[@ Journal of Wood and Forest Science and Technology ~© "Nt 1SSN: 2322-2077
Online ISSN: 2322-2786

Gangan Lrhwiaty of Agrkabare
SZevcen 99d Mt Rercurces

A comparison of physiological and morphological responses of
Populus deltoides clones to different watering regimes

Nasrin Farokhi?, Davoud Azadfar?, Zohreh Saeedi®

1. Corresponding Author, M.Sc. Graduate, Faculty of Forest Sciences, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran. E-mail: nasrinfarokhi@yahoo.com

2. Associate Prof., Dept. of Forestry and Forest Ecology, Faculty of Forest Sciences, Gorgan University of Agricultural Sciences
and Natural Resources, Gorgan, Iran. E-mail: azadfar.d@gmail.com

3. Ph.D. Graduate of Forest Sciences, General Department of Natural Resources and Watershed Management of Golestan Province,
Gorgan, Iran. E-mail: saeedizohre@gmail.com

Article Info ABSTRACT

Avrticle type: Background and Objectives: Water scarcity is a major climate factor in
Full Length Research Paper  |ran, significantly impacting plant growth through internal stress. Populus
deltoides is a crucial tree species in wood production. To optimize its
cultivation, understanding drought stress effects, identifying the wilting
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Received: 12.30.2023 threshold, and evaluating drought resistance among Populus deltoides
Revised: 04.13.2024 clones is essential. This study investigated the effects of drought stress on
Accepted: 04.20.2024 growth, leaf morphology, physiology, and stomatal characteristics of

Populus deltoides seedling clones.
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Physiological and stomatal, Mate_rlals and Methods: In March 2016, cuttings from four Populus
Populus deltoids, deltoides clones (P.d 63.51, P.d 67.51, P.d 69.55 P.d 77.51) were
Vegetative characteristics, ~ collected and grown in pots filled with a 1:1 forest soil mixture for six
Water-deficit stress months under uniform conditions. Subsequently, seven similar six-month-

old seedlings from each clone were transferred to a greenhouse. Drought
stress treatments were applied for two weeks at each level (field capacity,
75%, and 50%). Traits related to growth (height, leaf number, fresh/dry
weight of stems and roots, water content), leaf morphology (length,
width, area, shape factor), stomata (width), pigments (chlorophyll a, b,
total, carotenoid), and antioxidant enzymes (peroxidase and ascorbate
peroxidase) were assessed. A two-factor factorial design with seven
replicates per level was used for the drought and clone treatments.

Results: Water stress significantly affected various growth and
morphological parameters. These included stem height, leaf number,
fresh/dry weight of stems and roots, water content, leaf size and shape, and
root-to-shoot ratio. Stomatal width was the only drought-responsive
micromorphological parameter. Among the clones, P.d 77.51 and
P.d 63.51 displayed superior tolerance to drought stress. Physiologically,
drought stress decreased chlorophyll content (a, b, total) and carotenoids,
while increasing peroxidase and ascorbate peroxidase activity. Seedlings
coped better at 75% field capacity, exhibiting increased activity of
antioxidant enzymes. Clones P.d 77.51 and P.d 63.51 again displayed
greater tolerance.

Conclusion: This study suggests that drought stress response in Populus
deltoides clones begins at 75% field capacity, becoming critical below

y



50%. Maintaining soil field capacity above 50% is crucial for cultivating or
producing seedlings of the studied Populus deltoides clones. P.d 77.51 and
P.d 63.51 emerged as the most drought-resistant clones.

Cite this article: Farokhi, Nasrin, Azadfar, Davoud, Saeedi, Zohreh. 2024. A comparison of physiological
and morphological responses of Populus deltoides clones to different watering regimes.
Journal of Wood and Forest Science and Technology, 31 (1), 63-93.

@ oIS © The Author(s). DOI: 10.22069/JWFST.2024.22026.2051
Publisher: Gorgan University of Agricultural Sciences and Natural Resources

¢



TEPY-Y WY ol LLS ) , l@
" .' S . us h & - 4" &t
YEYY_YYAT 91 (L N2 9 w9 6,9L8 g pole S hagh 4 il

o - 3
[ S AT

A gdS yigno SLUIS (939888590 9 3989 1 ST Amlic
ST il sl 5y 4 (Populus deltoides)

s Y e T Ve, . N
‘5WBJ¢)‘J&>‘)|DJJ‘}‘ Wl B B

Ol WS WS b mbe 5 55008 pole olK2ls (K pole saSiils w3l it )lS ol L3305 o pns ok 55 1
nasrinfarokhi@yahoo.com :4LL|,

Dl WES OB S bl 5 g3sLES el oils (S pgle 0aSiils (K (554551 5 el K 65 S Ltils Y
azadfar.d@gmail.com :4.LLI,

saeedizohre@gmail.com :4sLL1, .0l 41 o8 3 OkdS Sliwl (gls 50l 5 b b JS ol S oo 6552 s el ls Y

oS> Alas SleMbl
bl Sl oS el Ol 5o el Jolse s S age jlé;’j Codgdoes (DA 5 adlu Wl g g

o g b e 13 les L OT ) Bilg s edd oS s s sbais ek ele S
S il AT (s sty s (Populus deltoides) is s s 4 55 LB
o 1 s il e IS Clie Ol 5 5 (So e Sl s (SIS
05 Sl Sl i G 0o e 4 (G Sis A0 il s
Sladle lisas 5 Seidnid S S e s Shs o xS

AF X FARVARN :C.;‘ijb é’JU

VEY/0V/YO Zu:glﬂj @JU

_ VET/Y/N 1y sl
ISP o p s A e Sla)S

Ol Sl aedd T sl 4 \WAE Jle il s Rags ol rb_;'.l Bp-ere e g, g sl

1 ddS clashl

35 s se (P.d 77/51 4 P.d 69/55 P.d 67/51 P.d 63/51) Luisds s oS ST ST
ool S

i SL L Sty sS04 adSEand (K S o
oSy

Ve B 03l s sl ol b 5n oo T le w5 S8 ) el 4 S S N . )
Sl s SN n

Jsl S w el s s g asdlas s - JS 5 wliw anle 1 SIS Ul ) _
2 < S «}'J B8 anad )},46 LJLSJ r [ L@” ;;:’“,’J)LSLAL;}&)

Gk 3l ss A oo dm s Ll Glsyge ey S b elal Ll 5 A sl
23D el 4 bgye Sl o s o Ll (5165 b g o Db d 3
(A55,8 5 s b @ 1359 bali, (GlansSly SlosSal sl 5 5lasl,
Lo(alele o bsls ap) abile 5o oSt bl S w0 o 56 5 Slekss
a5l eslial b Slio pla 5 dslar Sl oAb s s s s LSS cds

v



ol 33kl Sl = b B s e a3 IS5 s b (ANOVA) alele Sy byl
Lul 55 i mlae e 55 wida g3 Sdens slay g e oS 5 slasles Jleel s
A fl}ul QK;NCL‘)LSJJJL‘:‘S fjl; om‘é ‘_;1.:..19 C:L..A emb DL 6‘4;[}:l§

Slais el oS 25 sy gl Sy Sl Sl ol ol bl tlaasly
Wiy F05s la Of Olpe w@ile it O35 @l 5055 oS, sliws wila sl Sl
Obe 31 205 ooren w3 S Ble 4y alyy 035 ol ey O Doty S 05
it S P b L S 2 S dsb S (S5 sl S
Sl el Sl S Jlss tls gl pme il S e s (S ol S IS
5 GBS slie W35y (e Skl el b IS i wliiesy) )
Osse b P.d 63/51 5 Pd T7/51 slapls Sllllas 51 i ol ol 5 s anllins
Slagnlbsl 5l ol b Gl sl Ol S 5 a4 Cod SGEse slaghs
3L Al S 5 S D@ Js IS Ol (S A5 o B L (S5
S b Ao VO 5 adlg wil (il St by Sl 5 5las] mﬂ Ol Js
Sl oS I Gk Sl w8 18 S 5 gBees el 4 ol
03 g0 Jooka 1y (25 3enST Dl Sl 5 5enS Ty 5T Ol Sl 531 aSle (SG5 5 508
GloS i b s cl o3 8 dilis Tor 5 V0 sl gt L e oS

3 ge Joe 4k 3l 5384 P.O 63/51 5 P.d 77/51

31 S 55 el Sl B g, o 5l OLES ey cal S IS s 16 S wom
03I oty o3 S b Ao s 00 e ST aSis)sba ey ol S b Ve e
350 SIS L oklg b3 Jle M5 b s el ol bl kel cul by A3 s
Ll ralS oy 00 SIS el cud b i ail gl S b el 535 geo axlllas
oS Olsiee P.d 63/51 5 P.d T7/51 oS wallas 3,50 sloi)S o aslis 5o 5

gl pyio LB (Su5sldion 5 (Saislansed Sladaly dmalin V0T 0,05 (gn (395l ¢ BOl3T iy o8 3l
FY-AY (DY (K 5 csz )9l g pole (slo iag s i (o ol kit slaes, 40 (POpulus deltoides)
DOI: 10.22069/JWFST.2024.22026.2051

B e 55 e e A

by



OS2 g (A58 (p gand [ e (N359999)90 9 (NP9 50 (ST duny o

Lol d s e OLLS (V) cl S 4 Sl
Ll Shs @i e GleesSS, SKaS b s g
A e (S S e S et G5
5 L)) S ladsle slaey ST, gl s
sbadl 5o a5 (V) a5l s (aadss)ls
Ll S e Jos (S8 05505 Olpea 5o
SLdGsl, (SauS max S| ol x5 gl
Ll S Hba S (A Al s 5 OmaS! sl
Jlae okl adls g5 e LSp5S Glge
Srgse ool ii Jd 05l gbaa S
oo Of 5pS a5 Blae 53 5 cuils Ll
5l 0Ll () s o Ol s S (6 5 ke
el a8 5 Lol s GadCsly O3, e
Sl g5l 4 bdsha r silnSt 25 51 G20
s (ol 5 s GhesIEl s
Ol s 5 ces 0l (1) Wleds
Sl 1 sy 0581 31 SISl 5
GlanST Sby sSal GlaenST o GVBS) S| s
a5l ol L bl Glinst,y JSLS
Ol s Six 4 Cuslie oLl sl e ls
0 e bl () g e e
oo s F e b e (S w Calis o) 4
el oA gl 528
gl el 5 Six 4 coles e
o5 4 Sl 3 (Sl 28 6 53 o 4 Glae
S S a0l (Ko 4 o sk 5 Six
e LIS o ez 5 Sl 258 4 Ol
Sasn o opl 3 (0Y) el sas 5 1S ol O
sldlg Sty oo 2 (Vo0 Y) OLes 5 055k
s Luisa Avanzo sl S (S o5 s
D3 el 5550 1 20S 5 5okl « Dorskamp
DS 55 pa s eSS RS e, YAl e s

jgﬁ .L."«':) C,\.GJ..» JLAKS‘LQAJ)})QMMC,&L

)4

EVRTN

Faghe YEoo SU5L lwge L oOlnl 5

5 Sa Gble o (Gler ke p s Jales)
ghae S () 8 s e S
ol Sl esliial Cuspde 5 55iS ab sla K
S Ol plilar Camdse 4 ar g L omls
b 5 (Ko 4 Bl (mme L35 L ol S
JE eI e s el gln oS Bl SL
wals 5 me A Ja g ol ol
S e i Glas 5ot a5
Ll e O el gl Ok s Sewbe
oS il Gble ol Cussdoe 4w g L
9 e e glallS JJ Sl &y ,e
o sl sk 4 Sl 680l S slie Ol
SIS U e Dbl (Bl sk aallas oS
(SR Gl Sl ol ok a
Sl 4 e 8 Sl plandign 5 (S5 5
Lol s gl ol olS A, S s
eSS D g o S &“.}.’T slac b g
3D S GRS e 5s OLS sls
S5 LX) oS 550 (5ns Shas
5ol Rl Gl dher sl (S5 sh 50 ilis
Ly SRl ples el sy RalS WS e
i glapllil Sl 5 505y el s Al
I3 oS 5 B me 3 DS B (1) 25 e
st 1) o il Of Glpme LS
e Pl (S5 el (S
Sl Slsee a5 (6) Wylei e i
Colda RalS 5 Ladys, OAd ae el S
Sp Jbsze a0 oS Sl 3505 Gl sl
Aol g Oblly colgns s el
Sy Js S b 5 e el (0) Al e

S nsd Slaartls densl (5 L8 co



VELT ) o5l ) 0,93 (IS 9 g (65918 9 pole Sl gy & il

S S S n s s (SO sl
Populus przewalskii « 8 slaze Comex 53 o
DL s A s () OSs 5 laurs
Comor & G K2 Glsas0] oo &S 305
dlie bl iy aw Cou b Glpascl
5 Ll PG S s S sl
e 1 parass bals a0 | 65 e lese
Wl flil Coner 53 a3 S5 5 Co
sbsa s dos s (Js Sax 055 wiy s
wpl cdls 5 Al (Gl e Hsba A3
WL 5 = (Y0) Sal sl slast
Lo a b mess glagsaly (YA
wbss eSS s S e o
sl w3, 2 <5 Populus cathayana Rehd
Lol L35 ey (Bl) b b doys ¥e 5V e)
clae Glsgme ssba WS S WS edalis
Sy 5 Syohns e (JS Sp sl S
5 JS s e glpme 5 alS 1 O
G (V) 3l 2l 1 Sl 3T s
Jole o il 48 aw (Yerq) a3l g
P. deltoides 63/51 [P. euramericana 476
5w cla i b sl 1, P.onigra 64/13
Sleky Aoy 5 e Al pp o (SO
S5 4S5l 0L Lol e mld s S anylie
R O et
AL dald & e ppe gladle Slels
g5 sl Pooeuramericana 476 xes
B8 53 4 Cud Glekly Aoy 5 palls s g
S G055 S b il s S
O S sl S 85 55 5 0
Losls QLIS s Sl GBS Sl (S
O S s (YY) O 5 18 .(YY)

Cib s (o) psee S e e S

A

Sl Sl 5 S O Jodly Ol
oasie (YN Shle Jrass 5o (V) as S,
o5 oo P.oocaspica Bornm &S S as
sesS Jei ol b b st b Sis
P A 5 dy Al e (S5 A
adllas i (V8) 55 ol sladlg s Lall=
W Susb) sls 0L (YY) UL 5 5 ouns
aiay s 2l Glaplll s op e Jsa> ¢l p
(el Casks Aoss Er iy npo WS
S Lsls 0L (YY) g,b 5 Sl .(10) il e
il Jeily GRS e 33 L s (S 2
O1) 555 . P.ocaspica sladlg ai; jials
55 s ol (Yert) 0L 5 K5
cldle Ssdsos 5 Sidpm oL
Pl (Six 4 =ul > (Populus davidiana)
Loalie o o8 o Ol s LS addllas )
Slorsol Camax wosb e Glsol Corex
5 0SS cobee (IS el oS gl S
S Bl 4 adyy S 5 5SS 035 o
Slagaly (Y100) OLas 5 o (V) s
=5 « Populus kangdingensis <5 s, 5L
Loy3 Yo 500 o) bl S R
ot ol s LS adlae | (el o8k
5ol wile iyl (Sis (55 oS e,
G s Bl S, e}“,clwgfﬁ‘}sg;}w
Bl Blsos 5ol Jials ) S sl iy, S
ssba Gliis, Solle alS piees A Ul
Ol G pae Oledily 53,5 S 1, Ol Gl (g 55
(YN oes 5 Shle LOA) sls a5l
sie NS m sbdles Six o4 e
oH5 S ol Ol i LS nn s ks
353 WMy Gleky S cel S

O A8 sy pyee JEs S0 5 s



OS2 g (A58 (p gand [ e (N359999)90 9 (NP9 50 (ST duny o

SIS Glass, 5 S5 ss S S5 se

L3S A otz eSS e il

99, 9 3190

Slapls ol a5 sl Ll 5s gt asllas

sl b 5 et s s il
ol el shea das I3 LSl s JleS
sree OISl IYAE Jl il s fass
oIS 5 ol Canir L P.d B9/55) .l
e L P.d 77/51 , P.d 63/51 P.d 67/51
Yoossde gLl 4 aeds Ve sl 4 Wbl e L (5
2o oS a5l e le ¥ kS 5 e il
WV @l adSead piasn - el S
oo a Kl Odlg Lo 5 4 08 S e sks
LSt glaoldls 55 axls aals b i 8
S le £ sous aSgysbay 2 Sl Yol
Y IYL 53,8 513 S5l 00 bads So
A Sl gl LoldlS Sbt s wllS Gl
Lol s s ele Va5 V) Cad 4 S0
sboyg s 3 OIS Las el Sy, alis
S8 b 456 5 b 55 L A 4 YT40
S pske saSLiils 43 uS e il (SL
Jize 08 5 anb wlis 5 (g355LES sl o851
b by Sliv a8 3 LS o ces
Sy db wile ki Wil plil (S slaa)
Sp b S S adb cnd S o
che 2l S K e S ool
WS Si 055 S FO35 S p oy e S
O bl i 035 Bl 5055 S 5 ol Ol e
Sy, iSOy ey 035 wile O
Jsb wtsy O Ol Bl a4y aty, S5 035
3 W3ay @ SIF i) Colae gy 2,8 Wl

Ly QL@}&TVS&SJ\J&(C,J}JZQ|C~Z

0

Slaslags o 315 0L b ciasls y Cilsn o5
Sl (7 5 lae dov sl k) s
S8 Ul Wl gl R o S
O aw s S s 5 W Suls
s nlpl 5 (OP-367, R-247, DN-34)
RIBCOUSEPIIK WG ) BN RWI (1] Sla 5l
S Sty 5 sy Sbaguly adlae 4 (YIA)
Coner L3 kel 5 2S5 4 (SSdan
w3 5 wlis Cathayana Rehed o a5 b 5
Ll Ol ol b ks G s il 5w
U5 S 3l LS s sy il calS L
s Slgomn SRS sl e 5B sbe 2eS
5 oS s e S o
B s eS|y g il (OlST ST slag
o Semex Dl o YU 5 sls]
(YY) O 5 sobesS iass 5 (YE) L S
Cov (Sir 4 Jess b3l sl kbl
A plonll o Ol s 53 ol 5 e o sl
o2 s (Kranti) -Js P. deltoides  slaaals
Aoy Y0 500 Vo ) cilnhe LT ) Ller
Gl bl 3 Sl s 5 o3 S 13 (el b b
el s ol St w Jeosl bl e S5
Al e hais g QLS &S sl Ol el
Cad b Aoy 00 BVO 1) 5t a3 5 A
s L A5 Ol Sl S oS S his el
4 e SIS Glra OLS Gua 5 col
(Y0) ol 03 S ois Wy
oS il Gl ol Cussde 4 e L
RV PN O S P i P
T 4 S 4 S0l Zaslie Olp 5 ek 53
Rl ol sk adles SIS 5ol
LowsSenl ol 63 56 5 8T Gl Shassy
(s Sl (S A e glan Lol



VELT ) o5l ) 0,93 (IS 9 g (65918 9 pole Sl gy & il

Ol s caBlos @y ady ) S 05 Sl el ) S
Wiay Coles Wiy 45,0 iy Jsb il O
L baols sk so (G S0 cls 5 455, oI5
A5 il ol Sl = b LG s 1SS ke

g s e

Xij=p+ 8+ &

ke Hoedalie a (gde ltde X O s oS

Srabesl e g 5 oo 1 8] (Comax
Sl oS Sl Jlesl 5 215 b b e
G ks e 8 s Ol S LOlS S
Fasw S ey b s e (R s
alis St aised a5k ol 4 A s S35
O30 03 a5 35 e oalimal 5550 sla0llS
Ll ST b o sas ey e 3 s S St
5 G ol Ol Gl e cele SA 5 el
Olen 8 S s okl 3L Of Ol s>
(O A3 patde Wil e S 2l b B
b TV bl s bl ol slasles
Sl sab Ve bl Sl (aald) el
o) #s b T ol s (Do 23)
05 #ls s b e ol s s (Ja e
OIS ar 5o 055 .(TV) Lk 4 S L5 s (b
Sz 035 bl okl lasles 51 S A s
slasles sl dadlg sl 035 5 OIS 055 (S
Fls b ey Yo 5 0 Vo N ol
0 i YOAT 5 YA EYTY dVer
OIS 03 omalals coli jshua Ad jastis
bl bl ladle (bl sl Jsb 5
P Doson M s ookl Qs ey o b
3 b dbees ol 5 dwsa 258 b Sl s
Gl Sl mre 055 b Ol alis 5 05 0

L5 st OIS a5 5550 O Olje kg 0

\'2

Syl il 5 Sy wsD basl «
500 b @ s Lala, (Glaesl,
i gl 5o SO s Sleds (a3,
K dels 5 (S0 djrs oS

5 Sl 5D sl 6 by Slis
@ 5 J8) Ll (GlaesSty Sy Sl o i
ol Gk 3l Sleeksy s (WSS 5 S D
ol ale 5o bty apae) el 5o L, 55U
ol e ol bz 5o ol b bele
Gl s (als) o3 b sy Ve
Skl Sl (edle 59) o3 b b A s VO
Sag 5 (g 23 o3 b b Ao 00
s (s ) el b dsss Yo bl
M o ppee e gbapls (S Jole
s P.d 69/55 P.d 67/51 P.d 63/51) s
Sl £k LB s LS cas L (P 77/51
53 ool a s b 3l ol 5L e 5 sl
Wl dele Jala sl SLS £ b LB s alele
Aoy 00 5 VO ) e w3 &TVS O
o sler o Lpls Y Lle 5 (el b
N e

Xijk = 1+ 85 + Ok + Ok + &ijk

J:i.»l.:n Hocdalie o (gode Hluin Xijk Ol 33 &S
s> Jole A Ok «Jsl Jole 5 0i e

sl ‘J::.;lﬁjT sl ik 5 Jole 53 bl ik
Sp o dib cad S e S dsb
4g§ff“d)j <g§ﬁ °JL'.’.}CE“’“‘3J“. cﬁw u.a}L.n
O3 Wle 5055 ‘fﬁ UT Ol 500 c;ffg i O



OS2 g (A58 (p gand [ e (N359999)90 9 (NP9 50 (ST duny o

ol C1-202 Jua 'S s s (6, S5l olKans
gl patls e 6l 5 S 281 5 CID oS 2
S colee bl sl OLL 3 S
G So3 il S o (6,803 oSy Lo 5 g
o525 v S aSeilAl g LS e o L
g o 5l o gte S S bl 4 e oS
by sdicil, S, mhue S
35 g, Seilll S e (58050l oK
Glos L oosl 55 cole Y Sl @ S,
oo O o s SR AN WEPESSNR Y
Lol Ko 035 5 oeis ol 051 S5l 058
oS 5 S 05y rEb L s S sl

(T8) 038 asloms 5 ddaly 51 S 035 pebae

(o ra Sl S ala/ (p5) S 5 Kot 035
(05 /par o Sle) S osus o =

Ol Ol 5 03583 055 S,Seill ) skiaey

G dasles dlesl OLL 53 i 5 Bl S
$3il5 s Wl 505 5 St g 8 S
e 35 Sl S /) s L b
s Vool Lol s cele A Sdew
ool i 05y 5 B8 1 s S sl
Ll ale S 5 05,8 e 5l e s S sl
AOis e S e aly) jlag e 5l Slel ol
eV 23 b dlaes sl s Al s Al
A Sdats dny 5 A0 S il 5 Sl e S
S5 8 sl ams Ve gles LoOsl s el
5 dsS sl s ol e 0y 5w S
slans S e 3l el Gl
s LS b e 5 03 Bl Ladlg Saadly
3038 Ohpe siied JLis L S Of by

35 e Jlg Sl glad, Ol e b A el e

1- Leaf Area Meter

\A

OIS S| 3 (55 4 e gl 31 o3lin
IS o sl dlsl 238 i
A3 RS e a3 ks 53 deay ol g e
Cb b asys Yo sl gladlyg (YA) ud w3 S
St oy S b O, by 5s, 1 Bk el
G s Lals badlg caal 250> 0 TEr 4
5 odige Gl cplply dy e (Ssen
s aallls 5 ol S5 AT slagls i e
peo e SIS ST Sl e sk
o> alile 5 S O pon ialesl e g0
b sl bl ols el SLES - b G
S b dons 00 5 V0 ) s Vs el
pyee e gbapls s bl 5 (ol
A S i by s Sl s S
35 3 4 bl Jheel Oloyode S {‘l>.="‘ Cla.ﬂ
(B3 b doys 00 5 VO N ev) 15 = a
bbbl bl ladlg ol w3 8 kS s
3 ass A Dosen A s skl sy &3
B S b e S b s 55 b
i Sedk Ao 00 Sl 50 Sl s bdlg
Sl sopll Bas aeds 5 SaSix e
A pll ST 5 e
Sl gl 5l s ebdcsy, Olie
5 soke S5l Skt b g Sl gl Slio
Sk Y ZE L IS beg ol kS
iy Olgea LOT ool 5 ks S 6 Seslul
sl a8 K s bdlg ks 5 sl
o dlesl S s S e S,
Cer LS o ol Sl s s Sesll
S 2,8 sk dame Cmlis (S5l
Ldle s 5 S IS8 s 5 o5 v dsb
st B35 Slasiin 5 Al Sl (5 glel s



VELT ) o5l ) 0,93 (IS 9 g (65918 9 pole Sl gy & il

A el gl e 0 5038 55 15 0T wle 035 5
5 gl n&»))bw}du‘ @ gl 4 Aoy
Ol aads Vv Sl (ads 53) Yo Co i b
)"j:.a.iJ:;L.ﬂ )‘ J..pb— Lﬁ"gﬁ ol e)L.a_C« A sl
@ gas L;)lmw.@)it}m(;ﬁuﬂ dy a
Glais oS s o Jalsl g =
I ol el UNiCO 2100 UV Jte e g5 5 28l
J2S sln U0 s A 35S gl sl
Sl Ol e s 55,18 (gl e gl £V 5D
e 3 gladdaly 31 eslizad L culg 53 s S
oS oo oy L5558 5D s IS @ Jdy IS

.(\”\)Jw]@bgdﬁjdjjfﬁﬁ

Sel e 1l 4yl ) 03565 Lol i e
3 5058 SR L s A 8 sl old (g ;S5
O3 3l Flss S 5 dle 5wy WS, i
() s 8 asie ol Of Ol (i
SLols 51 Sp s Gledsy e g
sbdly slaw cold widslds e il
0 sl gladle 4 (B) w2 OLL 5 eile JL
3 o5k (SP) Sbeeis oy & yons S Jles
A ol gag 52
S
Sl

Sp= x100

VI P I N EPRCIELY PP ECHE S
YO Jlkis s S (g Seslul (VAW) ol g,

)‘obw‘bwu@)ﬁdjujﬁ‘)gfrﬁ

Chlorophyll a = ((12.25 x A663) - (2.79 x A645)) V / 100 W

Chlorophyll b = ((21.5 x A645) - (5.1 x A663)) VV / 100 W

Carotenoids = ((1000 x A470) - (1.82 x A663) - (85.02 x A645)) / 198

SSosbas sadsal b asu; Gl 4y s
35 5l am s £ slos 53 el YE ke 4 ok
03 T o b el e Ad (IS
5 RS Sad le adds Ve Ode (akds o)
oS I3 g A bl Jylome oy Cead
Jsb 3 e gh g Sl ol 1l GldeeST oy 5
03,5 0,8 Sl e Al r..}a.q Fagl O s
5B s A) Ve /o) Slied Bl e ¥ el
CasS 0 Ny ) ey s Sl Yoo
S b g ojlias 2y Sl 00 s S ani
s b alg s 5 A el O 4 O shala
B I R U e R ANV TEE I RS I

\al

3N Glagse dsb o Hs Sl A Ol 55
Joms) sddlo e e Vel 0
Wpes S0 Wy Gake sl 5l ol SB35
£S5 e
Sl S slaSly wl adlae | lies
ol (g Seslas Cgr i (g Selas LS
b iy o Dol 03 1) S 08 0N
by eaS s ol b S 5l eslanal
Y S sSal ) sSeslas Jsbe 1) e
Shs S Y S |5 el (65 okl dondd S
VY o 5 e S 00 SIS sl L S YA
Ll ¥ o) Cel LESYA i L JS 56 8



OS2 g (A58 (p gand [ e (N359999)90 9 (NP9 50 (ST duny o

38 dsloe 5 ables b |

EL = (E1/E2) x 100

sl s a RWE) S Ol s (gl g

RWC (%) = (FW - DW) / (TW - DW)

FW S, s ol Glgme RWC T 5 &S
sl 03 TW S Ko 035 DW S, 505
S 5

bdcsny s Sl g Sl ke
Wer 5 Comnl Slas SN By 5l L5
SY S Sporpd (P A eslizad (14A9)
2 Sb VS & e (ui'udg) 5L es el
Sl o S 3 S el gl s
O ls s SS 4 SY SHL Y Ol
TS a5 3 s A Ay Sy e
PR S P e S VR A P S P TS P
i a4 S WS bdgad 3l Jiows cuys bau g
Ale s 5l B lasie Sl gln
A3 S szl Motic Images Ver 2000 1/2
O35l b esls 05 oy tbaesls Jolow gas o0
b Laosls bty (Sen 5 e — 0 S pal S
D) bl 4 b e Slio A3 pll 0 O ge3
LSS, (Glaes] . Sl Sl wgi 5 Slest,
S8 w Gleo iy 5 (L5508 5 S b @ fbs 1)
alas Ss A B s dele s bl
Vo Vo) mhau e s pleS ) bl el
2l ds Y fele 5 (el cod b s Yo 5 00
s s b 3l S e 5w e
oo bels olas SIS 2 b LG s dale

\al

R R P . Lo
CHF BT 5N A s T WS bl e
Y s

Gab sty QL.MKJ (,U-;T S Sldles
Sheslazal by (Yer¥) OLen 5 ol B
Nye /) EDTA ¢ Koo Tov) ol |2y
Eov Vs /00 Slind 5L xS Vouo
s Naeke /00 sl S Sl s S
S 3 S el (Ao Yo 65 SIOT 2y S
olss Ml STy Dy Sl 5T oS 233
S e e gl YA e Jsb s ke s s Sl
EDTA ¢y Koo Vv wolius 055 6,8 51 e
se /00 Sland 3L 1) 5 SN0 5 Ve o)
oobas iy Sbe 00 s A iy s S 0553
Sl 53 5 A 03yl O @ Ogilale K bav s
DY 5 Ve Jae /0 Sl Sy sSul 1)y Ses b
A Blsl S 5w o T winST Ol 1y S
D3 e gy mSel olas 3 355 oKl 45 oy sS
AWENYY 5 s ﬁﬂws%sw she 5 A eols
(FY) s sl 3

S Sr sbdse s lul e e
OLes 5 S5 s o s S el e ls
ol Gass opl s (FE) ws S eslead (144Y)
ol s S g e sle Yool b S ek
e O o 0 Lslyon pind )y lekad
Gl e S I3 bl gl s
i lo3] ams glos j3 Csle Y8 Se 0 il
S Sl ldie dd e ol s s S 13
o EC oS hawyg (ECy) [ilbosl sladssei
e L (S 03l Ol 52S Ctl VYo Jus
3 opp o cele YE Sl 4 bl glady)
Glos 3 35 515 cele YE 51 5 LS eols
d> el 0 (S Colds (6 S5l L



VELT ) o5l ) 0,93 (IS 9 g (65918 9 pole Sl gy & il

2 S sl Sl ke LS (gl e
eJAL‘:..A\ Jg.ir)b wv\.\;‘}ﬂb j’j““p 6\.&&5 Cj.}a.ﬂ
ooy ap @B Y el 4 A s L s e
53 oS 5 sl Sl day S slas oS sl ol
k;u.;'b LS)‘J&’U‘ Lﬁy:\}\ Lh?- .,\..p)} \ cb‘ﬂ
uiﬁu:““ JJJL;A sdalie ¥ }g.\i )Jé)jja()m

55 P.d 77/51

doy3 00 VO N ve) b a3 eSS i)
5 g Jler oo LS Y fele 5 (el b
dole 6l ape Ko a4 Clie L
aglie alal LS - b G s (ANOVA)
Opo3l 3l Wk Sllie Cgr (pimpr LS
Laslssas 5 eslizl SPSS 21 Jigble s > oSl

Ldd e 5 EXCEL 13l 5 o 5

=W
J:Jlj @L“u Z‘;.:.;j) 9 wt«ﬁ(;—‘;h‘g) » olew

(S 5 3 Ay 5 Sl 51 b ek s gt s SIS 53 Sy sl Dl i ilysls 428 ) s

Table 1. Variance analysis of changes in the number of leaves in different clones of Populus deltoides before
treatment and after dehydration stress.

O F Slay o 5SSk 33l 4y Dl o § gormes
Pr>F F-ratio Mean square Degree of freedom Sum of Squares
0.066™ 2.736 64.429 3 193.286
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Figure 1. Comparison of average changes in the number of leaves in different clones of Populus deltoides
before treatment and after dehydration stress. Similar letters indicate insignificant differences.
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Table 2. Variance analysis of the number of leaves in different clones of Populus deltoides after dehydration

stress treatment.
Pr>F F-ratio Mean square Degree of freedom Sum of Squares
0.000” 16.020 255.369 3 766.107
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Figure 2. Comparison of average the number of leaves in different clones of Populus deltoides after
dehydration stress treatment. Similar letters indicate insignificant differences.
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Table 3. Variance analysis of micromorphological and vegetative traits in different clones of Populus deltoides.

61"’3‘“@“"’ F- Slas e Kk b3l am s ij»t}w anlllas 55 50 Slio
Pr>F F-ratio Mean square Degree of freedom Sum of Squares Investigated parameters
ke Z . L:/
0.001 7.158 642785.100 3 1928355.300 S al
Leaf area index
0.127™ 2.202 1720.317 3 5160.952 Sk g
Specific leaf area
0.000™ 35.544 161.285 3 483.854 Sadb
Leaf length
0.000™ 12.451 42.786 3 128.357 S otF
Leaf width
0.000” 9.658 0.441 3 1323 Sros s dsh e
Leaf length-width ratio
- § ol
0.000 27.806 15497.097 3 46491.292 g
Leaf area
ke < Ja.o:.a
0.000 29.178 1559.109 3 4677.326 o
Leaf perimeter
0.000™ 15.463 0.202 3 0.606 Sl e
Leaf shape coefficient
0.017" 3.597 0.000 3 0.000 939 o2
Stomatal width
ol
0.250™ 1.397 0.000 3 0.000 S0 =
Stomatal area
0.549" 0.710 0.001 3 0.002 w0 I
Stomatal length
o
0.434™ 0.945 976.190 3 2928.571 30 051
Stomatal density
0.220" 1.637 0.224 3 0.671 S
Leaf fresh weight
z ; S 05
0.121™ 2.259 0.033 3 0.099 o 0
Leaf dry weight
ol Ol
0.292"™ 1.357 0.087 3 0.262 c O
Leaf water content
- sl sl |
0.008 5.006 912.318 3 2736.955 et
Stem height
- sl 503
0.000 15.750 310.112 3 930.336 s 000
Stem fresh weight
- Bl i O
0.000 30.166 78.379 3 235.136 < >
Stem dry weight
o sl T O
0.001 8.182 83.842 3 251526 R
Stem water content
L
0.309™ 1.263 2.497 3 7.490 ol s
Stem diameter
0.013" 4.445 398.767 3 1196.302 oS
Root fresh weight
0.081™ 2.532 33.198 3 99.594 B 05
Root dry weight
- s ol Ol
0.002 6.399 246.194 3 738.581 0 O
Root water content
- Bl 4y aloy Cond
0.001 7.740 6.163 3 18.490

Root-to-shoot ratio
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Figure 3. Comparison of average micromorphological and vegetative traits in different clones of
Populus deltoides. Similar letters indicate insignificant differences.
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Table 4. Variance analysis of changes in survival in different colonies of Populus deltoides under different

treatments of crop capacity.

4)

Sol3 sne Clﬁ“ F Sl e Sl 35T 4 ys Dla o ¢ gacme DS ae
Pr>F F-ratio Mean square  Degree of freedom  Sum of Squares Source of variation
0.002™ 5.533 2470.238 3 7410.714 o
Clone
- Sl sl
0.000 11.933 5327.381 3 15982.143 o
Irrigation treatment
o s o -
0.000 4.111 1835.317 9 16517.857 Med 5
Clone & Treatment
o
446.429 96 42857.143
Error
112 1030000.000 &
Total
BWRTS da.ﬂ):)bdzu .
0
100 100 100
0
n 80 71
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Figure 4. Comparison of average survival in different treatments of crop capacity.
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Figure 5. Comparison of average survival in different colonies of Populus deltoides under different treatments
of crop capacity. Similar letters indicate insignificant differences.
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Table 5. Variance analysis of Changes in water requirements in different colonies of Populus deltoides under
different treatments of crop capacity

Sl g o F Sl o e @33l 4 Sl o ¢ poms e
Pr>F F-ratio Mean square Degree of freedom Sum of Squares Source of variation
0.008"™ 3.976 112858.202 3 338574.607 o
Clone
- Sl e
0.000 401.727 11402397.55 2 22804795.10 e
Irrigation treatment
Lo.\: .
0.622™ 0.735 28383.480 6 125115.310 e S
Clone & Treatment
Uas
28383.480 744 21117309.01
Error
756 76426635.00 g
Total
s gms 8 ns do s ) cla.« 03 Ll e e
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Figure 6. Comparison of average water requirement in different colonies of Populus deltoides under different
treatments of crop capacity. Similar letters indicate insignificant differences.
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Table 6. Variance analysis of Electrolyte leakage in different colonies of Populus deltoides.

O F Slay o 5SSk EESREN Sl o § yorms alllas 550 Sl
Pr>F F-ratio Mean square Degree of freedom  Sum of Squares  Investigated parameters
Sy S e
0.493" 0.837 48.324 3 144973 S

Electrolyte leakage
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Figure 7. Comparison of average electrolyte leakage in different clones of Populus deltoides.
Similar letters indicate insignificant differences.
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Table 7. Variance analysis of pigments and enzymes in different colonies of Populus deltoides under different
treatments of crop capacity.

Sl gme o E Slar e 5 Ske 33l s e o §paee S e addlas 5, 50 s
Pr>F F-ratio  pjean square  Degree of freedom  Sum of Squares  Source of variation  Investigated parameters
0.007" 4321 0.001 3 0.002 o
Clone
- Sl b
0.000 11.074 0.002 2 0.004
Irrigation treatment
L 5 a Lé
0.102" 1.849 0.000 6 0.002 s 5 8 228
Clone & Treatment Chlorophyll a
s
0.000 72 0.012
Error
84 0.021 &£
Total
0.547™ 0.714 0.002 3 0.006 oA
Clone
e é)L:J sles
0.000 17.253 0.046 2 0.092
Irrigation treatment
. s 5 o b Ls
0.045 2.286 0.006 6 0.036 e 5 S J2oS8
Clone & Treatment Chlorophyll b
L
0.003 72 0.191
Error
84 0.336 &£
Total
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Continue Table 7.
Sl el F Sl e K bl s e o 6 gazms Sk e addllas 3550 o
Pr>F F-ratio  \jean square  Degree of freedom  Sumof Squares  Source of variation  Investigated parameters
0.408™ 0.977 0.002 3 0.007 oA
Clone
o Sl s
0.000 24.613 0.063 2 0.125 T
Irrigation treatment
. s 5 E
0.018 2.757 0.007 6 0.042 des 5 S &2k
Clone & Treatment Total chlorophyll
Ua
0.003 72 0.183
Error
84 0.378 £
Total
- s
0.004 4913 48.883 3 146.648 -
Clone
d ol b
0.000 39.759 395.551 2 791.103
Irrigation treatment
P LN; . P~ LS
0.005 3.377 33.599 6 201.595 Aot 5 O B
Clone & Treatment Carotenoid
o
9.949 72 716.311
Error
84 1929.934 &£
Total
0.262™ 1.359 0.005 3 0.016 oA
Clone
* el b
0.024 3.923 0.016 2 0.031
Irrigation treatment
e Lo 5 ¢ jlaS| 51
0.005 3472 0.014 6 0.083 et 5 O IEA
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