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Abstract

Plant Growth Promoting Microbes (PGPMs) are key players in major ecological processes like atmospheric
nitrogen fixation, water uptake, solubilization, and transport of minerals from the soil to the plant. A broad
spectrum of PGPMs has been proposed as biofertilizers, biocontrol agents and biostimulants to enhance plant
growth, agricultural sustainability and food security. However, little information exists with regard to the
application of PGPMs in plant tissue culture. This review therefore presents an insight into the importance of
PGPMs in plant tissue culture from relevant available articles. In addition, exploiting the potential benefits of
PGPMs will lead to a significant reduction in the cost production of in vitro plantlets during plant tissue culture.
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Plant Growth Promoting Microbes (PGPMs) are
selected microorganisms usually found in the soil and
roots of plants (rhizosphere) which have positive impact
on plant growth, development and survival (Jitendra et
al. 2017). Plant Growth Promoting Microbes include
Plant Growth-Promoting Rhizobacteria (PGPR) and
Plant Growth-Promoting Fungi (PGPF) (Spaepen ef al.
2009), but some Protists like Amoabae, Ciliates and
Flagellates, and Archaea (like Natrinema,
Halobacterium, Haoferaxa, etc.) have been reported as
PGPMs (Koller et al. 2013, Ajar et al.,, 2017). Plant
Growth Promoting Microbes are involved in the
degradation, mineralization of organic compounds,
solubilization of inorganic compounds and release of
biologically active compounds like chelators,
phytohormones, and antibiotics, among others, which
are necessary for the general well-being of plants
(Kapulnik and Okon 2002). Usually, plant tissue culture
systems are carried out in sterile conditions (Diedhiou ez
al., 2016). The explant is surface sterilized to eliminate
all microbial contaminants. Since the role of PGPMs in
plant growth and protection has been established, more
attention has been paid to beneficial effects of these
microorganisms in in vitro plant tissue cultures. In this
respect, the use of competent PGPMs in tissue culture
under in vitro and ex vitro conditions has been examined
and called “biotization” (Trigiano and Gray, 2016).
Microplant biotization is a biotechnological practice
aimed at reducing chemical input in plant production
(Kanani et al., 2020). The biotization can be done at all
stages of in vitro propagation namely; Stage 0 (Plant
stock immobilization and pre-treatments, selection of

the explants), Stage [ (Culture establishment), Stage 11
(Elongation and multiplication), Stage III (Rooting),
Stage IV (Weaning, hardening, and acclimatization) and
Stage V (Transfer under natural conditions-to the field)
(Diedhiou et al., 2016). In stages Il and III of
micropropagation by micro-cutting, PGPMs act
generally as bio-stimulants by promoting elongation
and increasing rooting, while in stage IV, they act as
biocontrol agents and help to deal with biotic and abiotic
stress factors (Diedhiou et al., 2016). It is at this stage of
acclimatization that biotization of microplants seems to
be most important (Orlikowska ez al., 2017). In addition
to their three main growth promoting mechanisms
namely; direct, indirect/direct and indirect, certain
PGPMs such as Rhizobium, Frankia, Bradyrhizobium,
and mycorrhizal fungi have been recognized to be able
to improve the physical properties of the soil by making
it more conducive for plant growth and development
(Egamberdievaetal., 2019).

Beneficial effects of Plant Growth Promoting Fungi
in in vitro Plant Culture

Tolerance to water and nutrient up take: Plantlets
obtained from micropropagation through tissue culture
are often adversely affected by water stress; because of
low water absorption capacity of their roots (Diedhiou e?
al., 2016). Inoculation with Arbuscular Mycorrhizal
Fungi (AMF) in vitro is an important tool to deal with
this problem (Rai, 2011). Through biosynthesis of
phytohormones or Plant Growth Regulators (PGRs),
AMF impact on post-transplant performance of in vitro
grown plants by increasing nutrients availability and
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inducing resistance to pathogens (Akin-Idowu et al.,
2009). According to Chanclud ef al. (2016) and
Streletskii e al. (2019), fungi produce phytohormones
such as auxins, cytokinins (CKs), abscisic acid (ABA),
gibberellic acids (GAs), ethylene (ET), salicylic acid
(SA), and jasmonic acid (JA). These hormones control
plant development and activate signaling pathways
during biotic and abiotic stress. Meixner et al. (2005)
showed that plants inoculated with AMF had a higher
level of auxins than non-inoculated plants. It has been
shown that a large diversity of fungal species can
produce CKs for hyphal development and nutrient
uptake during mycorrhizal symbiosis. Auxin and
cytokinin act as messengers to regulate various cellular
processes in plants such as bud activity, branching, cell
cycle, synchronization of fruit setting and dropping
(Muller and Leyser, 2011), plant defense responses
(Naseem and Dandekar, 2012), grain size, and biomass
production (Osugi and Sakakibara, 2015). Fungi,
especially AMF, play important role in water uptake and
availability (Puschel e al., 2020), thereby increasing the
rate of photosynthesis and osmotic adjustment under
environmental stress (Soumare et al., 2017). Arbuscular
Mycorrhizal Fungi also increase the uptake of
micronutrients such as P, Zn, Cu, Fe, etc. Arbuscular
Mycorrhizal Fungi contribution is especially important
during the acclimatization phase, because the
adventitious and weak root system, without root hair, of
vitroplants do not allow optimal absorption of nutrients
from the soil during the early stage of the weaning step.
Arbuscular Mycorrhizal Fungi can help to overcome
this problem, through their arbuscules and hyphae
which transfer nutrients, especially phosphate from the
soil to the plant (Chen efr al., 2018). Beneficial
endophytic fungi promotes plant growth by improving
uptake of phosphorus, potassium, and zinc and/or
production of phytohormones such as cytokinins, indole
acetic acids, and gibberrellic acids (Rana et al., 2019).
The lower survival rate and poor establishment of
vitroplants in field conditions may be because the
transferred vitroplants did not find their natural
microsymbiont partner (Harish et al., 2008). Also,
certain endophytic fungi can be plant pathogens and
limit the micropropagation process. It is the case with
Fusarium equiseti which was suspected to cause
bamboo blight and culm rot disease (Tyagi et al., 2018).
Although, the mycorrhization technique is important for
the growth and development of the micropropagated
plantlets, some problems need to be solved to optimize
the technology efficiency. The main problem to be
solved is how to produce pure fungal inoculum without
contaminants for micropropagation. Currently, the
disinfection and germination of spores in the agar
medium are difficult. On the other hand, Murashige and
Skoog medium (MS) systematically used in
micropropagation does not seem to be favorable for the
germination and growth of spores (Rana ef al., 2019).
This suggests that the methodology of propagation
needs to be adapted by modifying the nutrient medium
to overcome the problem (Srinivasan et al., 2014).

Beneficial effects of Plant Growth Promoting
Bacteria in in vitro Plant Culture

Improved photosynthetic efficiency and biomass
production: Elmeskaoui et al. (2015) have shown that
biotized plant tissue cultures benefit from microbial
presence through an improvement in photosynthetic
efficiency and biomass production. Generally, PGPB
improves growth by releasing PGRs required for
vitropropagation (Quambusch and Winkelmann, 2018).
Auxins and cytokinins biosynthesis are widespread
among rhizobacteria, and different biosynthetic
pathways have been identified (Amara et al., 2015). For
instance, it is assumed that many bacteria can produce
cytokinins in pure culture and more than 80% of soil
bacteria in the rhizosphere can produce auxins
especially indole-3-acetic acid (IAA), which is the
major auxin active form in plants (Souza et al., 2015).
Plant Growth Regulators from microorganisms play a
compensatory role, especially when micropropagated
plants are under sub-optimal environment with
insufficient endogenous production. For different
strains belonging to Bacillus, Pseudomonas,
Rhizobium, Bradyrhizobium, Enterobacter,
Methylobacterium, Microbacterium, Rhodococcus, and
Acinetobacter, these PGRs have been quantified,
characterized, and tested in plant tissue culture
(Spaepen and Vanderleyden, 2011). Their application in
vivo and in vitro on the plant leads to galls, stem
fasciation, and brooms. The study from Erturk et al.
(2010) demonstrated that different PGPB strains
belonging to genus Bacillus, Paenibacillus, and
Comamonas promoted root formation in kiwifruit
cuttings in mass clonal propagation through TAA
production. More recently, Lim et al. (2016) reported
that the diazotroph; Herbaspirillum seropedicae
induced the proliferation and differentiation of calli and
embryogenic calli of oil palm through nitrogen fixation
and IAA production. Similar findings were previously
reported by Rodriguez- Romero et al. (2008) on
micropropagated banana plants with P, fluorescens, with
a consistent increase of plant development.
Kargapolova ef al. (2020) demonstrated the efficacy of
the inoculation with Ochrobactrum cytisi on potato
microplants. A 50% increase of mitotic index of root
meristem cells and 34% increase of shoot length were
reported under ex vitro conditions.

Production of phytohormones: some plant growth
promoting rhizobacteria (PGPR) can induce the
production of phytohormones by the plant. Analyzing
plant molecular responses to Burkholderia
phytofirmans colonization, Poupin et al. (2013) showed
that genes involved in auxin and gibberellin pathways
were induced in Arabidopsis thaliana. Moreover,
bacterial phytohormones such as gibberellins can
interact with other hormones to support clongation
(Bottini et al., 2014). Other phytoregulators such as
abscisic acid and salicylic acid are produced by PGPB,
but they are less studied. The phytohormones regulate
both growth and senescence by modulating ethylene
levels in the plant tissue which plays an essential role in
the plant defense mechanisms against infections and

Nsofor & Isaiah
Nigerian Agricultural Journal Vol. 52, No. 2 | pg. 230



external aggressions (Igbal ef al., 2017). Decreasing
ethylene levels allows the plant to be more resistant to
different environmental stresses (Glick, 2015). The
growth of pathogens is suppressed by producing toxins,
antibiotics, HCN, and/or hydrolytic enzymes such as
proteases, chitinases, and lipases. These compounds
degrade the cell wall, virulent, or pathogenic factors
(Compantetal., 2015).

Enhanced stress tolerance and plant growth: It has
been shown that inoculation with some PGPB produces
aminocyclopropane carboxylate (ACC) deaminase,
which help to relief stress and enhance plant growth
(Ruzzi and Aroca, 2015). Through a reduction of
ethylene production, Gupta and Pandey (2019) and
Souza et al. (2015) reported that ethylene acts as stress
phytohormone which adversely affects the growth of the
roots under abiotic and biotic stress. Similar results were
previously reported on Camelina sativa by Heydarian et
al. (2016), which have shown that PGPB can enhance
growth and salt tolerance in camelina by the production
of ACC deaminase. /n vitro co-culture of explants with
PGPB induces developmental and metabolic changes,
which enhance their tolerance to abiotic and biotic
stress. In this regard, Sgroy ef al. (2009) demonstrated
that Bacillus, Lysinibacillus, Pseudomonas,
Achromobacter, and Brevibacterium associated with the
halophyte Prosopis strombulifera act as stress
homeostasis-regulating bacteria through IAA, zeatin,
and GA production.

Production of volatile metabolites: Bacteria can
produce volatile metabolites which can induce
organogenesis (Gopinath et al., 2015), improve the
efficiency of photosynthesis (Xie et al., 2009), and
provide protection against abiotic stressors (Orlikowska
etal.,2017). Plant Growth Promoting bacteria and fungi
living in the rhizosphere induce systemic resistance
(ISR) and enhance defense against a broad range of
pathogens and insects. Some PGPB (e.g., Pseudomonas
and Bacillus) and some PGPF (e.g., Trichoderma) can
sensitize the plant immune system for enhanced defense
without directly activating costly defenses (Pieterse et
al., 2014; Al-Ani and Mohammed, 2020).

Beneficial effects of Plant Growth Promoting
Archaeain in vitro Plant Culture

Archaea are well distributed in extreme environments
like hot springs and salt lakes, but due to their
metagenomic traits, they can be found in a wide range of
habitats such as soils, oceans, and marshlands. The
beneficial effects of Archaea as PGPMs in in vitro
cultures have being scarcely studied, among which
includes; nitrogen fixation by methanogens (Leigh,
2000), siderophore production (Dave, 2006),
phosphorus solubilization by haloarchaea (Yadav et al.,
2015) and Indole Acatic Acid production (White, 2007).
Phosphate-solubilizing halophilic archaea identified as
Natrialba, Natrinema, Halolamina, Halosarcina,
Halostagnicola, Haloarcula, Natronoarchaeum,
Halobacterium, Halococcus, Haloferax and
Haloterrigena have been isolated from halophilic plants

namely; Abutilon, Cenchrus, Dicanthium, and
Sporobolous (Yadav et al., 2015).

Beneficial effects of Plant Growth Promoting
Protists in irn vitro Plant Culture

Most Protists are heterotrophs, feeding on bacteria and
fungi though a few are parasitic such as apicomplexan or
oomycetes, and phototrophic algae (Bonkowski 2004,
Pawlowski, 2013). The beneficial effects of Protists to
plants growth as documented include:

Nutrient release: They feed on bacteria and fungi
releasing excess of nutrients like nitrogen, phosphorus,
or other micronutrients. These nutrients are often
limited in soil and kept locked in microbial cells if not
released by the activity of protists (Kreuzer ez al., 2006).

Selection of specific bacteria: Protists are selective in
choosing their prey on the basis of several
characteristics including surface properties or size
(Swallow et al., 2013). Predator activity of Protists
plays a major role in promoting the growth and survival
of toxic microorganisms in the rhizosphere. For
instance, the productions of broad-spectrum bioactive
secondary metabolites like alkaloids (Klapper et al.,
2016), lipopeptides (Mazzola et al., 2009) or
polyketides and inoculation of amoebae in rice
rhizosphere multiplied the fitness of Pseudomonas by a
factor of three, due to the elimination of the nontoxic
competitors of the introduced bacteria (Jousset ef al.,
2009).

Improved Plant-Microbe Symbioses: A research
conducted by Koller et al. (2013) showed that
mycorrhiza function is largely dependent on protists. It
was noted that Amoebae increased nitrogen turnover
around the hyphae and stimulated its transfer to the
plant. Similarly, mycorrhiza fungi themselves failed to
produce the required enzymes needed for mineralizing
soil organic material. Instead they secreted plant-
derived carbon in their surroundings, makes nutrients
available for the associated microbial communities.
Without predation, these communities would die due to
nutrient limitation (Jousset et al. 2009).

Stimulate Beneficial Trait Expression: Some bacterial
traits linked to plant growth promotion such as
production of siderophores or toxic secondary
metabolites, are strongly affected by the presence of
bacterivorous protists (Alexandre, 2017). Cyclic
lipopeptides (Mazzola et al. 2009) or 2,4-DAPG
production increased after confronting bacteria with
amoebae or their supernatant (Jousset et al., 2010).

Plant Growth Promoting Microbes in Plant Tissue
Culture and Future Prospects

The application of PGPMs in tissues cultures has not
been studied enough to advance its application on a
commercial basis. Our present knowledge in PGPM
behavior at the root, leaf, or whole plant level and their
function in the natural environment is still limited
(Sunita et al., 2020). In the future, detailed research is
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needed to select efficient, multifunctional, stress
tolerant PGRs-producing microbes that combine
ecological tolerance for application in plant tissue
culture. Indeed, the wide diversity of possible uses of
beneficial microbes in plant tissue culture opens new
doors to identify appropriate PGPMs to be used at the
different stages of plant tissue culture (Soumare et al.,
2020). On the other hand, more efforts should be
channeled towards bio-formulation of these microbes
for suitable application in plant tissue culture. Currently,
there are some challenges for the delivery of PGPMs,
especially during explant cultivation, elongation,
multiplication, and rooting. To implement their
application in plant tissue culture, researchers need to
develop strategies to improve microbial inoculants and
inoculation technologies. The use of nanoformulations
may improve the stability of biofertilizers (Malusa et al.
2012; Arora et al., 2020) with respect to heat,
desiccation, and ultra violet inactivation. Recently,
some studies have shown huge interest in
bionanotechnological inputs using PGPMs in vitro
tissue culture, especially in the application of biotization
in the pharmaceutical industry-targeted in vitro plants
approach. The other challenge is improving the quality
of microbial inoculants for in vitro plants and
developing adequate inoculation protocols. With
respect to this, the utilization of genetically modified
inoculants may offer opportunities in order to achieve a
specific purpose in the agricultural and food sector.
Recent advances in biotechnological tools, such as
functional genomics, signaling in rhizosphere, etc.,
could be useful in the engineering of micro-organisms to
confer improved benefits to plants, especially in plant
tissue culture field. A salient question is; can endophytic
beneficial PGPMs be bio-engineered as an effective
vector through which gene constructs can be transferred
to vitroplants for crop improvement? If and when this
ability is acquired, it is believed that the huge negative
sentiments and resentment that are still held against
genetically modified organisms will subside. If this
happens, such innovation will revolutionize the
agricultural seed sector, enhance the use of micro-
organisms to produce pharma-metabolites in-vitro, and
take unconventional crop improvement to a new level.

Perceived or Possible Demerits of the use of PGPMs

Though a number of success have been achieved in the
quest to improve plant growth and development through
PGPMs in in vitro and in vivo cultures, certain draw
backs have been observed, among which include:
foremost, difficulty of host plant to adapt to a particular
soil, climatic conditions or pathogen which pose a
serious challenge during the selection and
characterization of the organism (Anjali et al., 2019);
achieving consistent environmental conditions in the
field is not feasible, because variability of abiotic and
biotic factors is higher and competition with indigenous
organisms is more stressful compared to the green house
conditions (Paulitz and Bélanger, 2001). Furthermore,
scaling up of fermentation conditions for commercial
production, while, maintaining quality, stability, and
efficacy of the product is usually difficult (Mathre e? al.,

2009). Lastly, toxigenicity, allergenicity and
pathogenicity studies, and persistence in environment
and horizontal gene transfer potential studies are
required to improvise the health and safety measures of
the products (McSpadden-Gardener and Fravel, 2002,
Anjalietal., 2019).

Ways to Enhance the Adoption of PGPMs

Possible ways to ensure that PGPMs is well
acknowledged in the society as documented, may
include the following approach: developing high
precision and accuracy bioassay systems to select
superior strains which would ensure maximum
productivity (McSpadden-Gardener, 2002, Mathre et
al., 2009), developing better formulations or composite
formulations to enhance the survival, proliferation and
activity of the organisms when planted in the field
(Bowen and Rovira, 2009, Mansouri et al., 2002).
Furthermore, for easy identification, proper
categorization of PGPMs is important, either as
biofertilizer or a biological control agent. Lastly capital
costs and potential markets should be studied in order to
commercialize them (Anjaliezal., 2019).

Conclusion

Plant Growth Promoting Microbes (PGPMs) remain the
major stake holders in ecological processes responsible
for nutrient recycling and availability for plant use. They
have been proposed as biofertilizers, biostimulants and
biocontrol agents to enhance plant growth and
development for agricultural sustainability and food
security. The application of PGPMs in plant tissue
culture remains a viable option in the quest to improve
plant growth and development in in vitro cultures. Plant
Growth Promoting Microbes have the innate potential to
produce Plant Growth Regulators and can be considered
as potential biofactories. The development and use of
inoculants based on PGPMs will help to reduce the cost
of production of in vitro plants by partially or totally
replacing some commercial synthetic products with
microbial phytohormones and increasing the survival
rate of in vitro plants. In addition, much remains to be
studied about PGPMs in order to identify appropriate
species and to develop bioformulations for suitable
application in plant tissue culture.
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