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Introduction

Recent studies show that most crops and horticultural plants can form symbiosis with the arbuscular
mycorrhizal fungi (AMF) and the endophytic Serendepita indica, simultaneously. The endophytic fungus plays an
important role in alleviating environmental stresses in plants. It has also been shown that excessive available
phosphorus in soil limits the root colonization by arbuscular mycorrhizal fungi. No information is available on
how soil phosphorus affects the establishment of endophytic fungus in root. Barley roots can be colonized by both
mycorrhizal fungi and the endophytic fungus Serendipita indica. The objective of this study was to evaluate the
effects of single or dual inoculation with Rhizophagus irregularis and Serendipita indica on barley roots under
different phosphorus (P) levels. The researchers utilized a monoclonal antibody called MAb32B11 to assess the
presence of glomalin, a signature molecule of arbuscular mycorrhizal (AM) fungi, in the roots. The glomalin
content was quantified using the enzyme-linked immunosorbent assay (ELISA) method with the MAb32B11
antibody.

Materials and Methods

In this experiment, barley plants were inoculated with Rhizaphagus irregularis (AMF) and Serendepitaindica
(endophytic fungus) with three levels of phosphorus from triple super phosphate source. At the end of the
vegetative growth period (about three months), the plants were harvested and phosphorus concentration in the
plant were measured. A subsample from roots was stored in -20 °C for determination of glomalin content. The
glomalin content in the roots was analyzed using the monoclonal antibody MAb32B11. This antibody was
employed to differentiate between the two fungi present in the roots and to quantify the abundance of arbuscular
mycorrhizal fungi (AMF) specifically in plants treated with Rhizophagus irregularis. Additionally, the content of
glomalin in the soil was determined at the end of the experiment using the same method as described above. The
experiment was designed as a factorial completely randomized design (CRD) with three replications.

Results and Discussion

The results showed that the fresh and dry weights of shoot and root increased significantly in dual inoculation.
At zero phosphorus level, shoot and root phosphorus concentrations were significantly higher in treatments with
R. irregularis than in those without fungus (control). Under individual inoculation with R. irregularis, or S. indica
as well as their dual inoculations, increasing level of phosphorus had no significant effect on shoot and root
phosphorus concentration. In dual inoculation, the percentage of total colonization (88%) was significantly higher
than that of individual inoculation treatment (68%) but the contribution of each fungus in root colonization under
dual inoculation was significantly reduced as estimated by glomalin content of root and determination of total
colonization. It was found that with increasing phosphorus level, total colonization percentage significantly
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decreased and the highest percentage of colonization (61%) was observed at zero level of phosphorus. By
increasing phosphorus level, the percentage of root colonization was significantly decreased in individual
inoculation by R. irregularis, or S. indica as well as dual inoculation. Results of glomalin assay in soil showed that
the glomalin content was high in treatments of R. irregularis but control treatments without fungus and individual
inoculation with S. indica had low glomalin. Antibody-reactive root glomalin was less in the dual inoculation
treatment (1006.9 pg.g™) than in the R. irregularis treatment alone (1924.5 pg.g?) indicating that the presence of
S. indica, in root inhibits, root colonization by R. irregularis. Moreover, the increasing of phosphorus level,
significantly decreased root glomalin.

Conclusion

The increase of available phosphorus concentration in the soil caused to limit the expansion of the symbiosis
of R. irregularis and S. indica, and this limitation was more for R. irregularis. In the case of dual inoculation with
both Rhizophagus irregularis and Serendipita indica, the negative impact of phosphorus on colonization
percentage was observed to be less compared to single inoculation. Although the percentage of colonization by
each fungus decreased in the dual inoculation treatment compared to their individual inoculation, the overall
colonization percentage increased significantly. It appears that in the dual inoculation scenario, while the total root
colonization percentage increases, the presence of S. indica leads to a decrease in the colonization percentage
specifically with R. irregularis. But in general, growth and nutrient absorption in the case of dual inoculation was
better than the inoculation of each of them individually. It was also found that increasing the concentration of
phosphorus in the soil caused a decrease in root colonization for both fungi, although the negative effect of
phosphorus on the colonization of R. irregularis was more than that of S. indica. The measurement of glomalin in
soil and root showed that the inhibitory effect of S. indica fungus on R. irregularis is less in soil than in root.

Keywords: Endophytic fungus, Monoclonal antibody, Co-inoculation, Simultaneous symbiosis, Arbuscular
mycorrhizal fungus
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CCE: Carbonate calcium equivalent, PC: Soil moisture at Pot
Capacity
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Table 2- Variance analysis of the effect of fungus inoculation and fungus and phosphorus levels on the dry weight of shoots

and roots
Ol et glio LRSS Slas o (5o
Mean of squares
Source of variation I?egrge of Ay ) Swid (39 lod Lide SWid (39
reedom Root dry weight Shoot dry weight
Fungus ¢, 3 2.047%* 2.234%
Phosphorus ji.é 2 8.401%* 0.826"
FungusxPh a.ix g 8 6 3116 1.589°
osphorus ' '
Error s 24 0.138 0.178
(1) yts oy
Coefficient of 8.231 6.758

variation (%)

AW B NP
** significant at the 1% level
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Figure 1- The effect of the interaction of fungus and phosphorus on the dry weight of the shoots

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant
difference by Duncan's multi-range test method at the 1% probability level.
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Figure 2- The effect of the interaction of fungus and phosphorus on the dry weight of the roots

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.

ol ials b xe jebay dddyy el 508" duo 5 P10 g Po I youwd 8 gl 3l oy Po joud mdaw > (Y ISE) 4 a8 b

il Hlas 3 U9y ek (bl b gxe yuss P2o 4 P1o il (Jg 2oy les ol jd ol SEg R 5 s (SIHRI) b o ads,
Sos y0 Ady) el idS Mo pd 4 ST A ead o g B Wl o cadld Jy pze Hials Pro pdaw 4y Po prdaws I IS gl 5lS”
2 Dy gl 515 i (S )ebdy yaud pskaw aen > (SIHRI) 3 A odnlie (gl dre jf yialS P2 a4y jaud mdaw il L

Dy oz, IS Ay gl 5518 3o 53 P2g 5 Po I jaud e ol LRI e



Y#4  ..Serendipita indica y Rhizophagus irregularis ail5gs ¢y gums! S w3 o3l 50 g grozxo (w0

Al y oallogls’ 9 S (dlegls’ g dulay a5 Mo )3 52 Hund 9 )8 ot T (il yly 45 Jgua Y oo
Table 3- Variance analysis table of the effect of fungus and phosphorus levels on root colonization percentage and soil
glomalin and root glomalin

Ol Zolio 33l ey Slapo (ke
Mean of squares
Source of variation Degree of Ay logls SK byl Ay el 30590
freedom Root glomalin  Soil glomalin  Root colonization%
Fungus ¢, 3 11010587.787**  685043.991* 13385.157**
Phosphorus ja.s 2 446608.056** 19590.19** 347.322*
i) 6 217667.739* 6408.726** 66.037**
FungusxPhosphorus
Error Ls 24 21637.976 1357.816 10.454
() s ey
Coefficient of 15.673 13.0562 5.76
variation (%)
7N Jloas] g (3l gime 3
** significant at the 1% level
100 - a
b
90 - c b
o 80 - E
15 ol o 3
= = 60 1 I . & PO
18 s0- 8 3
3% 40 - EE:;: E;: QP10
3 o 30 A I .
L - -
-~ 8 20 A :: : B1P20
x .- .-
101 ff f 1 Bl
0 T — T Al 1
A\ $6 I \Y
o \ ¢ &
C &Q .
!

Wy (gl lS Mo yd 2 hnd 9 )8 (S oy P1-Y USS
53l bgy 4l sime MBI 86 S e B Sy Bl (il (slo i Silee S £ SAS 5 25 koo Vo P20 5 IS £ SO 5 25 e Vo P10 G g PO
Wid 8o S Jlein] paw 5SSl (glaioly i
Figure 3- The effect of the interaction of fungus and phosphorus on the root colonization percentage.

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 4- The effect of the interaction of fungus and phosphorus on soil glomalin.

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 5- The effect of the interaction of fungus and phosphorus on root glomalin

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Table 4- Linear relationship between root glomalin amount and root colonization percentage

ST b pdy STy audy (logls' lde
Amount of root glomalin reactive with antibody

To dalis y gl 5dS
Root colonization %

(H9/9)
2334.52 75.51
2106.36 76.86
2779.07 77.84
1795.77 71.26
1867.90 69.71
2287.42 70.84
1848.76 64.19
1860.54 63.14
440.06 47.18
90 -
80 - y =0.0137x +42.162
70 - R? =0.8546
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Figure 6- Linear relationship between root colonization percentage and antibody-reactive glomalin in micrograms per gram
of dry root
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Figure 7- The effect of the interaction of fungus and phosphorus on the percentage of colonization in the single inoculation
and the contribution of each of them in the dual inoculation treatment through estimation (*)
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Table 5- Variance analysis of the effect of fungus and phosphorus levels on the concentration and phosphorus content of
shoot and root

Ol oot gl @313l e Olas o (5o
Mean of squares
Source of variation  Degree of ) L R L. ) Al s hd Clale s
freedom My Swd slene  (oilgd (Wi Jhud (sl i 9B sy yhund clile
Root
Phosphorus Phosphorus content of Shoot phosphorus
content of roots Shoots phosphorl_Js concentration
concentration
Fungus ¢, 12.18%* 5.66** 0.00037"s 0.00084**
Phosphorus ,a.s 2 1.50* 11.77%+ 0.0019** 0.0021%*
Subig)8 2.463° 6.56° 0.00040° 0.00005**
FungusxPhosphorus
Error s 24 0.432 1.098 0.00014 0.00017
() Slys 5
Coefficient of 14.007 11.13 12.22 9.65

variation (%)

Mime e NS g ofee) g ofo N /o) Jloin] pdaw 13 )5 giro iy &y s g s
* ** and *** are respectively significant at the probability level of 0.05, 0.01, and 0.001, and non-significant ns
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Figure 8- The effect of fungus and phosphorus interaction on the concentration of shoot phosphorus

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 9- The effect of fungus and phosphorus interaction on the concentration of root phosphorus

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 10- The effect of fungus and phosphorus interaction on the phosphorus content of shoot

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 11- The effect of fungus and phosphorus interaction on the phosphorus content of root

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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