 59k sslaer o 3 QLS Guios ol i 308 o Al
o5 b man 5 Jols polio 25 il )3 Sl e SIS i S Ll 55 Sy5ales 0 i J o3bizl cppiman 15k Sige s S JSin

Bles S8 5y gk

le €83 (g i Jidg)lS uiboygld (K3 & Cunglio (a3ls o ST5 SR el 15 lS (sl

AUbIN ) 3905 bl 1) coudBl lyuss 4 aisS ol
ol oL lllas (et al., 2016; Bussotti et al., 2015
awgdy Wl o (Siis 4 LS cuwlus &S cwl o0
Colin oo Jeuslty 15k oS (Su5edp 58 Sleogad
QUETO ) 395 (obij)l 11 pigid gy 3, Sos 9 (14555,
Slgny a8 51y dgn g oS Slalls Lol (et al., 2006, 2011
Sleoksy b 8 Sz pite o odlitl b s
d9ai byl 1y Camlus lie wdl awih  Siues
4 Cuwglie (6,S0jlul s (Tyree et al., 2003)
Caoglie Mlg a8 WS byl )3 ly (sla Jlos ) L,iw
655 )l S Wlgi o wdd L 35 dsye balpd o 1) Ll
Slao ool Gl 125 il g )lSISe Codbge (l38l ol
&5 W)y Cuoglie jd ol (sl g3l HlalS oS Lol
gy 9 (Slooksj j5S B 93y (Viddliom pj3)lge ol
gy 9y p bl o8 80 Sleosj (Vo) (o5 1 gl
250 Glugy o bl ol 58U Sleossy o (Y o)l (o0l 431

AoAko
Ghlo » o 85 s Lol 45 Sloyios
Oi O by LS Jdody ¢ 515 sl s wisle sl e
Byb sl (B jlow HI8 (Bas SYeb  (Siis iT
Pl gl g SNk Gl Gapie 4 gl S
S 5l eSS a3l 3 dgmge lBMS] wan] (claamd
Sy 008 pund (eS8 S Wilgy oSS i du.’C«oﬁl.aA
Engelbrecht ) sl (gladlaie ¢ e wlie 10 ! ) yazl
Cpdoyes Jold (laieS gy slsslas (et al., 2007
sl S plgisdr 5 Wl o (e )5l 9 (39S
Matias ) sitwd  osldl lyuss ply o (Siis b ablés 4y
L sbcwis 5 boues ololid yuzes .t al., 2019
Sl Copde syl p3 Wilgs oo YU (Suid 4 Caoglie
s Al Sge g)ipbe sloamd 5> (ool Slpess b abilie
5 il obals b 3 & we 53,Skes Clio
slaguwl ly wlge b i oyed » glie
o coodlil 155 b ablho e ISk 5 (Szdl) (Bge
Matias et al., ) )l 51 ladieS w55y doms jd 5 Sl


mailto:Zolfaghari@yu.ac.ir
https://orcid.org/0000-0003-3467-5447
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/ifej.11.22.22
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.10.8
http://ifej.sanru.ac.ir/article-1-494-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.10.8 ]

[ DOI: 10.61186/if6).11.22.22]

\

02 plo g (Y50 Macd () algd 4y wdljle |ynj
-------- VY Y o)lod /o233l Jlo o) sla JSir wliipg

ot 4ops ) bl il (el blys
$g05

. W dg; 9 dlge

F SRl bl 53 S g e 3ais ol el sl
By g DBl > Bly senlng g 4SS g o0l
Ol 5 (6yglaen 25 (yglae widg il (oLl
Sro Vor dlold Blas coley b g Bl &yawas 50k
ad bl (el Ly, )90 polateds) o2l
ol oldlas cusBse (Zolfaghari et al., 2013)
e il Jsb by g is) Jols s plo
ol 1 eolatwl b pizees 008 s oLl
Gl 00 03591V Jgdn )3 45 Iacumen 4 S35 wlidlgn
[ Siid cops @lale SH)L g Loy ke gl Sl g
Lauteri et ) 1,55 dusbro 55 Cumes o (gly powss )5
() Jsa2) (al., 2004
g by, Olho (80511
2%l g )k e ol (Job aiile oy wlides,
5 kb Jsb spSojlul lp ad g pSejlal p)Seks S
cé 3 al ol lp ssds,Seilul clin | S pn (Sl
Zeynali Yadegari and Seyedi, ) s dwslbxo (5y0l
b Qb ylad 5 )0 dwlS” es g ylad b Uy Job (2019
)‘I ::.)Lf&»] L 2 ).l.g > g )...ouiuo b ‘}:.J; )l odlésiwl
Gl e (l8l) zyde dilgisl > &Bly Ol e ]38l
W3)5 (65 0ill caSo yid o < L (4w lgisa
sl S pSekS Sy S rinen
3,5 b )led
S uwl.wvu::g‘) Olo (g w50l

QB Sy &S g (o5 Claw pSojlul jlatea
Ol (S Cuond 3l gyl i b o 5l S Ve olas
Rasband, ) Image j 1.43 |3l 5 jl edlasl b (g i,
CE e sy m LAb (¢ pSo3lul (1997-2015
) W ol Lol ey cels FA cnedy (o0l
5 ool b byl Sss g 9 il ool )8 o5 e
M gySeilsl (p)8 ofeeN cds L) Jhows ol
Sy 5l S 5 o5 i YO (Bruschi et al., 2003)
) D)Lo.:: ngw 9 Y JB» Jel as WAl Ml}u 9 d)jb)l_bl
Lol 0l 03)91 LQ)T doly g (6350310 0550

Ohgy 9 Slok; a9 adlae cplply o)l (oS
8l e dacce (i 4 (LS Ful 3 Slg o
o3l ile (gyolo s yd 5l (6,500 Jolse Kod 8L
gy gl Jolpe )3 olS o pted 3 035 (g &)
dSv.w 9 j){ b)'l.\ll Jole d).)'w Qb&,) J).g u.wb»u?u)
sl el § (St @ Cunglio )3 Bl 0 (5105 S
Alimohamadi et al., 2015; ) wsl (38,506 il ;1 Juols
5 calisee wlalllas (Karimi Hajipomagh et al., 2011

Olypss g g poley o (S0 Olypss oS ool ol
she glaygss ol glo ci) maw 3 (S
Schmitt et al., 1992; Gonzalez-) ,& sl g9, 355 oo
Sy wolibcoy, Cluogas (Rodriguez et al., 2010
(Castro et al., 2008) Jws i, o (Rice etal., 1993;)
Leiva and) wasl 5,50 Sis 4 Cwglio U
gble  lS &8l > (Fernandez-Alés, 1998
I el gaw 33 3 2Vl (558 55 Gl lailpue
A 4395 S 33l (g g 9 ()l ((Solg 0 i
25 5 ame (Saals bl ol & Ll 45 39500 sl
(Gimeno et al., 2009) w45,k S 4 Sloj
eloial g (oolatl g Jai ST sla i
50 LIS ol 5l ool Cond s (Slglyd cuonl (gl
Slyoss Jdoas a8 Cowl onds Jasl Slpl boly 4565 lawgs
el cpl iy el GilS Sl 55 3l )8 5 oarll
o oo bulpd 4 oS Jlog 5B )3 09 45 0l
;| {Gonzalez-Rodriguez et al., 2011) cuwl olus
Slivlesl d aldlas Syl oy oYL cogyl
Rahiminasab et al., 2017;) 5 ,» 4 (slalxs
Zeynali Yadegari and Seyedi, 2019; Zolfaghari et
aoye b g (Mataji et al., 2016) Ll < al., 2013)
Karimi Hajipomagh et ) s )ls g9  Slpl bols 4355 (¢l
Slllas o bl glp Sl cllles LI (al., 2014
Lolys j oS Lol 5l o)l sy (Ko doye ¢ slalsdls
0155 Jolgs 9 31> 3925 odzmn sl S (SR> (b
NS Jlite 5 Glojon jobds wilgi oo (63L 0k5538
S5 o Buis cpl plply (Matias et al., 2019) sl
S8 d)lfﬂ Lgl)g Py sl OU&)J ol ol 4
om R LT () 5l ke 3aos cpl Ylgw 5 wle
b oacys 5 SIS bl jhiwl 5 (Suid 4 coglis
- (S S (V50,15 0520 gl 5 lase Jaome Lyl
Ml g (Sid & Ceglio coly (ol <83 I b
Cuoglie yadls S b lyicon LT(Y 53,5 oo bn Jlag 3 o0


http://dx.doi.org/10.61186/ifej.11.22.22
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.10.8
http://ifej.sanru.ac.ir/article-1-494-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.10.8 ]

[ DOI: 10.61186/if6).11.22.22]

v8

P pla g (Y90 Mok () lallgd a4y wodljle |y

liiesy la,Solas elul Gl bok s psle sy 215 el (i

addllas 5yg0 (lacurer ouldl 5 oLdlas Glasuie =) Joio
Table 1. Geographical and climatic characteristics of studied populations

(o) 4y ol ol Oree Vsl e xS oeglls el S
Q%?:rgljs)geh Bonzard Basht Chitab ﬁ/llg%lgg Ganje Kaloos M%l;{mar Population
3284038 3432026 3379373 3409843 3389726 3401311 3397571 3393583 &ulﬁtﬁ:()j:
586135 529190 495867 545161 546107 552376 543052 548707 &Llj‘));;tﬂ?j]:
900- 1850 1100 1700 2000 2050 2050 1750 (520) by> s i)
Altitude (m)

14 16 20 15 15 15 15 15 Wl (slod bawgio
Mean annual temp. (°C)

548 463 724 618 796 796 796 724 (i) JS Sk
Mean annual prec. (mm)

298 182 230 147 124 124 124 131 Oewn S (Suld i pd
Grossman drought index

436 ogly olSerls ol zowb odgy8 ————————— Sty i 08uan]
Qaemiyeh Pataveh  Talechegah Chitab Yasuj Airport Synoptic stations

Sl bl gyole (1353 )3 0ad g, Sojlil Sy wlibcsy) gla S5y Y Jo>
Table 2. Measured leaf morphological traits of Persian oak mother trees

duoloes 5 (53S0l 095 Jalg Sy eolibesy) (Sh o,
Method of measurement and calculator Unit Leaf morphological traits Row
i 1

Image j 1.43 Software mm (BL) J?b

Length of lamina
¢ L, 2

Image j 1.43 Software mm (BWrax) 5 (sligg S
Maximal width of lamina 3

Image j 1.43 Software mm . C (BHL) Sy ceand (00 U Syl gl

Height of maximal width from terminal tooth to widest part
55 P ke (DW) S St 03 4

Balance mg Leaf dry weight
o Sk (PL) Sy p> Jsb 5

Image j 1.43 Software mm Length of petiole
- ok (TW) &> 5,6 6

Image j 1.43 Software mm Width of tooth
-- ok (TL) alws Jgb 7

Image j 1.43 Software mm Length of tooth
- o sheo (BWaext) ailsis (ywly b slo S5y cy alold 8

Image j 1.43 Software mm Distance between midvein and tooth apex
-— o sleo (BWiaint) ili3 ay0l5 yogiv b Slho 5555 oy alold 9

Image j 1.43 Software mm Distance between midvein and sinus base
Uileds — Lo sluss (NRT) el ailiis 10

Visual-counts Number Number of teeth on right side
Oylesd = e Sl (NLT) ¢ il 1

Visual-counts Number Number of teeth on left side
obyledd = Loui> Sl _ (NRV) cal, S5, 12

Visual-counts Number Number of intercalary veins on right side
FINEPES sl (NLV) o 5,5, 13

Visual-counts Number Number of intercalary veins on left side
- & ok (A) Sy colu 14

Image j 1.43 Software mm? Leaf area
— oo () Syl 15

Image j 1.43 Software mm leaf perimeter
- 4 (B) ¢ s 16

Image j 1.43 Software Degree angle of leaf base
— s M) Syash 17

Image j 1.43 Software Degree angle of leaf tip
- PN (V) SyS a8

Image j 1.43 Software Degree vein angle
-— oy (PLY) 5 yood duoy> 19

PL% = (PL/BL)s\- - % Percentage of petiole
- — (D1) wls asls 20

DI = BW3ext/BWaint Teeth index

- - (SLA) S 2 o325 gaws 2

SLA = DW/A mg/mm?2 Specific leaf area
_ - (DR) wlws ¢ 22

DR= (NRT+NLT)/(2*BL) Teeth ratio
- Jr (VD) b5 5 alols (Silie 23

VD= (NRV+NLV)/(2*BL) mm Mean distance between veins
- - (AR) Sy Sig Js5 28

AR=BL/BWmax Lamina shape
25

AR1=BH1/BWmax

(ARL) S ligg & S0 Eean (2500 b S5 5] i | o
Height of maximal width from terminal tooth to widest part / Maximal width of

lamina



http://dx.doi.org/10.61186/ifej.11.22.22
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.10.8
http://ifej.sanru.ac.ir/article-1-494-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.10.8 ]

[ DOI: 10.61186/if6).11.22.22]

v9

P pla 5 (250 Mo () lls 4d) wodlils |pa;

------------------ VY /Y ojlos [pmajl Jlo ol slo S wlispg

f)g o dﬁfo}l.ﬁ‘ walm:m) Slow '\Jﬁ

Figure 1. Measured leaf morphological traits
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Table 3. Correlation between drought resistant indexes of seedlings in greenhouse condition and environmental factors
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*and ** indicate significances according to p-values under <0.05 and < 0.01 (**), respectively.
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