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Enhancing Salinity Stress Tolerance in Poncirus trifoliata L. Using
Arbuscular Mycorrhizal Fungi
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Fig. 1. Seeds of Poncirus trifoliate L. (1), Three seeds in each pot (2), Forty-day-old seedlings (3 and
4), Poncirus trifoliate L. seedlings at the end of the experiment (5 and 6).
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Table 1. Interaction of salinity and mycorrhizal symbiosis on the AMF colonization and physiological and
biochemical characteristics of trifoliate orange (Poncirus trifoliata L.) seedlings.

e Oseliiols e (P ol Jebs S Ol O3Sy adallgagslle
AMF (%) T s EC(%) Chlorophyll laoss Proline H>0; MDA
Treatment RWC (mgg! Sugars (nmol (umol g! (umol g!
(%) FW) (mg g-l g"l FW) FW) FW)
FW)
S1Gi on 84.579  16.02f" 2.05%¢ 32.25¢ 0.82f 3.43¢ 2.354
S1G2 32bed 93.26% 9.441 2.49b 4258 1.27¢ 2.64f 2.34
S1G3 50.332 94.28* 7.611 2.87° 43.76°¢ 1.48d¢ 2.15¢ 1.7¢
S1G4 38b 94.11* 15.61&" 2.42b¢ 38.51F 0.83f 3.31° 1.86°
S1Gs 35.33% 94.28* 14.96" 2.32bed 39.21¢f 1.444¢ 3.21¢ 2.24
S»Gy on 84.78¢  21.65% 1.57h 43.979f 1.5d 5.64¢ 2.7¢
S»G2 264t 91.38%  19.29¢def 2.074¢fe 44584 1.594 4.584 2.7¢
S>G3 29.66%¢  86.59%¢  16.47°%h 2.1defe 44.75% 1.59¢ 3.59¢ 2.68°
S>G4 29.33¢de 93512  18.67df 2.17¢%de 49.62% 1.56¢ 4.444 2.3d
S>Gs 28.33¢def 89 g32bc 19 78cde 2.13def 44.57% 1.53¢ 5.36¢ 2.65¢
S3Gy on 75.09° 25.6° 1.5 4419t 1.534 7.932 3.012
S5Go 13.33¢ 89.35%¢ 23,66 2.02°f 70.812 1.86° 6.63° 2.71°
S3G3 23¢f 86.58  24.66% 1.86% 51.51b¢ 2.622 6.34° 2.71¢
S3G4 21.33f 85.84¢d 23,992 1.83¢ 55.17° 1.63¢ 6.32° 2.912
S3Gs 21f 86.27¢4 22 8abe 1.96°f 50.6% 2.28° 6.54° 2.76%

1 The same letters within each column indicate no significant difference among treatments (P < 0.05).

+1 Si: control, Sy: 35 mmol NacCl, Ss: 70 mmol NaCl.

11 Gi: control, G2: G. intraradices and G. mosseae, G3: G. mosseae and G. hoi, Gs: G. hoi and G. intraradices,
Gs: G. hoi and G. intraradices and G. mosseae.

Al oo 10 mlaw ;0 bjless yu lo gme BN pue snaslid giw jo 0 alie gladd > T

S 2 ol o ggno

3 4 ol ol (S5 (ykeS g Cn i 00,8 S Ol cd Sime 50 o gxe (BB Cge (5 )y9d i
Sladlls 1o Ol cud Ggime (S Grized b sdalie i WIS Vsadeo Voo 5 YO wali slag)sd
s Sy SaalS () Jeaz) ol lis ends il slaJWils des b (s,lo soe glis aS ol cvwlive (53,50 e
ol oz o olS ol mels g adyy lumme Of Jeuily (2al5 4 bgsye Wl oo 6588 (i Gl b pler S O
45 dgdign Sy Ol (1) Cawd Sl el GlalS plad 50 (5558 (IS joba Bl 5,05 el 5 (6l Caglie (il
oS0 ol iy s S 5 4 ol Sl (Sl 6558 )3 5 99,5 e olS o Shas 5 0l alS sl ol G
Cool Lot (95 4 (V) 9550 G sl 3 Sy ol Uil jlaio (2alS & e i d3 555000 @08 (s o0
4 e edghy 5 el dpde ol 0l sl A wiSy de Olie QLS 0 ) (@) Condy Wigiee g8 S jen oS
30,5 0ol O i (sgime Sgupp 40 |, G mosseae i s wiols slml )3 slaais g9, (V) ], Ken g Sheng

Sy Sy e
sloghe )3 cui e Sa s e (S 5 a8 S Pa i )b g Gl cge (5558 S
S o gime halS 4 yomie 55 GgamlidglS lEl() Jgaz) ad osalive i 9IS Veadee yao g YO Ve (500
ax 1ol osalie 6,58 gl (VL L g 65,5008 Sladlils 15 (S Sl (i &5 50k i3S S e
SHo (Fgr Luiid D9 j1eS 00l ghysSale lalgls jo wigy ol bl w2d) Vb (g)ad (25 GRlBI L S Se et
Sl b (6590 5 adlie 15 Py 0 &S Sl GaLS plendly L o LS 6l (rlie (2L
L 5 Jas S ol o 58 S 68 GG ool 651 J Lo g o e 45 ol ke 6 L

Yy


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.6.3
http://journal-irshs.ir/article-1-239-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.6.3 ]

e il g g2 Hlole

Cills L3S ol byl tegl claam 5 whoo GlBl (BLS laaiss elgl o b gl Siab
OF) w5yl
Sy S Jdg,ls

Slesd @ bgrye JST L8915 Jlade ( ien o (s)sba wad S IS J39)15 (e S s 10l g (5590 lers
Mosre Gl 4 e )6 les (blie jo ol osalie il 5 ol 5 lajlend )0 cui e ol (peS g wals
Sitle sladldls 1o T cnyeS 5 GpsSale ladldls ;o JS Jedo)lS jlaie o 5L o5 55kt 0d S 8,15 laie
Srssale sladledls jo wig) cul Lol ecdly 2als b Jlesls ann ;o S Judg) 15 Jlade (5558 (Rl Ll ovaline onis
Saalass, 5 J3g) 5 lade falS 5 (g =B kS nSeeS cudlyg ST o 55 el (6590 () Jgu2) g S
Wy p SRl g s slaes jgl8 GEalS )T g 50 5 ead Fitwgid GhalS 4 pmie Judg IS GhalS 008 e S0
g g o oot Jdoar Wlgioo «5)98 G5 6 25 A, Jlade palS cde o)l Jlis ) o Shes
ke 5y58 (5 50 ialesl (nl 59 09,050 S Sl pelats 50 a5 0Bl (g n wile lacaS 5 L alaly 5o (3955
Wl Rl (6598 Lawgi s )logine jobar Jedg IS anlllas (ol o 4z S1.28L Gl (g n Jlade (Jy el Judg)lS
(bl wBls Yoa oo Vo g YO (slacs ol )0 ouid Siasle (ol 51 syt U5 Jed9)lS ool (Siale SlalS Ll
55 Srpslend a4 Cad shpsSile QLS 50 J8g S cale Sl T el 4o 5,58 Sl A 05 (S amt Glyse
T8 OgewlioslS At )0 e WL cdale s ool bl ooy (B r g 2l g 0 (V) Wil
51 oz ol 45 pstie oy S oo SaS olS 45 puirie iz 4 Iinys5ale (slag B caul oud sunlie 15,55
SiSu oo Sgete ) oS 0B 5 jiwgid o Sles (lplo 5 (Rl Jede S clile (S ] e Cd2 p mid Cous
(VP Q)
S 2 o9 9 Jolore Ol yaapg,S

b jles ;o b o %eS 5 ab oanlie Gy g Sliupg,S e ity eaies WIS Vga oo Vo (555 50
slaJlils ;5 beagonl Glime (265 oS y5ba (235 )13 )8 Jles ;83U ) ladudsenl Cbale (izpe 0B onys
@ a3l gegee Slagwl 51 (So () Jguz) ol Glis 3 )sole LS L (5)ls se Dglis oS 0 osalie suts Sjale
Jioee 1) ol (ol jlugid s (g atils Plodl colils a5 cnl placglie cullil ( 2 )5 groml jLid Glo s
2 Sopd s Bgyme Sudgenl 4 osle (pl oS (6T sla Sl glas o b lmial ) wiloe g auS (oo
095> Syl oo 4 45 (A) Sl 0ss ()15 (55 4 (Frly plaie & o] il 5 0,38 o il ool pucdplie
S Nyl b g O KERgh Wedoe balid 5 (e sladsNse (55l g Laix crge g S oSS oLS laatsly
sl o pule)e jlad b 4 Wigee LS sbhasl 5 adl o ) 5w o ladadsenl cuill
)55k 51 (S () 0 S8 glaisly L 5 oty (9500 sl (Bl sl S g5le ol 4 (s (LS
bedgonl colo S p25 55 o0 )3 4295 3550 2,50ke Slag B j9a> 55 (6)9d 4 olS Jood (al3l )5 Jlaislay oS
5 aelslbal oS5 55, g, (nl &5 ead asie (lagh paiz 0 Cwl sl slog)B oalews 4
(YY) W5 o0 2530 (558 Ll s )3 (liee (LS ol jaug S
Sy Lid rosed (gmwlonn s 9 05908 sy

Sl ssba bl ans o Sy dlid slaned GeewlinSTn 5 355000 weSTn (st slajles 23U

2 G5 gl Gt 50 T VL 5 3 psSele sladlegls 5o clid 4 0o )ly ol (e ieS sl i 33l
sladlels ;o aigy ol bl wdl (ialidl asloacns coml (558 Liali3l L.V Jgoz) o saus saits Sale slaJlels
slaJledls ;5 (s, aaSTy Jlade ez 51 o' Jlad 508 sladisS faS clildl K00 Sledy 0y a8 G500
el S 59%0k ladlls )3 gilannST Conl Ghals (] a4 0 2eS 53 580lepé (LS 4 S 00t Siale

Reactive Oxygen Species (ROS) -\

YA


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.6.3
http://journal-irshs.ir/article-1-239-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-08 ]

[ DOR: 20.1001.1.16807154.1398.20.1.6.3 ]

S o @)l )0 (558 AT T i[5

9 sLae slovnd grwlanaSTn @Sl ;0 15 5 o om0l 5l i Cen dlaly 4 Wl o0 (5558 © P Sl ]
ROS aJg 5l iU guilonnST 15 aile 435l gl ias olo) cely e ypre sl J1 (b ol ool ol (sl yosS18 51 oS 5
50 0dd adgi ROS ez .ol (5558 il ) LS 4 cowl g LY 51 (S guilanS] is igd oo LS o
@ el 5 aoetisn seelanST Lid glovd GoslinnSTn L) ol ok peddsilio 5 05 g oe oSy
a5 Gl g e selels Bylyd 51 )l 0 laLS 5,5 13 (V) 05 55 DNA 5 (StlS 5 sloen
alo> I ROS cualil g)lo cxe jobay S (5,08 pol> gl ;o 00,5 oo guiloenS| slacow! o1 Jlis 4 4 ROS
Sagd A5 p QLS 5o clid lavd grnlannS Ty (alplo () Jguz) 05 Sz ladledls (o 1y 0395908 apnSTy
bads ) ;o Cudgnl slog B jaam ( How .ol guar (V) oL, Sen g Ahmad gloazdl b basos opl a5 Cdl il
a8 ol lad pol eyl gleamil WS (T el slid 4 (600 G5 Ly ead bl ol 5l Jse jebay Wil e
oais iule slalegls b amlie 10 53550l slaledls ;0 (65l3 sime joboas slid & ol 5 (59,000 apnSTy cilale
STl (88 s 5 (sl e (olis il il e 1)s%0le slag B cslil () Jsuz) os 7S
(Y0) 33,5 oo 00 Siake slaJlols jo el 4y (6,505 ] @ yoxie a5 (V) S sl | (g i
Sp 21 gl paie

Sl R S 31 ok LIS S aiein 3 weeelS el i sy e RIS e (55 5
sdlls Sy blie o ol ylidl Sy 0 1) Gpaie pl chalé g)ls pxe jsbay 15,56k slag B L s Jlysls
S Lo Jlgls anm 5o o paie oyl CABE (65 AT b 451 ol L T o il LS S 552,550
5 o Ll ly Sl IS 5 s Sl 69 0 25 st S S (g0p9ele sl Jldls 5o g, () Ll ccly
(V Jgaz) w35 S o lagl clale ol 4y e

S e @l sladldls S (Game osle oS 5 ey B Saien 5 Sogd RSen Y g
Table 2. Interaction of salinity and mycorrhizal symbiosis on the percentage of leaf mineral composition of
trifoliate orange (Poncirus trifoliata L.) seedlings.

I N P K Na Cl Ca Mg
Treatment O39S s ey e o oS (02 oo
SiGy 3.2¢ 0.516°d 1.37% 0.08f 0.3541 5.065¢4 0.271<
SiG, 3.23b 0.5412b¢ 1.37% 0.08f 0.288¢h 5.384° 0.3212
SiGs 3.25° 0.594% 1.39% 0.08f 0.177 5.6032 0.275¢
Si1G4 3.19¢de 0.5222bed 1.463° 0.076° 0.35412 5.491% 0.283b¢
SiGs 3.21¢ 0.5982 1.4432 0.073f 0.332f% 5.413b 0.307%
$:Gy 3.15¢ 0.411¢ 1.22% 0.12def 0.514 4.585F 0.237¢
$:Go 3.173¢ 0.478¢de 1.27% 0.08f 0.5094¢ 5.055¢ 0.26¢de
S:Gs 3.17¢% 0.489¢de 1.283%® 0.083f 0.428f 4.99d 0.253¢de
S,G4 3.183¢d 0.475¢de 1.303% 0.083f 0.369% 5.206° 0.244def
S>Gs 3.153f% 0.483¢de 1.36% 0.11¢f 0.376% 4.847¢ 0.244def
S:Gy 3.1 0.386° 1.1° 0.342 0.9532 3.794i 0.181¢
S:G, 3.13h 0.411¢f 1.183%® 0.143d 0.621b<d 4.291¢ 0.211%
S:Gs 3.13h 0.469¢def 1.166% 0.263° 0.731° 4.337¢ 0.22f
S:Gy 3.103 0.4499%f 1.27% 0.19¢ 0.606< 4.159" 0.184¢
S3Gs 3.1 0.4494f 1.26% 0.16% 0.665 4.16" 0.211%

+ The same letters within each column indicate no significant difference among treatments (P < 0.05).

+1 Si: control, Sy: 35mmol NaCl, S;: 70mmol NaCl.

t1+ Gi: control, Ga: G. intraradices and G. mosseae, G3: G. mosseae and G. hoi, G4: G. hoi and G. intraradices,
Gs: G. hoi and G. intraradices and G. mosseae.
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Enhancing Salinity Stress Tolerance in Poncirus trifoliata L. Using
Arbuscular Mycorrhizal Fungi

M. Hadian-Deljou and M. Esna-Ashari"!

Citrus trees are susceptible to salinity. In the present study, the response of trifoliate sour
orange (Poncirus trifoliata L.) to the salinity stress at the presence of Arbuscular Mycorrhizal
Fungi (AMF) was investigated. Forty-day-old seedlings were inoculated with three species of
AMF in combinations including Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus hoi, Glomus intraradices + Glomus hoi, Glomus mosseae + Glomus intraradices +
Glomus hoi and no fungi “control”. After 175 days of inoculation, seedlings were exposed to
35 and 70 mM NacCl for 45 days. Mycorrhizal inoculation especially with the combination of
G. mosseae + G. hoi increased the leaves relative water content as well as the amounts of
chlorophyll and osmolites. There was a significant reduction in the amounts of
malondialdehyde and hydrogen peroxide in the leaves in colonized seedlings compared to the
control. The concentrations of Na and Cl in the leaves were higher when salinity increased,
while the concentration of N, P, K, Ca and Mg were significantly decreased. On the other
hand, inoculation with AMF resulted in a significant increase in the concentrations of N, P, K,
Ca, and Mg in colonized seedlings. In general, AMF was able to help the sour orange
seedlings against salinity by increasing the leaf nutrient elements and reducing oxidative
damage.

Keywords: Inoculation, Malondealdehyde, Hydrogen peroxide, Oxidative damage.
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