uﬁ} @Jr— >33 Gla..gaaaé@ﬁ.ﬁ

Environmental Stresses in Crop Sciences

1744 350 (P g 0 ko (3 jaw M
<y LR-4AY
”"{."‘4" http://dx.doi.org/10.22077/escs.2020.2243.1570

S 29318 0l 2108 yolie Qi § Gy Dhogas » (3395l g6 Wb

S39% G5 o (Tagetes minuta L.) 5 3o

oo oo Sl ylo 2 | (15 po

i oy B olRiils ((55,5LaS 0aslasls ¢ SLel pole 09,8 k| owlis IS gemeiils )
Sl gy olKils (g5,5LaS caSlisls ( SLEl pole 0,5 Liils Y

AALTINY 580y sl QYN bl yo g6

oduS

o e (Tagetes minuta L.) (5o 350 sy polic wis g ghidy Sluogas 13,5050k g B bl w)y jglicea
agpiee owgdyd oSl linio ALS 50 1,50 aw b (Bolad Sl £ b B 4o 9556 & ygos SIS iabojl 650
Funnetiformis ¢ Rhizophagus intradices b gdli § goili pus) gebaw duw 50 13159500 g8 50,15 Jol 55l .ol sl
s ol i gl 092 (padws w15 Va0 deo WY g A e ) 65l O (5500 rbams Jlozr Jolds pgo ;535 5 (mosseae
G941 obS Caoglile g (59 pdo Wl hawi Sl 132,950k 0,5 9 WSl Jals wudiay gy9b AT S 50 gad) olie
23 (YYIFY) (oly aslis slass 5 (ool SO/VD) ags 15 )l «(soskon Y/FR) a8lus Ha8 ((IY/AR) 0,5 SIaxs cyg yiions iy )5
S pd (50 5390 Gl bl Jole (SO0l (a2 Bty 135950 ke @3B 03151 L ol yed (50 (S (yge slowd
AIB) Syt yod (o (3t yiis 23l Bl (3T 0T 9 (595 380 cpormilty (l5we Jlio 30 9 391 S (339555 9 S ot
ot 3l5a0 (ot i Sdsgo oy 59 0038 T3 ) 9 Gyp S b VL )0 (Sp KB s 05 e S shee
MNgoelen We Hlowd 53 (S SlS (359 59T 32 05 o PY1A) Sy )5 9 (S SUS (339 5 32 05 o ITYITY)
S 039 005 2 P o PITY) Sy el (oo (i yidin o Sl (Jlo 50 () b oudlino 13 5955 Lo 32,1 (9o 9 59
SiS i oS 2 S e VFYIAN) O 3550w (o oy S350 Lo Lol 8325l 9 9 (5rgd wBL sl 5o (S
29 (S 3 Sis (339 255k 1 0,5 oo VIIY) S 32 595 oolimo oot 9 Tawgo 052515 9 (598 330 shne o hload 50 (Sye
S5 g Wy lime (RBL cow gy9h &5 ol (LIS ubojl ol 31 Jole gl Cud Tawge 8,1, g (5yed wBU Lo
Tawgo o s99, 39 (pgatis 1 1959l g B 5l soliwl ad I0é ypolic Loz g widy dgug Secl byl pd ol 50 1350500

00,5 (o0 oy (K 550 (5 pix obS 50 ()9 & Caaglile il (5l cewlio HI1) S g

29210 LS () 095 (IdE polie «Sy3glgd 00 Blho «5)98 sl sloojly

35 oles! .(Munns et al., 2006) cusl Gz 0 o9,k
S ol Hel 30 hpde e sl 65,84 L
ol solatul (g ol o o pae pas ol i

Sl Jelse 5l 55 oleasds laogS gy 0 Bran g 550
(afari, 1994) a:il o j00 S

doddo
god g 0y Jolie pled a5 Cul e (6,556 (5,00
) ogee 5 als wdgicenm; odg U (Giale> I olS
93 b 90 sladasms was e 1E b cou taugeS
Sabile 5 o5 Greml Joily g ol Coogas
B Gash A ishe pande ol YL
9 =b =ty olS )0 oy g 0 Slee ralS (sla g5

m.moghadam@um.ac.ir : g xSl cuny pade desme 5550l 00355 ¥



WA 5l Y sl sl psle 4o e sla i

av-

Masumi Zavarian ) cils oL35 ol ,o intraradices
o b l,sSle 28 meils Koo tagyy (et al., 2015
90 5 ) @B (nl &5 0D (adine pS s slacais
Rhizophagus 4 Funneliformis mosseae 455
oS 0l oy g,08 o ol §l cudiles (irregularis
(Ghasemi and Zahedi, 2018) oS Lows

L e 5 oy Sl ol ((S3Se (syien
Fo ¥ el a4 g g e VBN Jsb 4 sog9ee sliSl
Babu and Kaul, ) ¢l olgl 8 28 sboasls gl )ls oS
bl (oS e sbSn iny ghe 2007
codglin ol bl g5l sk diz slrond ol
Soule, ) cul 1355 5 Lad5gds ( pilwl 15 3550 a4
el 5 slaske mlio 5 ol ol el 51 (1993
Singh et al., ) sod oo solatuwl 13 saiaspels lgica
—el,l caols ] Luill (pizen (2002; Soule, 1993
Singh and Singh, ) s )ls slallas g gelwlas (a5
JyuS aSepl @ azg L (2002; Singh et al., 2002
Wl 65,5l Cupae slaads 51 (o e
S soes plppe GlalS Cuwglie (il Ggelyy Sliios
2 P sl )Sal) 5l (o g el o935 (0B Coeal
ssole slag B 5l ooliiul Baa cnl 4 (pliiws Cux
Ble eoon b Col b G 05 S plgrea
2 lysSabe bzl 51 (55 a5 el ol Sl 5 750
G azg by Sl oatd gy (SoSe (5aex olS
b myp & G ol 3 (s LS Gl sl
role Qiz g ad; Sleogas p 15,0l slog)6
b 10y (6 )9d SIS CS (S0 35e (§ har (ol

09, 9 Slgo
Sleogas p lnysle g, 80 wyp Hshaied
oS G 2l ol Qdx g (sl
S saolejl 5,98 i s (Tagetes minuta L.)
lad (w3 Sl psle 095 Slidow ARl 5o
3 éﬁ‘s) J.Q,w./o ‘5»90)5 oKisls 6))5“ ouSiials B
Jsb s Jlads aids VA 5 amps Y8 ldlim o
Sre WD glas)l g B0 aaBo VY g ax,0 09 HLél s
S ygods ialesl ol ol 11148 Jlo jo (Lo aaw
a5 Jole g3 b (olas Sl il B o yygislé
2 s5ee @B g5 99 2,5 ol Sl ol plowl 1,55

2P Gops Joxd dgte sl clie oSl 5l (SG

4 Jorie (sl g, Seoo 5 oolil SLel &Y gas
Ol 31 a8 el VsSug)T 1 )50ke lag, B aiile (555
Sgi oo Ol jed LS g cdiiS Mol S lsieay
3 dp,eile slag,l6 (Smith and Read, 2008)
b Gmyon aluly gl o5 009 (Fm slasyS glg
Lo g antlige sigl Gl a0 Ar 5l G e,
Smith et al., ) wsd oo <l > 3ble ale Sk
M, SanS S ceols gl lag,E ol (2010
e Jro o3 olie Qi il 55k 5l 5 cul oL
Mgt g ol @iz liilidaneS yolie (S s 03
S & Cwglia Al el (alS lagge e
5 S Fofl diglen Jabe dlos sy (oSS
z6 (Rajali et al., 2001) sgd 0 nfiw @l
Gk 3l oS 2l 5 slads Cundg vee b TsSile
Loy Ol mhae Gl g Ak, Gidsdise 0 e
Sl eVols Soyo0 5 S o 055 laads, A5S
Dodd and Pérez-) saie cud b ol &b
3 Ol ol Jex 040 o (Alfocea, 2012
Beltrano and Ronco, ) 55,5 o (5,58 (a5 b axlse
259 e 0 (grmb jsbay 1556500 slag 8 (2008
5 Jood Sl (Ses el GlaSE o g wigd e 8L
Aliasgarzadeh et al., ) scise ogqp |, o5 o,
sl g o G Jol Lk b uizas (2001
Borde et al., ) wo 5 o (558 4 olS Joss 8l
5o ler plasl g din ) a8l &l drwgd g o, (2011
LS Sl soasite sboaisS ln 2lnisle mil o
Sl oal IS e s gl olbm, sl
o s a5 el 0ul aseie (Copetta et al., 2006)
oo5es Glog,l Lol mdli mgn g ablod (rss
Slge 09ueS b (b pgd S So 0 YeSwg,l VeS5
plal g ady; Sas (59 Gl asy5e Ll o (@l
oS o (Gaur et al, 2000) wog (gyiw olso
Sl 5 Gopd 5 Jlesl a5 al asie gl (22900
Dot 93 S5 oS S 5 o Slis Ty ysSile g6
oS (A5 5 (o5 Slie alpysSole mdl & sy
Comd Sl gie jsbay sall g 50l Lulpl o 1) g
WS g ol dguge odid il LS 4
6eS 4 Cund Syup 56 mosseae

Glomus

Glomus



av) S S gl olF glid olie Diz 5 o) Sliogas 1Sl slag B i tpate 5 Sl 2

eyl Jolds ooy sl ey il (g Sojlal (550
5 oslial b bl b o, slaws o _oile a5Ls ol aigy
eyl (g ySoslal jshaieds ol (g5 03lul @y slasis,
odsS Sl Bl Jkd o Sejlal ol g Sk 5l g,
ety s e e b soliiul s
550 5 eyt phd oSiws b Sy el pgiie
e yawd (Emami, 1996) olel ig, 4 Jlal=S
Miller, ) jlo by, 4 yrogdgSel olfiws b s,
Waling et ) ol,Ken 5 Sdly (o3, 4 pundS (1998
Ohles 5 sl (g, 4 el LIS 5 @al, 1989
A 6 ,50;lusl (Sato et al., 2006)

oslazw! Minitab 17 l3le 5 51 osls  Judoxigay jo
3 by cans alwgay baosls 0,5 Jloys ol ol
dwolie 50T Jbp bools ¢ bl o oo Sl38le
0 Jlis! mlaw o Fisher ;ge5l &,k 5l Glaw Sl
VR SUPS SRV

Table 1. Soil analysis used in the experiment
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Table 2. Analysis of variance of salinity and mycorrhizal on the growth characteristics of Mexican marigold
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S.0.V df Number of branches Plant height Stem diameter Node number
R 4747 324.091" 0.304™ 1.065™
Salinity (S)
osle ) 7.894 33.393" 1276" 1.097*
Mycorrhizal (M)
oslex susd g 12.646" 54.706" 0.687" 1388"
SxM
! 0.956 3.051 0.041 0.204
Error
vy 194 155 6.3 11.33

** Significant at probability 1% level
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Table 3. Interaction between salinity and mycorrhizal on the growth characteristics of Mexican marigold
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Salinity Mycorrhizal Number of branches Plant height Stem diameter Node number

(mM) (cm) (mm)

Control 21.72 e 58.91° 6.69° 11.91°

0 R. intradices 23332 65.75% 7492 12.89 2

F. mosseae 20.75 abed 59.33° 6.59° 11.58

Control 20.66 2bede 58.33°¢ 6.14¢ 11.75 b

40 R. intradices 22.44 @ 55.79°¢ 6.74" 11.67

F. mosseae 19.55 bede 55.50°¢ 6.54 11.44 b

Control 19.50 bede 55.03 ¢ 6.05 ¢ 11.08 ¢

80 R. intradices 19.92 bede 55.50°¢ 6.65° 11.39be

F. mosseae 18.66 50.66 ¢ 6.23 < 11.33 %

Control 18.50 ¢ 50.44 ¢ 5.67¢ 11.08 b

120 R. intradices 17.66 © 43.33¢ 6.21 <« 11.00 ¢

F. mosseae 17.91% 43.25¢ 5.92 de 10.17 4

Gl 30 )0 O Jlotil mhas (o Fisher ygel Gl 53 Jlo e B3t 059 pae Kl (ygim ;o 40 aslie By,
Similar letters in each column indicate that there is no significant difference based on the Fisher test at the 5% probability

level
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Table 4. Analysis of variance of salinity and mycorrhizal on the leaf elements of Mexican marigold

CJOVES 3 PP P3N 3 o0 by s’ S 0339 5
S.0.V Df Mg K Ca P N
Sagh 3 0.001073*  1.03* 101650  3.4964*  6.0878*
Salinity (S)
552l 2 0.001871 % 333" 079341 13353  1.02540°
Mycorrhizal (M)
salox ye 6 0.001609*  010° 102929 13265 07123 ™
SxM
i 24 0.000147 0.28 0.05459 03299 0.7144
Error
CV (%) 32 147 8.3 16.9 158
Ol i g 0l31 420 A R o2l 9 PR
S.0.V df Cl Na Fe Zn Mn
S35 3 51.95° 71185 19321  08316™  1178.99 "
Salinity (S)
ros5le 2 1913 3690.6* 13.079™  18207™  323.88 "
Mycorrhizal (M)
. 1\'45*”“"“ X S 6 13343 35102° 7323 11.8637° 199470 **
X
i 24 16.61 205.3 4.009 2.0350 42.83
Error
Az 32 15.9 155 131 36

ns g % ki

Gl pas 9 10 N Jisl mhaw )8 (5)ls pre cud 5 4
***andns Sionificant at probability 1%, 5% level and non-significant, respectively
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Table 5. Mean comparison of interaction effects of salinity and mycorrhizal on the amount of leaf elements of
Mexican marigold

S 1328k o 95 P e i eewly ls’ Fowd
Salinity =~ Mycorrhizal Cl Zn Mn Mg Na K Ca P
(mM) (mg/kg) (mg/g)

Control 56.8% 5.59%¢ 87.23¢d 0.55%  24.6% 6.23% 5.04 1 571°F
0 R. intradices  49.19% 7.06 79.76%F 0.56% 14.64 5.67%¢ 5.84¢ 6.20 °f
F. mosseae 43.8° 7.12% 111.98° 0.54¢ 13.6¢ 5.48%¢ 5.93°¢ 6.29 <
Control 57.28¢ 4,590 82.90¢¢ 0.55*  76.6° 5.98% 6.34° 6.44 4f
40 R. intradices  50.9%¢ 5.06*4 78.484F 0.54¢ 76.3% 5.28bd 6.48 @ 6.75 ¢
F. mosseae 50.9¢4 6.76% 143.912 0.55%  37.3« 5.13%¢ 6.40 % 7.26 >4
Control 57.9% 3.43¢% 70.25% 0.55*  106.6*°  5.90*° 5.56¢< 6.60 <t
80 R. intradices  56.9* 4.81>4 72.88%¢ 0.54¢ 76.3% 5.03¢% 6.43 % 7.09 b
F. mosseae 48.1% 5.43d 80.104F 0.57°  30.6« 4.39¢ 6.75° 7.31 b
Control 63.9* 3.03¢ 63.33¢ 0.56>™ 123.3*  5.60*° 5.46 % 8.00
120 R. intradices  66.9%¢ 3.16¢ 70.41% 0.55¢  100.12>  5.10>¢ 5.11¢ 7.55%¢
F. mosseae 60.7 7.06* 92.08¢ 0.62* 22.0¢ 4.534 3.36% 8.50¢
2l oo 2o yd O Jloil mlans o Fisheri (5031 Golul 51 5l cme B 5525 pae Silos gt 12 50 aslie g,
Similar letters in each column indicate that there is no significant difference based on the Fisher at the 5% probability level
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Similar letters in each column indicate that there is no
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Abstract
In order to study the effect of mycorrhizal fungi on growth and nutrients uptakeof Mexican marigold

(Tagetes minuta) under salinity stress, a pot factorial experiment based on completely randomized
design with three replications was performed in the horticulture greenhouse of Agriculture Faculty,
Ferdowsi University of Mashhad in 2017. The first factor was mycorrhizal fungi application at three
levels (without inoculation, Rhizophagus intradices and Funnetiformis mosseae) and the second factor
included four levels of salinity of irrigation water (0, 40, 80 and 120 mM NaCl). The results showed
that all growth characteristics severely decreased because of salinity stress, and application of
mycorrhiza cause to moderate harmful effects of salinity and plant tolerance to salinity. The highest
node number (12.89), stem diameter (7.49 mm), plant height (65.75 cm) and number of branches
(23.33) were obtained in no salinity treatment along with R. intradices. With increasing salinity, the
contents of phosphorus, calcium, sodium, chlorine and nitrogen of the leaves increased and in opposite
the contents of potassium, manganese, zinc and iron decreased. The highest content of leaf phosphorus
(8.5 mg/g leaf dry weight) was recorded in the highest level of salinity stress and F. mosseae
application. The highest sodium content (12.33 mg/g leaf dry weight) and leaf chlorine (63.09 mg/kg
dry leaf weight) were observed in salinity (120 mM) treatment without mycorrhiza application. While,
the highest content of leaf potassium (6.23 mg/g leaf dry weight) was observed in control (no salinity
treatment without application of mycorrhiza fungi), the highest leaf Mn (143.91 mg/kg dry weight) in
40 mM salinity treatment and F. mosseae application, and the highest amount of Zn (7.12 mg/kg dry
weight) in the treatment without salinity and F. mosseae application were observed. The results of this
experiment showed that salinity cause to reduce the growth and in this condition the application of
mycorrhiza cause to improve the growth and nutrient uptake. Use of mycorrhiza fungi in particular F.
mosseae is recommended as a suitable solution for increasing salinity resistance in Mexican marigold.
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