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Abstract 

Vegetable production is an important economic activity and a major source of vitamins, minerals, and income in 
Ethiopia. However, the production of vegetables is much less developed than the production of food grains in the 
country. Vegetable production still needs improvement in combating biotic and abiotic threats with innovative tech-
nologies. Nowadays, excess use of chemical fertilizers to satisfy the increasing demand for food exerts deadly effects 
on soil microorganisms and contribute to the deterioration of soil fertility and an increase in atmospheric pollution. 
Several types of research are still going on to understand the diversity and importance of plant growth promoting 
rhizobacteria (PGPR) and their role in the betterment of vegetable production. PGPR facilitate plant growth directly 
by either assisting in the acquisition of nutrients (nitrogen, phosphorus, and other essential nutrients) or regulation 
of the levels of hormones. Indirectly PGPR decrease the inhibitory effects of various pathogens on vegetable growth 
and development in the forms of biocontrol agents. Some of the notable PGPR capable of facilitating the growth of 
vegetables such as potato, tomato, pepper, onion belong to genera of Pseudomonas, Bacillus, Azotobacter, Enterobac-
ter, and Azospirillum. Hence, to optimize vegetable production with reduced input of mineral fertilizers and pesticides, 
the use of PGPR in vegetable cultivation is recommended.
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Introduction
Ethiopia is the second most populous country in Africa 
with a total population of 114,963,588 [1]. This growing 
population requires a better agricultural production per-
formance than ever before to ensure food security [2]. In 
Ethiopia, over 85% of the population depends on agricul-
ture. However, agricultural productivity is low due to lack 
of advanced agricultural technologies and yield losses 
caused by biotic and abiotic factors [3].

Growing and using vegetables is an opportunity that 
has never been adequately prospected to alleviate mal-
nutrition and ameliorate food insecurity in developing 
countries like Ethiopia [4]. Vegetables are increasingly 
recognized as essential for food and nutrition security. 

They provide an abundant and inexpensive source of 
energy, body-building nutrients, vitamins, and miner-
als for good health [5]. In Ethiopia, horticultural crops 
including fruits, vegetables and root crops contribute to 
one-fourth of the crop production which is an important 
economic activity, ranging from smallholder farming to 
large-scale commercial farms [3, 6].

Vegetable production in Ethiopia is not well-developed 
due to biotic and abiotic threats which reduce vegeta-
ble production [3]. Moreover, conventional agricultural 
practices frequently rely on synthetic fertilizers and pes-
ticides which have adverse effects on humans, animals, 
and the environment [7]. Considering all the harmful 
effects of synthetic chemicals, there is an urgent need 
for developing alternative strategies to solve these prob-
lems. In this regard, the use of Plant Growth Promoting 
Rhizobacteria (PGPR) as vital components of soil fertility, 
plant growth promotion and antagonistic effects against 
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phytopathogens through a wide variety of mechanisms in 
the rhizosphere is crucial [8].

The rhizosphere is an area around the root surfaces 
where the biological activity of a microorganism is high-
est [9]. PGPR are naturally occurring soil bacteria that 
aggressively colonize plant roots and benefit plants’ 
health [10]. PGPR are involved in all beneficial activi-
ties within the soil like decomposition of crop residues, 
synthesis of soil organic matter, mineralization of soil 
organic matter, and immobilization of mineral nutrients 
which help in soil fertility improvement [11].

Several types of research are still going on to under-
stand the diversity and importance of soil PGPR com-
munities and their roles in the betterment of vegetable 
production. Most potential and widely reported PGPR 
genera associated with solanaceous vegetable crops 
include Pseudomonas, Azospirillum, Azotobacter, Kleb-
siella, Enterobacter, Alcaligenes, Arthrobacter, Burk-
holderia, Bacillus and Serratia, and endophytic bacteria 
like Pseudomonas, Bacillus, Xanthomonas, and Erwinia 
[12]. Besides, rhizospheric bacteria genera like Pseu-
domonas and Bacillus species were found to be associ-
ated with vegetable crops including: tomato, pepper, and 
potato in Ethiopia [13–16]. Additionally, a few authors 
also reported that PGPR such as Bacillus cereus BC1AW, 

Pseudomonas putida PP3WT and Pseudomonas fluore-
scens had the ability to produce siderophore HCN, IAA 
and solubilize phosphate thereby enhancing plant growth 
and acting as a biological control agent against bacterial 
wilt disease of tomato and potato [14, 16].

Currently, in Ethiopia, well organized and summa-
rized reports concerning PGPR associated with vegetable 
crops and research status was lacking. Hence, the aim of 
this review was to summarize the characteristics, mecha-
nism of PGPR and research status associated with veg-
etable production in Ethiopia.

Mechanism of PGPR
PGPR are capable of enhancing plant growth either 
directly or indirectly through multifarious ways (Fig.  1) 
[17]. Direct mechanisms involve various processes such 
as phosphate solubilization, nitrogen fixation, produc-
tion of siderophore, HCN, ammonia, vitamins, and phy-
tohormones (such as auxin, cytokinin, and gibberellins), 
whereas indirect mechanisms involve that mechanism, 
which does not directly involve in growth promotion but 
plays role in the path of synthesis. Indirect mechanisms 
include ACC deaminase activity, production of antibiot-
ics, hydrolytic enzymes, ISR of phytopathogens [7, 10].

Fig. 1  Schematic representation of showing direct and indirect plant growth promotion [18]
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Phosphate solubilization
Phosphorus is one of the major and essential macronutri-
ents for the growth and development of plants including 
tomato. It plays a substantial role in most of the meta-
bolic processes of plants such as photosynthesis, res-
piration, signal transduction, and energy transfer [17]. 
However, the maximum amount of phosphorus is found 
as organic and inorganic insoluble phosphate in the soil. 
In this regard, phosphate solubilizing bacteria (PSB) play 
an important role in releasing phosphates from organic 
molecules or to solubilize insoluble inorganic phosphate. 
Plants absorb phosphate only as monobasic (HPO4

−) and 
the dibasic (H2PO4

2−) ions [19].
The mechanism of phosphate solubilization by PSB 

is associated with the release of low molecular weight 
organic acids (acetate acid, lactic acid, oxalic acid, tartaric 
acid, succinic acid, citric acid, gluconic acid, ketoglu-
conate, and glycolic) through which their hydroxyl and 
carboxyl groups chelate the cations bound to the phos-
phate, ultimately converting it into soluble forms [20]. 
Phosphates are released from organic molecules by dif-
ferent mechanisms. Phosphatases dephosphorylate the 
phospho-ester bonds; phytases, act by releasing phytic 
acid; phosphonatases catalyze the hydrolysis of phos-
phonoacetaldehyde to acetaldehyde and phosphate using 
Mg(II) as cofactor and C–P lyases perform C–P cleavage 
of phosphonates [21, 22]. Phosphate solubilizers such as 
Acidovorans delafieldii, Azotobacter chroococcum, Bacil-
lus megaterium, Bacillus anthina, Enterobacter cloa-
cae, P. putida, P. fluorescens, Pseudomonas agglomerans, 
Pseudomonas cepacia, Microbacterium laevaniformans, 
Xanthomonas maltophilia, and Rhizobium species on 
some of the widely grown and consumed vegetables like 
tomato, potato, pepper, cucumber has been reported [17, 
23].

Nitrogen fixation
More than 80% of nitrogen is present in the atmosphere 
as inert gas which is insoluble to the plants [20]. Nitro-
gen fertilizer is applied to supply nitrogen for the growth 
and productivity of the plants. However, less than half of 
applied nitrogen is effectively absorbed by plants with 
the rest being lost through volatilization or leaching 
subsequent polluting the environment [7]. Nitrogen is 
converted into ammonia (plant utilizable forms) by nitro-
gen-fixing organisms using a complex enzyme system 
called nitrogenase [24].

Biological nitrogen fixation is a process that accounts 
for almost two-thirds of nitrogen fixed worldwide which 
is carried out either symbiotic or free-living between 
microbes and plants [19]. Symbiotic nitrogen fixation car-
ried out between legume and symbiotic microorganisms 

such as Rhizobium, Mesorhizobium, Azorhizobium, 
Bradyrhizobium, Azorhizobium, Allorhizobium, and 
Sinorhizobium which has been described as nitrogen-fix-
ing PGPR with significant ability to promote plant growth 
and yield [25, 26]. Whereas, free-living nitrogen-fixing 
PGPR include Azotobacter, Azospirillum, Herbaspirillum, 
Bacillus, Burkholderia, and Paenibacillus, which have 
been shown to attach to the root and efficiently colonize 
root surfaces [17].

Phytohormones production
Phytohormones are naturally occurring organic com-
pounds that influence various physiological or morpho-
logical processes in plants, such as cell elongation and 
cell division at extremely low concentrations [10]. These 
phytohormones conspicuously affect the metabolic 
activity of plants and also indirectly contributed to the 
stimulation of defense as well as abiotic stress manage-
ment such as drought, salinity, heat, cold, flooding, and 
ultraviolet radiation are the severe problem resulting in 
huge loss of crops production worldwide. In this regard, 
PGPR secretes various phytohormones includes auxin, 
cytokinin, ethylene, gibberellins (GA), and abscisic acid 
(ABA) [27, 28].

Indole-3-acetic acid (IAA), one of the most physiologi-
cally active auxins, is produced by 80% of PGPR which 
promote several growth and developmental events, such 
as cell division, elongation, and differentiation [17]. Aci-
netobacter, Pseudomonas, Rhizobium, Azospirillum, 
Bacillus and Klebsiella are the most common genera of 
bacteria involved in the biosynthesis of IAA in the rhizo-
sphere of different crops [9]. Among these bacterial gen-
era, Pseudomonas spp. are the most powerful producer of 
IAA, whereas Pseudomonas putida produces more IAA 
than Pseudomonas fluorescens in production of IAA [28].

Gibberellin has a vital role in seed germination and 
emergence, floral induction, flower and fruit develop-
ment, and steam and leaf growth whereas the most 
dominant physiological effect of GA is shoot elongation 
[27]. Gibberellin is naturally produced by higher plants, 
fungi and bacteria [20]. A variety of PGPR producing 
GA include Acetobacter diazotrophicus, Azospirillum 
lipoferum, Bacillus pumilus, Bacillus cereus, Bacillus 
macrolides and Herbaspirillum seropedicae, Acinetobac-
ter calcoaceticus [25].

Ethylene is a key phytohormone having a vast range of 
biological functions including plant growth and develop-
ment. It promotes root initiation, inhibits root elonga-
tion, reduces wilting, enhances fruit ripening, stimulates 
seed germination, and activates the production of other 
plant hormones [17]. The presence of 1-aminocyclopro-
pane-1-carboxylate (ACC) deaminase producing PGPR 
plays an active role in the modulation of ethylene levels 



Page 4 of 11Mekonnen and Kibret ﻿Chem. Biol. Technol. Agric.            (2021) 8:15 

in the plants [28]. Bacterial synthesizing ACC deaminase 
belongs to genera the Pseudomonas, Bacillus, Acineto-
bacter, Azospirillum, Achromobacter, Enterobacter, Bur-
kholderia, Agrobacterium, Alcaligenes, Rhizobium, and 
Serratia [17].

Cytokinins are a class of phytohormones that are 
known to promote cell divisions, cell enlargement 
and tissue expansion in certain plant parts [29]. Plant 
responses to exogenous applications of cytokinins pro-
mote seed germination, the release of buds from apical 
dominance, stimulation of leaf expansion and reproduc-
tive development, retardation of senescence, enhanced 
cell division, enhanced root development, inhibition of 
root elongation, shoot initiation, or certain other physi-
ological responses [20]. The role of cytokinins produc-
ing bacterial genera including Pseudomonas, Klebsiella, 
Enterobacter, Achromobacter, Bacillus, Paenibacillus, 
Azotobacter, Agrobacterium, Azospirillum, Flavobacte-
rium, and Arthrobacter in plant growth regulation [25, 
30, 31].

Hydrogen cyanide production
The production of HCN is vital to plant growth promot-
ing activity of plant growth promoting strains. Hydrogen 
cyanide frequently used as a biocontrol agent in the agri-
cultural production system on the basis of significant tox-
icity against plant pathogens, chelating of metals ions and 
also indirectly involved in making phosphate available 
[32]. A number of scholars reported that HCN-produc-
ing PGPR and their use as a biofertilizer in growth pro-
motion, yield enhancement and also control of tomato 
disease [17]. Many bacterial genera such as Aeromonas, 
Pseudomonas, Bacillus, and Enterobacter isolated from 
tomato rhizosphere have been found to release HCN 
[25].

Siderophore production
Microbes have difficulty in obtaining sufficient iron to 
support their growth in the rhizosphere because of fer-
ric oxide formation as a result of the conversion of the 
surface iron into insoluble form like oxyhydroxide under 
aerobic conditions. Iron is required as an enzyme cofac-
tor, oxygen metabolism, electron transfer, and DNA and 
RNA syntheses and also essential for biofilm formation 
[12, 20]. Siderophores produced by PGPR support the 
fulfillment of required iron for plants by making it solu-
ble and chelating from available complex organic or inor-
ganic iron [33].

Some microorganisms produce siderophore that che-
lates the available iron and competitively prevents the 
iron nutrition of phytopathogen [34]. Siderophore is pro-
duced by Alcaligenes, Pseudomonas, Bradyrhizobium, 
Bacillus, Enterobacter and Rhizobium [24]. Siderophore 

production confers competitive advantages to PGPR that 
can colonize roots and exclude other microorganisms 
from this ecological niche. Under highly competitive 
conditions, the ability to acquire iron via siderophores 
may determine the outcome of competition for different 
carbon sources that are available as a result of root exu-
dation or rhizo-deposition [35].

Induced systemic resistance
PGPR systemically activate the plant’s latent defense 
mechanism and hence, improve plant resistance against 
pathogens called induced systemic resistance (ISR) [36, 
37]. There are many reports where PGPR have been 
found to induce plant defense by inhibiting the patho-
gens. For instance, Bacillus amyloliquefaciens, Lactoba-
cillus paracasei, P. fluorescens, and P. putida induce IRS 
against phytopathogens of tomato [31, 38–40].

Antibiotics
Many of the PGPR strains produce antibiotics that are 
inhibitory to plant pathogens and suppress their growth 
[17]. Various interactions shown between multiple 
groups of soil organisms are common, such as predation 
and competition for resources [37]. Numerous PGPR, 
such as Bacillus subtilis, Bacillus amyloliquefaciens, 
Bacillus velezensi, P. putida, P. fluorescens, Pseudomonas 
brassicacearum, and Paenibacillus polymyxa produce 
different antibiotics, such as surfactin, bacillomycin, 
fengycin, iturin, 2,4-diacetylphloroglucinol, polymyxin 
and fusaricidin, which strongly inhibit the growth of Ral-
stonia solanacearum [41, 42].

PGPR in vegetable production
PGPR for enhanced growth, yields and fruit quality
PGPR involved in all beneficial activities within the soil 
like decomposition of crop residues, synthesis of soil 
organic matter, mineralization of soil organic matter, 
immobilization of mineral nutrients, phosphate solu-
bilization, nitrification and phytohormone synthesis 
which help in soil fertility improvement and eventually 
improving the productivity (Fig.  2) [11]. Rhizobacteria 
associated with roots are responsible for the synthesis 
of a large number of biomolecules which get mixed with 
the soil and further improve soil health. They also act on 
the plant residues, where various organic compounds 
undergo decomposition and mineralization [43]. Vari-
ous volatile compounds and other metabolites (enzymes, 
proteins, antibiotics, etc.) also produced by PGPR are 
highly involved in improving soil health and plant growth 
promotion. Many bacterial species from different genera 
including Bacillus, Pseudomonas, Serratia, Arthrobacter, 
and Stenotrophomonas have been reported as volatile 
compound producers [44].
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A better understanding of the plant growth-promotion 
activity of PGPR is likely to enhance the production of 
safe, fresh, and high-quality tomatoes while reducing 
chemical inputs in different agronomic setups [17]. In 
Ethiopia, a study on Pseudomonas isolates on growth of 
tomato plants reported that a significant difference in the 
root length, shoot length and shoot dry weight of tomato 
plants was observed under greenhouse condition [45]. 
In addition, the highest dry and fresh weight tomato was 
recorded with Pseudomonad APF1 and B. subtilis B2G 
treatments [13] Moreover, Kurabachew and Wydra [14] 
reported that rhizobacterial isolates B. cereus BC1AW 
and P. putida PP3WT from tomato plant increased shoot 
dry weight by 75%, 62.5% in genotype KK2 and by 57.1%, 
50% in genotype L390, respectively, in pot experiments.

Plant growth promoting rhizobacteria are being tried 
as consortia and have been found to be more effective 
than single inoculation [12]. According to Messele et al. 
[15] the growth parameters of pepper plants significantly 
increased in the dual inoculation of Bacillus and Tricho-
derma spp. to local pepper varieties (marko fana, and oda 
haro), ranging from the height of (37–45.33 cm) and dry 
weight of (16.5–40  g/12 plants) compared to the indi-
vidual one (26.3–33.33  cm and 17.4–30.5  g/12 plants). 
Moreover, the dual inoculation with Trichoderma spp. 
and Bacillus spp. gave the highest records of growth 

parameters, fruit yields and plant nutrient content than 
individual one, in pot experiments [46].

Systemic tolerance and systemic resistance induction 
in vegetables
Biocontrol is an emerging trend by increasing plant fit-
ness, productivity, and resistance to diseases in sustain-
able agriculture [47]. Apart from abiotic factors that hit 
vegetable production around the world, loss due to phy-
topathogens is equally substantial in many countries. For 
instance, high loss (40%) was observed in potato due to 
pathogen disease [48, 49].

PGPR induce physical and chemical changes in plants 
and, hence improve plant resistance, which is designated 
by induced systemic resistance (ISR) [50]. The applica-
tion of different PGPR strains to the seeds or seedlings of 
certain plants has resulted in increased efficiency of ISR 
against several pathogens. Various nonpathogenic PGPR 
strains can induce systemic disease resistance in plants 
against broad-spectrum phytopathogens [51].

Elicitation of the plant’s defense by PGPR has received 
increasing attention in recent years [52]. PGPR gen-
era such as Pseudomonas, Alcaligenes, Paenibacillus, 
and Chryseobacterium have been reported as systemic 
resistance inducers in potato, tomato, and Chinese cab-
bage against pathogens like Bemisia tabaci, Fusarium, 

Fig. 2   PGPR has potential role in developing sustainable systems in crop production [11]
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Macrophomina phaseolina, Rhizoctonia solani, Ralsto-
nia solanacearum, Colletotrichum orbiculare, Botrytis 
cinerea, and Pectobacterium carotovorum [36, 53]. Rai 
and Nabti [23] reported that inoculation of field soil in 
pots with Pseudomonas protegens RS-9 led to significant 
increase in plant height and dry weight of tomato plant, 
incidence of bacterial wilt reduced by 65.6% and reduce 
the pathogen by 63% in the soil as compared to the path-
ogen inoculated only control. The study revealed that 
Pseudomonas protegens RS-9 is a promising strain for 
biocontrol of bacterial wilt of tomato.

Consortium treatment of Bacillus thuringiensis and 
Trichoderma viride showed high early blight disease sup-
pression (30.76%, disease incidence) and a high yield of 
potato (2.78 t/ha−1). Besides, a combination of T. viride 
and P. fluorescens reduced early blight disease incidence 
by 31.67% and increased the yield of potato by 2.39 t/ha−1 
compared to the control under field condition. This study 
reported that seed treatment with a combination of T. 
viride and P. fluorescens and also between T. viride and 
B. thuringiensis can become part of integrated manage-
ment of early blight disease of potato and plant growth 
promotion [54]. In Ethiopia, Kurabachew and Wydra 
[14] evaluate the potential PGPR for their ability to sup-
press the growth of R. solanacearum both under in vitro 
and in  vivo conditions in tomato genotypes. Isolates of 
B. cereus BC1AW and P. putida PP3WT significantly 
reduced bacterial wilt incidence in tomato genotypes 
King Kong 2 (moderately resistant) in the pot experi-
ments by 46.8% and 44.7% and in L390 (susceptible) by 
33.6% and 30%, respectively, in pot experiments. While 
in split root experiments they reduced wilt incidence by 
48.7%, 43.2% and 25.7% and 20.1% in King Kong 2 and 
L390, respectively. Shoot dry weight also increased in 
plants treated with BC1AW and PP3WT and reduced the 
number of R. solanacearum cells by in mid-stems of both 
tomato genotypes. Hence, ISR is only one of the mecha-
nisms that may be mobilized to counteract plant patho-
gens in an environmentally friendly and durable way. 
Integrating ISR triggering PGPR into disease manage-
ment programs in conjunction with other strategies will 
be a worthwhile approach to explore [55].

PGPR induce physiological and chemical changes in 
plants that result also in enhanced tolerance to environ-
mental stresses (drought, salinity, heavy metals, high tem-
perature) which is known as induced systemic tolerance 
(IST) [56]. This abiotic stress has a high negative impact 
on survival, biomass production and production of sta-
ple food crops up to 70%, which threatens food security 
worldwide. Aridity stress imparted by drought, salinity, 
and high temperature is the most dominant abiotic stress 
limiting plant growth and productivity [44]. Among the 
options used to alleviate the degree of cellular damage 

caused by water stress include the exogenous application 
of PGPR in compatible osmolytes, such as proline, gly-
cinebetaine, and trehalose which has gained considerable 
attention for mitigating the effect of stress [19].

The use of PGPR in plant abiotic stress management 
has been widely studied. Habib et  al. [57] reported that 
an enhanced salinity stress tolerance in okra through 
Reactive Oxygen Species (ROS) scavenging enzymes and 
an improved water use efficiency, which is initiated by 
PGPR. The other studies have also reported that Bacillus, 
Pseudomonas, Achromobacter, Variovorax, Citrobacter 
and Mesorhizobium could be used to improve potato and 
tomato growth under drought stress [58, 59]. In Ethiopia, 
much research has not been done.

PGPR hydrolytic enzymes
Bacterial lytic enzymes such as urease, esterase, lipase, 
protease, chitinase, amylase, and cellulase are key pro-
tagonists in the biological transformation processes of N, 
H, and C [23, 60]. Hydrolytic enzymes are involved in the 
lysis of the fungal cell wall. These enzymes deform com-
ponents of cell wall of fungal pathogens. It is one of the 
important mechanisms for the eco-friendly control of 
soil-borne pathogens [61]. Numerous microbial strains 
like Serratia marcescens, Bacillus cereus, Bacillus thur-
ingiensis and many more have a potential to produce 
hydrolytic enzymes for the biocontrol of phytopathogens 
like Rhizoctonia solani, Fusarium oxysporum, Sclerotium 
rolfsii, Pythium ultimum by swelling in the hyphae and at 
the hyphal tip, hyphal curling or bursting of the hyphal 
tip of the fungal pathogens [62].

The application of such bacteria for biological protec-
tion of crops from pathogens that contain chitin and glu-
cans within their cell wall structure is widely assumed 
[23]. The role of chitinolytic Streptomyces vinaceus-
drappus S5MW2 in enhancing tomato plant growth 
and biocontrol efficacy through chitin supplementa-
tion against R. solani was reported. Under the green-
house experiment, chitin supplementation with S5MW2 
showed that colloidal chitin (CC) supplementation with 
S5MW2 showed significant growth of tomato plants and 
superior disease reduction as compared to untreated 
control and without CC treated plants. Moreover, a high 
accumulation of chitinase also recovered in the CC sup-
plemented plants [63].

Bacillus spp. attach to the mycelial cell walls, and the 
chitosanase, protease, cellulase, glucanase, siderophores, 
and HCN of the bacteria crack and deform the hyphae, 
which leads to altered cell structure and functions due 
to vacuolation and protoplast leakage [64]. Moreover, 
another recent study on Paenibacillus polymyxa strain 
SC09-21 as a biocontrol agent of Phytophthora blight and 
growth stimulation in pepper plants showed that strain 
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SC09-21 significantly reduced Phytophthora blight sever-
ity and increased phenylalanine ammonia-lyase, per-
oxidase, polyphenol oxidase, and superoxide dismutase 
activities. Besides, SC09-21 boosted pathogenesis related 
protein gene expression in pepper plants [65].

PGPR against fungal and bacterial pathogens of vegetable
Biological control of crop diseases is receiving increased 
attention as an environmentally sound alternative to 
chemical pesticides [66]. The use of rhizosphere resident 
microbial antagonists specifically the fluorescent Pseu-
domonas is noted as a promising control method. Among 
the rhizosphere organisms, fluorescent Pseudomonas 
strains are often selected for biological control strategies 
because of their ability to utilize varied substrates under 
different conditions, short generation time and motil-
ity that assist colonization of roots [29] and also produce 
siderophores responsible for the biological suppression of 
several soil-borne plant pathogens [67]. Moreover, many 
rhizospheric isolates belonging to Bacillus spp., Entero-
bacter spp., Pseudomonas spp., Pichia spp. collected from 
tomato and pepper growing areas showed antagonistic 
activity against Botrytis cinerea, Fusarium graminearum, 
Colletotrichum capsici, Alternaria solani, Phytophthora 
capsici and Mycosphaerella melonis investigated effects 
of rhizobacteria on the early growth of cucumber and 
tomato seedlings and reported that Azospirillum spp., 
Pseudomonas spp. inhibited the growth of Fusarium spp., 

Pythium spp. and Rhizoctonia spp. on both plants [12, 
68].

There are few reports of PGPR in Ethiopia as biologi-
cal control agents against bacterial wilt disease. Kuara-
bachew et  al. [16] stated that P. fluorescens significantly 
reduced the incidence of potato bacterial wilt and 
increased plant growth under greenhouse experiments. 
With a similar study carried out by Lemessa and Zel-
ler [13] on the screening of rhizobacteria for in  vitro 
and plants antagonistic activity against R. solanacearum 
for biological control in Ethiopia, it was found that the 
most effective strains (P. fluorescent APF1 and B. subti-
lis B2G) consistently reduced wilt diseases of tomato and 
increased plant weight significantly. The Pseudomonas 
APF1 strain showed the greatest plant growth promo-
tion effect, increasing plant dry weight to 63% (Table 1). 
Besides, Kinyua et  al. [69] and Guchi [67] various inte-
grated management options for controlling bacterial wilt 
have been developed in Ethiopia, Kenya, and Uganda and 
are currently being disseminated on-farm in several other 
PRAPACE member countries.

Bacteria belonging to the genera of Pseudomonas, 
Bacillus, and Trichoderma the fungi are the most prom-
ising biocontrol agents against a range of plant patho-
gens under a variety of environmental conditions [66]. 
According to Messele et  al. [15], dual culture technique 
on Colletotrichum isolates from pepper showed that iso-
lates of Bacillus and Trichoderma in combination showed 
the greatest pepper anthracnose disease reduction of 

Table 1  Plant growth promoting rhizobacteria used as biofertilizer and biocontrol agent

PGPR Host plant Pathogen/pest PGPR traits References

Pseudomonas isolates Solanum lycopersicum Not tested Phosphate solubilization, 
improved tomato growth

Fenta and Assefa [45]

Bacillus cereus BC1AW and Pseu-
domonas. putida PP3WT

Solanum lycopersicum Ralstonia solanacearum Phosphate solubilization, pro-
duction of siderophore, HCN 
and IAA, reduce bacterial wilt 
incidence, increased dry weight 
of tomato

Kurabachew and Wydra [14]

Pseudomonas fluorescens Solanum tuberosum Ralstonia solanacearum Production of siderophore, 
reduced bacterial wilt incidence 
and improve potato growth

Kuarabachew et al. [16]

Pseudomonas fluorescent APF1 and 
Bacillus subtilis B2G

Solanum lycopersicum Ralstonia solanacearum Increased fresh and dry weight Lemessa and Zeller [13]

Bacillus and Trichoderma isolates Capsicum annuum Colletotrichum capsici Reduce pepper anthracnose 
disease

Messele et al. [15]

Trichoderma viride-ES1 and Pseu-
domonas fluorescens-Bak150

Solanum tuberosum Phytophthora infestans Suppression of early blight disease 
and increased yield of potato

Zegeye et al. [70]

Bacillus thuringiensis Solanum lycopersicum Tuta absoluta Decreased in egg hatching and 
adult emergence

Youssef and Hassan [71]

Bacillus firmus Solanum lycopersicum Meloidogyne incognita Reduced nematode populations, 
gall formation and number 
of eggs, increased biomass of 
tomato

Terefe et al. [72]
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(91- 97%) when compared to pathogen-inoculated (con-
trol) plants. Moreover, the biocontrol potential of Tricho-
derma viride-ES1 and P. fluorescens-Bak150 against 
potato late blight pathogen (Phytophthora infestans) 
under greenhouse conditions, the results showed that T. 
viride and P. fluorescens significantly reduced the disease 
compared to the untreated controls. The foliar applica-
tion of T. viride-ES1 has good potential in controlling the 
late blight disease of potato [70] (Table 1).

PGPR against nematode and insect pests
The manipulation of beneficial organisms remains a 
very important tool in an integrated pest management 
program of insect pests worldwide [73]. There are many 
diverse kinds of bacteria that are identified to acutely or 
chronically infect insects, but only two genera have ever 
been registered to control insects, i.e., Bacillus and Serra-
tia. Bacillus is by far the most significant microbial pes-
ticide genus. B. thuringiensis has been the most widely 
used and successful microbial pesticide [73] and also flu-
orescent pseudomonads are shown to be effective against 
certain insects and nematodes [74].

Youssef and Hassan [71] reported that some isolates 
of B. thuringiensis and the most commonly used B. 
thuringiensis based formulates to control Tuta absoluta 
under laboratory conditions showed high mortality of 4th 
instar larvae and a significant decrease in egg hatching 
compared to the control. Another study in Iran showed 
that bacterial isolates and protein crystals produced by 
B. thuringiensis during the sporulation are toxic to dif-
ferent larval instars of T. absoluta and resulted in rapid 
death of the target pests [75]. Similarly, the combined 
application of spinosad and B. thuringiensis appears 
to be a promising biocontrol agent against tomato leaf 
miner under greenhouse conditions [76]. Furthermore, 
the entomopathogenic fungi, Beauveria bassiana and 
Metarhizium anisopliae are reported as promising agents 
against T. absoluta under greenhouse conditions [77].

The most important PGPR fluorescent pseudomonads 
promote plant growth, increase rhizosphere colonization 
and suppressed nematodes [78]. According to Al-Shalaby 
and Sedik [79] bacterial isolates of Mycobacterium spp., 
Micrococcus spp., Escherichia coli, Bacillus subtilis, Ser-
ratia marcescens, Pseudomonas aeruginosa and Sarcina 
spp. significantly reduced numbers of galls, their develop-
mental stages, and egg masses in roots due to root-knot 
nematode (Meloidogyne incognita) infecting eggplant, 
under greenhouse conditions.

According to the reports of Cetintas et  al. [80], B. 
pumilus strain decreased plant root galling and increased 
plant height, shoot fresh and dry weight, and root fresh 
weight. Isolates ZHA296 and ZHA178 of Paenibacillus 
castaneae reduced the number of egg masses and root 

galling with no effects on plant growth compared to the 
control. While the isolate ZHA17 of Mycobacterium 
immunogenum increased plant height and shoot fresh 
weight. Results indicated that among the tested bacte-
rial strains, ZHA296 and ZHA178 of P. castaneae and 
ZHA17 and ZHA57 of M. immunogenum were identified 
as the promising biocontrol agents for future nematode 
management tactics. In Ethiopia, Bacillus firmus, com-
mercial WP formulation (BioNem) was evaluated against 
the root-knot nematode M. incognita. In the greenhouse 
trial, BioNem applied at 8  g/pot planted with a tomato 
seedling reduced gall formation by 91%, final nematode 
populations by 76% and the number of eggs by 45%. Con-
sequently, plant height and biomass were increased by 
71% and 50%, respectively, compared to the untreated 
control. In the field trials, BioNem applied at 200 and 
400  kg  ha−1 was effective in reducing the number of 
galls (75–84%) and increased shoot height (29–31%) and 
weight (20–24%) over the untreated control. This study 
revealed that B. firmus is a promising microorganism for 
the biocontrol of M. incognita in tomato pots [72].

Conclusion
Ethiopia has a comparative advantage in several vegetable 
crops due to its favorable climate. Like many other crops, 
vegetables are threatened by biotic and abiotic stresses. 
Thus, scientists and vegetable growers are working hard 
to develop different strategies to overcome these prob-
lems. Among the options, the use of PGPR in agricultural 
practices has received greater attention. PGPR play sig-
nificant role in the soil which proves beneficial for vege-
table health and productivity. PGPR benefit plant growth 
and development through various direct and indirect 
mechanisms like the production of secondary metabo-
lites, i.e., plant growth substances, phosphate solubiliza-
tion, siderophores production, as biocontrol of fungal 
and bacterial pathogens, insect pests and nematodes, and 
promote induced systemic resistance. Various species 
of rhizospheric bacteria like P. fluorescent, P. putida, B. 
subtilis, B. firmus, B. cereus and B. thuringiensis associ-
ated with vegetable crops including tomato, pepper, and 
potato in Ethiopia. These groups of PGPR play substan-
tial role in vegetable growth, biocontrol of nematode (M. 
incognita), Phytophthora blight caused by P. infestans 
and bacterial wilt caused by R. solanacearum. Studies of 
PGPR in the Ethiopian context assessed only the mecha-
nism of PGPR against bacterial pathogens, but the mech-
anisms of PGPR against fungal pathogens, nematode, and 
insect pests were not addressed. Moreover, the effective-
ness of the potential isolates was not tested under field 
conditions. Extensive studies should be done on the 
mechanisms of PGPR and also potential PGPR should be 
tested under field conditions so that potential vegetable 
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specific PGPR inoculants can be developed for practi-
cal application on sustainable vegetable production in 
Ethiopia and these may provide the farmers with meth-
ods of enhancing their productivity with environmentally 
friendly technologies. Therefore, considerable attention 
should be taken by scientists and vegetable growers to 
use PGPR for enhancing vegetable production in differ-
ent agro-ecological areas.
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