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The effects of magnesium on the growth and physiological
characteristics of Syrian bean-caper (Zygophyllum fabago) in saline
conditions
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Correspondent author: Leila Zarandi-Miandoab, zarandi@azaruniv.ac.ir

Abstract. In order to investigate the effects of salinity and magnesium (Mg) on the growth parameters, physiological
characteristics and contents of some metabolites in Syrian bean-caper (Zygophyllum fabago) plants, a factorial
experiment with completely randomized design was performed and carried out in perlite with Hoagland solution. The
treatments were combinations of two levels of salinity (0 and 300 mM NaCl) and three levels of Mg concentration (0, 2
and 6 mM excess to the standard Mg content of Hoagland solution). Salinity did not change the fresh weight of the
plants, but application of Mg in the growth medium of plants increased the dry weight significantly. Salinity reduced
the leaf area, but the presence of Mg improved and even increased the leaf area of the plants. The Mg reduced NAR,
while increased LAR and RLGR. Salinity decreased the RLGR. The interaction of salinity and Mg increased and
improved RGR, LWR, RLGR. The tolerance index in salinity treatments increased with the presence of Mg. The R/S
ratio showed a significant increase only in salinity condition, however, Mg moderated this ratio. Salinity reduced the
photosynthetic pigments, however, application of Mg largely alleviated this decrease. The interaction of salinity and Mg
increased the total sugar content of the leaves and reduced the total sugar content of the roots. Salinity and Mg reduced
the total proteins content of all the organs of the plants. In general, salinity had a negative effect on the physiological
parameters of the Zygophyllum fabago plants, while the application of supplementary Mg improved the growth indices
and increased the plants tolerance against salinity.
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4) Specific Leaf Area (SLA) =LA/LDW

5) Leaf Weight Ratio (LWR) = LDW/W

6) Relative Leaf Growth Rate (RLGR) =
(1/LA) (d LA/dt)
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Table 1. The effect of salinity and Mg on fresh weight, dry weight, leaf area, total chlorophylls, total carotenoids,
growth parameters, TI and R/S of Z. fabago (4 replicates + SE). Similar letter are not significantly different at the 5%

probability level. ns*, ** and***: non-significant and significant at 5, 1 and 0.1% probability level, respectively.

Salinity Mg Fresh Weight Dry Weight Leaf Area Total Total .
(mM) (mM) (¢/Plant) (¢/ Plant) (Cm?) Chlorophylls Carotenoids
(ng/g FW) (ng/g FW)
0 3.424+0.0976 b 0.407+0.0374 cd 3.84+0.127 ¢ 36.357+0.314 a 9.188 £0.098 a
0 2 6.498+0. 2890 a 0.46040.0440 be 5.136 £0.250 ¢ 32.004 £0.254 b 7.607 £0.109 b
6 3.467+0.1287 b 0.371+0.0088 d 6.590 £0.093a 29.701 £0.325d 6.110+0.092 ¢
0 3.391+0.4497 b 0.347+£0.0195d 2.492 +0.116f 21.086 £0.018 5.512 £0.095 d
300 2 3.180+0.4039 b 0.5294+0.0125 ab 4.333 +£0.230d 232340410 ¢ 5.548 £0.123 d
6 3.936+0.2052 b 0.604:+0.0084 a 6.067 £0.165b 30.977+£0.282 ¢ 7.340 £0.0892 b
Salinity Mg RGR NAR LAR SLA LWR
(mM) (mM) (g/kg Day) (g/m? Day) (m?/kg D.W) (m%/kg) (kg/kg D.W)
0 0.072+0.0038 cd 9.61£1.19b 7.63+£0.626 ¢ 31.62+8.17 a 0.35+0.10 ns
0 2 0.077+0.0041 be 5.58+0.70 ¢ 14.04 £1.182 a 31.97+1495a 1.85+1.33 ns
6 0.068+0.0009 d 5.86+0.22 ¢ 11.71 £0.281b 33.00+2.33 a 0.54 £0.02 ns
0 0.066+0.0022 d 10.55+0.52 ab 6.24 £0.151¢c 11.68 £1.52 b 0.64 +£0.09 ns
300 2 0.083+0.0010 ab 12.01+£0.73 a 6.92 £0.361c 19.67+291b 0.45 £0.10 ns
6 0.088+0.0006 a 10.984+0.35 ab 8.03 £0.214c 15.17£097 b 0.66 £0.02 ns
S::;;;;y (11:1451) (cml}/fn(fl:)ay) TI (Shoot) TI (Root) TI R/S
0 0.99+0.0013 d 1.001+0.088 ¢ 1.000 £0.117 b 1.001 £0.092 cd 0.165 £0.005 b
0 2 0.137+0.0010 a 1.099 £0.124 be 1.316 £0.015 ab 1.130 £0.108 be 0.204 £0.024 b
6 0.120+0.0006 b 0.891 £0.030 cd 1.040 +£0.080 b 0.912 £0.022 d 0.195 +£0.020 b
0 0.081+0.0019 e 0.740 £0.053 d 1.540£0.038 a 0.854 £0.048 d 0.349 +£0.024 a
300 2 0.104+0.0021 ¢ 1.302 £0.042 ab 1.287 £0.181 ab 1.300 +0.031 ab 0.165 £0.026 b
6 0.117+0.0011 b 1.471 £0.044 a 1.569 £0.139 a 1.485+0.021 a 0.178 £0.021 b
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Figure 1. The effect of salinity and Mg on soluble sugar content of Z. fabago (4 replicates + SE). Similar letter are not
significantly different at the 5% probability level. ns,*, ** and***: non-significant and significant at 5, 1 and 0.1%

probability level, respectively.

J5 a8 lgime pomieie 5 e SISl ol ml
LS, IS o8 Glgime p (g9 kol Sl as ol lis S
Sy JS ad 5 mie 5 Gyed GESpRp Sl (Jy e
cxge me 5 Syph b ollS plejes jled .l o sxe
ol 1 el a5y S i lsie o ine Ll
alo J5 w8 Glyime p pajeie 9 6y90 GRS Ry 9 Sy
S s Ol s sl 4 ol o0 jude Al o el o e
a5 Sl 51 ol b sl 0390 il JS 0id (glyims 4
cdale b oo jaie Hlegs a5 oy las a8l IS w8 glgioe (59,
Bl IS aB lgime o loime Uil el Yoo dio ¥
g0 $y90 Jlesd 50 pujrie Vb Hlade 80 5 isren ol
W8 Al S aid o o s iuliél
S5 adyy J5 0 gliome 6V sy il 5 S Y IS
3 35290 DMl azly cul e 5 et sbajles
GS ey Sl g s 9 (5590 bl Sl Cenl pagine ¥ SO
J5 a8 Slgioe o pme Dl o Coge Dol a4 90 QT O
Gl ) i) a8 Sl 4 6yeh g e Wileads ads,
Sz 5 05 cge 90 ol Glosed 3515 a5 Il wilosls
el 00l 8 u.,.mlf
O 95 slgimo

ol Sy S iy Glyiome p ()90 Sl 5 Jeol> il
S5 g lgiome ylo sme 1ol crge vy 9 (590 oS Bl

Slyin o ine al38l el te ot 0 oS sl
Jsloeal 08 glymme 00,5 wald 4y Cod Sy Jolonals 038
Foble) mpio bopls sypd b oead s oS 3 Sy
ol lad wals ol S a4 cond gyl s (a8 (Yoo Lo
Sl Hlas o pme NS e Yae LoV cdale L Jg
55y Jslousl a8 slyin 2 5,58 Sl ol s
30 e Slens O lid sald 4 cad (gl gme B
Noaideo 7oble )5 5 jlogine RIB1 Yoe oo ¥ cibale
@ S bralle Jolmal wid (lgzme Jlopae 2alS el
booas jlews o8 jo a8l Jolomel o8 (glgime 0l calis
Slosine il Mmoo # Sl b i b ol (60
Vockl b e b (Jy ol plas sals olS 4 ces
i ady;y Jolowel o 0l lis jlo sme M Voo Lo
cé 5 15 ead Jleel slajles ;b cou asle Joloul aus
) ada) Jolowel aid (slpioe o (5)lo gine DS (6558 (o
Slyome jo o gxe rals £ cdale b oo g Jlows olas las
Vockle o Jgools plas sald 4 cas ady, Jelowel 03
olS ;o ady; Joloxali wid slgizes ol lid jlo goe M
Sl Msaishio ¥ Cle L i b plss (65 b o o
o e fogine ol Nga oo § il b Jj o ine
(Y JS5) ols ylas wals

ads) g basle LS p S w8 (slgine

135/\Y0


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1400.8.2.5.6 ]

[ DOI: 10.52547/nbr.8.2.130]

Nova Biologica Reperta 8(2): 130-141 (2021)

OF Yo EY ¥ o lod h ale o pole o Cgi sloasily

In-soluble sugars content (mg/g DW)

cxcwl P <.

| P4 Wasly | Fig)
o Two-Way ANOVA: Two-Way ANOVA:
Lwo Wary ANOVA F (Salinity) = 0.786= F (Salinity) = 4.468=
B F (Salenity) — 18433 F (Mg)=3.672" F (Mg)=50.032"
a FMg=371 F (Salinity*Mg) =53 471" F (Salinity*Mg)=34.971"

a

. Y ' . Y f
Mg (mM)
Control Salinity

O gl 50 o sae NS pae il LSy By, (SE £ 1,55 §) Sasiul Jglomal 08 Glgize p mojuio 5 5,50 3l =Y S5
Ad goae g g oy /) VWD ool e o 6l pme [0l o 5 4 NS g ¢ s

Figure 2. The effect of salinity and Mg on insoluble sugar content of Z. fabago (4 replicates + SE). Similar letter are
not significantly different at the 5% probability level. ns,*, ** and***: non-significant and significant at 5, 1 and 0.1%
probability level, respectively.
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Figure 3. The effect of salinity and Mg on total sugar content of Z. fabago (4 replicates = SE). Similar letter are not
significantly different at the 5% probability level. ns,*, ** and***: non-significant and significant at 5, 1 and 0.1%
probability level, respectively.
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Y game 316,00, 9 0 gilwosle duoy oo Hlan wal
Lol 000l Ssete Sl e ) sd Lulpd o (gitgnd
33 0lS e Condg i 36 (A6 WIS oo as ()
B 3l s 55 o a3l gt 5l 6yl oyt 5 Jiig o
o)l 35 g @ate il Do S kS 2 (k25
Sop e Sl AT LS &8 Ojse )0 e Sl 4ol
Ll 25 oS ) il 3 e Jale S, 30 ook 3
gl edpd base 0 st Cble IEIL .l oo )S
A oo slid 1) (glo sime g plaie iol3El Sasawl olS I
9 LalaSS) Jig » muieie Sude 13U 4 az g () Jooz)
2l 5 sy g0 oy ilaie i (nl (S3iiagid sla il
S Jorishee Yoo pga> 0 (g Cwlaiily ajeie
9 Swgd Slapian 2 095 Cude ;53U (pl 5 o, IS

e B 1) Saiinsl 5 S 5 A,
ol &)l ol (pizmen 3 S 9 ()9 Skl Az L
},JUT;}.? peslal) RGR s o) alynss o Jgaz o
oS 6osd slayled 0 NAR (gilupsSen oliee 5 (0
apd oo olid |y lade aiinn wiles )5 28l 0 oy jue
solie el b aS ol aig ed olS Sadall S
dsedee Yoo) 9t Lalps o olde obe 5l (ol
w9 clie 5510 20502 5 S3leissNon (U5 (e IS
JSL25 RGR 1y )l |y i by gbiol, 55 3iagss ||

ol,:f BN Lbsj).a Jf u.».f.)j/d 6‘5:.>u JEHRWIRY-A W A S Lmj)a
olS 4 s (5,lo Sme (1ol oy jeie b pley (6595 b onds jleus
OeiSgn Gleme p s)e Dl ol guls ol lis sals
Slgizme o cxe G1alS g (690 a5 ol lis ddle S
3o g Hlend el ool wald 4y s WdBle ST g5
Al aald 4 Cond adle S gy o pre LialS cels
Ss boads jlad ol S o Sy JS5 (g slgime LialS
Sl Jy o aaxMe bB walls olF 4 Cond pyjie b ples
L o gine Bl JS Geign 2 miie 5 So3d GRS R
sy, J5 outign Glyoe » e Ol 5l Job> mbs
eign Gleoe o g Gl crge (g)sd a5 ol (ylis
ool el 5 e Slewd Ll ol & cons brasy, S
Al dels 4 Cad bady) S mfien Gleome o s
L o155 o b o ot ol o oy, S ety sl
olS @ cod gy gre als Veo LoV cdalé b e
A Voo Lo F clale b g b (Jg ol las sals

(F o) olas las g)ls sme

Gy sadlgo 9w
5 phie Olss 5l Sl a5 ) Jgam sleodls & azg b
Sl job laze 0 giie jpax 0 SiS (59 (Ll

137\YY


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1400.8.2.5.6 ]

[ DOI: 10.52547/nbr.8.2.130]

Nova Biologica Reperta 8(2): 130-141 (2021)

Cmnd Gial38l g iy ) o, alS 0gd oo aly ) 4 ddle S
obS sla 28Ty sl 51 (o Wlgi oo a4y Bl S5 (35
SgueS Ay Ay y Ad ) 92 co L ol aBl o jute SgeS A
(Cakmak & Kirkby, 2008) ¢l ulus [l o3 juio
G gid ailass,

o oS S 5 slaaseis IS g el IS S jsbay
970 S p ( Fomdd SaeGVsb (S )0 aloe talS
50 X0,S oyl5F Yo e o Nil g Wang oS o 55,5 4
Slyme muawn IS S b 658 (55 b o> gl elS
ol (42 BB joboas loadeiig 5 g Judg S oig n (Judg,lS
@ Je35)lS 5l e b J39)lS 5 Jedg 59 (RalS 5 Ll el
S5 Geilewgil GlaailaSs, Ko b 5l g adssg)lS
(Wang & Nii, 2000) cub  wlpdl =y L6
slie )3 Seree Cwugdor laenSS,  laadsy)lS
olS pdglin jo (oo oo Slae oS o0y Sdlg,lS
oBiws (S oS, laisds jo Ll pegdle yls
oy @ geilaaSt 5 g (SLal slaggisd 5l 1) (sjmgid
Iy cliblre Sbaw b oad aSly Jde,ls b STy
(El-Tayeb et al., 2006) auS o cwles ROS JSis
2 oszse oilnd JheeSIl SlaS s basens
Nenova ) asly yiolidl oo Lyld (o a8 aius Cadlyg S
ieS] G LdsmilsS as = 5l eslizal b 4 (et al., 2009
clidle 6,55 gamlaenST Jlie ;5 L3S 5l 2alS )
OgeolanS s anlyd ( J8giliS as > o pimes LS oo
Loy ool i cov lsS o ilST; Jlade ialidl el
Sl el suns slalid Sl g5, ke il
Sloptass nlpli web e ROS Hly 5o lalad 63358
b mbs ol ,» (Chaparzadeh & Zarandi, 2011)
5 Jedo,lS JSas b 5,58 a5 2o 5 3,155 Das 5 Parida
Spise (BLS Gleaiss Gl gl Sn e laadess) S
.(Parida & Das, 2005)
J5 5 Jslrali  Jalro w5 (glgizxe

2 0LLS 5o Jsle ladl,aies S pexd e dsSlS o
o g B Rl las (K55 b (gy55 4 gk
Jed 3 bl aims S el s i)l Lalls COp i
2 @z G gy w8l 5 55155,8 eSS
Sty S o g3l by, ¢ bLas by 5l clidle
L u,».bls sLDJliiél) )Lerc 9 L"’JS OPS c\.]a...q‘e L) 6)‘“‘*"
oaiiS Lol 1t 5 0aiiSTol glaaid o igl53l il (glgioee

OF )Y oVFY Y o )lod A als i psle o g5 sloasily

1 oole Lialil Sl NAR g wnd adgi oole jJaie il
el ey axlg 5o 5l sKen alaw

ke glils jebpe gloyles ;o SLA (S ohis gl
Soge frda s sbajles )3 silepsen (Jy conl aniio
gl Oliee 5 oy gl Sl 51O o) conl 48,8
oS Sy o wmd o i |y Sy St o35 el 2 S
oSy Js SLA il coge S slas, LS
Siolesl e Slaslive abanly> SLA jiolS Coge pudusd
b ) e bl e Saiil Gl culis il
g 5l i S Cwls (5,00 ;0 i Ol 4 0 (o
Sainl S Colis Ll Dalls colazil, il Ll
5 ilwosle b ipaged iwsid (SRl i RSU
el 4515 (6 LoysSe

ol 5 RLGR)Y Sy cdidsy Gline a0 bgsye sloools
2 Sp gl alyy; Gl e a0l ) g
28 Clodg i jebpé e 0 JS S gl sl
Sl o9zs o] e (o Riaghy Jolo g oaslie b
Sopeion 33 ) Jeuz yo azslzr il jednd ball oSG
oy o0 095 e dieS ) (550 sl les o lade cpl el
Sy ssgt Spme ot 5 s iy, Sl e
~S 097y 5 St ol A g sl a8l I8 Sy o5
sl 0592 558 Ll 4 i (sl

S 9 @lop itu ity Jeod (alh 4 bge slaosls
2 ety (nl s pae g azg BB (Rl sasms i
Wl i 500 Sole Sl e 9 590 slo)les
IRl 9P 98 50 1) olS Jed g (53kop Ol
5 o 0y i3 0, 5T ol b SIS s ol s
el 385 5 (o 5%

RIS alse ion 4 ady, Sis (jy Camd Gilidl
b ablie 51y oS ol 45 Canl ol LSLES ()95 o Sainl
O35 FEB 9 S g ol SRl Bl ol g,en Sl
Jos 3350 sl ol (nl )0 g Sl 00y 00 Slady ) i
035 S5 4o ol Jood (el Sl ] asel a5 o5l
Sops DT Al s a5l Lazme 4 st 099380 L o
S9r2 3 398 S8, 65 B lnle adl L oL
2 RS alie mpie U 5y58 sloyles ;0 RS 5 o)l
SgeaS Ll jo () Jgoz) el ond jadyd slales
Sy saali S S e

) & SES 0ole gl pide S9eS AT g950 L
0j9 S 53 patie GRIPl 4 e o5 b elS

138/AYA


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1400.8.2.5.6 ]

[ DOI: 10.52547/nbr.8.2.130]

Zarandi-Miandoab et al. The effects of magnesium on Syrian bean-cape

czrge Sile miie W)l o CadSET S 55l g0
a5 Wad oo piigp LRalS g ol laaie] sl lade il
ALy isn Fiim (59) paseie pedios i1 JJo 4 Yoz
c2 g pelly 9908 ol poliy alS 805k I pediiens 2
35 shusts (Usbnals slaasd 5 ey ) Laymcly i S
2 Sb 90 Gl FIlE e gl S
b 5l (egn Fe y0 Gl G &5 el oS (sla gl
5 dozy Rl cardisn ;0SS0 5 pgiem Bl (5l
Jolss aS oo 3k ATP dlen o glyear o35 Jos
ool (61972 g g Slp e s ATP ol
Collad ol e gty pleile )0 i bo(5)9d
Jie plyie @ wsioe ol 55 S7se slamsl 5l )k
(Parida & Das, 2005) sSuny, mpl codld rals
o oy y58 A5 b eas wdg ST sla i,
S el wls o g oty n b &S ool (55
Sgdso Joho Slointisn 5 SlS slasenl (( ok las
S 18 6eh A Cod oS SlalS ) (g n SRelS
Khosravinejad ) s> 5 (Dolatabadian et al., 2008) ;15
Sl s 5,155 (et al., 2009

Cooper ) sl )F Sed og,08 sl e glo s o
(Okimoto et al., 1980) s3lsa o Lol 4 (& Ho, 1983
S a0 ) Sl 8 plae slageSen el e o
Joslr pledly L slaguan it 4 aler ol )
Pinheiro et ) oo &5 g (Uemura & Yoshida, 1984)
5,5 o )l5 g ee (al., 2001

U g Fi 50 od osalie SlpiS 6l p 42 g S
MRNA) doz 5 S50 b jloe Gl (Son modasdy IS
5 o ey Slags Sl bape o) aled aaly
S35 (Oml —0edS 5 Geds) Jobme I olse 55 IS
@ polie 5 ooles ol 5l oad lr GLMRNA (gaozr 5
S a5 a3 oe ol gladad (ygy0 by Lulpd 0 S
@l (Getilr by el sl 4 s (et b Sy
o S 5l Ygedie A (VL slaeSTy e il sl
powigel b muaw a5 Bg (Gibson et al.,, 1984) 54 oo
i oty Sl (Fp e Wighio el pdilr
s bl oy Jod 5| e Sl G 35 e
Eob Olpedr Wz (s p sl (ol g el i
Slagtign o5 Wsdoo jim (dane Sl 4 olS @ e
30 i cpl 5l (Sl slass L 5 aigd o el S
Hanson et ) cel 15,0 Sjglgind L Sdglie sloosl,s

Sl g jie SIS 5 Olgaile g5,

oo)l5 Bruguiera prviflora sbs 1o Jod Ly zshaw o
a5l S jelles 5 (Parida & Das, 2005) <ol ool
Ay il pexd Al Jumjpd (S Cod oS Sl
shablis i g ol syaeln (ol S (Sl
Sl G5 e o sladshe o ey 5 blis
(Ashraf & Harris, 2004)

o oS sbdsle o 1, lailFgs Jlel baol,amg S
0 s (Sgenl ele S (lgiea S5l Sy 51 ls eages
o bis cel renl Jedly 0055l b b oS
el b R3S 51 5 93,5 o sk ol 5 il
Sy lasild jls 0)5e (0SSl 5 oY (55l
ol aile baljoeg S Wgd oo b sho gai 5 ab, cebs
g 48l gex S Zow i 5 (501w 9 95558 55 9lS)
5 RS 0P el S g cblix o (glodee
Parida & Das, ) &,ls eage » o1 sla !, s5Lsh
(2005

S w55 ppiete Aler B lng S
Olsieds byge op dilen lbaid wiiws lls o (el
S e i |, adle 5 03ai Jae 4yl (slo el
sgbie 4 (o5 Glope b load Jdle gla s oy
Arakawa et ) oS o (iiSon p pedglio oulas 5 Jsoss
2 Olei cle 4 Wy bad cbleg (al, 2010
—aez Fm o0 JUd @ bsype eizmes 5 CO2 5l sRen
slempl e s e 5L slmpl ol GBS
Slsme ;s 5 2alS o il 25 Lalyd 5 gllS 45z
2 Jslone (sloasd ul3il Lo lis al o bl Jolons a
(Sheteawi, 2007) ceul ol i 155 (5,08 iid b bgw
S5 o8 elS o Jsbs slaasd (K25l S et
Lo oy a2ly9 () 45l Sy (5 5 it
loasd soee i 00,5 o olS slaJole o Ol (glgime
ials8l (Parida et al., 2002) cowl (5ol pudass b clolo>
Ay B Sde @ lgioe |y G5 ley po Jelne laais s
pI riaed (S Fimgid il S e S Ol Gl i b
Gad oS 9 R Vgaxme a4 OlaSy Gl b
s S35 cn Jslms (slaaid lidl el a5 Jslowals
O g 5 Slgiome

peedslie 50 hFe iyl wir eanSld ppe
0% oreed o el SeelSg el i s Sliaes S
JB9,AS J9Sg0 50 09290 58 Lt 15 Sl e sl e
il SIS oo (B Sl e i (g5 ey lsione e

139/774


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1400.8.2.5.6 ]

[ DOI: 10.52547/nbr.8.2.130]

Nova Biologica Reperta 8(2): 130-141 (2021)

3! b

e olRils (gylid g Ghegn Coglae I WIS
ailei oo 61Kl Jlo Colex by (lub )3

REFERENCES

Arakawa, M., Mita, T., Azuma, K., Ebato, C., Goto,
H., Nomiyama, T., Fujitani, Y., Hirose, T.,
Kawamori, R., Watada, H. & Watada, H. 2010.
Inhibition of monocyte adhesion to endothelial cells
and attenuation of atherosclerotic lesion by a
glucagon-like peptide-1 receptor agonist, exendin-4.
Diabetes 59: 1030-1037.

Ashraf, M. & Harris, P. 2004. Potential biochemical
indicators of salinity tolerance in plants. Plant Science
166: 3-16.

Bradford, M.M. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical Biochemistry 72: 248-254.

Cakmak, 1. & Kirkby, E.A. 2008. Role of magnesium in
carbon partitioning and alleviating photooxidative
damage. Physiologia Plantarum 133: 692-704.

Chaparzadeh, N. & Zarandi-Miandoab, L. 2011. The
effects of salinity on pigments content and growth of
two canola (Brassica napus) cultivars. Journal of
Plant Biology 9: 13-25 .

Chaparzadeh, N., Saeedifar, R., Zarandi-Miandoab L.
& Pazhang, M. 2017. Effect of nitric oxide on
antioxidative responses under salinity conditions in
Zygophyllum  fabago L. (Zygophyllaceae). Nova
Biologica Reperta 4: 155-165.

Cooper, P. & Ho, T.H.D. 1983. Heat shock proteins in
maize. Plant Physiology 71: 215-222.

Dolatabadian, A., Sanavy, S.M. & Chashmi, N. 2008.
The effects of foliar application of ascorbic acid
(vitamin C) on antioxidant enzymes activities, lipid
peroxidation and proline accumulation of canola
(Brassica napus L.) under conditions of salt stress.
Journal of Agronomy and Crop Science 194: 206-213.

Ehsanpour, A.A. & Razavizadeh, R. 2005. Effect of
UV-C on drought tolerance of alfalfa (Medicago
sativa) callus. American Journal of Biochemistry and
Biotechnology 1: 107-110.

El-Tayeb, M., El-Enany, A. & Ahmed, N. 2006.
Salicylic acid-induced adaptive response to copper
stress in sunflower (Helianthus annuus L.). Plant
Growth Regulation 50: 191-199.

Fedoroff, N.V., Battisti, D.S., Beachy, R.N., Cooper,
P.J.M., Fischhoff, D.A., Hodges, C.N., Knauf, V.C.,
Lobell, D., Mazur, B.J., Molden, D., Reynolds,
M.P., Ronald, P.C., Rosegrant, M.W., Sanchez,
P.A., Vonshak, A. & Zhu, J.K. 2010. Radically
rethinking agriculture for the 21 century. Science
327: 833-834.

OF )Y oVFY Y o )lod A als i psle o g5 sloasily

ooty n ool LT as! .qal., 1984; Okimoto et al., 1980
ot Al s lagme 5o OlaLS Gule 0wy 5wl Gl L
sl Q0 5 9 S 090 b b aiin Lol e ¢ 1S
ools lis ane; cpl jo (5 sS Slalllas I odel Cwday gl
©l 05naS g 5yp 4 Gl g0 T 0 (eSgn e o el
s IS (VL ol b ngn e (mizen aboo SRS
S soi yle LS & lasin b 5l (B i atdl s9d oo o
9 o 2 IS i 35 (IS oS
3 loyd Yoiol 5 il gz j9 Lyl oo Loy
s S (el harliss 3 45 S o alp |, (g
S92 3 &S (lacrSgn il lom W oo (i lisios b
35 Lol willg oo el )0 g Md (ondbgTon digd (o0 W
Gl s Yozl gty ool muidlysion 406Ky 5
4 ke oS Wl gedge (e Lo Bdou 0 slady) slagtsn
@ e g el 00l (6550 & Cund obS (nl YL Jood
obea olS 1l 3 WS (o0 S5 egn Fag
Vi 5558 50 ol (2als 5 oml (515 0 (g n liome Gl
(Parvaiz & Satyawati, 2008) ol oals 5155

ylo 1y el blyd )3 g, (2Uly plalS (S0

oo ol Sl Sy (bl ol el (et
B @bl o 9 65 W) e 4 iy ey
58 3 S sla STy 5 (rtmgrd (9 5l JUESH 002
Sype ie polic il i ] (S aeaST 60 Cars)
55 e ) labs bl il jo bS8, g 5,55 5 egou olS 5L
O mie 5 lls 0 gluds glacaw! ams o I8
yolie jloolatnl 5, cpl 5l 0gd s ol padgilio ¢ jiiwend
Olpeds Wlgioo mupie dlox 5l Sracy yolis ohg 2lie
G5 ooy 0 plalS LS 5 s il slial, o s, Sal,
oS Ul 5,5 1o lss e Lalid o ol ol s,
Ceoglin b il Clizl gl sdile Gl pundlSe dxwgs )0
Sog pol> Ghagh el @l elul ol s &
Fowgm 5 Sy p 2ol S s )lS Ve Lo Y
A8 glgize (g yimwsd slaailals, ales 5l adsl slacdglie
b‘)Lo W.:).u..a )‘ W)LAA J.JOLQA u°9)5‘ S cusls cl,,f ‘J’“‘bj)" 9
2 S e Al et S jsbar sge fasi | Sl
wosie 35 5 el Sathol olS it slayiall

140/ ¥ -


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1400.8.2.5.6 ]

[ DOI: 10.52547/nbr.8.2.130]

Zarandi-Miandoab et al. The effects of magnesium on Syrian bean-cape

Gibson, T., Speirs, J. & Brady, C. 1984. Salt-tolerance
in plants. II. In vitro translation of m-RNAs from
salt-tolerant and salt-sensitive plants on wheat germ
ribosomes. Responses to ions and compatible organic
solutes. Plant, Cell & Environment 7: 579-587.

Ghahremaninejad, F., Hoseini, E. & Fereidounfar, S.
2021. Cities in drylands as artificial protected areas
for plants. Biodiversity and Conservation 30: 243-
248.

Hanson, A.D., Jacobsen, J.V. & Zwar, J.A. 1984.
Regulated expression of three alcohol dehydrogenase
genes in barley aleurone layers. Plant Physiology 75:
573-581.

Khan, S.S., Khan, A., Khan, A., Wadood, A., Farooq,
U., Ahmed, A., Zahoor, A., Ahmad, V.U., Sener, B.
& Erdemoglu, N. 2014. Urease inhibitory activity of
ursane type sulfated saponins from the aerial parts of
Zygophyllum fabago L. Phytomedicine 21: 379-382.

Khosravinejad, F., Heydari, R. & Farboodnia, T.
2009. Effect of salinity on organic solutes contents in
barley. Pakistan Journal of Biological Sciences 12:
158-162.

Kobayashi, H., Masaoka, Y. & Sato, S. 2005. Effects of
excess magnesium on the growth and mineral content
of rice and Echinochloa. Plant Production Science 8:
38-43.

Leng, F., Sun, S., Jing, Y., Wang, F., Wei, Q., Wang,
X. & Zhu, X. 2016. A rapid and sensitive method for
determination of trace amounts of glucose by
anthrone-sulfuric acid method. Bulgarian Chemical
Communications 48: 109-113.

Lichtenthaler, H.K. 1987. Chlorophylls and carotenoids:
pigments of photosynthetic biomembranes. Methods
in Enzymology 148: 350-382.

Mengutay, M., Ceylan, Y., Kutman, U.B. & Cakmak,
I. 2013. Adequate magnesium nutrition mitigates
adverse effects of heat stress on maize and wheat.
Plant and Soil 368: 57-72.

Nenova, V., Merakchiyska, M., Ganeva, G., Zozikova,
E. & Landjeva, S. 2009. Physiological responses of
wheat (Triticum aestivum L.)-Aegilops sharonensis

Sl g jie SIS 5 Olgaile g5,

introgression lines to excess copper. Journal of
Agronomy and Crop Science 195: 197-203.

Okimoto, R., Sachs, M.M., Porter, E.K. & Freeling,
M. 1980. Patterns of polypeptide synthesis in various
maize organs under anaerobiosis. Planta 150: §9-94.

Parida, A.K, Das, A.B. & Das, P. 2002. NaCl stress
causes changes in photosynthetic pigments, proteins,
and other metabolic components in the leaves of a
true mangrove, Bruguiera parviflora, in hydroponic
cultures. Journal of Plant Biology 45: 28-36.

Parida, A.K. & Das, A.B. 2005. Salt tolerance and
salinity effects on plants: a review. Ecotoxicology and
Environmental Safety 60: 324-349.

Parvaiz, A. & Satyawati, S. 2008. Salt stress and phyto-
biochemical responses of plants-a review. Plant Soil
and Environment 54: 89-99.

Pinheiro, C., Chaves, M.M. & Ricardo, C.P. 2001.
Alterations in carbon and nitrogen metabolism
induced by water deficit in the stems and leaves of
Lupinus albus L. Journal of Experimental Botany 52:
1063-1070.

Rabizadeh, F., Zare-Maivan, H. & Kazempour, Sh.
2019. Ecological-anatomical comparative adaptability
of two gypsophylic Astragalus species of gypsum
soils. Nova Biologica Reperta 6 : 241-253.

Sheteawi, S. A. 2007. Improving growth and yield of
salt-stressed soybean by exogenous application of
jasmonic acid and ascobin. International Journal of
Agriculture and Biology 9: 473-478.

Uemura, M. & Yoshida, S. 1984. Involvement of
plasma membrane alterations in cold acclimation of
winter rye seedlings (Secale cereale L. cv Puma).
Plant Physiology 75: 818-826.

Wang, Y. & Nii, N. 2000. Changes in chlorophyll,
ribulose bisphosphate carboxylase-oxygenase, glycine
betaine content, photosynthesis and transpiration in
Amaranthus tricolor leaves during salt stress. The
Journal of Horticultural Science and Biotechnology
75: 623-627.

skskokoksk

How to cite this article:

Zarandi-Miandoab, L., Chaparzadeh, N. & Fekri-Shali, H. 2021. The effects of magnesium on Syrian bean-caper
(Zygophyllum fabago) growth and physiological characteristics in saline conditions Nova Biologica Reperta 8: 130-141.

(In Persian).

2 g loatil .o eh Ll b o Sasiul Sujgle et sla Sy g &by g peieie Sl YA Lz ( U 6,53 5. 000)ble o coTanibo iy

AT VBN A s pole

141/7 )


http://dx.doi.org/10.52547/nbr.8.2.130
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.5.6
https://nbr.khu.ac.ir/article-1-3418-fa.html
http://www.tcpdf.org

