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The world’s human population continues to increase, posing a significant challenge in ensuring food security as soil
nutrients and fertility decrease with time. Thus, there is a need to increase agricultural productivity to meet the
growing population's food demands. A high level of chemical fertilizers to increase food production is damaging
ecological balance and human health. It is becoming too expensive for many farmers to afford. The exploitation of
beneficial soil microorganisms as a substitute for chemical fertilizers in food production is one potential solution to
this conundrum. Microorganisms, such as plant growth-promoting rhizobacteria and mycorrhizal fungi, have
demonstrated their ability to formulate biofertilizers in the agricultural sector, providing plants with nutrients required
to enhance their growth, increase yield, manage abiotic and biotic stress, and prevent phytopathogens attack.
Beneficial soil microbes have been reported to produce some volatile organic compounds beneficial to plants. The
amendment of these microbes with locally available organic materials and nanoparticles is currently used to
formulate biofertilizers to increase plant productivity.

beneficial microorganisms biofertilizers crop production soil fertility

sustainable agriculture

| 1. Introduction

According to the Food and Agriculture Organization (FAO) of the United Nations, the world's population is expected
to increase to more than nine billion by 2050, a third more people to feed than today. It is, therefore, necessary to
dramatically increase agricultural production by managing the rhizosphere in a relatively short period & to ensure
food security. Some factors are necessary to meet this goal, including the right environmental conditions and
availability of fertile soil [ conditions that are becoming rarer with time. From the middle of the 20th century until
date, chemical fertilizers have helped feed the world’s population. This has been done through the provision of the
required nutrients, such as phosphorus (P), nitrogen (N), and potassium (K), to plants. About 53 billion tons of NPK
fertilizers are used yearly to supplement the number of nutrients needed for plant growth and yield performance [,
Unfortunately, only a small percentage of these nutrients are used by plants, while a greater percentage is
precipitated by metal cations present in the soil. Moreover, the extensive and inappropriate use of chemical
fertilizers results in environmental issues that are a major concern to farmers, furthering the argument for
introducing agricultural practices that do not harm the environment [4l. Scientists have begun to direct their interests
towards ensuring agrarian sustainability using beneficial soil microorganisms instead of chemical fertilizers and

pesticides &I,

https://encyclopedia.pub/entry/8152 1/13



Microbial Biofertilizers in Rhizosphere Management | Encyclopedia.pub

Rhizosphere management can be defined as improving the nutrient efficiency in the soil to enhance the nutrient
needed for plant growth and improve plant yield [&l. Beneficial soil microorganisms enhance the management of the
rhizosphere through different mechanisms that are multidimensional. These include the following: production of
siderophore, nitrogen fixation, lytic acid production, production of hydrogen cyanide, phosphate solubilization, and
production of indole acetic acid JEl. The mechanisms of action of these beneficial microorganisms play a crucial

role in improving soil fertility, plant growth, and yield.

Many beneficial soil microorganisms have been isolated for their potentials in the management of the rhizosphere
to enhance plant yield & and are currently used in biotechnology as tools to improve food security and agricultural
sustainability. Currently, mycorrhiza fungi and plant growth-promoting rhizobacteria (PGPR) are perceived by soil
researchers as microorganisms that play vital roles in ensuring nutrients availability in the soil to enhance plant
growth and increase yield. Biofertilizers' application is gaining more awareness since it is an environmentally
friendly and cost-effective means of enhancing crop productivity and soil fertility 19. Microbial biofertilizers consist
of viable cells of beneficial microorganisms, with plant growth-promoting potentials that interact with the
rhizosphere or endosphere of plants by improving soil fertility and stimulating nutrient uptake to increase yield (111,
Biofertilizers' application reduces the high cost of purchasing chemical fertilizers and addresses the world’s
demand for green technology for crop production 12, Thus, this review focuses on the rhizosphere management to
improve plant growth and yield through the application of PGPR and mycorrhizal fungi in the formulation of cost-

effective and ecologically friendly microbial biofertilizers.

2. Categories of Microorganisms Used in the Production of
Biofertilizers

2.1. Nitrogen-Fixing Microbes

Microorganisms that belong to the family Rhizobiaceae are made up of different genera, such as
Rhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, and Sinorhizobium, are known to be the best
symbiotic nitrogen fixers and live in the plant root noodles (Figure 1). Rhizobium, in the root noodle, fixes
atmospheric nitrogen in leguminous plants. Nitrogen is used by the plant to synthesize vitamins, amino acids,
nucleic acids, and other nitrogenous compounds. All nitrogen-fixing microorganisms use the same enzyme-—
nitrogenase 31, The role played by Rhizobia in nitrogen fixation makes leguminous plants less dependent on the
application of chemical nitrogen fertilizers and is the key success for the crop rotation strategy for sustainable

agriculture.
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Figure 1. Schematic diagram of categories of microorganisms used as biofertilizers.

Nodule formation is enhanced by the low availability of nitrogen, but microorganisms that produce an enzyme 1-
aminocyclopropane-1-carboxylate (ACC) deaminase, have the potential to degrade l1-aminocyclopropane-1-
carboxylate before its conversion to ethylene 1415 and may also enhance the formation of a nodule. Such
formation is part of a common strategy developed by leguminous plants and Rhizobiaceae bacteria to decrease the
concentration of oxygen to which the nitrogenase is exposed due to the inhibitory effect of oxygen on nitrogenase
activity. However, there are other nitrogen-fixing microorganisms, such as those of the Acetobacter genus, able to

fix nitrogen even under aerobic conditions.

Certain strains of Azotobacter (Azotobacteriaceae family) have the potential to colonize the roots of sugarcane,
coffee, cotton, wheat, rice, and vegetables [14]16]  Co-inoculation of wheat plants with specific strains
of Azotobacter and Pseudomonas increases grain yield, protein content, and harvest index compared to
uninoculated plants, which allowed a decrease in the application of chemical fertilizer in the field by 25-50%
(171 Azotobacter is an example of a nitrogen-fixing bacteria genus, able to fix nitrogen under aerobic conditions and
can act as a biocontrol agent. Azotobacter indicum have been reported by Mahanty et al. 12l to have fungicide

properties.
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Several species of Azospirillum belonging to the family Rhodospirillaceae (A. zeae, A. thiophilum, A. rugosum, A.
picis, A. oryzae, A canadense, A. mazonense, and A. melinis) have been found associated with grass rhizosphere
[ while fixing nitrogen. Plant inoculation with Azospirillum strains promotes plant growth and yield by causing
changes in the cell wall elasticity or the morphology of the root, or both through the production of phytohormones
(auxin) 18,

2.2. Phosphorus Solubilizing Microbes

Phosphorus is a macronutrient, and its low availability severely limits plant development and productivity. In most
situations, the presence of phosphorus available in the soil is at high concentrations as phosphate, which may be
in an organic or inorganic form. Only a small fraction of inorganic phosphate is available to the biosphere in the soil
solution; most inorganic phosphate is immobilized in insoluble salts. Phosphorus solubilization involves local
acidification or alkalinization and has been observed in some Pseudomonas

species, Cyanobacteria, and Bacillus isolated from the rhizosphere of plants (Table 1).

Organic phosphate is the largest pool of soil phosphate. Still, organic phosphate compounds tend to be complex

R&f&r&ﬁtﬁﬂﬁospholipids, etc.) and have to be transformed by microorganisms before they can be absorbed by

1. FAO; UNICEF; . The State of Food Security and Nutrition in the World 2018: Building
phosF_hata_ses and phytases . Phosphate solubilizing and ‘mineralizing. characteristics _are, found in some
Climatic Resilience for Food Security and Nutrition; Food and Agriculture Organization of the
Pseudomonas, Cyanobacteria, and Bacillus (Table 1).
United Nations: Rome, [taly, 2018.
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Mycorrhizal Fungi Plants
Glomus versiforme
Tomato
Glomus mosseae
Glomus etunicatum Maize
Acaulospora Strawberry
lacunosa
Rhlzophagus Wheat
irregularis
R. irregularis Maize
G. mosseae and G.
Strawberry
geosporus
Rh'ZOp hagus Tomato
irregularis
Glomus deserticola Snapdragon
Glomus spp. Seashore
and Mortierella spp. mallow
. Mentha
Glomus versiforme .
arvensis L.

Effect on Plant

Promotes growth and
yield under water stress
and more efficient
conditions

Improves chlorophyll
content and nutrient
uptake in maize

Enhances nutrient uptake
in strawberry

Improves tolerance to

stress, enhances plant
growth, and increases
seed yield

Enhances tolerance to
salt stress, improves
growth parameters

Enhances growth and
improves its tolerance to
water stress

Protects plants against
pathogens (Sclerotinia
sclerotiorum) and
improves nutrient uptake
in plants

Increases the total dry
matter, chlorophyll content
and improves
Snapdragon tolerance to
water stress

Increases shoot and root
weight under salt stress

Increases dry weight and
improves nutrient uptake
in salt stress conditions

Effect on Soil

Increases phosphorus
concentration in the soil

Increases soil quality

Increases soil nutrient for
horticultural crops
productivity

Increases soil nutrient
needed for wheat
production

Reduces the
concentration of salt in
the soil for better plant
development

Increases soil nutrient to
enhance its colonization
on the plant root system

Increases soil
micronutrient, triggers the
defense of the plant
against pathogens

Increases soil nutrients
needed for plant growth
promotion

Increases soil nutrient
and enhances its
absorption by plants

Increases soil nutrient
and enhances its
absorption by the plant to
enhance its tolerance to
salinity
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microbes, sulphur solubilizing microbes, mycorrhizal fungi, and potassium solubilizing microorganjsms ==, .
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ewitiSatiag dilaBdpia s, ReyhigHest Padizan was tatiid8d Werites RES Migrahahicasstavabdiandofincrease
wheulptrapafetl ap pioachuiated mbattHels 8phitarigeticiantiesitvsEigrittdtius atsoiiscreasRoteeoburface area,
phdrhizabpiterteMictobestakeSaitiaSipripigat; ddrtinthieid ereng;dbeenaingc2Bi: antgd E2D7.

6|§. Pourbabaee, A.A.; Kgohbori Dinekaboodi, S.; Se etfl ngsseini, H.M.; Alikpan}, H.A.; Eg1ami, S..
urthermore, inotulation of a consortium of bacterid, namely, Pseudomonas,’Bacillus lentus,’and Azospirillum
P.Ptentlal ap;e)hcatlgn of selecteﬁl sulphyr-oxidizin Pacterl nd different s?urc_es_ fsullﬁ)hur in
brasilense, was reported to increase chlorophyll content mgp ants and the expression of antioxidant enzymes under

lan wth ion r.differen istur nditions. Commun. Sail Sci. Plant Analy. 202
strégsEls‘-le céﬁéi%gis &Q%Oglli% e'[u qu&]qou%tf thtat OIO g#til?zg%' gptp icgtiocr:loon slelnac%cinc%:ases%rgmh,a'%lor%p%/ll

content, antioxifa'nt activity, yield, and phenolic compounds. The total phenolic compounds were reported to be
65B%l ejghinad by Gingdared &.;uRindasihtyd Hpikdabasiyaitarky. Aveduatiain &F Tapokadiknsilhaectadaragawth,
yielhyaiernblizatsypdiosss antyoeld@ng yedd czoonpoit otsehgafliettidkuwhsativoomlastdiffier estdevelser
chrobsdipimiraAd) reeitotogspatil thdiar 8<dpbor and Singh B8 examined the biosynthesis of antioxidants by
PR G &R TR S s - SRRSTEAN. 9RO RALSRS % ‘B g odelt hen
B L e S A N e A it A e S A e s A e T U

S QBT U S BNOBRAS < B BRRSED L, ArRPARARGRAeH o8" RBET'Y: repes"
aﬁeégieia%mcilﬁtefé%i@ Glomus mosseae , Trichoderma viride, and Bacillus coagulans €8],

TheVidiaikt, dfl hiGeytitzek.inFrgoeddinBipitertijrevehiaragincdtising Ataavaelieior onooo fuep s o strakeg ies akb
beeeffatistan SoiliigpptvamisTiss Ac\evitgrarnn 282€artb@o8ducted by Dicko et al. B2, who reported that

B, R BT P I R & R S e BT TS S IR PAonGErs/ IR StreagProved
R Ge et 0 G e le g U e B et bR R a iy 255850, TP 4 ze"
made from a combination of O19 and AHB12, with a yield increase to 311.5 g for 1000 seeds compared to 178.28

13- f3aipidl dntdinkiRR:. TReeRIKONR, BricBell viveMRS MRAUA F&lichapikd BrofhaantingKBacillus
puriQY S&aVRRURT. BREIOMIMeENGA 3 fordEt NRBQRADIGHRS: ArBrealitiLBRIMEDANSIG RRNSR@Ner
maléIP@n hrakbcRRVEiL3apGRa5R (R M e ig2nAd cdPBared to uninoculated 129, Additionally, the

7PRjig3tan OhtiorilEERIRINSeARAMTAZ MIOREAL A PRRSTRRRRR MASF RRRIFECTS EALIAL M Rostudy,
biofgfdtzgh M BUAFL URIHEPTASOREIE SRINFAZN PRAGIGLR 4B SRR AAEBNAISH AR BEMHABRId M en
conepaFRTHRY PP 49146,

TRofdUssRIRafty, Z8MihuGinisDitarddickNis M dsufim@flevhi Muee iMiocdda¥atnK sdiUsRRIN indtude
runBOSHIBM-ARG, inalieationgairkigrisiivaledioiganiniettizersenrishiact withh& inareobdRIiZIAgLgh runoff
caRBEteyIRtRrANQRTIP M@izsZeaBticatioh RIRS HGHRM ABARISfaHEI RGN HAH ERIWRISTORRIY A major
thrR a0 NHRRCENiEHRrkOTRYs, the application of nutrient-rich biofertilizer made from plant growth-

78 OMeiNea ) R IANT A 1AL : Y. PRigrRU S, SHCRIRS SRR ErabaR I BSt_pTY P ot jzation, and
PhasRAaTE ateY RAE BiBfor e RN THAN Kz EMRGOYSDI. BeObayiiest, & erggnce plant growth and yield

performance 28],
77. Naz, I.; Ahmad, H.; Khokhar, S.N.; Khan, K.; Shah, A.H. Impact of zinc solubilizing bacteria on

zinc_contents i)f wheat. A eric,an.Furas'ian J. Agrif. Environ. Sci. 2016, 16, 449-454.
4. Formulation of Biofertilizers for the Management of the
.Rl'ﬂzbgmﬁ@héari, D.K. Zinc solubilizing bacteria (Bacillus megaterium) with multifarious plant

growth promoting activities alleviates growth in Capsicum annuum L. 3 Biotech 2020, 10, 36.
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micBustainsinleskgncilturaiReiriewy sts Sptirigert BerknAtcrie hier do@ataiampr AQEE im@he8 Iprdfatation of

AR B R A BT S S BRI on A SIS L SRR g el
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biofgg!lli85gés%§rded as a mixture that comprises one or more viable (active) strains of mlcroorganlsms aimed at
improving plant metabolic activities at the site of application and is regarded as an alternative approach to chemical

Sk rtiMeErsarD - KorRARMSY okl - 1din B aia ian 3 sneiVASIRY hidedigamansy- Thal kA RardidiadifeR as a
suppHATorthe HBRRRLHIER o Hior AR Fh AR ALY HRIOMOENG Joigabantesiab A &cRséien i Yhe plant.
AdRRRIOBRALQ R AN AR ARG IR & AR IABRI QYSHRRBNRICelitIhs | BMIIRTBIRIQRY fR6perties of the
formuatiainableAgricytsrercoribE8ptRuANG &ERMIQIMNESEHE! B dlechionieniRle SrodemicdBEesSed in the
forfARRSARor80d< 1. 3-80.
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functions of the rhizosphere—n-Plant-Microbe-lnteractions-in-Agro-Ecological Perspectives;
Springer: Singerpore, 2017? op.Grewshdn pure culture
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Mycorrhizas and SEess Tolerance of Plants; S [m er Bet]i (a Iberg, Ge many, 2017; pp.
295943 r\ arrier preparation (ste mn, extur
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ackaging and Storing
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S. A Malian native plant growth promoting Actinomycetes based biofertilizer improves maize

FigarewtisansindgltowyRaRiesithe Qldtiuthor 67 bidiEhtilizer.

92 Win, KfT IOka%akl IK Ookawa, Tb Yokoyama”T Ohvr\]/aklld?o( Influence cl)lf rlcebhusk ]plochaﬂ andOI
iofertilizer formulatio tnot e toxi OI’ ollutant ou e economically viable (preferentially made
ggau us pumlius Strain TUAT-1 ony ?d ass proauctlon anc?nutrlen upta e(l?n twoqoray e

frorﬂégeég%%silgllgergat'glalg) Swgt 581 it theg&gag}é% by the plant, increase plant yield, have a long shelf life,

https://encyclopedia.pub/entry/8152 11/13



Microbial Biofertilizers in Rhizosphere Management | Encyclopedia.pub
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