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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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Department of Biology, Azarbaijan Shahid Madani University, Tabriz, Iran
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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)

5 LW &y Sz 59 sELDW Sy zhu = LA
oS it y59=WS

IS S Gig amlie gl @l (TD )0 a3Lo
a5 ool wals e b A cod el aty) g 2l 5
oy 4 aS Cewl Thihoot § Tlroot (ide g0 Jol g oy a3l
o g bl jlaed b 25 Cow olS Aty ) SB35 o
Lol vl jlens b 55 cod olS plse it SiS (s
039 S 9y 3l 8 RIS) (lse i 4 Ak, o
b dslne ol Llen i 5 bady, (i
Srimgid Lo 5ST ) (slgime (xiu

5 oKom A g5l Sl e Vs 5 S 28l o8 oY
Ggudy il 4f80 )0 590 YO+ Cepwo b aldo VO Goe
e O L dole g a9y Jobre oslaaz 5l oy 20,8
ot a5 ptid (Al gl I R 2
—hee V0 e 4 gl Al 4 29y Joloe 99 8 oS S
slagee Jsb 50 bl 6y iz lie 5 b osile; 2
5 e Fegiy Sl alws & gl FY- g PR FPY
A5 IS Sois 08 S uke e BT,
.(Lichtenthaler, 1987)
85 Jolmo loaid (slgime parmiw

LS I ol ol jlade Jiomiw @l ooy @
S50 Shd Bl S fod /o of) baails 5 loady,
S Hges w8 i sl Jle jsb 4085 13 eslan
sy A0 Jbl il 1 L Sas Sy il pf o)
4885, 490 YO+ ey b o4l Ve o Soe 4 Nen

F e T by mle 5 e oY ) Geeis sl

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

Root Tolerance Index / ) s, Joov asls «/ TIshoot
s (Tolerance Index/ TI) JS° Joss asls (TIroot
slye «(R/S Root - Shoot Ratio) lse isy 4 dis,
9 Sp i) Slagetign 5 AS ke (itmgtd slaailes,
S Sl gy 285 5 )y 090 Saiinl a3l
Sl ), pasis )5 Wlg o mie St 5 et

23,5 &dly dde (5,50 L ablie Cuz

o gy 9 dlgo
oS byl 9 (BLS Slg0

o8zl abgme 3 VVAF Jlo s o Satiud olS la
Ol Gl jo 50,5 dilate yo @Bly lowl)dT Joe agds
el s FORT oldlar Jsb FVIAY oldlia 2)0) (S0
Sl ilobiz 5l a8 s pslaer (s gl ) e WYY
shie Ol by Gsheas aope ) Co g sl b ol
S & osbye Blo B (59, Ly (Sialex Wad gand
Sl p ol GlaplalS 4 leazalS e (L85 )50 g, Suie
ol VF o webiis (6,5 dualpd 1o 30, V ko 4y 5 azdly JUi
a0 YO gl wio o Ve Cugb, (( SOU cel A 5 o
4l @peyion (19599 309,500 VO )i (ilee g ugendes
Ao CTL YO 59, bl 50 59, o sk 2 5 (5,055 ol loj
Fopely Slis F el o) alfse ol Joloe
el ¥ Sope el ¥ e Slalgw ) Slawd pnl gige
oo Sy el t A gy Sl /e e w8
FeEDTA 5 “/vo)  mow Sl cofoeo¥
s o 53 ol b Lo wind adis (Vge et /- FOA
s mjete o e g (Ygadeo Yoo g o) mads IS
S92 90 ke Sl 5l iy Voe deo 79 ¥ g o lacdile
oo Yoo e Sl wings (Ve koo V) ailSgn Jsls o
S BN LS e ragy bl eoliiud b s Yse
390 5 39 O Cide 45 oy e sleus (Chaparzadeh et al., 2017)
22 Jleel olie Joloe 4 (3933 Djg0 4 Yo 59, B YO
2 bS5 Jlael <uiS 5, 00 BT 6 Y G, 5l 6p9 slojless
Lo ulS Sas _Saslol 5 linl cqz wiad clsy TA s
e Jobme alolidly 5 pizns e Ol L gl ) 35, S
5 03938l L5 550 (559 (STl
oy gl ol )y paomin

gl p daady; o Sl (150) QS ¥ 516l F Jles o sl
Sl zshas 5l 2l Bdo gl il 5l gy b gloadle

132/\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://system.khu.ac.ir/nbr/article-1-3418-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ 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

il s 55 5538 GgmyT b baeSilos anslie o3 ol
ool JIE! mams 5 cslys EXCEl 531 o5 51 s alowl 0o y00

J5 SS9 5 039

5 srSeihul Gialesl oyg0 LY ,o JS Sis 5 5 059
5o oRlElal (Y Jsaz 50 LY (Sl &j50
S I o ad oaalive mjie Yoo doe ¥ jlers jo i J5
J S (s i Ve e P maieie 5 5090 plss Lo
Llo plaisl s a |,
S g

Dl Cov LS Sy a6 Soilul 5l Jol mls
Mg 22l g mseie Jlend 0 S e Yo gee Rl
O Jgaz) ols plis |y (6,90 jles jo ]
Wiy juIbT glaadlge

Silepsies Ole (RGR) (pndad, ol s
«SLA) 5 pois9 mhaw «(LAR) 5y zhaws cs (NAR)
« RLGR) Sy ooiads, oo (LWR) 5 59 o
ads, Joo arles (Thnoot) olep Lide Jooo ezl
Glep s 4 ady; Cand o (TD S Joss a3l (Thoo)
el ool @31,1Y Jga 0 R/S)

3 Gyl sire BB A ol lid Tlinoot 4ddfe dwlxe
ool 39z Sihul LS Sl btz g)lboy pasls
by ite b Gl 4 gyed S s)skay
S ol clls saly olF a4 cod glsd i 5 Loy
ssbr adlie ol Gl o9d 4 maiate 098 L &S ol
ol slas oli8l s sixe

3 Gy gre imli8l asm ols las Tloot ddlie duwlxe
Ol el ool 392 gy Sasinl lalS asy; s)bon Lasls
s s g oy ine ST pysaie 45 Cand o
nla ddoy g bo g

el o gyl pme Ol sy a5 ol Lis TT addge avlxe
i3l e ol sl ool 3g2rgs Suttil LS (5l
OLES moyeie 5 (6590 slard 50 Sasiwl (55b0 n (aSls o oxe
L plss 5508 o 53 s)bop pals anctey a5 (s by ol
Al oanlive Yeo o £ oo i

(S5 sljless 1 ol glaesls Guily)ls s mlis
Ao s (s o gime DSIRSS 5o b el (5595 5 e

Sl g jie SIS 5 Olgaile g5,

Sl il oo Ve 0 gl 05 1N0) (9y%T Jale
Ol plom ,0 dids Ve Saw 4 g bolse (duo,0 VY G gilgu
Cdx Gl o ol jo STy B | G 28 S 15 by
Joe o (peess fiagiy Sl b jiagls FT0 gyn Jsb o
O alls SelE o laibinl sove 5l eslaiul b diges o 0B
S 0jg 055 2 eSS ke e p Jsle slaaS lyiome
(Lengetal., 2016) wo 5 5,155
J5 Jalouals 518 slyizmo v

HCI ;Lo ¥ U Jsloe sloosd romiw 31 Jol> Cigus,
oS iylel Lams yo el F Sois 4y g 0 bglie Jloyi + /0
o (9 bl (8559 )b raizr Do (nl 59) 0B (5l
s 28518 e Ol sles 0 cele S oe @
a8 o 490 Feore Cegn boaddo YV Soe a4 ladiges
) 08 i sy b Jolo (5 ole 5 o Sl
4 skie ol b culs ;5 (oo pH olfiws bawg pH (6,5
Joloeel (sloasd jioriw Cz ol oxiley ) (Lo Ve o>
055 Jsboa i) o ¥ b gy lese 51 5 oo o) S
o S B e Ol ples j0 4880 Vo Boe 4 g boglse
PYO 3o Jsb o iz Olie G 0l o (1STy iy
b ges po a3 jlade ab (g pFojlail fegidy Sl b tagil
Sleoms g s (@l 5615 o faibinl S 5l eolail
G S 09 S p eSS ke e p ole land
.(Leng et al., 2016) ws,5
J5 o lgimo (parmin

&3 6]9.‘1.>m Egomo b Sl ).31)4 Jf J?l"“’ le.tz:..\ﬁ 6‘5:‘-’“
Jsboals 5 Jslons
Al g 4y o5y U5 Jolra (sl rein s slione i

Tris-HCl 8L ol Lo ¥ 0 S S cdl 5l o5 - /0
G Yy o cels & Soe 4 g Ko (pH= £IA)
A Ggudy Ol 590 YW e 10 B B0 V0 Do A e 0D
obre sliben I3 L sy o ) pdibe o)
oBiale;] slos ,o (5 lagSs aiBs Ol am g bglswe 5,9800
Slsie 03,8 et fagls 030 e Jsb 5 i e
S8 gl oy o lailinl e 5l eslatwl b ey,
ool 2 IS Jslome lageiion Jade 5 ol s (BSA)
(Bradford, 1976) wis 5,155 Sz 59 0,5 0 0,5 e
Wools ks g g5kl 5T

Holas SLls T B s o ygslh e 4 ool
5 ool b gylel slozalll plool i ploil S5 ez b
(ANOVA) a8,bgs i,y 43525 L SPSS 17 13306 5

133/AYY


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://system.khu.ac.ir/nbr/article-1-3418-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

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

el ) gladdlge polie (S S 0Setig 5 slyiome « S S Sy S slgimme (S s «SES (59 8 059 2 e 3 Sr9 x50 =Y Jgu

4 NS gk

sk Sl 2P )00 mlaw o o pme S pae Kby (LS Bgy> (2 SE IS5 F) Sasiul Slen Gise 4 ady ) Sad g Joo

RO P TRV R A TR IA Y  PUE S KO PP < N
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.
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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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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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