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Abstract 

Sustainable agricultural systems is  a hard effort to minimize the use of costly and 

environmental unfriendly synthetic pesticides, herbicides, chemical fertilizers,  agrochemicals 

and to optimize the use of alternative management strategies to improve soil fertility and to 

control soil-borne pathogens. Among various types of biofertilizers, fungi and bacterial 

inoculant is major group which includes arbuscular mycorrhiza fungi, rhizobia, nitrogen-

fixing rhizobacteria, phosphate-solubilizing bacteria, plant growth-promoting rhizobacteria, 

and so on. The present experiment was designed to show the effect of arbuscular mycorrhizal 

fungi (Glomus fasciculatum) and some plant growth promoting rhizomicroorganisms 

(PGPR,s) on Solanum viarum plants. The plants is maintained under open pot conditions and 

different parameters like physical growth parameters, chlorophyll content, sometotal 

secondary metabolites and solasodinecontent was measured and showed that Gf+Pfconsortia 

was the best for its growth and development. 
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Introduction  

The term biofertilizer or more appropriately microbial inoculum can generally be 

defined as a substance containing live or latent cells of efficient strains of nitrogen fixing, 

phosphate solubilizing or cellulolytic microorganisms. The main sources of bio- fertilizers are 

bacteria, fungi, cyanobacteria, etc. Such bio-fertilizers are cultured and are used for 

inoculating seed or soil or both under ideal conditions to increase the availability of plant 

nutrients. Among this mycorrhiza is an important one in agriculture field for the cultivation 

of many crops. The only feasible means for production of infective propagules is growing the 

inoculum in symbiosis with living host plants or in root organ cultures in other words, never 

in the absence of living host tissue. 
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Mycorrhiza:  

 Symbiotic association between the plant root and a fungus was first discovered by 

Frank (1885) and coined the term "Mycorrhiza" describing relationship. During symbiosis 

mycorrhizal fungus improves the supply of water and nutrients (phosphate and nitrogen…) to 

the host plant and in return fungus gets plant-fixed carbon via specialized structures inside 

root cells known as arbuscules (Parniske, 2008). In ectomycorrhiza the fungal partner flourish 

outside root (penetrate in the epidermis only) whereas in endomycorrhiza (orchid, ericoid and 

arbuscular mycorrhiza) fungal partner flourish outside the root as well as inside the roots. 

Description of plant:  
Kingdom:  Plantae – Plants                                                                                                                               
Sub kingdom : Tracheobionta – Vascular plants                                                                                            
Superdivision:  Spermatophyta – Seed plants                                                                                        
Division:  Magnoliophyta – Flowering plants                                                                                                   
Class:  Magnoliopsida – Dicotyledons                                                                                                                  
Subclass:  Asteridae                                                                                                                                               
Order:  Solanales                                                                                                                                                   
Family:  Solanaceae – Potato family                                                                                                                    
Genus:  Solanum L. – nightshade P                                                                                                                     
Species:  Solanum viarum– tropical soda apple              
Solanum plants are cultivated for their glycoalkaloid content in many different parts of the 

world, especially Hungary, India, New Zealand and Australia. Solanum viarum or tropical 

soda apple is a herbaceous perennial, growing 3-6 feet tall, Flowers white, in small terminal 

clusters; 5 petals white, recurved; stamens with prominent cream-colored anthers. Fruit a 

globose berry,  green with dark veining, like a tiny watermelon, when immature, dull medium 

yellow when ripe; seeds about 400 per berry. 

Tropical soda apple is richest source of solasodine, a nitrogenous analogue of diosgenin 

(Goswamiet al.1986). This compound is used as important starting material for synthesis of 

cortisone and some other steroid drugs which is effective Addisons,s disease, cancer,… 

treatment (Chandra and Srivastava, 1978). Pharmacological activities of solasodine is 

included: antimicrobial, anti-inflammatory and antinociceptive, anticancer, antiandrogenic, 

effect on CNS, effect on body temperature, enzyme and other activities of solasodine (Patel  

et al., 2013). Base on the earlier literature immature leaves are believed to be the major place 

for synthesis of solasodine in solanum viarum. 

 

Materials and Methods: 
Glomus fasciculatum (Gf)of AM fungi were isolated using Wet sieving and Decanting 

Technique (Gerdemann and Nicolson,1963). Glomus fasciculatum (Gf)fungi spores 

Figure 1.Solanum viarum
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identification was done base on the keys provided by Trappe (Trappe,1982) and Schenck and 

Perez (Schenck and Perez,1990). Gf spores were isolated as per the spore morphology and 

characteristics. Glomus fasciculatum (Gf)fungi maintained in Pot culture containing sterilized 

soil and sand (2:1) and using Rhodes grass (Chloris gayana) as a host (sreenivasa and 

bagyaraj, 1988) under lab condition for six weeks. The substrate along with Rhodes grass was 

air dried and served as mycorrhizal inoculum.  

The PGPR used to inoculate along with Glomus fasciculatum were pseudomonas fluorescens, 

Azotobacterchroocccum Tricodermaharzianum and Bacillus coagulans. They were 

inoculated on nutrient broth medium, Waksman No.77 broth and potato dextrose broth in 

case of Tricodermaharzianum.  

The Soil for this experiment was loamy red soil with pH 6.7 and collected from nurseries 

near to Bangalore University. The collected soil and sand was sieved to remove the debris 

and was sterilized and stored, Farm yard manure were used for present study.  

The 35-45 days old of the Solanum viarum plants were collected from Department of 

Horticulture, University of Agricultural sciences, Gandhi KrishiVignan Kendra, Bangalore. 

The PVC pots with 19cm diameter were filled with 3.5kg of sterile soils and manure (1:1:1). 

A planting hole was made at the centre of the pots. Five grams of culture was added and one 

plant maintained per pot with three replication for each treatment.  

Irrigation was given twice a week for first four weeks and subsequently at weekly intervals to 

maintain enough moisture for growth of plants. Plants protection measures were taken against 

insect and pest attack. 

After 60 and 90 days from transplanting, plants were harvested and different physical growth 

parameters viz. plant height, number of leaves, leaf area, plant spread, fresh weight and dry 

weight and chlorophyll content, some total secondary metabolites and solasodine content was 

measured and recorded. For measuring of dry weight plant were placed in a paper cover and 

dried in hot air oven at 60°C. When they attained constant weight their dry weight was 

recorded.  

The per cent mycorrhizal root colonization of plant was determined to know the degree of the 

intensity of colonization (Philips and Heyman, 1970). After clearing roots segment in KOH 

and staining with trypan blue percentage of root colonization was recorded by gridline 

intersect method (Giovannetti and Mosesse, 1980). Mycorrhizal spore were counted by wet 

sieving and decanting technique in fifty grams of soil from each replicate pot (Gerdemann 

and Nicolson, 1963). 
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Estimation of chlorophyll content:  

The chlorophyll pigments in the leaves of solanum viarum were estimated following the 

method of Arnon (Arnon, 1949). The chlorophyll a, chlorophyll b and total chlorophyll 

contents were estimated and expressed in mg/g fresh weight basis  

Chlorophyll a = (0.0127) x (OD 663) – (0.00269) x (OD 645) 
Chlorophyll b = (0.0029) x (OD 645) – (0.00488) x (OD 663) 
Total chlorophyll = (0.0202) x (OD 645) + (0.00802) x (OD 663) 
Quantification of some total secondary metabolites and estimation of solasodine 

compound: 

The content of secondary metabolites, i.e total phenols (Mc Donald et al., 2001), flavonoids 

(Chang et al., 2002), alkaloids (Harborne, 1973) were assayed in the plant samples.The 

colorimetric method was performed for assay of solasodine which was proposed by Chandler 

and Dodds (1983)  

 

Results and Discussions: 

In 60 days of treatment, the plant height was highest in plant inoculated Gf+Bcwith 

60.73±7.61cm which was followed by Gf+Th(60.6±10.57cm),  

Gf+Pf(54±26.75cm),Gf+Pf+Ac+Th+Bc(53.5±5.54cm), Glomus fasciculatum(49.63 ± 

9.60cm) and Gf+Ac(45.03 ± 15.87cm). The lowest plant height was recorded in uninoculated 

control (44.6 ± 11.84cm) (Table 1).The number of leaves was highest in plant treatment of 

Gf+Pfwith (22.33 ± 4.50) and Gf+Pf+Ac+Th+Bc(22.33±4.04) which is 42.59% more than 

control plant (15.66 ± 7.63). It was followed by Glomus fasciculatum(21.66 ± 6.50), 

Gf+Ac(21 ± 9.16), Gf+Bc(20±4.58) and Gf+Th(18±4). 

The highest Fresh weight was measured in plant inoculated with Gf+Pf (44.19±9.00g).The 

inoculated treatment of Gf+Th(42.37±4.54g), Glomus fasciculatum (41.12 ± 4.64g), 

Gf+Pf+Ac+Th+Bc (39.71 ± 9.41g), Gf+Ac(37.79 ± 10.36g) and Gf+Bc(36.11±5.22g) had of 

fresh weight. Uninoculated control (29.52 ± 9.69g) recorded lowest fresh weight.The dry 

weight of plants was found to be maximum in Gf+Pf+Ac+Th+Bc(11.35±1.69g) and 

thenGf+Th(10.93±4.45),Glomus fasciculatum with 52.09% (10.51± 5.46g) more compare to 

the control plants which was followed by Gf+Pf(10.27 ± 4.62g), Gf+Ac(9.85 ± 3.59g) and 

Gf+Bc(9.14±4.81). 

Leaf area of plants was found to be highest in Gf+Pftreatment for 60 days (60.26±11.09 cm2). 

TheGf+Ac(58.86 ± 4.86 cm2) and followed byGf+Bc (54.7±3.83 cm2),Gf+Pf+Ac+Th+Bc 
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(52.83±8.09 cm2), Gf+Th(51.53±7.93 cm2), Glomus fasciculatum treatment(50.36 ± 4.92 

cm2) and uninoculated control (47.1 ± 4.68 cm2). 

Glomus fasciculatum had maximum plant spreadwhich was 24.66 ± 4.60 cm2 (38.53% more 

compare to the control). It is followed by Gf+Pftreatment (22.96 ± 6.67 cm2)and Gf+Ac 

treatment(20.63 ± 3.30 cm2). Plant spread was found to be minimum in uninoculated control 

(17.8 ± 4.02 cm2). 

Table 1. Physical growth parameters in Solanum viarumplant (60days).T: Treatment; PH: Plant Height ; NOL: 
No. of Leaves; FW: Fresh Weight; DW: Dry Weight; LA: Leaves Area; PS: Plant spread  

 

In 90 days of treatment, plant height was found to be maximum in Gf+Pftreatment with 

45.36% more than control (73.6 ± 5.35cm) (Table 2). TheGf+Bc(70.26±12.72), Gf+Ac 

treatment had (69.53 ± 19cm), Gf+Th(69.33±13.71cm), Gf+Pf+Ac+Th+Bc(67.83±10.62cm), 

and Glomus fasciculatum treated plantshad 65.13 ± 7.00cm. Gf+Pfhad maximum number of 

leaves in 120 days of treatment 20.66±4.04 and then Gf+Pf+Ac+Th+Bc(20.33 ± 6.50) with 

45% which was followed by Glomus fasciculatum treatment(20 ± 2.64), Gf+Ac and(19 ± 

6.24), Gf+Bc(18.33±6.8), Gf+Th(17±2) and control plants (14 ± 3.60). 

The fresh weight was highest in Gf+Pfwith 61.86 ± 6.32g (80.98% more compare to control). 

The Gf+Pf+Ac+Th+Bc(58.71±9.74g),Glomus fasciculatumhad 54.23 ± 3.81g, 

Gf+Th(53.71±11.19g), Gf+Bc (48.11±11.77) and then Gf+Ac46.54 ± 12.65g. Control plant 

recorded 34.18 ± 8.95g of fresh weight.Dry weight of plants measured and observed that the 

Gf+Pftreatmenthad 15.38±6.14g, Gf+Th14.71 ± 3.16g, Gf+Pf+Ac+Th+Bc 14.21±4.31g and 

then Glomus fasciculatumhad 13.35 ± 3.60g,Gf+Bc12.94±1.45g and Gf+Ac12.28 ± 2.41g. 

Uninoculated control plants had lowest of dry weight (8.26 ± 3.78g). 
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In measuring of Leaf area of Solanum viarum in Gf+Pf+Ac+Th+Bc treatment was highest 

with 22.04% more compare to control plant (62.56±4.00 cm2) which was followed by Gf+Pf 

treatment (61.76 ± 12.55 cm2), Gf+Bc (59.13±6.84 cm2), Gf+Ac(58.73±3.16 cm2), Gf+Th 

(55.9±4.43 cm2), Glomus fasciculatum(55.16 ± 6.98 cm2) and uninoculated control (51.26 ± 

6.35 cm2).Plant spread was maximum in Gf+Pftreatment(26.83 ± 4.31 cm2). TheGlomus 

fasciculatum treatment (26.23 ± 3.95 cm2) and thenGf+Achad 24 ± 4.35 cm2, 

Gf+Pf+Ac+Th+Bc23.83±2.45 cm2, Gf+Th22.16±4.57 cm2, which was followed by 

uninoculated control (21.53 ± 3.64 cm2) and Gf+Bc(21.43±5.08 cm2) 

 

Table 2. Physical growth parameters in Solanum viarumplant (90days). T: Treatment; PH: 
Plant Height; NOL: No. of Leaves; FW: Fresh Weight; DW: Dry Weight; LA: Leaves Area; 
PS: Plant spread 

 
Table 3 shows % of root colonization and number of AM fungi spores per 50 grams of 

treated plant soil. Data shows that root colonization and spore number increase significantly 

in all treated plants especially in Gf+Pf+Ac+Th+Bcand Gf+Pftreated plants. 

 

 

 

 

 

PS LA DW FW NOL PH T T.No 

21.53±3.64 
  

51.26±6.35 
  

8.26±3.78 
  

34.18±8.95 
  

14±3.60 
  

50.63±14.7 
  

Cont T1 

 26.23±3.9 55.16±6.98 
  

13.35±3.60 
  

54.23±3.81 
  

20±2.64 
  

65.13±7.00 
  

Gf T2 

26.83±4.31 
  

 61.76±12.53 15.38±6.14 
  

61.86±6.32 
  

20.66±4.04 
  

73.6±5.35 Gf+Pf T3 

24±4.35 
  

 58.73±3.16 12.28±2.41 46.54±12.65 19±6.24 69.53±19.22 Gf+Ac T4 

22.16±4.57 55.9±4.43 
  

14.71±3.16 53.71±11.19 
  

17±2 
  

69.33±13.71 
  

Gf+Th T5 

21.43±5.08 59.13±6.84 12.94±1.45 48.11±11.77 18.33±6.8 70.26±12.72 
  

Gf+Bc T6 

23.83±2.45 
  

 62.56±4.00 14.21±4.31 
  

58.71±9.74 
  

 20.33±6.5 67.83±10.62 
  

Gf+Pf+Ac+Th+
Bc 

T7 
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Table 3. %root colonization and number of spore/50g of soil in Solanum viarum(90 days) 

T.No TREATMENT 90 days 

% of root 

colonization 

No.Spore / 

50g 

T1 Control 0 0 

T2 Gf 58.66±3.26 405.66±4.63 

T3 Gf+Pf 72±3.52 433±6.82 

T4 Gf+Ac 66.66±5.02 374±5.96 

T5 Gf+Th 64±2.62 427.33±11.03 

T6 Gf+Bc 67.33±4.21 411±5.16 

T7 Gf+Pf+Ac+Th+Bc 70±6.02 425.33±7.19 

 

The chlorophyll, solasodine content and content of some total secondary metabolites also was 

significantly increased in treated plants especially in Gf+Pfwhich was recorded maximum 

(Table 4, 5). 

Table 4. Content of chlorophyll (mg/g) and % of Solasodinein Solanum viarumplants (90 

days) 

T.N
o 

Treatments  Chlorophyll a Chlorophyll b Total 
chlorophyll

% of Solasodine 
content 

T1 Control 0.45 ±0.77 0.76±0.36 1.36±1.00 0.16 

T2 Gf 0.52±1.53 0.83±0.22 1.81±1.21 0.16 

T3 Gf+Pf 1.15±1.20 1.79±0.88 2.87±1.05 0.25 

T4 Gf+Ac 0.42±0.22 0.79±0.90 1.22±0.86 0.17 0. 

T5 Gf+Th 0.33±0.54 0.71±0.38 1.39±1.09 0.18 

T6 Gf+Bc 0.97±1.32 1.53±1.75 2.18±1.27 0.22 

T7 Gf+Pf+Ac+Th+Bc 1.09±0.85 1.71±0.52 2.49±1.22 0.20 
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Table 5. Content of some total secondary metabolitesin Solanum viarumplants (90 days) 
T.No Treatments  Total 

Alkaloids  
Total Phenolic Total 

Flavonoid 

T1 Control 55.07±3.05 55.89±4.92 50.74±3.64 

T2 Gf 62.09±4.27 67.03±2.06 61.78±3.04 

T3 Gf+Pf 92.56±5.12 112.43±3.74 145.67±5.52 

T4 Gf+Ac 69.04±6.43 79.54±2.16 77.09±3.71 

T5 Gf+Th 60.34±4.28 59.90±6.18 53.22±4.01 

T6 Gf+Bc 89.34±5.72 96.04±3.65 119.06±3.46 

T7 Gf+Pf+Ac+Th+Bc 77.68±3.19 84.60±4.71 91.782.07 

 
Based on the results from different period of time (60, 90 days after treatment) different 

parameters like physical growth parameters viz. plant height, number of leaves, fresh weight, 

dry weight, leaf area and plant spread and also chlorophyll content, some total secondary 

metabolites and solasodine content it can be concluded that Glomus fasciculatum along with 

Pseudomonas fluorescens can be used as best consortia for growth of solanum viarum. 

Gupta et al. (2011) evaluated the potential of phosphate-solubilising bacteria, Burkholderia 

gladioli, Enterobacter aerogenes and Serratiamarcescens, for utilizing Mussoorie rock 

phosphate to enhance the medicinal plant growth as biofertiliser because some medicinal 

plants are less dependent on chemical fertilisers. The strains differed in the extent of 

rhizosphere colonisation, carbon source utilisation pattern and whole cell fatty acid methyl 

esters composition. 

Guoet al., 2006 showed that AM fungi could stimulate nutrient uptake, improve the 

functional diversity and increase activity of microrganisms in the rhizosp here of 

Atractylodeslancea medicinal plant and influence the composition of the organic matter 

leading to the more growth of this medicinal plant. 

The effect of biofertilizer in production of crop is different under laboratory, 

greenhouse and field condition. Because, soil is an unpredictable environment and achieving 

an intended result is sometimes difficult. Climatic variations also have a large impact on the 

effectiveness of biofertilizer but sometimes unfavorable growth conditions in the field are to 

be expected as normal functioning of agriculture (Zaidi et al., 2009). 
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The wide scale application of biofertilizer may decrease the global dependence on 

agricultural chemicals fertilizer. Furthermore, it is a technology which is very accessible to 

farmers in both developed and developing countries (Gamaleroet al., 2009).In future, they are 

expected to replace the chemical fertilizers, pesticides and artificial growth regulators which 

have numerous side-effects to sustainable agriculture. 
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