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Extended abstract
Introduction “

Salinity poses a significant challenge to plant growth &d c dverse physiological and metabolic
alterations. The selection of tolerant rootstocks offers a promisin to mitigate this issue. Magnetized water
technology has emerged as an innovative approach to allevia tive‘lhf salinity on water quality. In
of roo®ock selection and magnetized water

seek to understand their potential in enhafiging ili inity-induced stress. This research contributes to
the ongoing efforts to develop sustainable i iig/salinity stress in agricultural settings, with

Materials and Methods

to 2020 at the Universi n. The factors/@xamined included two rootstocks (M7 and MM106), three
levels of magnet R Tesla), a ee levels of salinity stress (0, 40, and 80 mM). To evaluate
the investigated facg@ys, leaf

The factorial experime%v*con ed using a randomized complete block design with four replications from 2019

relative water content (RWC), total phenol, antioxidant capacity and
phenylalan i ) enzyme were measured. Statistical analysis was done with SAS software
(version 9.4).
difference (LS

Results

The three-way interac
and PAL enzyme activi

s of rootstock x magnetized water X salinity stress significantly influenced total phenol
Additionally, the main effects of rootstock, magnetized water and salinity stress on leaf
thickness, root diamet WC and, SPAD were significant. Increasing salinity levels reduced rootstock diameter,
shoot growth, leaf er content, SPAD, and leaf area. However, salinity treatment increased leaf thickness, leaf
temperature, phenolic compound concentration, antioxidant capacity, and PAL activity compared to control. The
highest internode (17.58 c¢cm) and rootstock diameter (2.18 mm) were obtained with 0.1 Tesla magnetized water
treatment. Conversely, increasing salinity stress reduced internode length in both M7 and MM 106 rootstocks, and
the maximum internode length was produced in M7 under non-saline conditions (19.35 cm). Also, the highest
rootstock diameter (19.83 mm) was observed in MM 106 under non-saline conditions. Moreover, leaf RWC was
higher in M7 (82.70%) compared to MM 106. The highest PAL enzyme activity (62.77 nmol g'F.W.™") was recorded
under 80 mM salinity, 1.0 Tesla magnetic water, and M7 rootstock.

Conclusion


https://doi.org/10.22055/ppd.2024.46457.2154

The utilization of magnetized water resulted in enhancements across various parameters including rootstock
diameter, shoot growth, leaf water content, surface area, phenolic compounds, and PAL enzyme activity, surpassing
the control group. Combining magnetic water treatment with M7 rootstock demonstrated significant mitigation of
salinity-induced effects on apple saplings. Thus, the joint application of M7 rootstock and magnetic water is
advocated for both saline and non-saline environments. This research underscores the importance of employing
sustainable approaches to combat salinity stress in apple orchards, offering insights into effective management
strategies for enhancing crop resilience in challenging agricultural conditions.

Keywords: DPPH, Magnetized water, PAL enzyme, Rootstock, Total phenol.

A
2 bowdign 9 0 59099 30 (0 S9Y 9 s a0 Dlao (59 (b line ST 9 a9

6)3‘3 uw 'k’-l‘}i’ 39 (Malus domestica) L rad LS‘“J'@

Y Y L. .. M . . Vs
Mﬁ‘ﬂ“d-\.«;&)‘)}nﬁ‘dﬂ‘u}mu

Ol cga s ¢ ans )l o313 (55 5LaS oSl o SLEL

Lyl 5 53 5 deo s Y TS s mbo Y gn o B (6555 Lol 555 S0d /Y bl OT 5 5087 oo eT Sy 5555
‘_;)}_‘Zd';;_?r.x_;.ki\ :wlal;iﬂyTM'/T}#\:J{)lf.:l::M.J..pja/\fbdfﬁch.u&}:ﬁjyfé:nlb‘_;J}..‘»
- Ao A 6y i Ll S BB /Y ubline OT Sl eslizul (6 ke SIS 5 55 08 Oljas oy 5 b Cdls 1 asla by o 5V
(a8l WIOA) o S0k Jsb 5V T iy (5 5055 287 53 el &SUE 2 8 Lo VoAV MMILO6 s 55 5 ,Y e
M7 aul 53 o 53 0, S 0be dpb o5 Sd (I L T s M /Y eblitn T 5l 53 (oo W) il 3
(mad b A5 e SL VYO L (6558 25 ke Ll 3 55 s MT b 3 0 S0ke dsb o i 5 3L 2alS MMI106
duLSL;,|;6;,u),_bHg,wcd,}gﬁouualpwp,;mm,u&u\«/AMMM106uumu_,u&,::w

MM106 4.:\:)‘ ‘M)DAY/V LM7 ‘ub)sgffu\ wu}b) MJ-&B&)FWC&)JQ‘)‘MU:M}J[J



5 B DL 508 1 e 8 OT oo (sl s s iy sy a3 pncblite OT 515 0L3S gl A oalie M7 il 55

Sl SISTMT sl 5 ek lite OT 5,0l hagin ol gl 4 s 5 b idididy o5 ) ali 4 o PAL 0 5T e

g ko 5 Sos pde 5 Sosh Al 53 bbbt OT s MT wl 5l eslizal 505508 Jutad 1) o 3 6054

Roy et al.2014;) 555 o diy o855 Culg 53 5 o 5
Sy— 4y J—e> .(Yinetal., 2010; Fuet al., 2013
WS (558 4 (St 5035 gy T3 &K o gm0 O35
5oy g oSy Jualse s el (S gy ola S5

{Srivastava, 2012) 5,15 & 55 5 9 58 Cand s

L5l 53 OLalS o) b podtes y5be S5 5 ST 5058

&L‘j@eﬁd\;’))))é)ﬂﬁ&;ﬁjt&ﬁ Lfi‘fL" cJ..&l.:Lsa

@eurijéuuﬁubdﬁ)JuﬁJ

Matsumotoet et il ‘
05 el slaas b ’&;5\ )

it 3 g 1) 0 gm0 Ol o
sl b 0SS sl
Ll 5 Lo O e (Wb iy U155 o1 ole
S ol sl 4y (55 5
)ﬂégi&lsdhﬁszd)ﬁuﬁ&@‘}d.(zom
Sl Do gLt sl 455 S Sk pLil oy 3 2

Rahneshan et al., )

ol s Calie sl Ul .(Morabito et al., 1994)
cL;_:J]ao_ﬂﬂ)abﬂQjLﬁAijﬁMdb()xw

3

o0

sl s
& el 5 (55y5liS
b el 0s g i

3 e 03 ShoslsS bl

iculture Organization, ) 45,ls )| 3 (¢, s&
oyl S O sals $/A g yome 512021
Bl 42 JLS8 Oskn P17 4 055
- 453‘_"7.!-‘- 5! .(Moameni, 2011) iz wa Moo
Pl 25 5 S e ol S 25 1 (S5
) 23Sy s oS s gdmea foale (ul of e
slis S 5w (Leeetal,2013) 558 o s
My s S 5 5 Sl s 5 (Jsb pledly
53 S YU cbale Ol Sl 5151 o lewtly glis
3 S es 5 sai 5 iy (sl (S5 AL e DL
Zhou et al., ) das s 51,5 35U Cou 1) &Y guams ST

(2022
oy e OBLS 55 o e Sl dliking o g0 Ot
Ol Oladss (Maas, 1986) wil o (s 58 4wl o
SlacS o as b gos dznn 3blis o s Olist 3 47 Sl 0305
D3m0 33 5 03 4 ol A 1IST O 5 o sminy J b
AL (gls mn psbas oT s Shee 58 OT L LT
sl Ol Caliee Slad>s .(Najafian ez al., 2008) L
ol e (DT Sl JhalS sl (g8 T 1S

AL LadS ) 0 iy o5 e Al (6



SLas S 5 olayl et 5 olald s iy 5l (S
LaoT pberdgm SLa S s (s p Sosd 5 4 Joose
5035 QLS 4 56 Sla gl 5 B LS 5 AL e
ol e ls 2 OLalS e 3T 8 olbs il s
5 L e s DS 55 55 osle Ll b s LS 5
deos Lla i bl oo a5 0T Hlide 2 Loyl i o
SletS Il b5 55555 e 5T ST ST
Ay oUls 4 SWLLE o)l 51kl L5 ke o)l
o (6 e Jnd il (6 5V Gl 5T LS 5
J=8 o2 55T (Sofo et al., 2005) Cils doal = La i3 4
DS 5 S 55 6udS 55T (PAL) SLIL 5T T
IS 5T ol Sl Ol il o OLaLE >
sl Kl 5 Sy Jases Sl ks 4 ulas sla o ls
Sldles (Vogt., 2010) Col a 25 55 0L olasd oo

s MM106 EM9Y Malus prunifolia s\ sa_\ s,

oediza (Duet al., 2002) sls 0L&S |y s 98 4o

s gl bl o1y eds ublas olds J

(Zar

5 5, .(Abedinpour and Roohani, 2019) 4 g, o5
SET s 53 pmbsline OT
03 aS sy ebas 54y Jse (Salvia virgata Jacq.) 1S 5
HWQTJW\(JY}_‘;@M@}L@»@;@
055 o)l LaeSis 03 55§ o ) S5 JUT il 5

c-\_ﬂjj.ﬁ)lfc‘}f‘}:é}}lfcbJ:.S}jlfca&é)_)lfcdfjaji}
Khosrojerdi ) das ialS eS| =T Cdls 5 JS J 50

g;lff.f’ oS y3 )58

o S 4 Jexd ow ) » (Sotiropoulos et al., 2006)

093 Ll =3 5 NaCl ¥ e Ao Vov 500 oo (655
Ll nlu s M26 sl 5l o6 4 4 sls 0L (gladca
S Jo 53683 B S 055 Sob s il
AR g5k GV ga s Ve 3°‘C}J‘M 2> M26 4l s
L odalin Laisl o ag ol SRl 5 €Ki 05

P Jee iyl |y V.:.wl:.z YL
.(Oraei et al., 2009) wil o (5,55
Lhe Olts o pllan Uz 5L
(&ﬁi—i IS e#lss Y pams
350 J7iTe, JORIRT ST Sl estanal ks o
Lo Olds 51 T 0513 e 04 S L1 5 4
3 T ST 035 peblie &8 ey 0
OT O e LS Sl 80 5 (T bl (o) 58 JSCe b,
O35 ;i U bl Ol 457 s S 0Ly (ulttee AL
S e 6351 53 ek o S350 SN g onds
Hozayn et ) 5 55 oo O o 22857 288 5 OT sla
Ol 305 4 5o glaalllas 43¢ 3 b 31 .(al., 2010
oS s by 5 T osd RS s pmbliie
AU s Gubline 558 OT 48 a0l K5 88
&l:waj&jjﬁjéuPung)b@”
@I.Uf 95 (Bagherifard and Hamidoghli, 2016)
il blin T Sle St D53 (53, 485 &) s
8515 (Slgmmmn do p3 Ve IPA S 1 e 055 40
o an S50 Mo s34 5 JS 5 055 Aoy MY (S
Nikbakht et al., ) 515 0L Jsare T as Cuui 1y T

(2013



PYEA o Casby 931 5 e a5 10 4Lt 5 YA <135,
)\e&j})jajal.ad\.qiu‘a;ﬁL}-}Ohji).,ujagﬁwjb
Sl polie glacS gl L oS ulS sa o1de Jylowe bow s
st_:...u.l_.iq.li:ab?&.&.«@caﬁaﬁw&aTjjjgg
i o Al g o sl &G 51l 5kt
o3l al il gn ol omn 51 ulg 53 5 LS pa  ons
PPV IO I U TS I S g PR .
Ll JolS” 10 sl L a0l (65T &) o
QT,(‘.{.\MQ){,‘YFQ_@-N Fre) s o 4
VO Sodady Ohas +/Y 5 +/Y ) o as 55 0 ubline
-2 T 3 51 b lite Ole sl 61 i3 S (6)LT oo
b line 3l ga 528 S 8) s /Y 5 /) ol by
et B 03l O n g B ok (Olgdel LG
ol gmebliie OT L izl HLESK Gles Jlesl LY 5 )
Mk Jsdone oo s oLl ebliie Ot Olaa Ly
Jlg 2 6y e 1000 (LT oy55 a3l oslizl

, sLss 5 (Chlorophyll Meter
ol s by YU GLallh s 5168 Y (55 50 3050k
LT Kb 5 8 3l Ul o il Sl 31 L

s i8S
Turner s, 40 RWC) 5 1 OT o Gl gimen iomin
ke, ) uu-_.ﬂ\gg;_il@;,g,g;_;,fr@| (1981)
-*‘-L-Uf dowles

T Slesliul ¢ —2sl;3T 5 .(and Moghaddam, 2023
(Spinacia oleracea L.) Ct.é..»\ (SI30 7 S5 3> Lo
(Ibrahim ez al., 2022) 4_é ap 5 (555 o5 Lol o s
S35 5 s D1 IS 5 eblin OT (iman
Liuetal.,) cbls i 5 itis vinifera L.) 5 &) 5s

(2020

.

e L R CIT™
g)&,m:f 4 Oskore i (6558
503 L5 695 0T DSl as 28 5040
sbie 4y Zagsy ol I el bassls ) alleds
330 ek eibliie ST 5 iy 5T LK
S )3 (§3) o W e Ol J1 halS 5 gy gl
NG P R

B 95 9 ge

o A5 k) als an o) 556 g0 4 ST !
L 3l S SaS ok b I 55 (bl T
Slidss OIS )3 \WAA-AR el L s LSS e
Latitude 44°58 35" N, longitude 37°39") 4w, o&sls
LS Jlg shte oo s |1 (217 E, altitude 1360 m
rate VAL Sl g 5 e VY V0 ol
SMT slaisl (55 0l A gy sinds OIS o5,
JelS (ias 5 ey 5 4 15 2 Ol 5IMMI06
¥AXF) &85 L O s Ladlg (sl s o
S8 L g sl b s Y 53 Graile

SLos e onnb 555 Lol i ghls oslinal 5y 50 1S 2



15 8 S o3l e gL Y8 = pe Jyb s Laas g

.(D’cunha et al., 1996)
olsle SL 055 JLe 5 5 Oliads! ! o cesls culg 5o
S ilsly g o 61 (F 45) SAS il e i ) ot
CoMest| ol 5 gy 4 Wosls Sk wslie s GLM w5,

L oslazwl (LSD) lstias

o 9 @b

S g v 9 bd (cawlbro

Sosh ATl (ol SISl QLA (il 4 5 gl
e Jlat o 55 &8 s (655 (omblin T
o 52 1 sles (535 (mibline ST Lol il e s
bliae OT 5 )50 A5 RS 1 5 s & ez
Ao g Jlanl o )3 (6558 A0 5wl 2Ses
) Jsier) Zoils 35 68y el (55,

.

Table 1. Analysis of variance of morph
and magnetized water

S gmn = (055K 055 W paT 05 eKis0335)
(Ao y3) & ST o
I Sl T cdlad g b (S 0 I
a0 SIS BT E b s 5 Ol et g
St Jsle oylas s oslizel J gl oles 51 DPPH

o (6l i esleT Hajim‘ahdipour et al. (2009)

NUSPEV-SSM N | VR PO S J=8 Ol s
@ 55 ST 5T I Ol oo (Si al., 1999)
{Chiou et qh, 2007) L PPH s,
(PAL) jWligaT S T
by L Il (5,8 e5ll s
Voo VT s NS S (PH=T) ;¥ 50 s 0+ Solid

b 5Ls T pads Sen Fr Y e o

“L%’\‘.u o33 13 31 & lo am 55 ¥V

s e Y 8 oSS IS el s S

, affected by rootstock, salinity stress,

Mean squares

S.0.V Leaf area Internode  Rootstock ~ Branch
tempe length diameter growth
Block 13.93%* 1658045™ 5.88™ 1.06™ 11.64™
Rootsto 4.03™ 316547228**  65.62%*  493.19** 1137%*
Salinity stres 4.50™ 240131819**  114.37**  62.26** 962%**
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SM 4 0.0001™ 2.95™ 8661896* 0.51™ 0.74™ 28.53*
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Error 1 0.0006 3.28 3119088 2.63 1.47 10.11
CV (%) 8.97 7.08 19.72 10.75 7.03 25.47

ns, * and **represent no-significant and significant at 5% and 1% probability level, respectively.
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Table 2. Three-way interactions of rootstock x salinity

Leaf area

on |

ca

.

mQ =01 m0.2

40

Salinity (mM)

\ A 4

ess X magnetized water (Tesla) (b)

80

agnetized water on some traits of

apple sap A\
S 3 -
E % § = Internode Rootstock Branch
% g E § Leaf thickness length diameter growth
$ 2 % = (cm) (mm) (cm)
= I
= =
11521+1256de  16.31+0.50c-e  14.49+0.46ef 19.13+2.14c
0 15380+856ab 19.65+1.00b  16.45+0.36cd  29.77+1.64a
16781+2312a 22.09+1.35a 17.01+0.48c 24.93+3.17b
25.88+0.65a-c 7085+440fg 12.46+0.91h-j  13.16+0.26fg 11.50+1.54f-i
M7 40 25.82+1.11a-c 12939+901b-d  14.69+0.66e-h  14.49+0.75ef 19.38+1.83c
24.58+1.04cd 14981+596a-c ~ 17.49+0.45b-d  14.98+0.10de  16.77+1.71cd
27.27+0.92ab 4517+321hi 11.73+0.46ij 12.24+0.569g 7.54+0.419-j
80 0.295+0.010b- 25.31+0.87a-c 7043+234fg 13.80+0.83f-i 14.03+0.46¢f 7.33+0.77h-j
0.2 78+0.007c-g 24.45+0.71cd 9218+1084ef 16.16+1.03de  14.49+0.48ef  11.7741.83e-h
0 70+0.009c-h  25.09+1.69b-d 6109+602gh 12.55+0.28h-j  20.32+0.60b  11.88+1.05e-g
0 0.1 .260+0.008e-i 25.34+0.55bc 9082+412¢f 16.06+1.44d-f  22.44+1.19a  13.23+0.95d-f
0.2 0.240+0.004hi 25.29+0.93b-d 12867+572cd 18.51+1.32bc  23.36+0.37a  16.07+1.64c-e
0 0.323+0.031ab 26.14+1.10a-c 4300+202hi 10.93+0.48jk  17.17+0.54c 3.38+0.94jk
MM106 40 0.1 0.293+0.009b-e 27.96+1.57a 8820+840f 15.13+0.26e-g  20.67+1.03b 9.58+1.31f-i
0.2 0.288+0.014b-f 24.59+0.40cd 7412+609fg 15.74+0.85d-g  19.82+0.45b 9.60+1.86f-i
0 0.333+0.019a 26.35+0.46a-c 3479+391i 9.19+0.56k  15.63%0.42c-e  2.29+0.29k
80 0.1 0.315+0.029ab 25.79+1.52a-c 4232+462hi 13.54+0.73g-i  20.67+0.49b 3.53+0.89jk
0.2 0.303+0.017a-c ~ 25.73+0.49a-c 5423+989¢-i 15.54+0.60d-g  19.60+0.80b 7.00+2.03ij




The means with same letters in each column do not have a significant difference.
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Table 5. Three-way interactions of rootstock x salinity stress X magnetized water on SPAD, RWC,

and DPPH
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