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Abstract: Calcareous soil with high pH and nutrient deficiency has always been a threat to
agricultural productivity. Adequate crop productivity and its supply is a need of the hour to
meet increasing demand of food for growing population worldwide. Another major concern is
loss of soil fertility due to over use of chemicals and other environmental factors which lead to
serious nutrient deficiency. These nutrient deficiencies eventually limit the scope of agriculture
in those areas and causing loss of productivity. Organic agriculture can be an alternative source
for restoring soil nutrients content and their physicochemical properties. Microbial reclamation
of nutrient deficient calcareous soil is a novel approach towards sustainable agriculture without
causing any environmental disturbances. Piriformospora indica a root endophytic fungus
already proved to be a beneficial influence on plant growth and were studied for its role in
creating a channel for nutrient supply to plants at the same time reducing the burden of
chemicals usage. In-vitro study reveals that the fungus can tolerate an alkaline pH up to 11.0
and remain metabolically active. The study also revealed that fungus has high affinity towards
insoluble Calcium Carbonates and Phosphates which enhances the Cell Dry Biomass upto 30 to
40 percent. Further studies revealed that the fungus was tolerant and physiologically active at
increasing concentration of Calcium Carbonate. P. indica in present study proves to be a potent
source of bio-inoculants for nutrient management in Calcareous soil.

Key Words: Calcareous Soil, Nutrient Deficiency, Piriformospora indica, Alkali tolerant,
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Introduction:

Crop cultivation in calcareous soil always has been a challenge when considered overall growth and
productivity. Calcareous soil has high pH making the soil alkaline due to presence of calcium carbonate as a
main component. The major factors affecting the yield are failure of the crop to absorb enough nutrients from
soil, non-availability of essential nutrient elements in soil, unfavourable environmental conditions, incidence of
insect pests and diseases, etc’. The most commonly used chemical for treatment of calcareous soils has
traditionally been sulphur and gypsum, due to availability and low cost. Conventionally, these chemicals are
applied to the surface of the soil and then incorporated by employing normal cultivation practices. Eventually
the chemical dissolved either by the native soil moisture, by irrigation water or by natural precipitation, or a
combination thereof.
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There is however a number of disadvantage regarding the performance of chemicals in reclaiming soil
condition. Though chemical amelioration has ensured crop cultivation in calcareous soil, still deficiency has
been observed in crops. This may be dueto the improper assimilation of applied chemical which gets tied up in
highly insoluble compounds, rendering the added nutrient only sparingly available for plant uptake. High
concentration of Calcium and Carbonates inhibits the uptake of nutrients by plants®. Also cost of restoring alkali
land by chemical use is virtually huge for permanent cure. In the present scenario, food security and nutrient
management are two most important aspect need to be addressed in modern agricultural practices. Soil origin,
natural condition and improper farming practices have transformed huge areas of agricultural potent soil into
barren land. There is an immediate need to address this issue and bring these soils under agriculture. One
potential remediation method involves the stimulation of microbial population in calcareous soils to mobilize
nutrients like Phosphate and enhancing the other beneficial Rhizospheric microbial population which eventually
improve soil quality and at the same time supply nutrients to plants. In sustainable agricultural, horticultural and
forestry ecosystems, different beneficial microbes were already explored to enhance crop production and
tolerance of plants to different biotic stress conditions’. Many micro-organisms including rootendophytes
establilsoh symbiotic relationships with plants and play an essential role in maintaining a better soil and plant
health™.

Piriformospora indica, a root endophytic fungus already proved to be beneficial influence on plant
growth especially under water scarcity and salt stress''was discovered by Verma et al’.P. indica a root
colonizing fungus, has positive influence on a wide range of plants of agriculture, forestry and flori-horticulture.
The fungus has a wide-host root-colonizing endophytic fungus which allows the plants to grow under extreme
physical and nutrient stresses®. The fungus promotes nutrient uptake, allows plants to survive under water,
temperature and salt stresses, and confers systemic resistance to toxins, heavy metal ions, insects and
pathogenic organisms’. In the present study P. indica was tested for its growth under in-vitro calcareous
condition at high alkaline pH.P indica was also subjected to different soluble and insoluble forms of Calcium
and Phosphates. The percentage was varied to study the maximum tolerance as compared to the composition of
calcareous soil. In the present research,P. indica was studied for its role and potency of growth under alkaline
pH and high concentration of Calcium carbonate. The present study thus conducted can hereby explore the
possibilities of P. indica as an excellent bio-inoculant for nutrient management in calcareous soil considering its
past references.

Experimental:
Collection of Culture:

Pure culture of Piriformospora indica Verma et al. was obtained from Amity institute of Microbial
Technology, Amity University. P. indica was subcultured and prepared in Hill Kaefer Agar media® and PDA
media and were incubated at 28°C+ 2°C for 5-7 days. It was maintained and preserved on Hill Kaefer's
medium®. P. indica was cultured as described previously™'in Petri dishes on a modified Kaefer’s medium (KM:
NaNOs, 7.0mM; KCl, 7.0mM; MgSO,, 2.1mM; KH,PO,, 9.2mM; ZnSO,, 0.77mM; H;BO4, 0.18mM; MnSO,,
0.02mM; CoCl,, 0.007mM; CuSOs, 0.0065mM; FeSO,, 0.02mM; EDTA, 0.02mM; ammonium molybdate,
0.001mM; thiamine, 0.003mM; gylcine, 0.005mM; nicotinic acid, 0.002mM; pyridoxine, 0.0004mM; glucose,
110mM; peptone, 2g/1; yeast extract, 1g/l; casein hydrolysate, 1g/l, pH 6.5) with 1% (w/v) agar. The plates were
preserved in replicate at 4°C for future studies.

To study the growth of Piriformospora indica at pH range 4.0-11.0.

P. indica was studied in vitro for its growth at acidic and alkaline pH, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
and 11.0. The cultures were subjected to different pH in solidi.e. Agar as well as in liquid media. The
inoculation was done in PDA and PDB medium at different pH rangei.e. 4.0 -11.0. The plates were incubated at
28°C+ 2°Cfor 5-7 days and broth were incubated at Shaker incubator at 28°C+ 2°C at 180 RPM for 4-7 days.
Radial growth, Cell Dry Biomass, was checked after 5 days and 7 days of incubation. All the experiments were
conducted with 5 replicates.
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To study the growth of Piriformospora indica under different soluble and insoluble forms of Calcium and
Phosphate.

P.indica was studied in-vitro for its growth and metabolism at different types of soluble and insoluble
Calcium and phosphates. Potato Dextrose Agar and Potato Dextrose Broth were supplemented with different
Calcium and Phosphorous containing soluble and insoluble compounds. The different sources were Calcium
Carbonate, Calcium Chloride, Tri-Calcium Phosphate, Potassium dihydrogen phosphate, dipotassium hydrogen
phosphate. The plates were incubated at 28°C+ 2°C for 5-7 days and broth were incubated at Shaker incubator
at 28°C+ 2°C and at 180 RPM for 5-7 days. Radial growth, Cell Dry Biomass, was checked after 4 days and 7
days of incubation. All the experiments were conducted with 5 replicates.

To study of growth of Piriformospora indica under different concentration of Calcium Carbonate:

P.indica was studied in-vitro for its growth and tolerance at different concentration of Calcium
Carbonate. Potato Dextrose Agar and Potato Dextrose Broth were supplemented with different concentration of
Calcium Carbonate viz., 0.25 %, 0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, 3.0 % and 3.5 %. The Calcium Carbonate
at different concentrations as above was added after pH was adjusted to pH 6.0.the experiment was conducted
in both liquid i.e. broth and solid i.e. in Agar media. The autoclaved medium was poured in sterile petri plates
and broth was kept as it is for inoculation. The inoculation was done from freshly prepared P. indica plate. The
inoculated plates were incubated at 28°C+ 2°C for 5-7 days and broth were incubated at Shaker incubator at
28°C+ 2°C at 180 RPM for 5-7 days. Radial growth, Mycelia Biomass, and amount of chlamydospore formation
were checked after 4 days and 7 days of incubation. All the experiments were conducted with 5 replicates.

Statistical Analysis.

The collected data were statistically computed using Graph Pad Prism 6 software. Data were subjected
to analyses of variance and treatment means were compared at significant at P < 0.05.

Results:
Collection of culture.

A pure culture of Piriformospora indica was obtained and microscopically observed for its mycelia
structure and pattern. P. indica was sub-cultured and prepared in Hill Kaefer Agar media and PDA media.
Mycelia were recorded as white and almost hyaline, but conspicuous zones (rhythmic growth) are observed in
older cultures. The mycelium was observed as mostly flat and submerged into the substratum. Chlamydospores
appear singly or in clusters and were distinctive due to their pear shaped structure'.

To study the growth of Piriformospora indica at pH range 4.0-11.0.

P. indica in present study were tested for its efficiency to grow at both acidic and alkaline pH,
especially with respect to calcareous soil.P. indica shows considerable variation in growth in terms of radial
growth and cell dry biomass (CDB) when allowed to grown at pH range of 4.0-11.0.The medium was analyzed
for pH after 5™ days and 7 days of incubation, but no fall in pH was observed.

Table 1: Cell Dry Biomass (g/ 100 ml of broth) and Radial diameter in cm of P. indica when grown at pH
4-11 after S days of incubation (5 DAI)

1.07+ | 40+ 1.09+ | 40+ | 110+ | 44+ | 128+ | 49+ | 1.15+ | 47+ | 1.18+ | 48+ |1.09+ | 45+ |097+ | 3.7+
0.12 0.21 0.13 0.19 0.13 0.19 0.14 0.20 0.11 0.18 0.14 0.21 0.12 0.19 0.10 0.18

*Values are mean + SD of five replicates
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Table 2: Cell Dry Biomass (g/ 100 ml of broth) and Radial diameter of P. indica when grown at pH 4-11
after 7 days of incubation (7 DAI)

pH 4.0 pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH11.0
Cell Radal  [clBiomas] Radal [CellBiomas{ Radal [elBiomas Radal [ellBiomas{ Radal [CellBiomas{ Radal [CellBiomas{ Radal [ellBiomas{ Radial
Biomass | Diamter(am) | (100mi) | Diameter | (/100mi) | Diameter | (2/100mi) | Diameter | (g/100mi) | Diarmeter | (/100ml) | Diameter | (2/100mi) | Diameter | (g/100mi) | Diarmeter
(2/100ml) (@) (@) (@) (@) (@) (@) (@)
125+ | 45+£0.19 132+ | 47+ | 145+ | 53+ [ 158+ | 55+ [ 155+ 561+ 151+ |532+|121+ [492+ | 1.17+ }.5+0.19
0.12 0.11 0.20 0.14 0.22 0.15 0.23 0.12 0.24 0.15 0.20 0.13 0.18 0.12

*Values are mean + SD of five replicates

Study revealed that there was increase in biomass and radial growth at pH range 7.0 -10.0. A maximum
of Cell Dry Biomass (CDB) was recorded iel1.45 = 0.14 g/100 ml to 1.51 = 0.15 g/100 ml at pH 6.0 and 9.0
respectively. At pH 10, the cell dry biomass was 1.21+ 0.13 g/100ml which was significantly moderate
compared to the values recorded for other pH. Cell Dry Biomass was recorded for pH 11.0i.e. 1.17 £0.12 g/100
ml which was comparativelyless than the neutral pH.The maximum radial growth was recordedas 5.3 0.22 cm
to 4.92 £ 0.18 at pH range 6.0 to 10.0 respectively. A slight decrease in radial growth was observed and
recorded forpH 11.0i.e. 4.5 + 0.19 cm.Though there was gradual decrease in biomass and radial growth, from
the above data, P. indicaVermaet.al. Isolate can be considered to be alkali tolerant. The microscopic analysis
confirmed the presence of healthy mycelia and chlamydospore formation without any stress at pH 6.0-10.0. At
pH 11.0 though the mycelia was found to be healthy, there was less formation of peer shaped chamydospores,
which is the characteristics of Piriformosporaindica.
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Fig 1: Cell Dry Biomass of P.indica(g/100 ml)at pH range of 4.00 to 11.00
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Fig 2: Radial cell growth of P.indicain cm at pH range of 4.00 to 11.00
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Fig 4: Fig: Radial cell growth of P.indica at pH range of 4.00 to 11.00 after 7 days.

To study the growth of P.indica under different soluble and insoluble forms of Calcium and Phosphate.

Piriformospora indica was studied for its growth in different sources of soluble and insoluble
Phosphate and Calcium. P indica shows prominent and varied growth and biomass production at different
calcium and Phosphate sources. P.indica when supplemented with Calcium carbonate and Tri-calcium
Phosphate recorded a remarkable increase in biomass and radial growth compared to other components. The
insoluble calcium and Phosphate induces the growth to a tune of 25 to 30 %. The insoluble compounds used in
the study were found to be completely solubilised in the absence of any organic acids production. This maybe
due to the presence of Phosphate transporter system of P. indica that facilitates the disappearance of turbidity of
the broth to clear transparent liquid®.
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Table 3: Cell Dry Biomass, Radial growth and pH after 5 days and 7 days of incubation when grown in
different media supplemented with different sources of soluble and insoluble forms of Calcium and
Phosphates.

S.No Compounds pH Cell Dry Biomass gm/100 ml Radial Growth in plate
(cm)
5 days 7 days 5 days 7 days 5 days 7 days
01 Calcium Carbonate 6.6+0.21 6.59+0.19 1.46+0.14 1.72+0.12 4.3+0.16 6.3+0.18
02 Calcium Chloride 5.7£0.19 4.9+0.18 0.94+0.11 1.10+0.13 2.8+0.14 3.440.15
03 Tri Calcium Phospahte 6.5+0.22 6.2+0.18 1.52+0.15 1.88+0.15 4.6+0.18 6.9+£0.15
04 Potassium 6.7+0.21 6.5+0.20 0.97+0.12 1.15+0.12 2.940.15 3.5+0.13
dihydrogenPhospahte
05 Dipotassiumhydrogen 6.4+0.9 6.2+0.19 1.11£0.15 1.25+0.15 2.7+0.16 4.0+£0.17
Phosphate
06 Ferric Phosphate 6.5+0.22 6.3£0.21 0.62+0.10 0.75+0.12 2.540.15 3.0+0.13
07 Control (PDA/PDB) 6.6+0.19 6.4+0.19 1.12+0.11 1.28+0.13 4.3+0.17 4.8+0.17
*Values are mean + SD of five replicates

8

? !

6 L

5 !

4 |

3 L

2 !

l ¢

0

Calcium Calcium  TriCalcium Potassium Dipotassium Ferric Control
Carbonate  Chloride  Phospahte dihydrogen hydrogen  Phosphate (PDA)
Phospahte Phosphate
EpH MWBiomass M Radial Growth

Fig 5: Biomass, Radial Growth and pH of P.indica when grown under different soluble and insoluble
forms of Calcium and Phosphate.

The results obtained were mean of 3 replicates. The results were recorded after 5 days and 7 days of
incubation. There was no as such variation in pH in all the supplemented broth. Significant yield in bio mass
and radial growth of P. indica was recorded when supplemented with 0.5 % Calcium Carbonate and Tri-
Calcium Phosphate respectively. Microscopic observation of these two samples shows maximum number
formation of pear shaped chlamydospores®. The mycelia were also observed to be more rigid and healthy in
Calcium carbonate and TCP supplemented broth compared to other supplemented sources including Control
(Potato Dextrose Media).

To study the growth of Piriformospora indica under different concentration of Calcium Carbonate:

Piriformospora indica was studied for its growth in different concentration of Calcium Carbonate. P.
indica shows optimum growth and biomass production at different calcium carbonate percentages i.e. 0.5% to
3.5 %. P. indica when supplemented with Calcium carbonate and Tri-calcium Phosphate recorded a remarkable
increase in biomass production and radial growth compared to other components. The insoluble calcium and
Phosphate increased the growth to a tune of 25 to 30 %. The insoluble compounds used in the study were found
to be completely solubilised without any production of organic acids. This may be due to the presence of
Phosphate transporter system of P. indica that facilitates the disappearance of turbidity of the broth to clear
transparent liquid®.
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Table 4: Growth, pH, Cell Dry Biomass and Radial Growth of P. indica when grown in different
concentration of Calcium Carbonate.

S.N Calcium pH Cell Dry Biomass Radial Growth in plate (cm)
0 Carbonate % gm/100 ml
Sdays 7 days 5 days 7 days 5 days 7 days
1 0.25 6.54+0.21 6.45+0.18 1.35+0.14 1.76+0.14 3.77+£0.12 5.66+0.14
2 0.50 6.53+£0.22 6.51+0.19 1.51+0.15 1.81+0.17 4.01+0.13 5.89+0.12
3 1.00 6.66+0.23 6.56+0.21 1.55+0.16 1.88+0.16 4.06+0.13 6.01+0.14
4 1.50 6.71+0.23 6.58+0.20 1.52+0.15 1.89+0.15 4.09+0.12 6.08+0.13
5 2.00 6.73+£0.21 6.63+0.19 1.49+0.13 1.86+0.15 4.09+0.12 6.06+0.16
6 2.50 6.76+0.20 6.66+0.18 1.50+0.16 1.88+0.16 4.11+0.11 6.12+0.15
7 3.00 6.78+0.22 6.69+0.22 1.51+0.14 1.87+0.14 4.10+0.13 6.11+0.15
5 3.50 6.76+0.21 6.66+0.23 1.41+0.12 1.65+0.15 4.01+0.12 5.99+0.13

*Values are mean + SD of five replicates
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Fig 6: Cell Dry Biomass of P.indica when grown Fig 7: Radial Growth of P.indica when grown
under different soluble and insoluble forms of under different soluble and insoluble forms of
Calcium and Phosphate. Calcium and Phosphate.

The result obtained was mean of 5 replicates. There was no significant fall in pH when P.indica was
grown at different concentration of Calcium Carbonate. There was no production of acid while complete
dissolution of insoluble Calcium carbonate which was a significant observation in the study. Calcareous soil has
high percentage of Calcium carbonate which alters soil pH and also affects the availability of nutrients to plants.
Present study envisages a possibility of adopting P indica for nutrient management in Alkaline Calcareous soil.
Significant yield in bio mass and radial growth of P. indica was recorded when supplemented with different
concentration of Calcium Carbonate. At Calcium Carbonate concentration of 0.25 % to 3.5%, a steady
production of cell dry biomass (CDM) 1.76+£0.14 to 1.65+0.15 and Radial growth of 5.66+0.14 to 5.99+0.13
was recorded.No as such inhibition was recorded due to increasing concentration of the carbonates.
Microscopic observation also shows more number of pear shaped chlamydospores®.

Discussion:

Piriformospora indica is an endophytic fungus that colonized monocots as well as dicots". 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'®. P. indica is already reported to be involved
in high salt tolerance, disease resistance and strong growth-promoting activities leading to enhancement of host
plant yield'> '*. Present study was conducted to understand P. indica capacity to withstand high alkaline pH.P
indica was also subjected to stress of different concentration of Calcium Carbonate with respect to Calcareous
soil. This study has great significance as the fungus is being exploited and tested for bioremediation of
calcareous soil. From the study, it is concluded that Piriformspora indica Vermaet.al, can with stand alkaline
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pH upto 11.0. The fungus found to have optimum growth at pH 6.0-10.0. Increase in cell dry biomass and radial
growth along with presence of significant amount of chlamydospores at a wide range of pH 4.0-11.0. The
fungus can tolerate and shows prominent growth and metabolism at low acidic pH 4.0 to high alkaline pH 11.0.
P. indica was also studied in-vitro for its activity to solubilize and utilizes different sources of insoluble and
soluble form of Calcium and Phosphate. P indica when supplemented with Calcium Carbonate and Tri-Calcium
Phosphate showed remarkable growth. To understand the tolerance of P. indica, on different concentration of
Calcium Carbonate, a study was conducted and it was concluded that Calcium Carbonate promotes the growth
of P.indica. Considering the present research, P indica Verma etal. Isolate is a promising agent for use in
organic agriculture to manage nutrient deficiency in Calcareous soil.

This also provides further scope to study the interaction of P.indica with other beneficial microbial
inoculants which are presently used in the bioremediation of calcareous soils.

Reference:
1. Singh A, et al., Biotechnological Importance of Piriformospora indica Verma et al- A novel Symbiotic
Mycorrhiza-like Fungus: An Overview. Indian Journal of Biotechnology, Vol 2, Janurary 2003, pp 65-
75

2. Yadav V , Kumar M, Deep DK, Kumar H, Sharma R, Tripathi T, Tuteja N, Saxena AK, Johri AK., A
phosphate transporter from the root endophytic fungus Piriformospora indica plays a role in phosphate
transport to the host plant J Biol Chem. 2010 Aug 20;285(34):26532-44. doi:
10.1074/jbc.M110.111021

3. Verma S, Verma A, Rexer K. H., Kost G, Sarbhoy A, Bisen P, Butehorn B and Franken P.,
Piriformospora indica, gen. Et sp. Nov., a new root — colonizing fungus,Mycologia, 1999, vol 95, p.
896-903.

4, Varma A, Bakshi M, Hartmann A, Oelmueller R, Lou B, Piriformospora indica: A Novel Plant
Growth-Promoting Mycorrhizal Fungus Agric Res (April-June 2012) 1(2):117-131, DOI
10.1007/s40003-012-0019-5.

5. Bagde US, Prasad R, Varma A, Influence of culture filtrate of Piriformospora indica on growth and
yield of seed oil in Helianthus annuus. Symbiosis 2011, 53:83—88

6. Kaefer, E., Meiotic and mitotic recombination in Aspergillus and its chromosomal aberrations.
Advances in Genetic, 1977, 19: 33-131

7. Peskan-Berghofer, T., Shahollari, B., Giang, PH., Hehl, S., Markert, C., Blanke, V., Kost, G., Varma,
A., Oelmuller, R., Association of Piriformospora indica with Arabidopsis thaliana roots represents a
novel system to study beneficial plant-microbe interactions and involves early plant protein
modifications in the endoplasmatic reticulum and at the plasma membrane. Physiol. Plant, 2004,
122:465-77.

8. Arvind K. Shukla, Pankaj K. Tiwari, Chandra Prakash Micronutrients Deficiencies vis-a-vis Food and
Nutritional Security of India, Indian J. Fert., Vol. 10 (12), pp.94-112 (19 pages)

9.  Joy Michal Johnson, Theresa Alex and Ralf Oelmiiller, Piriformospora indica: The versatile and
multifunctional root endophytic fungus for enhanced yield and tolerance to biotic and abiotic stress in
crop plants, Journal of Tropical Agriculture 2014, 52 (2) : 103-122.

10. Smith, S.E. and Smith, S.F., Roles of arbuscularmycorrhizas in plant nutrition and growth: new
paradigms from cellular to ecosystem scales. Annu. Rev. Plant Biol. 2011, 62:227-250.

11. Zarea, M.J., Hajinia, S., Karimi, N., Goltapeh, E.M.,Rejali, F. and Varma, A., Effect of Piriformospora
indica and Azospirillum strains from saline or non-saline soil on mitigation of the effects of NaCl. Soil
Biol. Biochem., 2012, 45:139-146.

12. Kumar M, Yadav V, Tuteja N, Johri AK. Antioxidant enzyme activities in plants colonized with
Piriformosporaindica. Microbiology 2009; 150:780-90.

13.  Waller F, Achatz B, Baltruschat H, Fodor J, Becker K, Fischer M, et al. The endophytic fungus
Piriformospora indica reprograms barley to salt-stress tolerance, disease resistance and higher yield.
ProcNatlAcadSci USA 2005; 102:13386-91.

14. Varma A, Verma S, Sudha, Sahay N, Butehorn B, Franken P. Piriformospora indica, a cultivable plant-
growth-promoting root endophyte. ApplEnvMicrobiol 1999; 65:2741-4.



Kausik Basu et al /Int.J. ChemTech Res. 2016,9(1),pp 73-81. 81

15. Manoj Kumar, VikasYadav, Hemant Kumar, Ruby Sharma, Archana Singh, Narendra Tuteja and Atul
Kumar Johri, Piriformospora indica enhances plant growth by transferring phosphate, Plant Signaling
& Behavior2011, 6:5, 723-725.

%k Kk %k k



