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Arbuscular mycorrhizal fungal (AMF) interaction with other microorganisms 

on the Withania somnifera (L.) Dunal, was carried out under the greenhouse 

condition and their beneficial impacts were discussed. There is a contradictory 

statement of mycorrhizal colonization in solanaceae; therefore an attempt was 

made to explore mycorrhizal association with AM fungus (Glomus 

macrocarpum), Azotobacter and Phosphate solubilizing bacteria (PSB). Green 

house experiments on Withania somnifera was carried out with following 

treatments (1) control (non-inoculated) (2) Glomus macrocarpum (3) Glomus 

macrocarpum+ Azotobacter (4) Glomus macrocarpum + PSB (Bacillus 

subtilis) (5) Glomus macrocarpum + Azotobacter + PSB in which triple 

inoculation (Glomus macrocarpum + Azotobacter + PSB) shows higher shoot, 

root length and dry weight of shoot and root followed by dual and single 

inoculation compared to non-inoculated plants. The experimental plants 

revealed higher in per cent of root colonization, spore number and P uptake of 

shoot, after triple inoculation compared to control plants.  The result suggests 

that there is a synergistic interaction with different bio-inoculants and the 

increase of biomass with the application of these bio-inoculants. 
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INTRODUCTION 

Arbuscular mycorrhizal (AM) fungi are 

beneficial symbiotic microorganisms living in 

association with the enormous majority of higher 

plant species by increasing supply of phosphorus 

and other nutrients, drought tolerance and resistance 

to pests and diseases (Kiers et al., 2011). AM fungal 

association is a relatively ubiquitous, long lasting, 

highly compatible mutualism from which both 

partners derive benefit in terrestrial eco-systems.  

AM fungi offer a great potential for sustainable 

agriculture (Smith and Read, 1997; Lakshman, 

2009).  Fungi play a very important role on 

enhancing the plant growth and yield due to an 

increase supply of phosphorus to the host plant.  A 

good number of bacterial strains that have a 

beneficial effect on the plant growth and 

development are referred to as Plant Growth 

Promoting Rhizobacteria (PGPR), Azotobacter, free 

nitrogen fixer and Bacillus subtilis (PSB) have been 

isolated and characterized in terms of their plant 

growth promotion abilities (Borea et al., 1983; 

Nautiyal et al., 2006; Poonguzhali et al., 2008). The 

importance of other soil microorganisms for plant 

growth is well demonstrated by many workers in 

recent days (Naik and Lakshman, 2010).  AM 

fungal associations are the most common form of 

mycorrhizae and found in most angiosperms. 
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The contradictory in the statement of 

mycorrhiza in this family promoted us to evaluate 

the association of AM fungi with PSB and 

Azotobacter. The diazotrophs directs important 

biological functions by symbiotically interacting 

with Rhizobium populations within the rhizosphere 

to form a beneficiary region where interacting 

microorganisms benefit from nutrient resources 

(Gaind et al., 2007). Synergistic effects of PGPR 

and Rhizobium can improve nodulation, rate of 

nitrogen fixation and enhanced yield of crops such 

as pea, chickpea and pigeon pea (Parmar, 1995). 

Artabotrys R. Br. is one of the species-rich genera 

in Annonaceae, with more than 100 species mainly 

distributed in tropical Africa and Eastern Asia 

(Keßler, 1993, Mabberley, 2008; Tan and Wiart, 

2014; Guo et al., 2017). This genus easily 

distinguished from other genera of Annonaceae by 

the flattened hooks at the base of peduncle and its 

climbing habit (Keßler,1993). The comprehensively 

taxonomic and systematic studies of this genus in 

Vietnam have been well known. In an illustrated 

Flora of Vietnam, Ho (2000) reported 10 species of 

Artabotrys, namely Artabotrys aeneus Ast, A. 

brevipes Craib, A. fragrans Ast, A. harmandii Finet 

& Gagnep., A. hexapetalus (L.f.) Bhandari, A. 

honkongensis Hance, A. intermedius Hassk., A. 

pallens Ast, A. petelotii Merr., A. vinhensis Ast. As 

the same time, Bân (2000) recorded 15 species for 

Vietnam in his family revision of Annonaceae, with 

the same species of Artabotrys as those mentioned 

by Ho (2000), plus described five new species for 

Vietnam, namely A. hienianus Bân, A. 

phuongianus Bân, A. taynguyenensis Bân, A. 

tetramerus Bân, A. vietnamensis Bân. However, 

Artabotrys intermedius Hassk. is recently reduced 

as a synonym of A. hexapetalus (L.f.) Bhandari 

(Turner, 2018).  

During the medicinal plant investigations in 

Southwestern Vietnam in 2018–2019, several 

interesting plants of Artabotrys were found and 

collected in Phú Quốc National Park, Kiên Giang 

province by the authors. A critical examination of 

these specimens and a comparison with type 

material and protologues of presumed closely 

related species (e.g. Finet and Gagnepain, 1906; 

Sinclair, 1955; Pham, 2000; Bân, 2000; 

Chalermglin, 2005; Li and Gilbert, 2011; Turtern, 

2012) provided evidence for that those plants have 

been identified as Artabotrys suaveolens (Blume) 

Blume, a widely distributed species previous 

reported in India, Bangladesh, Myanmar, Malaysia, 

Singapore, Brunei, Indonesia, Philippines and 

Thailand (Chalermglin, 2005; Prabhu et al., 2015; 

Turner, 2018). 

 

MATERIALS AND METHODS 

The Green house experiments were 

conducted in the Post Graduate Department of 

Botany, Karnataka University, Dharwad. 

Azotobacter and Bacillus subtilis (PSB) was 

procured from the Department of Agricultural 

Microbiology U.A.S. Dharwad. The AM fungus 

Glomus macrocarpum was multiplied with Sudan 

grass (Sorghum vulgare var. sudaneese) as a host 

plant. Soil based AM fungal inoculum was 

established and maintained in pot culture. Seeds of 

Withania somnifera were collected from the 

Department of Nursery U.A.S. Dharwad, the seeds 

were surface sterilized with 2% sodium 

hypochloride before sowing. 

Seedlings were raised in earthen pots 

measuring about 15 cm height: 30 cm diameters 

were filled with sandy loamy sterilized soil in ratio 

of 1:1 (1 parts soil: 1 part sand). The soil separately 

used in the experiment was a sandy loam with a pH 

of 6.9, EC 0.12 mmhas/cm, organic carbon 0.37%, 

available N 198 kg/ha, available K 205 kg/ha and 

available P 4.7 kg/ha. One week old seedlings of 

Withania somnifera were inoculated with PSB 

(0.5mg), Azotobacter (0.5mg) and AM fungal 

inoculum (10g), around the root system. 10g of 

Mycorrhizal inoculum contains colonized chopped 

root bits (5g) and 5g soil of the host plants which 

consisted of spores (approximately 150/50g soil). 

The plants were watered on alternate days.  15 ml of 

Hoagland nutrient solution without Phosphate was 

given to the growing plants at intervals of 15 days. 

The combinations of treatments were setup in the 

experiments are given below 

1) Control (non-inoculated)  

1) Glomus macrocarpum  

2) Glomus macrocarpum+ Azotobacter  

3) Glomus macrocarpum + PSB (Bacillus 

subtilis)  

4) Glomus macrocarpum + Azotobacter + PSB 

(Bacillus subtilis) 

Harvest and analysis of growth parameters: 

The following observations were recorded on 30, 60 

and 90 days old seeding grown in green house. 

Plant height, dry weight of shoot and root was 

recorded. Dry weight of root and shoot was 

determined after drying at 700C for 48 hrs under hot 

air oven.  
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Recovery and estimation of Mycorrhizal spores: 

AM fungal spores were recovered from the 

rhizosphere soil of Withania somnifera inoculated 

with AM fungi and other beneficial microorganisms 

by adopting wet sieving and decanting method 

(Gerdemann and Nicolson, 1963). Mycorrhizal 

spore number / 50g of rhizospheric soil were 

estimated and recorded for all inoculated Withania 

somnifera plants by using the procedures 

(Gionvannetti and Mossae, 1980).  

 

 

Root Colonization 

The per cent root colonization of Withania 

somnifera roots were evaluated microscopically 

followed by clearing of roots in 10% KOH and 

staining with 0.05% trypan blue in lactophenol 

according to method described by (Phillips and 

Hayman, 1970). The following formula was used to 

calculate the root colonization (Giovannetti and 

Mosse, 1980). Phosphorus content of shoots was 

estimated by vanadomolybdate phosphoric yellow 

colour method outlined by Jackson (1973). 

 

 

                                                Number of colonized root segments   

      Root colonization (%) =                                                                      X 100 

                                                 Total number of segments examined  

                                        

 

RESULTS AND DISCUSSION 

Observations in green house experiment on 

these members are very scanty.  Growth responses 

of experimental plant to different inoculations 

demonstrate varied results (Table 1).  There was a 

synergistic effect on growth of Withania somnifera 

by triple inoculation (Glomus macrocarpum + 

Azotobacter + PSB) compared to control, single and 

dual inoculations at 90 days intervals.  The shoot 

and root biomass was significantly higher in plants 

receiving triple inoculation. The maximum value of 

shoot (62.33±0.16) and root (19.56±0.14) length 

was observed in the triple inoculation and it was 

followed by dual inoculation.  In dual inoculation 

Glomus macrocarpum + PSB shows more root 

(16.94±0.17) and shoot (52.86±0.39) length 

compared to Glomus macrocarpum + Azotobacter 

inoculation. AM fungi alone responded less in shoot 

(45.26±0.24) and root (14.53±0.12) length than dual 

inoculation but they are very less in control plant.  

The triple inoculations showed highest dry weight 

of root (3.43±0.18) and shoot (8.89±0.19) and it is 

less in control plant at 90 days intervals. Plant 

showed highest root colonization, spore number and 

P uptake with triple inoculation.  There was 

complete absence of AMF colonization in non-

inoculated plants.  Triple inoculation showed 

91.03±1.02% root colonization and it is followed by 

Glomus macrocarpum+ PSB (84.23±0.30), Glomus 

macrocarpum + Azotobacter (81.32±0.10) and 

Glomus macrocarpum (73.46±0.08) alone.  

Experimental plant showed more number of fungal 

spore diversity with triple inoculation and it is 

absent in control plant.  The phosphorus content in 

shoot was found higher in those plants which 

received triple inoculation. 

Particularly P deficiency in the green house 

experiments revealed the increase in shoot length, 

root length, dry weight of shoot and root, per cent 

root colonization, spore number and P uptake with 

triple inoculation suggesting the synergistic 

interactions between microbial inoculants (Suman 

et al., 2003) the increase in plant growth parameters 

and it has been attributed to the stimulatory effect of 

beneficial bacteria on multiplication, spore 

germination and establishment of native AM fungi.  

AM fungi increases phosphorus uptake of plants 

growing in deficient soils (Lakshman, 2009) mainly 

through increased surface area of absorption 

provided by the external hyphae of endomycorrhizal 

fungi, which enhances the ability of the plants to 

retrieve phosphorus (Marschner and Dell, 1994). 

A similar increase has also been reported 

earlier in several agricultural and forestry species 

(Antones and Cardon, 1991; Durga and Gupta, 

1995).  In the present finding it is leading to a better 

awareness of the ways in which different types of 

beneficial microorganisms contribute to the 

development and enhance the plant growth at 

different special scales.  The effect of AM fungi on 

the initial growth and establishment of Withania 

somnifera was studied.  On the basis of the various 

growth parameters, it is concluded that the 

inoculated plants showed greater growth rate than 

the un-inoculated plants. However the triple 

inoculation with Glomus macrocarpum + 

Azotobacter + PSB was found to be superior in 

increasing the growth and biomass and the 
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production can be increased with the application of 

bio-inoculants like PSB, Azotobacter and Glomus 

macrocarpum (AMF), the mycobiont under goes 

pronounced alternation of root system besides 

ensuring ecological sustainability (Borea and 

Jeffris, 1995; Borea et al., 1983; Lakshman, 2014, 

2015).  Therefore, from this study we concluded 

that the potential of PSB, Azotobacter and AM 

fungal association on Withania somnifera was well 

documented. The parallel results were observed by 

previous workers with inoculation of some plant 

growth promoting microorganisms (Galleguillos et 

al., 2006; Sujata and Nibha, 2011; Sandeepkumar et 

al., 2011; Lakshman 2015; Chaitra and Lakshman, 

2016). 

 

Table 1: Effect of Glomus macrocarpum, Azotobacter and PSB on shoot length, root length, dry weight of 

shoot and root, per  cent of root colonization, spore number and P content of shoot of Withania somnifera at 

different intervals. 

Treatments 

Shoot 

length 

(cm) 

Root 

length 

(cm) 

Dry 

weight of 

shoot 

(g/plant) 

Dry 

weight of 

root 

(g/plant) 

% of root 

colonization 

Spore 

number/50 

gm of soil 

P uptake 

in shoot 

mg/plant 

30 days 

Control 11.2±0.16 5.30±0.21 1.39±0.02 0.66±0.00 00±0.00 00±0.00 0.02±0.00 

Glomus macrocarpum 28.83±0.22 9.33±0.19 2.71±0.04 0.98±0.01 61.36±0.87 78.33±0.18 0.10±0.05 

G. macrocarpum 

+Azotobacter 

29.46±0.15 10.51±0.20 2.90±0.03 1.11±0.03 66.23±0.30 82.96±0.34 0.12±0.05 

G. macrocarpum 

+PSB 

29.92±0.65 11.91±0.40 3.94±0.05 1.19±0.04 68.38±0.03 88.96±0.21 0.13±0.05 

G. mac +Azotobacter 

+PSB 

36.71±0.11 12.96±0.78 4.87±0.00 1.87±0.01 72.43±0.23 97.96±1.02 0.16±0.05 

60 days 

Control 18.6±0.20 06.71±0.21 1.63±0.01 1.14±0.05 00±0.00 00±0.00 0.04±0.05 

Glomus macrocarpum 39.25±0.31 12.59±0.28 3.14±0.03 1.38±0.04 70.93±0.41 92.86±0.09 0.11±0.05 

G. macrocarpum 

+Azotobacter 

42.44±0.47 13.48±0.21 3.89±0.06 1.83±0.02 73.43±0.18 118.43±0.37 0.13±0.14 

G. macrocarpum 

+PSB 

48.54±0.86 14.39±0.23 4.57±0.04 1.99±0.53 74.21±0.52 119.33±0.07 0.14±0.06 

G.  mac 

+Azotobacter+ PSB 

54.53±0.41 15.46±0.31 5.91±0.13 2.29±0.01 80.63±1.00 123.89±0.26 0.18±0.08 

90 days 

Control 23.27±0.71 09.86±0.08 2.21±0.04 1.26±0.04 00±0.00 00±0.00 0.05±0.05 

Glomus macrocarpum 45.26±0.24 14.53±0.12 4.81±0.01 1.94±0.01 73.46±0.08 118.33±0.66 0.13±0.11 

G. macrocarpum+ 

Azotobacter 

49.23±0.32 16.83±0.02 5.99±0.03 2.41±0.01 81.32±0.10 132.67±0.18 0.14±0.00 

G. macrocarpum + 

PSB 

52.86±0.39 16.94±0.17 6.06±0.11 2.86±0.21 84.23±0.30 139.66±0.31 0.15±0.33 

G. mac +Azotobacter 

+ PSB 

62.33±0.16 19.56±0.14 8.89±0.19 3.43±0.18 91.03±1.02 161.66±0.52 0.22±0.05 

Mean value sharing a letter in the columns are not significantly different according to Duncan’s test P.0.05 
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Fig. 1: Effect of AM fungus and other beneficial microorganism on phosphate uptake at different intervals. 
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