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Abstract

The microbial-based interaction with the plants serves as an alternative and sustainable trend in the field of agriculture. The chemical-based
pesticides and fertilizers had led soil pollution and problematic health issues among the humans due to which the plant productivity has been
compromised and various diseases have prevailed over the few decades. The use of PGPR (plant growth-promoting rhizobacteria) as a
symbiotic association with plants in which proper inoculant numbers can be beneficial to increase plant productivity. The underlying
mechanism such as the production of biomolecules and certain enzymes which help the plant to assimilate nutrients from the soil, protection
against the nematodes or pathogenic microbes. The interaction has also a positive impact on higher plant productivity even in different
abiotic stress. The research needs to be the focus on the large and long term effect of such microbial communities for an alternative yet
sustainable agricultural practices and also the need to publicize the awareness to adopt such practices to enhance the plant and crop

productivity among the farmers and agriculturalist.
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Introduction

Many recent developments have been revolved in the
field of agriculture from the use of the biological-based
fertilizers to the development of the transgenic plants to
increase plant productivity. It has been noted that the use of
chemical fertilizer, pest control for reduced the growth of the
nematodes and improved irrigation facilities have been
enhanced over the last 50 years in the agriculture sector
(Ramakrishna et al., 2019). The use of chemical pesticides
and fertilizer also brings cons such as contamination of the
groundwater, decreases the fertility of the soil which leads to
the destruction of the biodiversity (Diaz and Rosenberg,
2008; Naik et al., 2019). Many health issues have been
recorded due to the contamination of the crops. The
consumption of such crops by humans leads to the
accumulation of such chemicals by the process of bio-
magnification and disturbs the food web and ecological
pyramid (Naik et al., 2019). The groundwater which is being
polluted by the chemical fertilizers or pesticides also affects
the human in many ways such as hypertension, congenital,
testicular cancer, stomach cancer, goiter, respiratory diseases,
and sensitivity towards the pathogenicity of various diseases
like malaria, cholera and West Nile disease (Divya and
Belagali, 2012; Hazra, 2016). By the use of such
indiscriminate chemical fertilizer or pesticides has led
agricultural practices towards safer practices such as organic
farming and various approaches for enhancing the soil
microflora to increase the plant productivity as the soil
microbiota most likely plant growth-promoting rhizobacteria
and microbes (PGPR or PGPM) are necessary for the nutrient
recycling in the soil (Fitzsimons and Miller, 2010).

The plant growth-promoting rhizobacteria or the soil
microbiota are the beneficial microbes which are found as
free-living or the rhizobacteria which colonize the root
rhizospheres (Souza et al., 2015) and such microbes have
improved the agronomical status over the past decade
through the improvement of soil fertility and increase the
crop production (Ramakrishna et al, 2019). The PGPM or
PGPR enact through fixation of the nitrogen, solubilization

of the phosphate and potassium, biocontrol activity,
siderophore secretion, plant growth promoter secretion,
immobilization of the soil nutrients like calcium, iron,
minerals, maintenance of the plant nutrients, organic matter
decomposition and providing resistance in plants against the
various phytopathogens (Souza et al., 2015; Dakora et al.,
2015; Spence and Bais, 2015). The following literature is
been reviewed for many approaches used for promoting plant
productivity through the interaction between plants and
microbes.

The microenvironment of the soil relevance to agriculture

The soil environment has been exploited as an
alternative yet sustainable source for enhancing plant growth.
In such an environment, there are many different types of
microbial communities associated which are present
throughout the soil environment and promises to promote
plant growth through their interaction with different plant
species (Wani et al., 2017). Such soil microbial communities
help in balancing both biotic and abiotic elements in the soil
such as the resistance power in plants is biotic and nutrient
recycling is abiotic. But there are some of the microbial
communities which are stringently present in the plant
rhizosphere which provides defense mechanism to the roots
of the plants against the phytopathogens (Mendes et al.,
2014). These beneficial microbes first react to root exudate
before colonizing by chemotaxis, biofilm formation,
degradation, and secondary metabolism but once they are
used to such root exudate and later may function as
environmental cues to attract other microbial species to form
rhizosphere around the roots and carry out their interaction
(Balsanelli et al., 2016) (Zhang et al., 2015; Singh et al.,
2019; Singh et al., 2017; Singh et al., 2016). The main types
of species that are associated with promoting the plants are
PGPB and fungal association with plants commonly known
as mycorrhiza. Among the PGPB group, the common
bacterial species found belong to the group of
Proteobacterium and Firmicutes (Rojas-Tapias et al., 2012).
The proteobacterium includes the class of gamma
proteobacterium with genera such as Pseudomonas, Serratia,
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Acinetobacter, Enterobacter, and many more which form a
mutualistic association with the plant and confers nutrient
assimilation for higher biomass productivity in plants
(Sharma et al., 2015). Such association also confer tolerance
which mitigates against the abiotic stress conditions (Mirshad
and Puthur, 2017; Vurukonda et al., 2016). The soil microbes
also play an important role in the chelation of the trace
elements like mangnase, magnesium, iron, zinc, and make
them available to the plants (Kumar et al., 2015; Kumar and
Singh, 2020). The plants, as well as crops, make an
association with the soil microbes that can be
positive/beneficial or negative through certain interactions
such as mutualism, commensalism, cooperation, parasitism,
amensalism. However, for the increased plant productivity
mutualistic or symbiotic interaction must be needed between
the plants and the soil microbial groups (Mishra et al., 2016;
Pandey et al., 2017; Pierre et al., 2014). There are certain
AMFs (Arbuscular Mycorrhizal Fungi) that enhance the
photosynthetic activity in the plants and protect against the
different abiotic stress to increase the productivity of the
plants (Mugabo and Bhople 2015; Kumar and Kumar 2018).

Mechanism of plant-microbe interaction

The soil rhizosphere has the major diversity of the
microbial communities and their role with the plants that can
be a positive or negative impact. The microbial communities
interact with the plants for increasing plant productivity in
several ways. The production of antioxidants and
exopolysaccharides by the microbes, through solubilization
of the phosphate and potassium, through the release of
biocontrol agents like antibiotics, siderophores, hydrogen
cyanide, antifungal agents. The microbes also enhance the
release of phytohormones, fixation of nitrogen, and also
chelates trace elements like nickel, iron, manganese,
magnesium, and many more.
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Fig. 1: Mechanism used by microbe while interaction with a
plant to increase plant productivity (Kaur et al., 2018)

Growth promoting microbes

There are many groups of fungi and bacterial species
that promote plant growth with the help of certain
mechanisms (Karnwal 2017; Karnwal 2020; Karnwal 2019).
The Bacillus species and Pseudomonas species along with
Aspergillus and Pencillium species which are commonly
found in the soil rhizosphere enhance the growth of the plant
by phosphate solubilization (Sharma et al., 2013). The
symbiotic association between Pseudomonas fluorescens,
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Bacillus subtilis, Pseudomonas putida with the plant shows
beneficial activity in the plant growth (del Rosario Cappellari
et al., 2017). The Arbuscular Mycorrhizal Fungi (AMF) and
the bacterial species like Pseudomonas enhance the tomato
plant growth in terms of sugar and vitamin production and
sweetness content and such microbial group that inhabitant
the soil forms a symbiotic association with the root of plant
(Bona et al., 2017). Certain groups of AMF like Glomus
fasciculatum, Glomus mossae, Gigaspora margarita,
Acaulospora laevis that form a symbiotic association with the
plant enhance the phosphatase activity that helps in the
effective accumulation of the phosphorus in the plants
(Usharani et al., 2014). Pseudomonas reactans,
Chryseobacterium humi, and Rhizophagus irregularis help in
the fixation of the nitrogen through a symbiotic association
with the plants that are found in the soil rhizosphere around
the roots of the plants (Moreira et al., 2016). There are
certain PGPB which manage to tolerate and through
bioremediation of the heavy metals provide benefits to the
soil and the plants through the synthesis of siderophores,
phytohormones and ACC deaminase that delays the early
ripening (Ma et al., 2010; Santoyo et al., 2016; Yahaghi et
al., 2019; Bansal er al., 2016). The work of Franchi et al.
(2017) showed that certain Acinetomycetes, Proteobacterium,
and Bacilli species that were isolated from the soil and
phytoremediation of arsenic as well as mercuric metals were
achieved through the growth-promoting molecules like
indole acetic acid (auxin), siderophore (carrier of iron),
protease production, ability to solubilize the metals and
secretion of exopolysaccharides and just enhance the overall
growth of the plants. The microbial species Kocuria flava
and Bacillus vietmamensis that were isolated from the
mangrove rhizosphere showed a decrease in the arsenic
uptake through the synthesis of siderophores, IAA and
exopolysaccharides (Mallick et al., 2018). Chitiniphilus sp.
MTN22 (KF699070) and Streptomyces sp. MTNI14
(KF699062) which were isolated from a medicinal plant
Bacopa monnieri showed stress tolerance against nematodes
through the production of the phenolic compounds and
antioxidants production and just enhancing the plant
productivity (Gupta and Kumar, 2017; Gupta et al., 2019;
Goutam et al., 2015). There was improved and increased in
the plant height with enhanced resistance power and reduced
disease incidence of a host plant Nicotiana tabacum through
the interaction with Trichoderma harzianum, Glomus
mosseae (Havugimana and Bhople 2015; Yuan et al., 2016).
The interaction between the plant of foxtail millet (Setaria
italica) and microbial communities of Arthrobacter
siccitolerans  4J27, Pseudomonas fluorescens DRI1,
Enterobacter hormaechei DR16, and Pseudomonas migulae
DR35 stimulated seed germination and seedling growth of
the plant (Havugimana et al., 2016; Niu et al., 2017).

Conclusion

The interaction between plants and microbes has a
beneficial impact on plant growth and productivity. These
soil microbes provide a wide range of positive impacts to the
plants in terms of nutrient availability, resistance power
against the abiotic stress and to some extent resistance to
nematodes. However, there is still a need for research of
plant-microbe interaction to provide protection as well as
enhance the plant growth in case of nematode stress. The soil
rhizosphere has now led to the decreased use of chemical
pesticides as well as fertilizers and more use of biological-
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based fertilizers and pesticides which are eco-friendly for the
environment and to the humans. There will more relatable
use of such sustainable and alternative sources in the field of
agriculture in the near future. There is and will be more use
of microbial inoculants in the near future. Further research
should be done for the advances in the instrumentation for
the identification of the soil microbial communities and their
characterization may lead to the novel use for enhancing
plant productivity.

Acknowledgment

I am very thankful to Lovely Professional University,
Punjab, India for technical support to complete this study and
unlimited help in all steps.

Competing Interest’s Statement

The author(s) declare(s) that there is no conflict of
interest.

References

Bajaj, S. and A. Shadap (2018). Effect of different plant
growth regulator on growth, yield and quality of
cucumber (Cucumis sativus) (Doctoral dissertation,
Lovely Professional University).

Balsanelli, E.; Tadra - Sfeir, M.Z.; Faoro, H.; Pankievicz,
V.C.; de Baura, V.A.; Pedrosa, F.O.; de Souza, EM.;
Dixon, R. and R.A. Monteiro (2016). Molecular
adaptations of H erbaspirillum seropedicae during
colonization of the maize rhizosphere. Environmental
microbiology, 18(8): 2343-2356.

Bansal, M.; Sharma, M.; Kanwar, P.; and A. Goyal (2016).
Recent advances in proteomics of cereals.
Biotechnology and Genetic Engineering Reviews, 32(1-
2): 1-17.

Bona, E.; Cantamessa, S.; Massa, N.; Manassero, P.;
Marsano, F.; Copetta, A.; Lingua, G.; D’Agostino, G.;
Gamalero, E. and G. Berta (2017). Arbuscular
mycorrhizal fungi and plant growth-promoting
pseudomonads improve yield, quality and nutritional
value of tomato: a field study. Mycorrhiza, 27(1): 1-11.

Claire, P. and L. Parihar (2015). Application of Plant Growth
Promoting Rhizobacteria in increasing the solubility
and Bio-availability of Phosphorus (Doctoral
dissertation, Lovely Professional University).

Dakora, F. D.; Matiru, V.; and A. S. Kanu (2015).
Rhizosphere ecology of lumichrome and riboflavin, two
bacterial signal molecules eliciting developmental
changes in plants. Frontiers in plant science, 6, 700.

del Rosario Cappellari, L.; Chiappero, J.; Santoro, M. V_;
Giordano, W.; and E. Banchio (2017). Inducing
phenolic production and volatile organic compounds
emission by inoculating Mentha piperita with plant
growth-promoting rhizobacteria. Scientia horticulturae,
220, 193-198.

Diaz, R. J.; and R. Rosenberg (2008). Spreading dead zones
and consequences for marine ecosystems. science,
321(5891): 926-929.

Divya, J.; and S. L. Belagali (2012). Impact of chemical
fertilizers on water quality in selected agricultural areas
of Mysore district, Karnataka, India. International
journal of environmental sciences, 2(3): 1449-1458.

Dohroo, A.; Karnwal, A. and M. Ghai (2016). Recent
developments in Neem (Azadirachta indica—A. Juss)
derived antimicrobial constituents for control of human

Plant-microbe interaction for increased plant productivity

and plant diseases—a review. In Annales Academiae
Medicae Silesiensis, 70: 220-223.

Fitzsimons, M. S.; and R. M. Miller (2010). The importance
of soil microorganisms for maintaining diverse plant
communities in tallgrass prairie. American Journal of
Botany, 97(12): 1937-1943.

Franchi, E.; Rolli, E.; Marasco, R.; Agazzi, G.; Borin, S.;
Cosmina, P.; Pedron, F.; Rosellini, I.; Barbafieri, M.
and G. Petruzzelli (2017). Phytoremediation of a multi
contaminated soil: mercury and arsenic phytoextraction
assisted by mobilizing agent and plant growth
promoting bacteria. Journal of soils and sediments,
17(5): 1224-1236.

Goutam, U.; Kukreja, S.; Yadav, R.; Salaria, N.; Thakur, K.;
and A. K. Goyal (2015). Recent trends and perspectives
of molecular markers against fungal diseases in wheat.
Frontiers in microbiology, 6, 861.

Gupta, A. and A. Kumar (2017). Probing the Impact of
Different Weed Biochar on Soil Biologica Land
Biochemical Indicators in Relation to Growth and Yield
of Rice under Green House Conditions (Doctoral
dissertation, Lovely Professional University).

Gupta, R.; Singh, A.; Srivastava, M.; Shanker, K.; and R.
Pandey (2019). Plant-microbe interactions endorse
growth by uplifting microbial community structure of
Bacopa monnieri rhizosphere under nematode stress.
Microbiological research, 218, 87-96.

Havugimana, E.; and B. S. Bhople (2015). Nitrogen and
Phosphorus Economy Through Dual Inoculation of
Rhizobium and Arbuscular Mycorrhizal Fungi in Field
Pea (Doctoral dissertation, Lovely Professional
University).

Havugimana, E.; Bhople, B. S.; Byiringiro, E.; and J. P.
Mugabo (2016). Role of dual inoculation of rhizobium
and arbuscular mycorrhizal (AM) fungi on pulse crops
production. Walailak Journal of Science and
Technology (WIST): 13(1): 1-7.

Hazra, G. (2016). Different types of eco-friendly fertilizers:
An overview. Sustainability in Environment, 1(1): 54.

Karnwal, A. (2017). Isolation and identification of plant
growth promoting rhizobacteria from maize (Zea mays
L.) rhizosphere and their plant growth promoting effect
on rice (Oryza sativa L.). Journal of Plant Protection
Research, 57(2): 144-151.

Karnwal, A. (2019). Screening, isolation and characterization
of culturable stress-tolerant bacterial endophytes
associated with Salicornia brachiata and their effect on
wheat (Triticum aestivum L.) and maize (Zea mays)
growth. Journal of Plant Protection Research, 59(3):
293-303.

Karnwal, A. (2020). Effect of salinity stress on in vitro seed
germination and development of Triticum aestivum L.
var. HD 2687 and Zea mays var. PSCL-4642 in
presence of salinity tolerant bacterial endophytes
isolated from Bougainvillea glabra. Plant Cell
Biotechnology and Molecular Biology, 49-60.

Kaur, P.; Singh, S.; Kumar, V.; Singh, N.; and J. Singh
(2018). Effect of rhizobacteria on arsenic uptake by
macrophyte Eichhornia crassipes (Mart.) Solms.
International journal of phytoremediation, 20(2): 114-
120.

Kaur, R. and H. Kaur (2010). The Antimicrobial activity of
essential oil and plant extracts of Woodfordia fruticosa.
Arch Appl Sci Res, 2(1): 302-309.



Rohan Samir Kumar Sachan and Arun Karnwal

Kumar, A.; and J. Singh (2020). Biofilms Forming Microbes:
Diversity and Potential Application. Plant Microbiomes
for Sustainable Agriculture, 173-197.

Kumar, M.; Kaur, A.; Pachouri, C. U.; and J. Singh (2015).
Growth promoting characteristics of rhizobacteria and
AM Fungi for biomass amelioration of Zea mays.
Archives of Biological Sciences, 67(3): 877-887.

Kumar, M.; Kaur, A.; Pachouri, C.U. and J. Singh (2015).
Growth promoting characteristics of rhizobacteria and
AM Fungi for biomass amelioration of Zea mays.
Archives of Biological Sciences, 67(3): 877-887.

Kumar, S.; and P. Kumar (2018). Polyamines and
Mycorrhiza Mediated Mitigation of Cadmium in
Sorghum Vulgare (Doctoral dissertation, Lovely
Professional University).

Ma, Y.; Rajkumar, M.; Vicente, J. A. F.; and H. Freitas
(2010). Inoculation of Ni-resistant plant growth
promoting bacterium Psychrobacter sp. strain SRS8 for
the improvement of nickel phytoextraction by energy
crops. International journal of phytoremediation, 13(2):
126-139.

Mallick, I.; Bhattacharyya, C.; Mukherji, S.; Dey, D.; Sarkar,
S. C.; Mukhopadhyay, U. K.; and A. Ghosh (2018).
Effective rhizoinoculation and biofilm formation by
arsenic immobilizing halophilic plant growth promoting
bacteria (PGPB) isolated from mangrove rhizosphere: a
step towards arsenic rhizoremediation. Science of The
Total Environment, 610: 1239-1250.

Mehta, C.M.; Srivastava, R.; Arora, S. and A.K. Sharma
(2016). Impact assessment of silver nanoparticles on
plant growth and soil bacterial diversity. 3 Biotech,
6(2): 254.

Mendes, L. W.; Kuramae, E. E.; Navarrete, A. A.; Van Veen,
J. A; and S. M. Tsai (2014). Taxonomical and
functional microbial community selection in soybean
rhizosphere. The ISME journal, 8(8): 1577-1587.

Mirshad, P. P.; and J. T. Puthur (2017). Drought tolerance of
bioenergy grass Saccharum spontaneum L. enhanced by
arbuscular mycorrhizae. Rhizosphere, 3, 1-8.

Mishra, V.; Gupta, A.; Kaur, P.; Singh, S.; Singh, N.; Gehlot,
P. and J. Singh (2016). Synergistic effects of
Arbuscular mycorrhizal fungi and plant growth
promoting rhizobacteria in bioremediation of iron
contaminated  soils.  International  journal  of
phytoremediation, 18(7): 697-703.

Mishra, V.; Gupta, A.; Kaur, P.; Singh, S.; Singh, N.; Gehlot,
P. and J. Singh (2016). Synergistic effects of
Arbuscular mycorrhizal fungi and plant growth
promoting rhizobacteria in bioremediation of iron
contaminated  soils.  International  journal  of
phytoremediation, 18(7): 697-703.

Moreira, H.; Pereira, S. I.; Marques, A. P.; Rangel, A. O;
and P. M. Castro (2016). Mine land valorization
through energy maize production enhanced by the
application of plant growth-promoting rhizobacteria and
arbuscular mycorrhizal fungi. Environmental Science
and Pollution Research, 23(7): 6940-6950.

Mugabo, J. P.; and B. S. Bhople (2015). Effect of Arbuscular
Mycorrhizal Fungi and Rhizobium Inoculation on Root
Morphology and Chemical Properties of Rhizospheric
Soils in Field Pea (Pisum Sativum L.) (Doctoral
dissertation, Lovely Professional University).

Naik, K.; Mishra, S.; Srichandan, H.; Singh, P. K.; and P. K.
Sarangi (2019). Plant growth promoting microbes:

3063
Potential link to sustainable agriculture and
environment. Biocatalysis and Agricultural

Biotechnology, 101326.

Niu, X.; Song, L.; Xiao, Y.; and W. Ge (2018). Drought-
tolerant  plant  growth-promoting  rhizobacteria
associated with foxtail millet in a semi-arid
agroecosystem and their potential in alleviating drought
stress. Frontiers in microbiology, 8, 2580.

Pandey, D. K.; Nazir, A.; and A. Dey (2017). Isolation and
Characterization of Phosphate Solubilizing Bacteria
from Rhizosphere of Dioscorea alata Stimulating
Growth and Diosgenin Production. Proceedings of the
National Academy of Sciences, India Section B:
Biological Sciences, 87(4): 1143-1152.

Pierre, M. J.; Bhople, B. S.; Kumar, A.; Erneste, H.;
Emmanuel, B.; and Y. N. Singh (2014). Contribution of
arbuscular mycorrhizal fungi (AM fungi) and rhizobium
inoculation on crop growth and chemical properties of
rhizospheric soils in high plants. IOSR Jour. Agric.
Veter. Sci, 7: 45-55.

Ramakrishna, W.; Yadav, R.; and K. Li (2019). Plant growth
promoting bacteria in agriculture: Two sides of a coin.
Applied Soil Ecology.

Rojas-Tapias, D.; Moreno-Galvan, A.; Pardo-Diaz, S.;
Obando, M.; Rivera, D.; and R. Bonilla (2012). Effect
of inoculation with plant growth-promoting bacteria
(PGPB) on amelioration of saline stress in maize (Zea
mays). Applied Soil Ecology, 61, 264-272.

Santoyo, G.; Moreno-Hagelsieb, G.; del Carmen Orozco-
Mosqueda, M.; and B. R. Glick (2016). Plant growth-
promoting  bacterial endophytes. Microbiological
research, 183: 92-99.

Sharma, A.; Shankhdhar, D.; and S. C. Shankhdhar (2015).
Plant growth promoting rhizobacteria—an approach for
biofortification in cereal grains. Physiological
Efficiency for Crop Improvement, Scientific Publisher,
India, 460-487.

Sharma, H. and A. Karnwal (2018). Impact of Herbal
Extracts in Biocontroling of Four Human Pathogenic
Bacteria-an in-vitro Study. Research Journal of
Pharmacy and Technology, 11(7): 2895-2900.

Sharma, S. B.; Sayyed, R. Z.; Trivedi, M. H.; and T. A. Gobi
(2013). Phosphate solubilizing microbes: sustainable
approach for managing phosphorus deficiency in
agricultural soils. SpringerPlus, 2(1): 587.

Singh, B.; Kukreja, S.; Salaria, N.; Thakur, K.; Gautam, S.;
Taunk, J.; and U. Goutam (2019). VIGS: a flexible tool
for the study of functional genomics of plants under
abiotic stresses. Journal of Crop Improvement, 33(5):
567-604.

Singh, D.; Singh, J.; and A. Kumar (2017). Microbial
Options for Improved Crop Production. In Probiotics
and Plant Health (pp. 579-587). Springer, Singapore.

Singh, S.; Bhatia, S.; and S. B. Prasad (2016). In silico
Identification of Polyphenolic Compounds from the
Grape fruit as Quorum sensing inhibitors. Journal of
Chemical and Pharmaceutical Research, 8(5): 411-419.

Souza, R. D.; Ambrosini, A.; and L. M. Passaglia (2015).
Plant growth-promoting bacteria as inoculants in
agricultural soils. Genetics and molecular biology,
38(4): 401-419.

Spence, C.; and H. Bais (2015). Role of plant growth
regulators as chemical signals in plant-microbe



3064

interactions: a double edged sword. Current opinion in
plant biology, 27, 52-58.

Usharani, G.; Sujitha, D.; Sivasakthi, S.; and P. Saranraj
(2014). Effect of arbuscular Mycorrhizal (AM) fungi
(Glomus fasciculatum L.) for the improvement of
growth and yield of maize (Zea mays L.). Central
European Journal of Experimental Biology, 3(2): 19-25.

Vohra, A. and H.cKaur (2011). Chemical investigation of
medicinal plant Ajuga bracteosa. J Nat Prod Plant
Resour, 1(1): 37-45.

Vurukonda, S. S. K. P.; Vardharajula, S.; Shrivastava, M.;
and A. SkZ (2016). Multifunctional Pseudomonas
putida strain FBKV?2 from arid rhizosphere soil and its
growth promotional effects on maize under drought
stress. Rhizosphere, 1, 4-13.

Vyas, P. and A. Kaur (2018). Stress-tolerant antagonistic
rhizobacteria isolated from the medicinal plant Tinosp
ora  cordifolia. BioTechnologia.  Journal  of
Biotechnology Computational Biology and
Bionanotechnology, 99(2): 129-136.

Plant-microbe interaction for increased plant productivity

Wani, A.B.; Chadar, H.; Wani, A.H.; Singh, S.; and N.
Upadhyay (2017). Salicylic acid to decrease plant
stress. Environmental chemistry letters, 15(1): 101-123.

Yahaghi, Z.; Shirvani, M.; Nourbakhsh, F.; and J. J. Pueyo
(2019). Uptake and effects of lead and zinc on alfalfa
(Medicago sativa L.) seed germination and seedling
growth: Role of plant growth promoting bacteria. South
African Journal of Botany, 124, 573-582.

Yuan, S.; Li, M.; Fang, Z.; Liu, Y.; Shi, W.; Pan, B. and Q.
Shen (2016). Biological control of tobacco bacterial
wilt using Trichoderma harzianum amended bioorganic
fertilizer and the arbuscular mycorrhizal fungi Glomus
mosseae. Biological control, 92, 164-171.

Zhang, N.; Yang, D.; Wang, D.; Miao, Y.; Shao, J.; Zhou, X.
and Q. Shen (2015). Whole transcriptomic analysis of
the plant-beneficial rhizobacterium Bacillus
amyloliquefaciens SQR9 during enhanced biofilm
formation regulated by maize root exudates. BMC
genomics, 16(1): 685.



