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ABSTRACT 

China aster and gaillardia are flowering plants with high economic importance in floriculture. In the 

present investigation, response of China aster and gaillardia seedlings to inoculation with the arbuscular my-

corrhizal fungus Funneliformis mosseae + the plant growth-promoting rhizobacterium Bacillus sonorensis 

was studied by growing in multipots (pro trays). The germination percentage and plant growth parameters: 

length of shoots, roots and whole seedlings, stem diameter, biovolume index, plant strength, vigor index, dry 

weight and nutrient uptake, were analyzed 60 days after sowing. The microbial parameters, mycorrhizal root 

colonization and spore count, and the population of B. sonorensis in the substrate were also determined. The 

results brought out that growth of inoculated seedlings was significantly improved as compared to uninocu-

lated seedlings. Based on the plant growth and microbial parameters studied, it was concluded that inoculating 

the substrate in pro trays with the microbial consortium results in producing vigorously growing seedlings. 

 

Key words: arbuscular mycorrhizal fungi, Bacillus sonorensis, Funneliformis mosseae, plant growth-

promoting rhizobacteria 

 

INTRODUCTION 

 

Floriculture is an age-old farming activity in 

India, now emerging as an important commercial trade 

in agriculture. A lot of importance has been given to 

this sector because of its multiple uses, satisfying 

the aesthetic needs of the people and creating self-

employment among small farmers and gardeners. 

In India, the floriculture industry comprises flower 

trade, production of nursery and potted plants, seeds 

and bulbs. These plants are also being used as raw ma-

terials in the manufacture of essence, perfumes, med-

icines and confectioneries for direct consumption. Be-

cause of the increase in demand for these plants, many 

new modern techniques are being adapted to improve 

the quality and quantity of plant resources (Kumar et 

al. 2012). Inoculation with beneficial microorganisms, 

like arbuscular mycorrhizal fungi (AMF), including 

nitrogen fixers, phosphate solubilizers and plant 

growth-promoting rhizobacteria (PGPR), can pro-

mote plant growth and shorten time to flower (Sohn 

et al. 2003; Desai et al. 2020). 

AMF constitute a group of obligate bio-

trophs that form symbiotic association with 80% 

of plants. The influence of AM symbiosis on plant 

growth depends mainly on the ability of fungi to 

take up and transfer diffusion-limited nutrients, 

especially P, Zn, Cu, etc., to plant roots in exchange 

for plant photosynthates (Jansa et al. 2011; Bagyaraj 

2018; Desai et al. 2020). AMF benefits plants in 

several ways: improving the nutritional status, 

growth and development of plants, protecting 

plants against root pathogens and conferring re-

sistance to drought and soil salinity (Jyothi et al. 2018).  
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In recent years, there has been a considerable in-

terest in PGPR. The PGPR is another group of 

beneficial soil microbes that stimulate plant 

growth directly or indirectly. The direct mecha-

nism involves supplying plants with nutrients and 

phytohormones, and indirect mechanism reduced 

susceptibility to disease by producing antifungal 

metabolites, like HCN, phenazines, pyrrolnitrin, 

2,4-diacetylphloroglucinol, etc. (Das et al. 2013; 

Shakuntala et al. 2019). The synergistic interaction 

of AMF and PGPR in soil resulting in plant growth 

acceleration was previously described (Anuroopa et 

al. 2017; Behera et al. 2019). 

Microbial consortium is a mixture of benefi-

cial microorganisms that benefits plant growth 

(Woo & Pepe 2018). They are known to enhance 

germination and growth of seedlings when inocu-

lated in multipots (pro trays) (Desai et al. 2020) 

and nursery beds (Cely et al. 2016; Jyothi et al. 

2018). The advantages of this technology are: 

shorter time in the nursery, which shortens the en-

tire production cycle, homogeneity, easy opera-

tion, possibility of mechanization, labor saving, 

cheaper transport and more reliable yield predic-

tion after transplanting to the main field. Inocula-

tion of the planting medium or seeds with a bene-

ficial microbial consortium is a biotechnological 

approach for producing healthy, vigorously grow-

ing seedlings (Desai et al. 2020). 

China aster [Callistephus chinensis (L.) Nees] 

is one of the most popular and valuable seasonal 

flowers, used as a cut flower as well as in landscap-

ing. Cultivation of China aster is a profitable enter-

prise. The flowers produce rich nectar, which at-

tracts insects, thus helping in pollination of many 

flowering plants. The compounds of the plant are 

of pharmacological importance, as antiallergic, 

antiinflammatory, antiviral, antiproliferative, and 

anticarcinogenic (Bhargav et al. 2018). Gaillardia 

or blanket flower (Gaillardia pulchella Foug.) are 

known for their attractive, bright-colored flowers, 

used for various purposes – cut flowers, floral dec-

orations, and garlands. The leaves have medicinal 

properties and are used as a diuretic when taken 

internally to get relief from pain during urination 

and applied externally for treating gout disease 

(Kim et al. 2015). The objective of the present 

study was to evaluate the ability of the microbial 

consortium (Bacillus sonorensis + Funneliformis 

mosseae) in enhancing the growth of flowering 

plants China aster and gaillardia seedlings raised 

in pro trays under polyhouse condition. 

 

MATERIALS AND METHODS 

 

The polyhouse experiment was conducted at 

the Centre for Natural Biological Resources and 

Community Development (CNBRCD), Bengaluru. 

The seeds of China aster and gaillardia used in the 

present study were obtained from the University 

of Agricultural Sciences, GKVK campus, Benga-

luru, India. 

Inoculum preparation  

The PGPR B. sonorensis used in the study was pro-

cured from the University of Hyderabad, Hydera-

bad, and maintained at the CNBRCD, Bengaluru, 

India. Sub-culturing was done on Luria-Bertani 

(LB) agar plates and incubated at 37 °C for 24 h. 

A single isolated colony was transferred to test 

tube containing 10 ml of LB broth and later trans-

ferred to 500 ml flasks containing LB medium and 

grown aerobically in flasks on a shaker (150 rpm) 

at 37 °C for 48 h. The bacterial suspension was 

then diluted with sterile water to a final concentra-

tion of 108 CFU·ml-1, and the resulting suspension 

was used as inoculum. F. mosseae is being main-

tained in the culture collection of CNBRCD using 

vermiculite: perlite: soilrite (3 : 1 : 1 v/v/v) as the 

substrate and Rhodes grass (Chloris gayana) 

grown as the host. Rhodes grass was harvested 75 

days after sowing (DAS) and finely chopped roots 

along with the substrate were air dried and used as 

the AMF inoculum. The number of infective prop-

agules in the inoculum was estimated through the 

most probable number (MPN) method with 10-fold 

dilution (Porter 1979). The PGPR B. sonorensis 

and AMF F. mosseae was selected based on the 

positive results reported in earlier studies on other 

vegetable and flower plants (Thilagar et al. 2014; 

Sukeerthi et al. 2020).  
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Inoculation and growth condition  

The China aster ‘Kamini’ and gaillardia ‘Local Red’ 

were raised in 50 cells pro trays, each cell holding 

20 g of substrate. Cells were filled with 17.5 g of the 

mixture of vermiculite, soilrite and perlite in the ratio 

3 : 1 : 1 (v/v/v), to which 1 g of sterile soil and 1.5 g 

of compost was added and mixed well with glass rod. 

The experiment consisted of two treatments for each 

crop (T1 – uninoculated control; T2 – inoculated with 

B. sonorensis + F. mosseae) using two pro trays of 

100 cells each per species per treatment. A planting 

hole was made in the substrate and 1 g of F. mosseae 

inoculum (containing 2.2 × 103 IP·g-1) and 2 ml of 

B. sonorensis inoculum (containing 1.9 × 

108 CFU·ml-1) was added. Uninoculated pro tray cells 

received autoclaved LB broth at the rate of 2 ml per 

cell, and washings of AMF inoculum suspension 

passed through a 45 µm filter, which contained asso-

ciated microorganisms, but not AMF propagules, at 

the rate of 2 ml per cell. Four seeds were sown in each 

pro tray cell to ensure germination, and later, they 

were thinned out to one seedling per cell. Five ml of 

Ruakura’s medium (Sreenivasa & Bagyaraj 1988) 

was added to each cell on day 15 after seeding and 

then 5 ml of the same medium without P was applied 

once every 10 days. The seedlings were maintained in 

a polyhouse and watered regularly. 

Parameters evaluated 

The seedlings were harvested at 60 DAS. Plant pa-

rameters: length of shoot, root and cuttings (shoot 

+ root), stem diameter, fresh and dry weight, were 

measured for all 100 seedlings from each treat-

ment. Biovolume index (BI) was calculated by the 

formula BI = plant height (cm) × stem diameter 

(mm), as given by Hatchell et al. (1985). Germi-

nation rate (%) was calculated by dividing the 

number of seedlings germinated by total number 

of seeds sown. The plant strength was calculated 

using the formula given by Maskina et al. (1984), 

i.e., the plant strength equals the dry weight of the 

seedling (g) divided by the height of the seedling 

(cm). The seedling vigor index (SVI) was calcu-

lated using the formula SVI = germination % × 

seedling length (cm) (Abdul-Baki & Anderson 

1973). Dry weight of the seedlings was recorded 

by drying the samples in a hot air oven at 60 °C. 

The composite samples of each treatment were 

then powdered, and the nutrient status of seedlings 

was estimated with three replications per treatment. 

The nitrogen concentration was determined by mi-

cro Kjeldahl method (Jackson 1973). Phosphorus 

concentration was estimated by vanadomolybdate 

phosphoric yellow color method (Jackson 1973). 

Potassium concentration was determined by flame 

photometer method (Bowling Barnes et al. 1945). 

The micronutrient analysis of the samples was per-

formed using atomic absorption spectrophotometer 

(AAS) (Ferreira et al. 2018), where the cathode lamp 

was set to standard wavelength. The percentage of 

mycorrhizal root colonization was determined by 

staining fine roots with trypan blue (Phillips & 

Hayman 1970), and estimated adopting the grid-

line intersect method (Giovannetti & Mosse 1980). 

The AM fungal spore number in the root zone soil 

was determined by wet sieving and decantation 

method (Gerdemann & Nicolson 1963). The 

B. sonorensis population in the substrate was enu-

merated by following the spread plate technique 

(Sanders 2012). Data were subjected to Student’s 

t-test at a significance level p = 0.01 and sample 

effect size, i.e., D-value was calculated. 

 

RESULTS AND DISCUSSION 

 

All the plant parameters studied showed 

significant difference between the inoculated 

and uninoculated plants. For most of the pa-

rameters tested, the effect was medium to high. 

It was observed that shoot, root, and the whole 

seedling length of inoculated plants showed sig-

nificant increase in China aster by 133, 96, and 

111%, respectively, compared to uninoculated 

seedlings (Table 1). A similar trend was ob-

served in gaillardia, where shoot, root and the 

whole seedling lengths increased by 57, 192, 

and 131%, respectively, in inoculated compared 

to uninoculated seedlings. The increased length 

of shoots, roots and cuttings due to the inoculation 

of AMF + PGPR has been reported previously 

on other plants, such as tomato and pepper grown 

in pro trays (Behera et al. 2019; Desai et al. 2020).  
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Regarding stem diameter, inoculated plants showed 

significant increase by 58% in China aster and 68% 

in gaillardia seedlings, compared to uninoculated 

control, supporting our earlier study on flowering 

plants (Sukeerthi et al. 2020). The BI of the plants, 

which indicates the quality of seedlings, showed 

270% increase in China aster and 167% increase in 

gaillardia compared to uninoculated seedlings (Ta-

ble 1). Enhanced BI of seedlings due to AMF + 

PGPR inoculation has been reported earlier for 

French bean (Chauhan & Bagyaraj 2015) and chilly 

(Thilagar et al. 2016). 

Seedlings inoculated with microbial consor-

tium (B. sonorensis + F. mosseae) showed a signif-

icant increase in all the plant growth parameters. 

Germination rate, plant strength and SVI in inocu-

lated treatment showed significant increase in both 

China aster and gaillardia seedlings compared to 

uninoculated control seedlings (Table 1). This indi-

cates that the consortium helps in improving the 

germination of seeds and the seedling emergence 

(Paredes-Páliz et al. 2016). The total plant dry 

weight in inoculated seedlings was 140% higher in 

China aster and 172% higher in gaillardia com-

pared to uninoculated seedlings (Table 1). This is 

in conformity with the results obtained for tomato, 

pepper, zinnia and balsam (Behera et al. 2019; De-

sai et al. 2020, Sukeerthi et al. 2020). 

The content of N, P, and K macronutrients 

was respectively 13, 71, and 68% higher in the 

inoculated China aster seedlings as compared to 

uninoculated seedlings, and in gaillardia these 

increments were 6, 67, and 12%, respectively (Ta-

ble 2). Micronutrients followed a similar trend. 

This could be mainly because of the activity of in-

oculated AMF and PGPR. Improved uptake of dif-

fusion-limited nutrients like P, Zn, Cu, etc. is well 

documented (Bagyaraj 2014). Similar results of 

enhanced nutrient uptake because of dual inocula-

tion with PGPR + AMF have been reported earlier 

in French bean and chilly (Chauhan & Bagyaraj 

2015; Thilagar et al. 2014; Anuroopa et al. 2017). 

PGPR may change the morphology of roots by the 

phytohormones that are synthesized, which re-

sults in an increased root surface area (Chauhan 

et al. 2015). 

In China aster and gaillardia, 99% roots were 

colonized by AMF, while root colonization of unin-

oculated seedlings was only 2%. The mycorrhizal 

spore numbers were 41 and 45 in the inoculated sub-

strate of China aster and gaillardia, respectively, 

while uninoculated substrate did not harbor any 

spores (data not given). The significantly higher 

percent mycorrhizal root colonization and spore 

number in the substrate of seedlings inoculated with 

microbial consortium, as compared to uninoculated 

control, indicates the better proliferating ability of 

F. mosseae with China aster and gaillardia as 

also in other flowering plants – zinnia and balsam 

(Sukeerthi et al. 2020). Enhanced root colonization 

and spore number in the root zone because of inocu-

lation with AMF + PGPR have been reported earlier 

in different crops (Anuroopa et al. 2017; Pan et al. 

2020). The CFU of B. sonorensis in the root zone 

substrate was found to be 4 × 104·g-1 substrate in 

China aster and 3 × 104·g-1 substrate in gaillardia, 

while these bacteria were not detected in the sub-

strate of uninoculated treatment (data not given). 

The presence of inoculated PGPR in the root zone 

at the end of seedling stage was reported earlier in 

other crops (Desai et al. 2020, Sukeerthi et al. 2020). 

Synergistic interaction between F. mosseae and 

B. sonorensis promoting higher plant growth com-

pared to single inoculation with either of them has 

been reported earlier in chilly (Thilagar et al. 2014). 

Considering the results obtained for all plant 

parameters in our study, it can be concluded that 

inoculation of China aster and gaillardia with the 

microbial consortium (F. mosseae + B. sonorensis) 

resulted in healthy vigorously growing seedlings in 

pro trays. The hypothesis that inoculated plants will 

grow faster and will have better quality also during 

the entire production cycle remains to be verified in 

further experiments.  
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Table 1. Influence of microbial consortium on plant growth parameters of China aster and gaillardia seedlings 

measured 60 days after seeding 

 

Growth parameters 

China aster Gaillardia 

Uninoculated 

control 
Inoculated SE D-value 

Uninoculated 

control 
Inoculated SE D-value 

Shoot length (cm) 3.05 7.11 0.97 0.5** 4.99 7.87 0.66 1.9** 

Root length (cm) 4.48 8.79 1.01 0.5** 6.15 17.99 2.61 0.5** 

Seedling length (cm) 7.53 15.90 1.98 0.8*** 11.14 25.84 3.23 1.3*** 

Stem diameter (mm) 1.58 2.51 0.25 0.6** 1.29 2.18 0.20 1.5*** 

Biovolume index 4.82 17.85 3.24 1.2*** 6.43 17.15 2.37 2.0*** 

Germination rate (%) 52.00 80.50 7.26 0.6** 52.50 89.50 8.24 0.6** 

Plant strength 

(dry matter/unit area) 
0.0163 0.0169 0.001 0.3* 0.0088 0.0152 0.001 0.3* 

Vigor index 389.2 1274.65 198.78 1.0*** 583.45 2326.85 394.01 0.9*** 

Dry weight (g) 0.050 0.120 0.02 1.2*** 0.044 0.120 0.02 1.2*** 

*values are significant at p = 0.01; increase: *small, **medium, ***large 

 

 

Table 2. Effect of microbial consortium on the nutrient uptake of China aster and gaillardia measured in 60-day-

old seedlings 

 

Nutrients 

China aster Gaillardia 

Uninoculated 

control 
Inoculated SE D-value 

Uninoculated 

control 
Inoculated SE D-value 

N (%) 1.87 2.11 0.07 0.5** 1.94 2.06 0.03 0.4* 

P2O5 (%) 0.07 0.12 0.01 0.4* 0.06 0.10 0.01 0.3* 

K2O (%) 1.60 2.68 0.25 1.0*** 1.95 2.19 0.06 0.8*** 

Ca (%) 1.99 2.25 0.06 0.4* 2.18 2.67 0.11 0.6** 

Mg (%) 1.54 1.76 0.05 0.7** 0.93 1.56 0.14 0.6** 

Zn (ppm) 97 208 24.76 0.7** 72.03 129.8 13.07 0.5** 

Fe (ppm) 3181 3937 169.12 1.1*** 2460 3775 293.41 0.8*** 

Cu (ppm) 108 129 5.16 0.9*** 59.03 105.1 10.48 0.3* 

Mn (ppm) 81 149 15.45 1.3*** 74.75 92.05 3.94 1.2*** 

B (ppm) 57 69 3.21 0.8*** 56.47 83.62 6.05 1.3*** 

Mo (ppm) 80 172 20.56 1.0*** 62.16 99.24 8.48 1.2*** 

*values are significant at p = 0.01; increase: *small, **medium, ***large  



26............................................................................................................................. ...........................................  M. Fernandez et al. 
____________________________________________________________________________________________________________________ 

 

REFERENCES 

 

Abdul-Baki A.A., Anderson J.D. 1973. Vigor determi-

nation in soybean seed by multiple criteria. Crop 

Science 13: 630–633. DOI: 10.2135/crop-

sci1973.0011183x001300060013x. 

Anuroopa N., Bagyaraj D.J., Bagela A., Prakash Rao 

E.V.S. 2017. Inoculation with selected microbial 

consortia not only enhances growth and yield of 

Withania somnifera but also reduces fertilizer ap-

plication by 25% under field conditions. Proceed-

ings of the Indian National Science Academy 83: 

957–971. DOI: 10.16943/ptinsa/2017/49127. 

Bagyaraj D.J. 2014. Mycorrhizal fungi. Proceedings of 

the Indian National Science Academy 80: 415–

428. DOI: 10.16943/ptinsa/2014/v80i2/55118. 

Bagyaraj D.J. 2018. Arbuscular mycorrhiza fungi in 

sustainable agriculture, horticulture and forestry. 

Mycorrhiza News 30(3): 2–5. 

Bowling Barnes R., Richardson D., Berry J.W., Hood 

R.L. 1945. Flame photometry. A rapid analytical 

procedure. Industrial and Engineering Chemistry 

Analytical Edition 17: 605–611. DOI: 

10.1021/i560146a001. 

Behera A.D., Nachu N.S., Ashwin R., Bagyaraj D.J. 

2019. Influence of AM fungus G. mosseae and 

plant growth promoting rhizobacteria (PGPR) on 

growth of tomato seedlings raised in pro trays. 

Journal of Soil Biology and Ecology 39: 53–63. 

Bhargav V., Kumar R., Shivashankara K.S., Rao T.M., 

Dhananjaya M.V., Sane A. et al. 2018. Diversity 

of flavonoids profile in China aster [Callistephus 

chinensis (L.) Nees.] genotypes. Industrial Crops 

and Products 111: 513–519. DOI: 

10.1016/j.indcrop.2017.11.023. 

Cely M.V.T., Siviero M.A., Emiliano J., Spago F.R., 

Freitas V.F., Barazetti A.R. et al. 2016. Inocula-

tion of Schizolobium parahyba with mycorrhizal 

fungi and plant growth-promoting rhizobacteria 

increases wood yield under field conditions. Fron-

tiers in Plant Science 7; 1708; 13 p. DOI: 

10.3389/fpls.2016.01708. 

Chauhan H., Bagyaraj D.J. 2015. Inoculation with se-

lected microbial consortia not only enhances 

growth and yield of French bean but also reduces 

fertilizer application under field condition. Scien-

tia Horticulturae 197: 441–446. DOI: 

10.1016/j.scienta.2015.10.001. 

Chauhan H., Bagyaraj D.J., Selvakumar G., Sundaram 

S.P. 2015. Novel plant growth promoting rhizo-

bacteria – Prospects and potential. Applied Soil 

Ecology 95: 38–53. DOI: 10.1016/j.ap-

soil.2015.05.011. 

Das A.J., Kumar M., Kumar R. 2013. Plant growth pro-

moting rhizobacteria (PGPR): An alternative of 

chemical fertilizer for sustainable, environment 

friendly agriculture. Research Journal of Agricul-

ture and Forestry Sciences 1: 21–23. 

Desai S., Bagyaraj D.J., Ashwin R. 2020. Inoculation 

with microbial consortium promotes growth of to-

mato and capsicum seedlings raised in pro trays. 

Proceedings of the National Academy of Sciences, 

India, Section B: Biological Sciences 90: 21–28. 

DOI: 10.1007/s40011-019-01078-w. 

Ferreira S.L.C., Bezerra M.A., Santos A.S., dos Santos 

W.N.L., Novaes C.G., de Oliveira O.M.C. et al. 

2018. Atomic absorption spectrometry – a multi 

element technique. Trends in Analytical Chemis-

try 100: 1–6. DOI: 10.1016/j.trac.2017.12.012. 

Gerdemann J.W., Nicolson T.H. 1963. Spores of my-

corrhizal Endogone species extracted from soil by 

wet sieving and decanting. Transactions of the 

British Mycological Society 46: 235–244. DOI: 

10.1016/s0007-1536(63)80079-0. 

Giovannetti M., Mosse B. 1980. An evaluation of tech-

niques for measuring vesicular arbuscular mycor-

rhizal infection in roots. New Phytologist 84: 489–

500. DOI: 10.1111/j.1469-8137.1980.tb04556.x. 



Influence of microbial consortium of China aster and gaillardia............................................................................ ...............     27 
____________________________________________________________________________________________________________________ 

 

Hatchell G.E., Berry C.R., Muse H.D. 1985. Nonde-

structive indices related to aboveground biomass 

of young loblolly and sand pines on ectomycorrhi-

zal and fertilizer plots. Forest Science 31: 419–

427. DOI: 10.1093/forestscience/31.2.419. 

Jackson M.L. 1973. Soil chemical analysis. Prentice 

Hall of India Pvt. Ltd., New Delhi, 498 p. 

Jansa J., Finlay R., Wallander H., Smith F.A., Smith S.E. 

2011. Role of mycorrhizal symbioses in phospho-

rus cycling. In: Bünemann E.K., Oberson A., 

Frossard E. (Eds.), Phosphorus in action. Soil Bi-

ology 26: 137–168. DOI: 10.1007/978-3-642-

15271-9_6. 

Jyothi E., Bagyaraj D.J., Prakasa Rao E.V.S. 2018. Mi-

crobial consortia developed for Ocimum tenuiflo-

rum reduces application of chemical fertilizers by 

50% under field conditions. Medicinal Plants – In-

ternational Journal of Phytomedicines and Related 

Industries 10: 138–144. DOI: 10.5958/0975-

6892.2018.00022.9. 

Kim M., Shin S., Lee J.A., Park D., Lee J., Jung E. 2015. 

Inhibition of melanogenesis by Gaillardia aris-

tata flower extract. BMC Complementary and Al-

ternative Medicine 15; 449; 11 p. DOI: 

10.1186/s12906-015-0972-1. 

Kumar A., Bhatti S.K., Aggarwal A. 2012. Biodiversity 

of endophytic mycorrhiza in some ornamental 

flowering plants of Solan, Himachal Pradesh. Bio-

logical Forum – An International Journal 4: 45–51. 

Maskina M.S., Meelu O.P., Sandhu P.S. 1984. Effect of 

organic and inorganic manuring on rice nurseries. 

International Rice Research Newsletter 9(3): 23–24. 

Pan J., Huang C., Peng F., Zhang W., Luo J., Ma S., 

Xue X. 2020. Effect of arbuscular mycorrhizal 

fungi (AMF) and plant growth-promoting bacteria 

(PGPR) inoculations on Elaeagnus angustifolia L. 

in saline soil. Applied Sciences 10: 945. 

Paredes-Páliz K.I., Pajuelo E., Doukkali B., Caviedes 

M.Á., Rodríguez-Llorente I.D., Mateos-Naranjo E. 

2016. Bacterial inoculants for enhanced seed ger-

mination of Spartina densiflora: Implications for 

restoration of metal polluted areas. Marine Pollu-

tion Bulletin 110: 396–400. DOI: 10.1016/j.mar-

polbul.2016.06.036. 

Phillips J.M., Hayman D.S. 1970. Improved procedures 

for clearing roots and staining parasitic and vesic-

ular mycorrhizal fungi for rapid assessment of in-

fection. Transactions of the British Mycological 

Society 55: 158–161. DOI: 10.1016/s0007-

1536(70)80110-3. 

Porter W.M. 1979. The ‘Most Probable Number’ 

method for enumerating infective propagules of 

vesicular arbuscular mycorrhizal fungi in soil. 

Australian Journal of Soil Research 17: 515–519. 

DOI: 10.1071/sr9790515. 

Sanders E.R. 2012. Aseptic laboratory techniques: Plat-

ing methods. Journal of Visualized Experiments 

63; e3064; 18 p. DOI: 10.3791/3064. 

Shakuntala N., Nachu N.S., Ashwin R., Bagyaraj D.J. 

2019. Influence of plant growth promoting rhizo-

bacteria on growth of tomato (Lycoperiscon escu-

lentum Mill.) raised in pro trays. Journal of Soil 

Biology and Ecology 39: 32–38. 

Sohn B.K., Kim K.Y., Chung S.J., Kim W.S., Park S.M., 

Kang J.G. et al. 2003. Effect of the different tim-

ing of AMF inoculation on plant growth and 

flower quality of chrysanthemum. Scientia Horti-

culturae 98: 173–183. DOI: 10.1016/s0304-

4238(02)00210-8. 

Sreenivasa M.N., Bagyaraj D.J. 1988. Suitable level of 

zinc, copper and manganese for mass production 

of the vesicular arbuscular mycorrhizal fungus, 

Glomus fasciculatum. Proceedings of the Indian 

Academy of Sciences, Plant Sciences 98: 135–138. 

Sukeerthi D., Nachu N.S., Ashwin R., Bagyaraj D.J. 

2020. Microbial consortium promotes growth of 

zinnia and balsam seedlings raised in pro trays. 

Journal of Floriculture and Landscaping 6: 4–8. 

DOI: 10.25081/jfcls.2020.v6.6063. 

Thilagar G., Bagyaraj D.J., Chauhan H., Ram A.B., 

Ashwin R. 2014. Synergistic effects of arbuscular 

mycorrhizal fungus Glomus mosseae and plant 



28............................................................................................................................. ...........................................  M. Fernandez et al. 
____________________________________________________________________________________________________________________ 

 

growth promoting bacterium Bacillus sonorensis 

on growth, nutrient uptake and yield of chilly. 

Journal of Soil Biology and Ecology 34: 50–59. 

Thilagar G., Bagyaraj D.J., Rao M.S. 2016. Selected 

microbial consortia developed for chilly reduces 

application of chemical fertilizers by 50% under  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

field conditions. Scientia Horticulturae 198: 27–

35. DOI: 10.1016/j.scienta.2015.11.021. 

Woo S.L., Pepe O. 2018. Microbial consortia: Promis-

ing probiotics as plant biostimulants for sustaina-

ble agriculture. Frontiers in Plant Science 9; 1801; 

6 p. DOI: 10.3389/fpls.2018.01801. 


