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Abstract: Efficient phosphate (P) solubilising strains of Penicillium such as Penicillium oxalicum, 

Penicillium glabrum and Penicillium sp. isolated from endophytic sources was applied as 

biofertiliser and it enhanced the productivity of Piper longum, a RET Medicinal plant which is one 

of the endangered species of Odisha state. Periodical study of the growth performance of Piper 

longum plants inoculated with different Penicillium sp. under pot culture conditions showed 

outstanding impact of the fungal strains on plant growth. Maximum height was recorded in plants 

treated with Penicillium oxalicum strains (76.75±22.9) cm after 120 days as compared to control 

plants with (57.4±16.3) cm. In control plants, spike development was observed after 180 days. 

Maturation of the fruits occurred in Penicillium glabrum and Penicillium sp. at 150 days and all 

the spikes obtained were of the male type and maturation of female spikes occurred after 180 days. 

The Relative Growth Rate (RGR) and Net Assimilation Rate (NAR) were higher in plants 

inoculated with Penicillium sp. and recorded as 12.3 mg.g
-1

.day
-1

 and 4.49 g.cm
-2

.day
-1

 

respectively. 
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INTRODUCTION 

Phosphate is an essential irreplaceable element which is building block of all life forms. Globally, phosphate 

needs are currently met from geochemical sedimentary rock formations which are available only in selected 

areas of the world. These are finite resources that will last for half a century, depending upon the total resources 

that exist or currently accessible sources of P in the world. Hence, phosphate rock deposits are non-renewable 

and availability of high-grade P ores is finite. Since India suffers from lack of geological reserves of high-grade 

P it is dependent on imports to meet up to 90% of its domestic P requirement and it also witnessed a steep 

increase in the prices of P fertilizers in the recent years. Therefore, efficient usage of P to minimize wastage 

/loss remains the only option. However, Phosphate represents an interesting case of resource management, a key 

component in the pillar of information (DNA) and energy (ATP) molecules of the cell and is non-substitutable 

for all living organisms. In Indian soils, inorganic P contributes 54–84% of total P whereas the share of organic 

P varies from 16–46% in different states (Tomar 2000). However, since soils of more than 90% of the districts 

belonged to low to medium fertility categories, P fertilization is necessary to produce optimum crop yields. On 

the basis of accessibility and extractability, soil exists in 4 different pools such as Soil solution P, Surface 

adsorbed P, strongly bonded or absorbed P and inaccessible or precipitated P (Syers et al. 2008). Soil P solution 

concentration is affected by dissolution-precipitation (mineral equilibria), sorption-desorption, mineralization-

immobilization. Hence P in soils is present in two main insoluble forms- mineral forms such as apatite, 

hydroxyapatite, oxyapatite and organic forms such as inositol phosphate (soil phytate), phosphomonoesters, 

phosphodiesters, phosphotriesters etc.  

Natural solubilisation of mineral phosphates is a characteristic exhibited by most of the Phosphate 

Solubilising Microbes or PSM (Perez et al. 2007). In rhizosphere soil, these microbes play an ecophysiological 

role by mobilizing the insoluble inorganic phosphates so that they can be absorbed by plant roots and thus PSM 
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can be used for biofertilization to improve crop yields (Richardson 2001, Khan et al. 2007, Wafula et al. 2016, 

Nayak et al. 2017). Soil inoculation with phosphate solubilising organisms improves solubilisation of fixed soil 

P and applied phosphates so that P is available to the plant for growth and development. Plant growth and 

development is also related to its access to minerals such as P (Santos et al. 2010, Ghosh et al. 2017). 

Aspergillus and Penicillium among fungi are the most common P-solubilising fungi (Seshadri et al. 2004, 

Wakelin et al. 2004, Sahoo & Gupta 2016, Nayak et al. 2017, Panigrahi et al. 2017). Different species of 

Penicillium obtained from Agricultural soil, hill soil, mine soil and rhizosphere of plants were reported to have P 

solubilising activity by various investigators (Singh & Reddy 2011, Morales at al. 2011, Mahamuni et al. 2012). 

Various species of Penicillium with P solubilizing activity were tested under pot trial to evaluate their growth 

promoting abilities with crops such as cereals (maize, corn, wheat); Vegetable crops (Lettuce); oilseed crops 

(Groundnut); Forest trees (Dalbergia sisso) etc. (Kassim & Al-Zandinary 2011, Singh & Reddy 2011, Malviya 

et al. 2011, Morales at al. 2011, Patil et al. 2012, Dash et al. 2013). Endophytic microbes associated with plant 

also promote its growth and increases productivity due to their capacity of solubilising P mostly Ca and Fe 

phosphates (Vitorino et al. 2012).  

Piper longum L. is a slender aromatic climber having several medicinal properties due to the dry spikes of 

female types which is economically important. This is the reason for its overexploitation and more than 100 

metric tons/year of the dry weight of long pepper is being traded, as a result of which it is disappearing rapidly. 

Therefore, large-scale cultivation should be promoted to enhance its population in the wild. However, several 

problems such as lack of quality planting material, mortality in the field and poor growth are associated with 

large-scale cultivation (Singh & Gogoi 2010). Field trial of P. longum with P solubilising fungi was not reported 

earlier. The present study emphasizes on the application of efficient P solubilising strains of Penicillium such as 

Penicillium oxalicum Currie & Thom, Penicillium glabrum (Wehmer) Westling and Penicillium sp. as 

biofertiliser in order to enhance the productivity of P. longum which is one of the endangered species of Odisha 

state. 

MATERIALS AND METHODS 

 A pot culture experiment was designed to test the effectiveness of P solubilising fungal strains on growth 

and development of Piper longum L. under the greenhouse conditions. 3 Phosphate solubilising fungi belonging 

to Penicillium genera were selected for the experimental trial. Polybags of 10" × 10" size containing red laterite 

soil was used. All the polypots of 5 kg capacity were filled with sterile soil before transplanting the rooted stem 

cuttings of Piper longum plant. This was done in 10 replications for each treatment. The experiment was done in 

completely randomized block design with 3 treatments, F1, F8 and F11 inoculated with Penicillium sp., 

Penicillium oxalicum and Penicillium glabrum respectively in 10 replications.  

The characteristic features of the soil used for the experiment was acidic with pH 6.06, electrical 

conductivity 0.2 dSm
-1

, Organic carbon 0.9% with available N, P, K as 232, 25 and 99 kg.ha
-1

 respectively, Ca 

and Na with 6.6 and 0.174 meq/100g respectively. However, the concentration of micronutrients such as Fe, 

Mn, Cu and Zn was found to be 32, 11, 1 and 0.3 mg.kg
-1

 respectively. The pots were inoculated with fungal 

cultures at regular intervals and were maintained in the greenhouse at an adequate temperature with daily water 

supply to maintain the soil moisture level and without any application of fertilizer. The plant growth parameters 

especially observation of morphological details was done. The parameters such as leaf number, branch number, 

shoot height and fresh weight, root length and fresh weight, leaf area and fresh weight were recorded 

periodically. The dry weight of plant biomass such as shoot, root and leaf samples were determined after drying 

at 60ºC in the hot air oven for 48 hours. The observations recorded after 30, 60 and 90 days were compared with 

the control setup. The RGR, NAR and LAR were also calculated for all the treatments. Fruiting was observed 

after 120 days of fungal inoculation into the plants. The male and female spike development, their maturation 

and spike length was also recorded after 150 and 180 days. 

RESULTS AND DISCUSSION 

Periodical study of the growth performance of Piper longum L. plants inoculated with different Penicillium 

sp. under pot culture conditions revealed that Penicillium oxalicum and Penicillium glabrum showed a higher 

number of branches (11.25±2.5) and (11.25±4.03) respectively as compared to control plants (8.4±2.77) at the 

end of 120 days as shown in table 1. However, no significant increase is observed in number of branches for 

Penicillium sp. inoculated plant throughout the growth period. Leaf development in plants treated with different 
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strains of Penicillium showed a good increase in number at the end of 120 days. Penicillium oxalicum treated 

plants showed (38.25±8.54) number of leaves as compared to other plants. All the strains showed higher number 

of leaves from control plants. The plant height also increased after treatment with strains of Penicillium as 

compared to control. Maximum height was recorded in plants treated with Penicillium oxalicum strains 

(76.75±22.9) cm after 120 days. After fungal treatment at regular intervals, the plants showed a great increase in 

their height. All the three strains improved the Growth of Piper longum plant. P. oxalicum also increased the 

root length of plants and maximum of (33.75±2.47) cm is recorded after 90 days. The increment in root length 

of these plants is almost the double of control plants. However, all the three strains showed an increase in root 

length as compared with control. P. oxalicum also influenced the leaf development as higher leaf area 

(386.5±17.7) cm
2
 is obtained for the same. 

Table 1. Growth parameters recorded for Piper longum L. after regular interval inoculated with different species of Penicillium. 

A. 30 days SHOOT ROOT LEAF 

Treatment 

No. of  

branches 

No. of  

leaves 
Height 

Fresh 

weight 

Dry 

weight 
Length 

Fresh 

weight  

Dry 

weight 
Area  

Fresh 

weight 

Dry 

weight 

Control 5.5± 

0.71 

7± 

1.41 

36.5± 

12.02 

2.133± 

0.89 

0.27± 

0.115 

9.25± 

0.35 

1.01± 

0.13 

0.138± 

0.018 

261.63± 

23.16 

3.615± 

0.61 

0.497± 

0.038 

F1 3.5± 

2.12 

4.5± 

2.12 

26.35± 

17.89 

1.11± 

0.37 

0.18± 

0.094 

20± 

12.73 

0.735± 

0.53 

0.124± 

0.082 

301.88± 

273.12 

1.94± 

1.14 

0.33± 

0.19 

F8 5.5± 

0.71 

6.5± 

0.71 

29.25± 

12.37 

1.187± 

0.56 

0.173± 

0.082 

19.7± 

0.71 

0.89± 

0.28 

0.151± 

0.046 

240.33± 

21.8 

2.81± 

0.5 

0.36± 

0.08 

F11 6± 

0 

7± 

0 

41.25± 

7.42 

1.695± 

0.8 

0.203± 

0.045 

23.5± 

2.12 

1.052± 

0.142 

0.142± 

0.034 

210.878± 

37.13 

3.113± 

0.99 

0.385± 

0.11 

B. 60 days SHOOT ROOT LEAF 

Treatment 

No. of  

branches 

No. of 

leaves 
Height 

Fresh 

weight 

Dry 

weight 
Length 

Fresh 

weight  

Dry 

weight 
Area  

Fresh 

weight 

Dry 

weight 

Control 5± 

2.83 

4± 

2.83 

43.45± 

3.18 

2.857± 

0.62 

0.343± 

0.15 

9± 

1.41 

1.15± 

0.5 

0.317± 

0.14 

253± 

171 

2.775± 

1.3 

0.44± 

0.23 

F1 4.5± 

2.12 

6± 

1.41 

32.2± 

17.8 

1.504± 

0.47 

0.228± 

0.07 

10.7± 

1.63 

0.678± 

0.28 

0.149± 

0.06 

173.88± 

98.8 

1.971± 

1.26 

0.313± 

0.21 

F8 8± 

1.41 

9.5± 

2.12 

55± 

0.63 

2.352± 

0.24 

0.417± 

0.17 

7.8± 

1.41 

0.482± 

0.06 

0.108± 

0.013 

353.63± 

54.62 

3.63± 

0.03 

0.683± 

0.06 

F11 6.5± 

2.12 

8± 

1.41 

53.25± 

6.72 

2.74± 

0.22 

0.344± 

0.02 

8.2± 

1.34 

0.769± 

0.47 

0.144± 

0.09 

273.38± 

11.14 

2.94± 

0.29 

0.6± 

0.05 

C. 90 days SHOOT ROOT LEAF 

Treatment 

No. of  

branches 

No. of 

leaves 
Height 

Fresh 

weight 

 Dry 

weight 
Length 

Fresh 

weight  

Dry 

weight 
Area  

Fresh 

weight 

Dry 

weight 

Control 6.5± 

3.54 

8± 

4.24 

41.25± 

5.3 

2.672± 

0.54 

0.43± 

0.04 

17.5± 

3.53 

0.47± 

0.27 

0.101± 

0.059 

270.4± 

214.4 

3.17± 

2.32 

0.49± 

0.32 

F1 6± 

2.83 

8.5± 

4.95 

41.75± 

18.74 

2.26± 

1.66 

0.32± 

0.27 

22± 

2.82 

0.91± 

0.68 

0.20± 

0.16 

292.13± 

257.2 

2.71± 

2.04 

0.56± 

0.53 

F8 8.5± 

0.71 

12± 

2.82 

65.7± 

8.7 

3.11± 

0.35 

0.325± 

0.07 

33.75± 

2.47 

1.1± 

0.31 

0.21± 

0.06 

386.5± 

17.7 

4.77± 

0.11 

0.69± 

0.008 

F11 7± 

2.83 

11± 

4.24 

50.25± 

23.69 

2.41± 

1.49 

0.299± 

0.16 

30.75± 

0.35 

1.082± 

0.013 

0.286± 

0.056 

260.25± 

29.34 

4.07± 

2.84 

0.68± 

0.33 

D. 120 days 

Treatment 

No. of  

leaves 

No. of 

branches 

Shoot  

height 

Control  27.63±9.43 8.4±2.77 57.4±16.3 

F1 29.25±16.52 7.75±3.3 64.75±17 

F8 38.25±8.54 11.25±2.5 76.75±22.9 

F11 36.75±4.99 11.25±4.03 62±6.7 

Observations recorded for plant biomass studies highlight that P. oxalicum showed higher fresh shoot weight 

(3.11±0.35) g at 90 days as compared to plants inoculated with other strains and control plants whereas the dry 

biomass of shoot is not much significant and less in treated plants than that of control plants. No effect of the 
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strains was observed on the biomass of the roots of the plants. As after 60 days, the fresh and dry biomass of 

root was highest in control and recorded as (1.15±0.5) g and (0.317±0.14) g respectively. Higher fresh and dry 

leaf biomass of (4.77±0.11) g and (0.69±0.008) g respectively is observed in P. oxalicum inoculated plants after 

90 days. Hence, it is clear that among the 3 strains of Penicillium, Penicillium oxalicum can be used as efficient 

P solubiliser for biofertilization studies as it enhanced the values of the parameters related to plant growth and 

development. 

Table 2. Fruit development recorded in Piper longum L. 

Treatment 120 days  150 days 180 days 

Control 0 0 0 

F1 4 4 5 

F8 6 7 8 

F11 6 2 2 

The fruit development was observed in plants treated with fungal strain but it is absent in control plants even 

after 180 days as depicted in table 2. However, in control plants, spike development was observed after 180 

days. A maximum number of fruits was recorded in P. oxalicum treated plants (6 in 120 days, 7 in 150 days and 

8 in 180 days, respectively). However, maturation of the fruits occurred in Penicillium glabrum and Penicillium 

sp. at 150 days and all the spikes obtained were of the male type. The maximum average length of the male 

spike was found to be (6±1.3) cm which is highest in Penicillium sp. However, maturation of female spikes 

occurred after 180 days. The maximum average length of the male spike was found to be (5.8±0.42) cm and the 

female spike was (4.6±0) at 180 days as reflected in table 3. 

Table 3. Harvesting of spikes of Piper longum L. 

A. 150 days 

Treatment 

Number of male 

spike harvested 

Number of female 

spike harvested 

Length of Male 

spike (in cm) 

Length of female 

spike (in cm) 

Control 0 0 0 0 

F1 2 0 6±1.3 0 

F8 0 0 0 0 

F11 4 0 5.6±1.14 0 

B. 180 days 

Treatment 

Number of male 

spike harvested 

Number of female 

spike harvested 

Length of Male 

spike (in cm) 

Length of female 

spike (in cm) 

Control 0 0 0 0 

F1 2 1 5.8±0.42 3.4±0 

F8 2 1 4.9±0.71 4.6±0 

F11 1 1 5.4±0 3.6±0 

The Relative Growth Rate (RGR) and Net Assimilation Rate (NAR) were higher in plants inoculated with 

Penicillium sp. and recorded as 12.3 mg.g
-1

.day
-1

 and 4.49 g.cm
-2

.day
-1

 respectively (Table 4). However, Leaf 

Area Ratio (LAR) was highest in P. oxalicum treated plants and found to be 662 cm
-2

.g
-1

. Hence, all the 

parameters recorded were mostly higher in treated plants as compare to the control plants. 

Table 4. Relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR) recorded in Piper longum L. 

Treatment RGR (mg.g
-1

.d
-1

) NAR (g.cm
-2

.d
-1

) LAR (cm
2
.g

-1
) 

Control 3.25 0.68 616.25 

F1 12.3 4.49 517.5 

F8 6.42 0.9 662 

F11 6.98 0.31 385.7 

ACKNOWLEDGEMENT 

The financial assistance obtained through INSPIRE programme, (No. DST/INSPIRE Fellowship/2013/506) 

DST, Govt. of India is gratefully acknowledged. 

REFERENCES 

Dash S, Mohapatra AK & Gupta N (2013) Growth response of Dalbergia sissoo Roxb. to mineral solubilizing 

bacteria and fungi in nursery conditions. Tropical Ecology 54: 109–115. 



 Sahoo & Gupta (2017) 4(3): 456–460 

www.tropicalplantresearch.com  460 

 

Ghosh A, Tahjib-Ul-Arif M, Chamely SG, Haque MR, Rahman MM & Bhuiyan MAH (2017) Comparative 

effect of arbuscular mycorrhiza, cowdung and phosphorus on growth and yield contributing characters of red 

amaranth (Amaranthus tricolor L.) and Indian spinach (Basella alba L.). Tropical Plant Research 4(2): 254–

263. 

Kassim GM & Al-Zandinany HHP (2011) Role of fungi on the solubilization of rock phosphate and on growth 

of corn (Zea mays). Mesopotamia Journal of Agriculture 39: 50–55. 

Khan MS, Zaidi A & Wani PA (2007) Role of phosphate-solubilizing microorganisms in sustainable agriculture 

- A review. Agronomic Sustainable Development 27: 29–43. 

Mahamuni SV, Wani PV &Patil AS (2012) Isolation of phosphate solubilizing fungi from rhizosphere of 

sugarcane and sugar beet using TCP and RP solubilisation. Asian Journal of Biochemical and 

Pharmaceutical Research 1: 237–244. 

Malviya J, Singh K & Joshi V (2011) Effect of phosphate solubilizing fungi on growth and nutrient uptake of 

ground nut (Arachis hypogaea) plants. Advances in Bioresearch 2: 110–113. 

Morales A, Alvear M, Valenzuela E, Castillo CE & Borie F (2011) Screening, evaluation and selection of 

phosphate-solubilising fungi as potential biofertilizer. Journal of Soil Science and Plant Nutrition 11: 89–103. 

Nayak SR, Panigrahi MR & Gupta N (2017) Beneficial impact of phosphate solubilizing fungi on growth of 

Saraca asoca (Roxb.) de Willd. under nursery condition. Tropical Plant Research 4(2): 242–245. 

Panigrahi MR, Nayak SR & Gupta N (2017) Effect of fungal inoculants on growth and establishment of 

Gmelina arborea Roxb. in transplantation conditions. Tropical Plant Research 4(1): 176–179. 

Patil PM, Kuligod VB, Hebsur NS, Patil CR & Kulkarni GN (2012) Effect of phosphate solubilizing fungi and 

phosphorus levels on growth, yield and nutrient content in maize (Zea mays). Karnataka Journal of 

Agriculture Sciences 25: 58–62. 

Perez E, Sulbaran M, Ball MM & Yarzabal LA (2007) Isolation and characterization of mineral phosphate 

solubilizing bacteria naturally colonizing a limonitic crust in the south eastern Venezuelan region. Soil 

Biology and Biochemistry 39: 2905–2914. 

Richardson AE (2001) Prospects for using soil micro-organisms to improve the acquisition of phosphorus by 

plants. Australian Journal of plant physiology 28: 897–906.  

Sahoo HR & Gupta N (2016) Variation in rock phosphate solubilization by three isolates of Aspergillus niger 

van Tieghem grown in liquid media supplemented with different carbon and nitrogen sources. Tropical 

Plant Research 3(1): 243–248. 

Santos DH, Tiritans CS, Foloni JSS & Fabris LB (2010) Produtividade de cana-de-acaucur sob adubacao com 

torta de filtro enriquecida com fosfato soluvel. Pesquisa Agropecuaria Tropical 40(4): 454–461. 

Seshadri S, Ignacimuthu S & Lakshminarasimhan C (2004) Effect of nitrogen and carbon sources on the 

inorganic phosphate solubilization by different Aspergillus niger strains. Chemical Engineering 

Communications 191: 1043–1052. 

Singh H & Reddy MS (2011) Effect of inoculation with phosphate solubilising fungus on growth and nutrient 

uptake of wheat and maize plants fertilized with rock phosphate in alkaline soils. European Journal of Soil 

Biology 47: 30–34. 

Singh RK & Gogoi P (2010) Effects of arbuscular mycorrhizal inoculation on growth performance of Piper 

longum L. (Piperaceae) under sterilized soil condition. Journal of Applied Horticulture 12(2): 1–4. 

Syers JK, Johnston AE & Curtin D (2008) Efficiency of soil and fertilizer phosphorus use: Reconciling 

changing concepts of soil phosphorus behaviour with agronomic information. Food and Agriculture 

Organization of the United Nations, Rome. 

Tomar NK (2000) Dynamics of phosphorus in soils. Journal of Indian Society of Soil Sciences 48: 640–672. 

Vitorino LC, Silva FG, Soares MA, Souchie EL, Costa AC & Lima WC (2012) Solubilization of calcium and 

iron phosphate and in vitro production of Indole acetic acid by endophytic isolates of Hyptis marrubiodes 

Epling (Lamiaceae). International Research Journal of Biotechnology 3(4): 47–54. 

Wafula WN, Nicholas KK, Henry OF, Siambi M & Gweyi-Onyango JP (2016) Finger millet (Eleusine 

coracana L.) grain yield and yield components as influenced by phosphorus application and variety in 

Western Kenya. Tropical Plant Research 3(3): 673–680. 

Wakelin SA, Warren RA, Harvey PR & Ryder MH (2004) Phosphate solubilization by Penicillium spp. closely 

associated with wheat roots. Biology and Fertility of Soils 40: 36–43. 


