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Effect of mycorrhizal fungi symbiosis on some morphological, physiological and
biochemical characteristics in trifoliate orange (Poncirus trifoliate L.) under
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ABSTRACT

Symbiosis effect of three arbuscular mycorrhizal fungi (AMF) species from the Glomus genus with two and three
mixtures were studied on growth characteristics, chlorophyll concentration, gas exchange, chlorophyll florescence
and the activity of some antioxidant enzymes in trifoliate orange (Poncirus trifoliate L.) under salinity stress. 40 days
old trifoliate orange seedlings were transferred into the pots containing G. intraradicesxG. mosseae, G. hoixG.
intraradicesxG. mosseae and no fungi (control). After 175 days, seedlings were exposed to 0 (control), 35 and 70
mM sodium chloride for 45 days. Mycorrizal colonization, shoot and root dry weight, leaf number, plant height,
transpiration rate and photochemical efficiency (maximum quantum yield through the dark adaptation “Fv/Fm”) were
increased in colonized seedlings under salinity stress specially when the three mixture of fungi were used compared
with the non-AMF seedlings under salinity stress. Seedling colonization particularly with three fungi mixture caused
increase in the activity of antioxidant enzymes (catalase and ascorbate peroxidase) compared with the control.
Overall, AMF colonization could help trifoliate orange seedlings against salt stress through increasing growth and
oxidative damage reduction.
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3. Superoxide dismutase (SOD)
4. Catalase (CAT)

5. Guaiacol peroxidase (POD)
6. Ascorbate peroxidase (APX)

4o

SS9 o) e Sla i (n e | (S0 S 6590
e b 5l Jpame oy clll s
osle Jolas pac g, 5 mades ohage ((oom Slogs
bl )3 diwgn joba 5 Siluee Sl (olis
Sl dond g Sz Lol)l o Law oo 5 g0l
3 &lS ye (Abdel Latef, 2010) <ol iol3dl & 4,
9 O9dse Jols 1) Lo ,5a8 0 5l i Ll sl
5o Ll odgs Ol 9 CeiiS p3 maw 4 e den
(Storey & Walker, 1999) o5 oo 05938l lo>
LngTj oya 3l Hmb CulS L Lgb’b;.j 3 eolazul
sl Sl lsld glacdile gl oS e
RUIW) [ WP S PRy \MM.\UIS o ¢ Joloxe
il (698 4 el LS (lyieds SLS 5
Gpmia «Syph oml Lo ol 1nj raileads
Sy bl I Cailes (Sielerd SO
30 ogae 033l g aby ol 5 slaiye, Colas rals
Garcia-Sanchez & Syvertsen, ) ss,5 o Ll
olS ol sslannsT (i uoren (6,00 (2006
I32,950 slaz B .(Abdel Latef, 2010) oS’ o Wl

Y -
2 Sy e GRoRIdgy (lareas VoS
AMF ol isls oxdly o il shae oi slaSs
b s Jood bl 5 ol (g5 9 0B, Wl o
‘) S L_';)ﬁ"“" Ja.wy o.\...m)l.?u‘ w.....\—‘ 9 wosls u.....:‘).‘a‘
(Evelin et al., 2009) aas  zals ljwe oS o
ws 9 ol.;sf g}"jj"’ (_ngd.m.s) “.)LSJ.A r:l.‘i)l )-A-M
S le s ailaiagly il o Glomus glaassS
Al oo AMF L oaliojselS olS ey ady,
S 0l g ol o glcasa o 1) ady, o Skee
Wu et al., ) ses il 6,0 i byld cod
Iy jowsd by Wlgh so (590 ias (2010 @, b
SIS sl A o 1, (Sejlsd (Si5 5 Sials

1. NaCl
2. Arbuscular mycorrhizal fungi (AMF)



YY) VWAV 5l ¥ 6Les FR 5,90 ol SLEL psle

aslia 5 SAS LT it 5l oslizad | laosls
plol (SSlo glasals si 9031 51 eolil b b Sileo

iogr b b 4y sy 0590 Sl Sy S

Al y gl pigls

9 bads; GhysSee Femied Ol eesd Gl
Sota byl I g, 51 a0l a0y (503l
(Phillips & Hayman, 1970) 4,5 ,5 solazwl

oy g esly

cblon 5l B g agd a5 Jleel 5l 59, FO
rhw g S ool w@dle Jad olS ela )l LS
oo g ol cdlo 5l e al (6 WS eslasl Sy
sl w5l 2len plail g laaty, (oS ot
91 JB18 50 5950k slaplal e § X050 ,5 o j8
H8 (Cele VY Goeds ol 5 le a0 Ve sleo)
SBlaz jebay Ll Sz 59 Caled j0 9 Wad oslo
20,5 Ao

St JS Judg S
g o3 A gl S L oS L3915 gl 5]
Jsb ;5 (2002) Porra g4 ol ol g S ojlul
olStws 5 oolital b eyl £F0 o #FF slazge
Pl (Sepo clesfs Ve (55 Jao) oty S

REWW)

Jedg 15 uilis, ol
S5l sl (0530, Jao) sergh
5 ool s w0, solitul b ki IS il sl
Ddedy o5l Sl oslaal 5l L3 daS 0 5 JelS
3 Sl psate sbe S lawgs aids Y
F/Fmn <wws 4 (Genty et al., 1989) ouus,s

08 clblooly (pilS o, Sloe Jamily)

S o6 oYols

cdale 9 6‘44)5) w‘..\.ﬁ C o> c).u.»...v}d L

1. Photosynthetic rate (Pn)
2. Transpiration rate (E)
3. Stomatal conductance (gs)
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Table 1. Effect of salinity and mycorrhizal symbiosis on the AMF colonization and growth characteristics in trifoliate
orange (Poncirus trifoliate L.) seedlings

NaCl AMF AMF. P[ant _Stem Leaf number  Leaf area Dry weight (g/plant)
(mM) treatment colonization height  diameter (No./plant) (cm?) Shoot Root Total
(%) (cm) (mm) Ip 00 00 otal
AMF, 0.00° 47.33% 257® 22.67% 5.58° 3.17° 128" 445°
0 AMF, 67.33% 66.33° 3.23® 29.00° 7.15% 499°  1.80° 6.79®
AMF, 70.33° 69.00° 3.37° 37.00° 7.35° 5.41°  240° 7817
AMF, 0.00° 42.67° 2.40% 18.00% 5.56° 261°  090¢  351°
35 AMF, 61.00° 55.67° 2.90® 25.67 6.66%° 4717 171° 6.42°
AMF, 63.33% 56.33" 3.03® 28.67™ 6.99% 483 176" 6.59®
AMF, 000° 33.00° 2.30° 14.33¢ 5.55° 248" 078  3.26°
70 AMF, 47.33¢ 51.33°  2.67® 23.00° 6.16™ 4420 132" 574°
AMF, 58.33° 53.33°  2.70® 23.33% 6.23%° 460°  1.60°  6.20°
Results of ANOVA
AMF ** ns ns *%* *%* *%* *% *%
Nacl ** *%* * *%* * * ns *%
AMFxNaCl *x *x ns *x ns *x *k ns

il oo 10 e )0 byl o sixe IS pac caiaslis etw o 0 alie gy
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The same letters within each column indicate no significant difference among treatments (P < 0.05).
AMPF,: control; AMF;: G. intraradices x G. mosseae; AMF,: G. hoi x G. intraradices x G. mosseae.
** * ns: significantly differences ar 1 and 5% of probability levels, and non-significantly differences, respectively.
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Table 2. Effect of salinity and mycorrhizal symbiosis on gas interchange parameters and total chlorophylls
concentration in trifoliate orange (Poncirus trifoliate L.) seedlings

NaCl AMF chlorophyll Fv/Em Pn E gs Ci
(mM) treatment  (mg g* FW) (umol CO, m?s%)  (mmolm?s?) (mmolm?s?) (umol CO, mol™)
0 AMF, 1.97% 0.74%™ 2.06® 0.84° 0.026® 242.33®
AMF, 2.08° 0.84%® 2.58%® 1.42% 0.030® 203.00°
AMF, 2.25°% 0.88* 2.90° 1.60° 0.040% 198.00°
35 AMF, 1.49™ 0.72° 1.60™ 0.83° 0.016™ 24467
AMF, 1.81%° 0.76™ 2.35% 1.35% 0.030® 221.00®
AMF, 1.91%¢ 0.77™ 2.56% 1.35%® 0.030® 221.00®
70 AMF, 1.34° 0.71° 0.96° 0.80° 0.010° 267.67°
AMF, 1.74% 0.75™ 2.18%® 1.21° 0.020% 233.33%
AMF, 1.80%¢ 0.76™ 2.31® 1.25® 0.026® 231.33%
Results of ANOVA
AMF ns ns * ns *x ns
NaCI **% * * *% * ns
AMFxNaCl ns * ns *x ns ns

il oo 10 e 1o )l o lo cime WS pac saimolis fygiw ;50 alive By >
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The same letters within each column indicate no significant difference among treatments (P < 0.05).
AMPF,: control; AMF;: G. intraradices x G. mosseae; AMF,: G. hoi x G. intraradices x G. mosseae.
** * ns: significantly differences ar 1 and 5% of probability levels, and non-significantly differences, respectively.
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Table 3. Effect of salinity and mycorrhizal symbiosis on antioxidant enzymes activities in trifoliate orange
(Poncirus trifoliate L.) seedlings

NaCl AMF SOD CAT POD APX
(mM) tretment (U mg protein) (U mg protein) (U mg protein) (U mg protein)
AMF, 10.687 0.06° 0.17° 0.26°
0 AMF, 16.65" 0.11% 0.20™ 0.28°
AMF, 21.76° 0.17%¢ 0.21 0.37°
AMF, 44.18° 0.18> 0.23* 0.40°
35 AMF, 44.39° 0.21% 0.26™ 0.43°
AMF, 44.77° 0.27%° 0.28™° 0.48°
AMF, 54.78° 0.30™ 0.31* 0.70°
70 AMF, 54.94% 0.32* 0.34* 0.74°
AMF, 55.02° 0.35% 0.44% 1.22¢
Results of ANOVA
AMF ns ** ns *x
NaCI **k * * **k
AMFxNaCl ns * ns **

Wil oo 10 a0 bl e lo gime BB pac saias Lis g ;2 50 alie By >

Sl sire WS 395 5 do,0 0 9V Jiol mhaw 5o Jls Jxe o3 a4y s g X F*

The same letters within each column indicate no significant difference among treatments (P < 0.05).
AMF,: control; AMF;: G. intraradices x G. mosseae; AMF,: G. hoi x G. intraradices x G. mosseae.
** * ns: significantly differences ar 1 and 5% of probability levels, and non-significantly differences, respectively.
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1. Reactive oxygen species (ROS)
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