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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)
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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 col(ﬁ]li\gzli:tion r:jel iagnr:t dii:ﬁger Leaf number  Leaf area Dry weight (g/plant)
2
(mM) treatment %) (cm) (mm) (No./plant) (cm?) Shoot Root Total
AMPF, 0.00° 47.33% 257® 22.67% 5.58° 3.17° 128" 4.45°
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™ 4.42° 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 T *k ns

il oo 10 e )0 )l o sixe IS pue oniaslis gt o 0 alive 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™)  (mmol m?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 j0 bl o sixe BB pae ciaslis et o 0 alie gy
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The same letters within each column indicate no significant difference among treatments (P < 0.05).
AMF,: control; AMFy: 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, 10.68" 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 **

Al oo 10 maw o bl o sime BB pac saias lis g ;2 50 alie By >

Sl e WS 355 5 00,0 0 9V Jiol b 5o Jls Jxe o a4y s o X

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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1. Reactive oxygen species (ROS)
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