[ Downloaded from yujs.yu.ac.ir on 2026-07-04 ]

WWAY leusl g 5le / Jgl oyl [ Jol Jlw [ w515 b S wlinds alxo

bordign ool )l » aaST b oo 3 S5 slales (S 4 Caoglio (b5

TIN5 010 50 < T st Sz 95 (6 b Sgrame JaiglSl (ylogy

e a5 o8NS g el qilin 00Kl (6 lKi 09,5 ) owlid IS szl |
e a5 oK1 g el ailis 0aSls (g llKis 65,5 oliul |

e o8l 55 omds golie 00SLisls (g A 05,5 (g 5SS aisgal ils v
mtabari @modares.ac.ir : Jguwe s g Suig x5S Con”

OFAY BV w0y Gl € VYAV QIY + sl s 2 ,b)

TN 1

5o b ol SIS g5k B 5o IS ialesT S 53 e (2l & ey Sl 0S8 USaz ol
S sl i a4 Caglie lapanlie olulid & S5 my 5 SiS s mhe dw 33
" L;)Lﬁ'l ) sels Joli g Folaw b aSls,, (Prunus mahaleb L.) _l>. ¢ (Crataegus aronia L.)
&dad) 0,LSS 5 wal i g (elyy cud,l 100 o5lail 4 o)D) dtwgn 5 lawgte i d(ely; cud,b oslall
& Jeilis 9 S5 Ol o Slgiome (S S Dol il L aigS g0 ,a ,0 a8 ol ylis el og (s,lo]
Adgie, 5 Slatome Lol 108,55 518 Ol ageaS s il o Sy JS Judg 15 slgime ax 51 il rals adle
ao] sl e ol 4 ole e oS )55l slacgen] lgiea Bl ralS | Sis 55 4 gl o
£ Gl & args o Ll SIS 5 Jslone o aamsr,S e il e 5 5 e 53 s
degoma b S o 285w e SiS 5 prhe s wiWlasgglle Sl 5 oy S e
S cusb, ST oSy 2ol Lol wsl oo S atagy 5 bawste o] (25 Josw 4y 08 550 sla S,
axil Caday Sz hie Sl gLl o,beG adad Lol 0048 co e 0 guilonnST 25 slaailis j9p cxge
S0 o 50 ol 6l s samline ST 5,50 40 a8

Cad g xS s ecdome wsadligoglle « SIS ol giadS (gWojlg

ol ;500 ladeud o ol w g olaced LS 5 e i oSy sl S
S OYAY (Bl sonalpl g (gloyp i) ol SYob Dae b o goesls plasl s 4l ol

9 "L‘}‘ )3“4‘“"‘"’ Lbu‘i’ﬁ) u")"w“’L“" 9 u")’)L)‘.’.L’ s LgLibw" 9 G\i;fo).ed ua)u )o o)‘}o&


http://yujs.yu.ac.ir/jzfr/article-1-42-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-07-04 ]

S bl (Sl 4 Cooglite 5! iyl Ko g gLl

Sty Gl 8l Car o B L Jlgb (8
Bblie jo 00l 5 s sloaiss ol 5 |l 5o
9 kel sty 1) STy Sasans 5 Sis
Sl 5 SledS Gl (o L OVAY) (] ) S0
St oS sla Sz 5o bsl 465 4w a9l
Gl A8 oy 4z ol @ (S a
(Quercus brantii) sy, 4555 slaJlys yo b
sl o 365 oyl S 4y gl il s
S50 53 SEMLI a5 sl T 51 S ailis 50
a8 g0 L adaly o Sis dn Cnglino paneslSs
eSS coul Jbyo cpl w0 las 0s2g e o SIS
S9d (oo o3liiul ()5 iz 5 sl (sl 455 90 0
= Jyere (Khatamsaz, 1992; Sabeti, 1976)
(Prunus mahaleb L.) a5 JUTL cdxo 0 )18
Sl JLT 5 IS sl ol lyiees o 51 oolan
4 ol oaglie Jdoan (VYY) () Sen 5 59,B)
5 VAL ( b g puio o 2uS) Lags Lo gly]
2 ol Cenl L il slaasli ol s
(SN 8)ls (55w S, 5 s )5 S
et Vg g 5 oo og o (VFVE
o920 9 S = 9 (VWAY ((Bliw) (conplpl 5 sl 52)
(Grae, 1974) sl 5,5 e 4 K, mblio jo Q—l
&)le gl o s« (Crataegus) S35 iz 5

og—s g J5 imbls Jdoan 4 S daosl> ail>

o Sloaiss jlosliiul (dag) 4l cnl (53luse
(&9w) b go s g Sl ol o pglaienizr
Mar 5 s sililer ATV Kes
oo 5 ol laansin Sy Jbol L OYAD
Ol ol o e 1 &S ST sl
2555 (el g oolatdl Jobs 5 I 5 Ol e
Wl (s2ag; 093 Job 5o Sk g8 50
ol QLS iy 090 Jsb o baee (K25 i
5 svss ol 53 shasts 9o Sol 3blis
ole> haamepé g (Jae Jolge don 4 ol S oS
sloz b cuddse poe LYo 51 (SOl ol el
bobadles )3 Jlb addsi o dgume 5 5,15 S
ol 0als 3blio pl sba! al sgame ulys o g
555 1355 £330 Cevmtl s 4z L il
abal; 50 ogamme Slidizg  ST) (Mo slaaisS
Olgean cowl oo plosl b Sis @y by b
L (VYAR) o) iSan 5 6y ol ;o JLi
oSS sla s skl 090 G ydalio ()
o=l e bl jo (Acer monspessulanum)
ez o LS)L.*.-.’T ilizes (gl Lo (s oy 4D
72 )bl e a8 oladls gy 1) 5 & i
Smo)3 sl ales S a2 1) LS e, Sl
e i YL CeS a3l 5 Sleons;
SiosSee Slogld L5 (i 5 (PR

(Pistacia khinjuk) S g3 slaJls p Yo


http://yujs.yu.ac.ir/jzfr/article-1-42-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-07-04 ]

WWAY leusl g 5le / Jgl oyl [ Jol Jlw [ w515 b S wlinds alxo

o gy 9 dlge
LS o
St 5 S gyt peliteds e

sladle olo—ban slo )b ol 55 (59,

——l>o g (Crataegus aronia L.) SC_I3l;
ad Lyl A8 Ll o (Prunus mahaleb L)
5 6L ogae 5 (28l alojl slz ! 5l 3
i S oBile;l o ooliiuls,ge S Cugh,
G390 Olasin Hod asin | w Ab (6,503l
S ool L gz 35 5 SLs (el cd
B ol s (V alaly) Saxton et al (1986) Jge,8
p3Y OIS o 4 e ol B o a5 (T 5
D yare (Hlas 5,50 FC &y a5 L) 048 ools cul

¥ =A0" .

2 S sl ety (P alal) Gl s
S om Sush) ke 56, 1 JISubokS
smlre B g Ay coSeyie p St oy
bls)l S gla Shs |, bl olge 45 ass
ol

A= exp[-4-369-0.0715(c)—4.88><10-4(s)2_4,285x10_

5(s)2 (c)1100

B=-3.14-0.00222¢%-3.14x 107s%c

a0 1€ (YIVIA) 46 oae texp YU Lalg, 4o

ML:Go JL’>U.~.\M).> ZS 90

? Field Capacity

0303 ;) S g0 03liiwl (6308 o sLAS >
Crataegus ) 5,; S5 (\WWAA ) SKen o 2314
3 9 Byae [l oo o Jgs LJoas (aronia L.
s>l )3 azrgi 990 0jslateniz a5 lyean
Ol m0958 il 15 Ay e sla S
435S Olyean ol cpenl 1y g o)l o
09 50 039381 iy 5 Sl oy
Sl Gom sz are )5Sl (S S
gl U 2350 S5 50 J5¥lse s 14 5 5boa,
Yordanov ) sas o 1,3 56 cov |, IS sogs
slacuiss oy LS = ol «et al., 2000
Ol L adlio o Sl g ool 2o
L asadine (oS slaceyisls b wilos S ey
S5 Ol 4 (lgies basls (S plulis
ol g2 a8 vgad (ST s (Siis o lals
s Syome satld sl 0ad (oaw BlioS
St S5 sl (o il 5 RWO) sl
Sbohaen S 5 Gl slagasls ((Sos s
sloasll 5 (Srol hoss S50 sl Joloee
=) MDA) o_salsodle 9 g xSl e

D ol (guilannST 15 Sal S

! Relative water content


http://yujs.yu.ac.ir/jzfr/article-1-42-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-07-04 ]

S bl (Sl 4 Cooglite 5! iyl Ko g gLl

g doy0 YO s Cogb, Lol 8 cile ax 0 YO
ol 009 (VY el j0) uSod V00 ¢ g5 ol
Ol SB L laplals S (giload jslaien
oolaiwl (V:V:)) oy sim09d oS5 L S
Joaz 4o 3aisd )0 oolaiuls g S lasuin o
o5 Giabesl ga,h ley b o ly .l sl )
oiluley LSy Gy aw o dCle Sl (Sas

wad skl o)y syl

Table 1. Soil characteristics was used in research

e 5 SUHG sladisT Ay Gz ol o

9 4 Ol Olend M ldly gl
2 ofen WSy Gladly e b 4l
(ol S 5 Ling, 3 Jed) VTR eloazid
5 s alie saSiails S a4 iolesl plal (5l
2y JEe pepde Coay oy obys psle
GOl Lyl s 4l oz b slalals

9§ YV o ey aicinn g aeS (slos Jolis Slibo

3uims 50 oolatul 5,50 S Slasin =) Jgua

oRrgt P8 pely e yts BB jAS Jos PH  clddals ¢ ¢ g
. Q w w [}
Exchangeable Available Organic . g £ 2 . g
potassium phosphorus carbon (%) pH  Bulkdensity < = 3 g &
(ppm) (ppm) ] 8] £ g
274.6 30.33 0.875 8.04 1.26 26 46 28

5 Ohzm 5o e sl ggpd g wad (Sis

RIVETTRL W5 FUNOIE SV ASOLH

axlllwo S0 ‘Slbua}l.(l';
Obl 58 @zl ol Jemily 6 5505luil (sl

AT el o bl ass 55, 1 ielesl

Pressure Chamber Skye, SKPM 1400, oXws

Sy Cugb, o g b oolasl UK

Sl syl (2150
Wl b Syt ilesl slolass Jloe!
ISy by (S B led aw o ol
Gl wels Jols (Sis glojles cé5 ol
A5 gy Cedb el LSy Gy 4 2
oIl 4 LSS 59, dw 5o (5 o) g g bawgie
G5 9 (@ e s bl 2 slyy Sedb as s 0
e cylgl sanlie b (g Lol alab) oLy 5 ayas

o @ azgi Loy (S 5 (Fo,0% 5 Lo 5o


http://yujs.yu.ac.ir/jzfr/article-1-42-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-07-04 ]

WWAY leusl g 5le / Jgl oyl [ Jol Jlw [ w515 b S wlinds alxo

5 Jode slacljamg S g Bates (1973) s,
o (6 S olsl (Anthron) cyg,51 bg, Gub S,

r Sl OV (ollSea 5 Ladl; ol Jas @)

ool @l dser o] gelonnST
ST gapglle Glie g Sejladil 5 igila s
s ool ad yguolannSTy 0 T3 )8 soiadys

S50l b b (ygalonSTn jolais ol sl
Packer (1986) i,z asallsosgdle ols
5 o S5 sleali b o, » Heath &

O Seis il o oS (Gl o gl (i

L] ou2line JJLS Y Jﬂ..\?

Aol Sl b el s il 55 RWC)
O Sl aulxe 5 akal) Sl eassl, Sts Sy
Sx bl 03y SWeellh Sy 055 FW ala,
Sl paiSas Sl S 0j9 DWy (elsh

(Yang et al., 2007)

RWC = LWv=bw .

SW —DW
sloaisei sl 5| o oialesl sled! 5o

et al. (2009) g, 5l caalllas 5,50 sboJles 5 S
g S el oy (5 ,=Selusl sl Campos
A oolaiwl Jolw slis o] azls lgieas
AIMON g, 5l o355 )l 5 J—99,15 (slg—xe

)‘| oolau L u‘lﬁﬁ 6‘93"“’ REW) 6}:’5")“‘”‘ [QRARY)

(Zarafshar et al., 2014) s So59dgm (25 50 lapy] (285 g (w0 9,90 slogasli —Y Jous

Table 2. Measured indices and their roles in drought biological stress

oy

Description

axlg Chide Sl

Unit Abbreviation Parameters

Useful to describe the water status of plants before sunrise and
the consequent starting of plant transpiration

It indicates the relative degree of hydration of leaf tissues with
respect to the maximum hydration potential. It is a
complement of xylem stem water potential to assess the water
status of plants

Ion leakage from plant tissues as indicative of damage in cell
membranes

Chlorophylls indicate leaf greenness degree in relation to
senescence-yellowing triggered by drought. Carotenoids are
important antioxidants that help to prevent the accumulation
of reactive oxygen species

It is a compound used as general indicator of stress at cellular
level

Both qualitative and quantitative changes in Soluble
carbohydrates often accompany plant’s responses to stress

It is an indicator of lipid peroxidation related to stress
symptoms

Xylem predawn

Mpa Wstem water potential
% RWC Leaf relative water
¢ content
Electrolyte
% EL Leakage
-1 Chlorophyll and
mgg FW ) Carotenoids
mg.g' FW - Free proline
B Soluble
mg.g” FW ) Carbohydrates
mmol.g'1 Fw MDA Malondialdehyde
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Table 3. The two-way ANOVA reuslts with spcies and drought stress as fixed factores

Uas X 43S g5 oS b;uum dhéks
Error SpeciesxStress Species Stress Characteristics of
MS F MS F MS F MS Study
0.015 16.603° 0244  106.842° 1572  710.578" 10.457 Xylem predawn
water potential
20.15 0.79™ 16.04 17.05" 343.7 75.72" 1526.3 RWC
0.000 2.989™ 0.000  531.624°  0.000 2219™ 0.000 Total chlorophyll
0.008 1.091™ 0.009  504.938°  4.024 21.489 0.171 Carotenoids
23.98 8.28" 198.8 92.94" 2229 85.71° 2056.01 Electrolyte
Leakage
0.000 4.636" 0.002 89.866" 0.041 30.750" 0.014 MDA
0.000 330.423°  0.000  757.604"  0.001 660.448" 0.001 Free proline
0.000 17.284° 0.000 17.223° 0000  138.412° 0.000 Soluble
Carbohydrates
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Figure 1. The effect of drought stress on physiological indexes and the results of mean comparison by
Duncan’s test. Similar letters indicate insignificant differences. Summary of two-way ANOVA results
with three drought treatments and two species are presented. (Respectively, ** and ns: significant at 5%
level and no significant)
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Figure 2. The effect of drought stress on biochemical indexes and the results of mean comparison by
Duncan’s test. Similar letters indicate insignificant differences. Summary of two-way ANOVA results
with three drought treatments and two species are presented. (Respectively, ** and ns: significant at 5%

level and no significant)
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Abstract

Undoubtedly, identifying and introducing drought resistant species for reforestation of the
Zagros forests should be considered by forest specialists.,the current research identified
mechanisms of drought tolerance in Hawthorn (Crataegusaronial.) and Mahaleb
(Prunusmahaleb L.) seedlings in a greenhouse experiment using a completely randomized
design. The experiment contained 3 stress treatments with 5 replications each. The treatments
were soil moisture as control (based on field capacity), moderate stress (based on 50% field
capacity) and severe stress (water withholding). Our findings showed that relative water content
and stem water potential decreased in both species with increasing of drought severity.
Although the total chlorophyll content was no affected by drought stress, carotenoid content was
declined in response to the stress. Proline and total soluble carbohydrate concentration, as
osmotic adjustments, increased in both species. According to electrolyte leakage and
malondialdehyde results, we concluded that Hawthorn can tolerate moderate and gradual
drought stress by the means of some adaptations but accidental water withholding stress leads to
oxidative stress in this species. On the other hand, although moderate and gradual drought stress
leads to oxidative stress on the Mahaleb, but accidental water withholding stress did not have

the same course of negative effect as it had on Hawthorn.

Keywords: Electrolyte leakage, Hawthorn, Mahaleb, Malondialdehyde, Proline
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