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Piriformospora indica is an endophytic 
fungus that colonized monocot as 

well as dicot. P. indica has been termed 
as plant probiotic because of its plant 
growth promoting activity and its role in 
enhancement of the tolerance of the host 
plants against abiotic and biotic stresses. 
In our recent study, we have character-
ized a high affinity phosphate transporter 
(PiPT) and by using RNAi approach, 
we have demonstrated the involvement 
of PiPT in P transfer to the host plant. 
When knockdown strains of PiPT- 
P. indica was colonized with the host 
plant, it resulted in the impaired growth 
of the host plants. Here we have ana-
lyzed and discussed whether the growth 
promoting activity of P. indica is its 
intrinsic property or it is dependent on 
P availability. Our data explain the cor-
relation between the availability of P and 
growth-promoting activity of P. indica.

Phosphorous (P) is one of the most essen-
tial mineral nutrients for plant growth 
and development. In the soil P is present 
mainly in the form of sparingly soluble 
complexes that are not directly accessible 
to plants. Thus, it is the nutrient that lim-
its crop production throughout the world.1 
Plants have therefore evolved a range of 
strategies to increase the availability of soil 
P, which include both morphological and 
biochemical changes at the soil-root inter-
face. For example, increased root growth 
and branching, proliferation of root hairs, 
and release of root exudates can increase 
plant access to inorganic phosphate (Pi) 
from otherwise poorly available sources.2,3 
Plant root possess two distinct modes of 
phosphate uptake, direct uptake by its 
own transporters and indirect uptake 
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through mycorrhizal associations. In 
plants several high affinity P transporters 
specifically associated with the uptake of 
Pi from soil solution. Expression of these 
transporters is induced in response to  
P deficiency and enables Pi to be effectively 
taken up against the large concentration 
gradient that occurs between the soil solu-
tion and internal plant tissues.4 However, 
in arbuscular mycorrhizal associations 
(indirect uptake), plants acquire Pi from 
the extensive network of fine extra radical 
hyphae of fungus, that extend beyond root 
depletion zones to mine new regions of the 
soil.5 In the case of arbuscular mycorrhizal 
fungi (AMF), including Glomus versiforme 
and G. intraradices, the regulation of 
phosphate transporters that are expressed, 
typically upregulated under P deficiency 
but their role in P transfer to the host plant 
have not been characterized.5,6

P. indica was reported to be involved in 
high salt tolerance, disease resistance and 
strong growth-promoting activities lead-
ing to enhancement of host plant yield.7-9 
Recently, we have shown the role of PiPT 
in the P transport to the host plant.10 Here 
we discuss the performance of P. indica 
(grown under P-rich and -deprived condi-
tions and colonized with the host plant) 
and its involvement in the P transporta-
tion to, and the growth of the host plant.

Growth Promoting Activity  
of P. indica Depends  
on the P Availability

In the present study, we analyzed whether 
growth-promoting activity of P. indica is 
dependent on the available P in the soil 
or is a intrinsic property of the fungus. 
We have found no significant change in 
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Figure 1. Transport of P to maize plants by P. indica was carried out in bi-compartment Petri dish culture system.10 (A) Radioactivity incorporated in 
plant was demonstrated by autoradiography. Radioactivity counts intensities are shown in false color code (vertical bar, low to high). (i) Whole maize 
plant before autoradiography. (ii) False-color autoradiograph of the maize plant obtained after 3 h of exposure of the maize plant. (iii) Microscopic 
view of a sample of plant root before autoradiography. (a) Maize plant colonized with P. indica grown at 10 µM P concentration referred as P-deprived 
condition (LP-C). (b) Non-colonized maize plant grown at 10 µM P concentration, (c) Maize plant colonized with P. indica grown at 10 mM P concentra-
tion referred as P-rich condition (HP-C). (d) Non-colonized maize plant grown at 10 mM P concentration. Transport assay was done at 100 mM with  
1 mM of P32 (specific activity 200 mCi/mmol). (B) Amount of 32P transferred into the maize plant components by P. indica. Bar labeled with the (*) repre-
sents significance as compared with the (HP-C) (p < 0.05). (C) PiPT gene expression analysis during colonization at P-deprived and P-rich condition. RT-
PCR analysis was performed to check the PiPT gene expression in P. indica grown at P-deprived and P-rich condition. Lane 1 shows amplified PiPT DNA 
fragment (1.6 kb) from P. indica grown at P-deprived condition (10 mM). Lane 2, no expression of PiPT was observed when P. indica was grown at P-rich 
condition (10 mM). tef gene (220 bp) of P. indica was used as a loading control. A color version of this image is available at www.landesbioscience.com/
journals/psb/article/15106/.
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Pi is the major form effluxed by the fun-
gus to the plant interface. In higher plants 
it is evidence that phosphocholine can be 
broken down outside cells to release Pi. 
We speculate that phosphocholine is also 
effluxed by the fungus to the plant; Pi 
would then be taken up by the plant via 
an H+ co-transporter, as in non-colonized 
roots. Since it is known that the phos-
phate transporter from Glomus versiforme 
(GvPT ) is not expressed in fungal struc-
tures inside the plant and similarly in case 
of P. indica, PiPT expression was very low 
in intra-radical tissue of the plant, it can-
not be a candidate for the fungal P efflux 
mechanism. Efflux of P must depend on 
a different transport system. In summary, 
P transfer by P. indica to host plant has 
significance effect on plant growth par-
ticularly at P-deprived condition therefore 
in our views helping the plant to overcome 
the P stress condition.
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seedlings. Additionally, we also conclude 
that PiPT expression is dependent on 
the P availability. Further, in a separate 
pot experiment we have observed that  
mP. indica enhances biomass more effec-
tively at P-deprived condition than P-rich 
condition. It was also observed that 
growth of colonized plant at 40 μM phos-
phate was found equal to non-colonized 
plants grown at 400 μM. This shows that  
P. indica can mimic the growth even at 
ten-fold lower P supplement (Fig. 2). In 
case of AMF reports are available which 
shows the growth promotion activity is due 
to higher influx (2–5 times) of P in mycor-
rhizal roots than in non-mycorrhizal roots 
(at a rate of 10-11 molm-1s-1).11,12 However, 
this is the first report of P transportation 
to the host plant, which was checked by 
modulating the growth of P. indica at  
P-deprived and P-rich conditions. Further, 
this is a possible an additional explana-
tion of growth promotion activity of the 
fungus. As far as the mechanism and  
P compound concerned for the transfer of 
P from P. indica to plant, it is unknown 
but Pi and organic P (such as polyphos-
phate) could be carried within the fungus 
by cytoplasmic streaming or by bulk flow 
to the plant root from external hyphae 
located in the soil. In case of mycorrhiza 

the biomass at seedling stage. However, 
at later stage, the difference in biomass 
between colonized and non-colonized 
plants was 2.5 times at deprived P and 
1.2 times at rich P conditions respectively. 
These data suggest that P. indica enhances 
growth more effectively at low P. Using bi-
compartment assay for 32P transportation, 
P transfer by P. indica to the host plant 
was analyzed and a considerable amount 
of 32P was measured in maize plants, sug-
gesting that hyphae were transporting  
P to host plant at P-deprived condition 
(Fig. 1A and B).10 On the other hand 
P. indica was found unable to transfer 
more P to the host plant as compared 
to the P-deprived condition (Fig. 1B). 
Interestingly we have found no difference 
in the colonization at both the condi-
tions (Fig. 1Aa and c). RT-PCR analysis 
shows that PiPT gene was not expressed 
in P-rich condition as no band was 
observed and a very good band of PiPT 
was observed at P-deprived condition 
(Fig. 1C), which reveals that PiPT was 
not active at P-rich condition therefore 
a very low amount of P was transferred 
to the seedlings; however at P-deprived 
condition PiPT was expressed and there-
fore actively involved in transporting the 
comparatively higher amount of P to the 

Figure 2. Effect of P. indica on plant growth at P-deprived and P-rich condition. PI 40, Plant colo-
nized with P. indica supplied with 40 μM P. P 400, non colonized plants supplied with 400 μM P. 
Experiment was conducted for 28 days after inoculation (dai) in acid-washed sand supplied with 
Hoagland’s solution containing 40 or 400 μM P, respectively.


