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Role of Piriformospora indica as biofertilizer for promoting
growth and micronutrient uptake in Dendrocalamus strictus
seedlings
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Abstract: The present study was conducted to assess the role of two mycorrhizal fungi (Glomus
Sascieulatum and Piriformospora indica) and two bacterial (Azotobacter and Pseudomonas) biofertilizers
on growth and micronutrient uptake in bamboo scedlings. Various parameters such as shoot height,
number of sprouts, root dry mass, per cent root colenization and micronutrent content were studied.
The application of P indica resulted in maximum enhancement in shoot height and number of sprouts.
However, the dual inoculation of Psendomonas+F indica resulted in maximum per cent increase in
shoot height over control plants, nine months after inoculation. The inoculation of P indica also resulied
in increased uptake of micronutrients such as zinc, copper, manganese and iron. Dual inoculation of
both bacterial cultures of Azotobacrer and Pseudomonas also enhanced uptake of zine, manganese and
copper, but o a tesser extent.
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INTRODUCTION

Biofertilizers include a varicty of microbial forms such as bacteria, fungi and
actinomycetes, that work as- nitrogen fixers, P-solubilizers, P-mobilizers and plant
growth promoters. Phosphate mobilizers such as mycorrhizal forms particularly
arbuscular mycorrhizal fungi (AMF) help in mineral nutrient acquisition that helps in
increasing plant growth. However, the problems associated with mass production of
AMF inoculum due to obligate biotrophy has defuged the benefits accorded by this
fungal biofertilizer. This calls for the discovery of cultivable alternative P-mobilizing
fungal forms. The recently identitied hymenomycetous basidiomycete, Piriformospora
indica has been found to have these properties (Varma et al., 1999). This axenically
cultivable phytopromoticnal endosymbiotic fungus has a broad host spectrum and
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could mimic the capabilities of arbuscular mycorrhizal fungi (Singh et al., 2000). It
mobilizes the insoluble phosphates and translocates the phosphorus to the host in an
energy-dependent process. The other commeon soil thizospheric microflora includes
the plant growth promoting rhizobacteria (PGPR) that exhibit growth promotion and
enhanced development on seed/soil/seedling inoculations. Being at the same
rhizospheric zone, AMF and PGPRs exhibit intricate microbial interactions. Thus, in
some instances the dual inoculation of these two microbes into plants results in
improved growth of inoculated plants over the control. The present study was
undertaken to compare and ascertain growth promotion by single and dual inoculation
of PGPRs (Azetobactey, Pseudomonas), AMF and P indica.

MATERIAES AND METHODS

The experiment was conducted on 45-days-old Dendrocalamus strictus seedlings raised
at Department of Agronomy, Punjab Agricultural University, Ludhiana. Two bacterial
cultures (Azotobdacter and Pseudomonas) and two mycorrhizae (Glomus fasciculatum
and £ indica) were used in the present study. The cultures were grown in suitable
media on a rotary shaker (Potato dextrose broth for £ indica, Jensen’s broth for
Azotobacter and King's B broth for Pseudomonas). All the inoculations were performed
at the time of planting the seedlings. Seedlings were inoculated with P, indica and G.
fasciculatum at the rate of 100 and 50 spores per polythene bag containing 1.5 kg of
soil. The inoculum was given in the vicinity of the seedling roots. Bath the bacterial
cultures were inoculated at the rate of 5x107 cells per polythene bag. The experiment
was laid out by using 20 seedlings per treatment in four replications. Initial data of
plantheight were recorded at the time of planting, and 3 and 9 months after inoculation.
Different parameters such as shoot length, root dry weight, number of sprouts after
three and nine months from inoculation were recorded. Root dry weight was recorded
by drying the roots in an oven at 70°C for 2 days after thorough washing with tap
water and 0.1 per cent HCL. Shoot length was measured with the help of a scale at
two intcrvals of time (3 and 9 months) while root dry weight (g/plant) was determined
9 months after inoculation. The per cent root mycorrhizal colonization was studicd
microscopically by staining the roots {Philips and Hayman, 1970). Uptake of different
micronutrients, zinc, manganese, copper and iron was studied by atomic absorption
spectroscopy (Piper, 1960). '

RESULTS AND DISCUSSION

Allthe bioinocnlants exhibited growth promoting activity; however, P indica followed
by dual inoculation with Azotobacter and Pseudomenas recorded significant increase
in shoot length over uninoculated control seedlings three months after inoculation.
Similarty shoot height increased significantly over control by single and dual
inoculations except for the Pseudononas treatment 9 months after inoculation (Table
I}, The number of sprouts was also observed to increase significantly over control for
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Table 1. Effect of differem biofertilizers on shoot height, number of sprouts and root weight
after different time intervals

Sk No. Treatments Shoot height {cm) Number of sprouts  Root dry
' at after3  after9 after3  afler 9 wi.

plaming months months months months {g/piant)
i Control 18.24 1944 30.03 1.61 2.70 13.05
2 P, indica 20,72 2588 44,21 240 4,25 25.51
3 AMF 18.35 20.09 30,48 2.14 3.51 27.69
4 Azotabacter 19.44 20.50 38.53 1.65 355 20.50
3 FPsendomonas 18.49 19.21 30.22 1.60 273 15.70
6 P indica+Azotabacter F8.90 19.95 38.27 1.64 339 16.30
7 P indica+ Pseudomonas 18.18 1998 42.44 1.95 3,31 i18.97
8 AMF+Azotobacter 18.74 20.21 36.26 1.78 3.23 31.50
9 AMF+Pseudomonas 19.85 20.99 42.82 2.00 334 24.(1n
10 Azotobactery Pseudomonas 2123 2340 40.03 236 3.06 23.66

CD (5%) - 197 1.82 0.3} 0.70 4.94

all the treatments except Azofobacter alone, Pseudomonas alone and dual inoculation
with P, indica+Azotobacter. Maximurm percentage increase over control in shoot height
was recorded for £ indica and Pseudomonas (133.4%) followed by dual inoculation
treatment of G. fasciculatum and Pseudomonas (115.7%) after 9 months from the
date of transplantation which is at par with G. fascicularum (115.1%) and F. indica
(113.3%}) (Fig. 1). Thus the present study indicated that dual inoculation of P. indica+
Psendomonas resulted in maximum per cent increase in shoot height over uninoculated
control. It was also observed that Psendomonas along with mycorrhizal fungi (P.
indica and G. fasciculatum) resulted in higher root length indicating a good combination
of root fungi and PGPR.

Pi GF A Ps  Pi+Azo Pisls GErAzo GEPs AzosPs

Figure 1. Per cent increase in shoot height of bamboo seedlings after 3 and 9 months of
trcatment.
Pi: P indica, Gf: G. fascicidatum, Azo: Azotobacter, Ps: Pscudomonas
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The root dry weight was observed to be maximum for the dual inoculation treatment
of G. fasciculatim+Azotobacter followed by the treatment with G. fasciculatum alone
and P, indica alone. All the biofertilizers led to significant increase in root dry weight
over control except in the treatment with Pseudomonas alone and P
indica+Azotobacter (Table 1). The per cent increase in shoot height in P
indica+Pseudomonas dual treatment could be attributed to the synergistic growth
promoting activity of both biofertilizers. Similarly the root biomass was observed to
be maximum for the G. fasciculatum+Azotobacter dual treatment, thus suggesting
added advantage of the dual inoculation by virtue of synergism between two
biofertilizers. The mycorrhizal colonization of both G. fusciculation and P indica
was observed as large vesicles, hyphae for the former while hyphae and characteristic
pear shaped spores for the latter (Fig. 2). Similar results were reported by Muthukurar
and Udaiyan (2006). They observed that combined inoculation (triple inoculation) of
AMFE+PSB+Azospirillum brasilense was the most effective in enhancing growth in
bamboo both under fertilized and unfertilized conditions. Verma et of. (1997) and
Ravikumar e¢ al. (1997) reported significant increase in growth of bamboo inoculated
with AM fungi. '

Figure 2. Spores of P indica in inoculated roots examined microscopically.

The micronutrient status of the seedlings was also studied 9 months after
transplantation. There occurred a significant increase in acquisition and uptake of
manganese, zinc and copper while an enormous increase in iron uptake was recorded
by single inoculation with F. indica. This may be attributed to the presence of large
body of extramatricular hyphae extending cut of the root that function as accessory
roots/root hairs for increased uptake of mineral nutrients. The dual inoculation with
Azotobacter+Pseudomonas and G. fasciculatum+Pseudomonas also resulted in
increased uptake of zinc (Table 2). Studies of Elwan (1993) show that uptake of
macrorutrients (P, K, Ca and Mg) and micronutrients (Fe, Mn, Zn, Cu) were highest
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Table 2. Effect of different biofertilizers on micronutrient uptake in bamboo seedlings

Sl No. Treatments Micronutrient status(ppmskg)

n Cu Mn Fe
i Control 1203 19.5 60.5 431.1
2 F indica 165.08 354 94.8 688.1
3 AMF 139.95 221 7.1 4.1
4 Azotobacter 146.7 21.9 67.5 4648
5 Pseudomonas 158.6 0.7 608 461.2
6 P indica+Azotobacter i14.2 130 262 4939
7 P indica+Psewdomonas 1359 19.6 82.1 451].1
g AMF+Azotobacter 156.8 20.7 695 5168
o AMF+Pseudomonas 125.6 234 T5.8 648.0
10 Azatobacter+Pscudomonas 16(.56 23,5 §9.3 628.6

CD{5%) .51 319 358 NS
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Figure 3. Effcct of different biofertilizer inoculations on bamboo seedlings.

in plunts inoculated with G. fascicularum at the recommended dose of P fertilizer.
Similar studies on maize plants by Kothari ez al. (1991} show the role of VA mycorrhiza
in increased acquisition of phosphorus, zinc and copper in inoculated plants.

Thus the present study concludes that biofertilizer application can prove to be an
effective technology for enhancing growth and biomass of bamboo. The various
biofertilizers used in the present study helped in micronutrient acquisition and uptake
from soil which in turn resulted in increasing plant height and root biomass.
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