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Role of Plant Growth-Promoting Bacteria in Modulating the
Rhizosphere Microbiome of Tomato (Solanum lycopersicum)
Ruaa Salam Abbas
University of Wasit / College of Basic Education
ruaa.salam@uowasit.edu.iq

Abstract

Microbial diversity in the tomato root zone (rhizosphere) plays a crucial role
in plant growth and production by enhancing nutrient uptake (especially
phosphorus), stimulating systemic resistance to viral and bacterial diseases,
and improving soil health, resulting in stronger plants and higher
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productivity. This approach includes using beneficial microorganisms
(PGPR) as an alternative to chemical pesticides, especially in the face of
diseases such as bacterial spot and wilt, according to research.

In Iraq, studies indicate that microbial diversity in the root zone significantly
affects tomato growth and productivity, as beneficial microbes (such as
Trichoderma fungi and bacteria such as Bacillus subtilis) promote plant
growth and resistance to fungal diseases such as Fusarium wilt, increasing
plant weight, height, and productivity under field conditions, especially
when used with amendments such as compost. These studies are vital to
improving sustainable agriculture in the country and meeting climate
challenges.

1. Enhancing nutrient uptake: Through using phosphorus solubility, some
bacteria can solubilize bound phosphorus in the soil, making it available for
plant uptake, which is vital for growth and fruit formation, as demonstrated
in studies in Irag. Also, using nitrogen fixation, microorganisms can fix
atmospheric nitrogen and convert it into forms that plants can utilize.

2. Biological disease control: through the simulation of systemic and
resistance (ISR): Some bacteria (such as endemic Pseudomonas) stimulate
plants to develop internal resistance against pathogens like TYLCV
(Tylochrome Turbidity Virus), also adding through pathogen competition:
Beneficial microorganisms occupy spaces on roots and consume nutrients,
preventing pathogens from multiplying.

3. Improved overall soil health: Microorganisms contribute to the formation
of organic matter in the soil and increase its water and nutrient retention
capacity. They help reduce root stress and improve their ability to absorb
water and nutrients.

Keywords: PGPR, Tomato (Solanum lycopersicum), Rhizosphere
microbiome, Bacillus & Pseudomonas, Plant growth promotion.
Introduction

Plant Growth-Promoting Bacteria (PGPR) play a crucial role in
modulating the rhizosphere microbiome of tomato (Solanum lycopersicum),
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shifting it toward a more beneficial, diverse, and stable community. By
colonizing the root zone, PGPR (such as Bacillus, Pseudomonas,
Streptomyces, and Enterobacter) act as biofertilizers, biostimulants, and
biocontrol agents, enhancing nutrient uptake and providing resistance against
biotic and abiotic stresses. A wide range of PGPR are known to be
associated with the rhizosphere of tomatoes and belong to the following
genera:

Bacillus, Pseudomonas, Streptomyces, Micrococcus, Azotobacter,
Acinetobacter, and Flavobacterium (Ottesen et al., 2013; Romero et al.,
2014).

PGPR enhances the growth of tomatoes and other plants directly or
indirectly via the production of phytohormones, biological nitrogen fixation,
solubilizing nutrients such as phosphorus, potassium, and iron, and making
more of them available to plants via the release of enzymes, siderophores,
and organic acids (Ahmad & Zaib, 2020; Ahmed et al., 2017; EI-Rahman et
al., 2020).

The PGPR have been the focus of extensive research on their potential
to enhance tomato growth across a range of environmental conditions.

There are Several PGPR strains, including (Pseudomonas fluorescens,
Pseudomonas palleroniana, Pseudomonas koreensis, Pseudomonas sp.
NK2, Bacillus subtilis, Bacillus velezensis, Bacillus atrophaeus, Bacillus
megaterium, and Bacillus siamensis), adding to others, that have shown
significant promise in improving tomato plant growth (Agarwal et al., 2020;
Bai et al., 2024; Cochard et al., 2022; Cordero et al., 2018; Guo et al., 2021;
Islam et al., 2019).

These bacteria achieve this by enhancing nutrient availability,
boosting soil microbial diversity, and inducing plant resistance to both
abiotic stresses, such as drought and salinity, and biotic stresses, including
pathogens (Hamid et al., 2021; Morcillo & Manzanera, 2021).

For example, B. megaterium has been reported to enhance phosphorus
solubilization (Zhao et al., 2021), while P. Koreensis contributes to increased
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tomato growth by producing plant hormones like auxins and cytokinins,
which are crucial for tomato growth (Guo et al., 2021).

These findings underscore the broad applicability of PGPR across
different climates and soils, especially in regions like Ethiopia, where such
bacteria can thrive.

Many of studies have demonstrated the effects of microorganisms on
tomatoes regarding in their size and development, adding to proper seed
multiplication, nutrition, disease resistance, and seedling development (De
Coninck et al., 2021; Patil & Fauquet, 2021).

Because of these interrelationships, introduced microbes are nonetheless
rarely sustained in the new environment they occupy (Odelade & Babalola,
2019).

The ET is considered a crucial phytohormone that promotes the ripening
and rotting of tomato plant fruits (Tao et al., 2021), in addition to being the
only phytohormone that happens to be a gas. Also, it can be produced mostly
in every tissue of the plant and can diffuse out of the plant. This procedure
induces the stimulation of 1-amino cyclopropane-1-carboxylic acid, which is
an ethylene precursor and modifies ACC oxidase activity, in Thiobacillus
and other reported PGPRs (Ankati & Podie, 2018; Kalam, Basu & Podile,
2020). It is beneficial for microbes in the soil community; bacterial species
are the most abundant and helpful. Saravanan et al. (2020) gave the
following full details of the action of bacteria in the soil: all this helps
stimulate plant growth after the production of a certain phytohormone
responsible for the development of plants; they return nutrients to the plants
by fixing nitrogen back to the soil; they promote soil structure; they act
against spoilage organisms, which can destroy the crop plants. Naturally,
PGPR is more beneficial to the soil that they colonize.

2 MATERIALS AND METHODS
The complete scientific classification of tomato licorice(Solanum
lycopersicum)
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Solanaceae, which also includes potatoes, eggplants, and peppers. It is
botanically classified as a fruit-bearing herbaceous plant, and it is
distinguished as the main vegetable crop grown in warm and temperate
places, and grows either upright or climbing.

Taxonomy of tomatoes:

Kingdom: Plants (Plantae), Section: Tracheophyta, Division:
Magnoliophyta

Rank: Solanales, Family: Solanaceae, Genus: Solanum,

Type: tomato (S. lycopersicum),

Scientific name: Solanum lycopersicum or Lycopersicon esculentum

The most important agricultural divisions for tomatoes:

According to growth, it is divided into determinate varieties that stop
growing after a period, and indeterminate varieties that continue to grow and
bloom.

According to al-Thumrabh, it is considered botanically as "fruit" (because it
contains seeds), but it is sold and consumed as "vegetable".

Classification: Tomato classification according to APG (2009)

Div: Spermatophytae, Sub Div: angiospermae, Class: eudicotyledoneae, Sub
Class: Dillenidae, Order: Solanales, Family: Solanaceae, Genre:
Lycoperscom, Esp: Lycoperscom esculentum Mill, Var: Heintz
Morphological description of tomato pulp

The tomato plant is considered to be one of the seasonal woody plants of the
two-leafed plants, which are naturally pollinated, having different forms, the
stems branching from the stem and the fixed stem in the soil, modern
agriculture, and it belongs to the short-day plants and the crops of the cold
seasons, and the three-carbon plants of the nature of germination.

2.1 Bacterial strain and culture conditions

Three PGPR isolates (BIALl, PIA2, and PIA3) that had been previously
isolated from the tomato rhizosphere in our laboratory and displayed multi-
trait plant growth promotion (PGP) (phosphate solubilization, nitrogen
fixation, indole-3-acetic acid production) were subjected to greenhouse tests.
PIA2 and PIA3 belonged to the genus Pseudomonas, while BIAl was
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identified as a Bacillus isolate. They were kept in 20% glycerol at —80°C
before being reactivated on Nutrient Agar (NA) plates.

2.2 Preparation of bacterial inoculum

The PGPR isolates (BIA1, PIA2, and PIA3) were streaked on NA plates and
cultured for 48 h at 28 + 2°C. Sterilized distilled water (SDW) was used to
harvest the colonies, and a spectrophotometer was used to adjust the cell
suspension to an OD of 0.2 at 620 nm, approximately 2.6 x 108 CFU/mL
(Kurabachew & Wydra, 2013).

2.3 Plant growth conditions and inoculation

Tomato seeds of the Melkesalsa variety (TC2) and Maya variety

(TC1) (commonly used varieties in the agro-climatic conditions in the study
area) were obtained from the Iraq Agricultural Research Centre (IARC). The
surface of tomato seeds was disinfected using successive 3-min immersions
in 70% (v/v) ethanol and 1% sodium hypochlorite solution. The seeds were
then cleaned three times in aseptic conditions with sterile distilled water
(Anith et al., 2015). Sterilized 3 kg mix of potting soil, including loam soil
and sand in a 2:1 weight ratio, was made and placed into plastic pots that had
been cleaned and disinfected with 1% sodium hypochlorite. Seeds were
planted in plastic pots in a greenhouse.
Four-week-old seedlings of each tomato plant were uprooted and immersed
for 60 min in the selected PGPR suspension, and then replanted in plastic
pots with around 3 kg of sterilized potting soil. Seedlings used as controls
were immersed in SDW (Mekonnen et al., 2022).

Tomato varieties treated with only SDW serve as controls. In this case
study, we used a completely randomized design with three replications was
used us for the greenhouse experiments.

In a greenhouse with a temperature range of (25°-29°), a relative
humidity range of (75%-85%), and 12 h of darkness and 12 h of light,
plants were raised. Distilled water was used to water the plants when
required. The treatments were as follows:
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T1: BIA1 + TC1, T2: PIA2 + TC1, T3: PIA3 + TC1, T4: BIAl + PIA2 +
TC1, T5: BIAL + PIA3 + TC1, T6: PIA2 + PIA3 + TC1, T7: Control (C1),
T8: BIAL + TC2, T9: PIA2 + TC2, T10: PIA3 + TC2, T11: BIAl1 + PIA2 +
TC2, T12: BIA1 + PIA3 + TC2, T13: PIA2 + PIA3 + TC2, and T14: Control
(C2). Here, TC1 is the Maya variety, TC2 is the Melkesalsa variety, C1 is
the Maya variety control, and C2 is the Melkesalsa variety control.

2.4 Plant growth promotion assessment

One month after transplanting, plant growth metrics were assessed. The
height of tomato plants was measured before their removal from the
greenhouse. The tomato plants were uprooted, washed with tap water to
remove any remaining soil, blot dried, and weighed to determine their fresh
weight of shoots and roots. Moreover, the dry weights of the shoots and
roots were determined after 48 h of oven drying at 80°C. The efficiency of
PGPR isolates in promoting growth, as measured by the height and dry
weight of the tested tomato varieties, was calculated using the formula
(Singh et al., 2012):

_ (Treatedgroup — Control)

GPE 100

Control

where GPE is the growth promotion efficacy, the treated group is the plants
treated with PGPR isolates, and the control is the plants treated with only
SDW.

2.5 Data analysis

The results of the greenhouse experiment were examined using SPSS
statistical software, Version 25. The parameters were compared across at
least three independent groups using a one-way analysis of variance. Tukey's
test, with a significance level of a = 0.05, was employed to compare the
treatment means for the same tomato variety.
-The effect of bacteria on productivity and the relationship between
plant length and productivity: The results showed that the recruitment of
Bacillus (BIAl) isolates led to a significant increase in the indicators of
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Pseudomonas (PI1A) and vegetative growth (length, dry and wet weight of
roots and stems). This increase in vegetative growth, especially plant length
and biomass, is a strong indicator of improving the plant's representative
efficiency and its ability to absorb nutrients such as phosphorus and
nitrogen. The increase in the length of the plant and its development in the
first stages enhances its future ability to produce fruits and increase the
overall productivity, as the growth-promoting bacteria (PGPR) contribute to
the improvement of general plant health and stress resistance. This is
reflected positively in the existence of the final result.

-The stage of growth in which treatment is completed: The treatment of
plants in the four-week-old seedling stage by tinning the seedlings and
immersing the roots for 60 minutes in the selected bacterial suspension
(PGPR) with a concentration of approx. (2.6 x 10/CFU mL), then recaptured
in plastic pots to monitor the effect of treatment on growth indicators.

3 RESULTS
3.1 The effect of PGPR isolates on the height of tomato plants

The effect of PGPR isolates on the height of tomatoes under
greenhouse conditions is displayed in Table 1.

There was a statistically significant difference between all single
inoculation treatments and one combination treatment (BIA1 + PIA2), where
BlAl-treated plants had the maximum height in both tomato cultivars
compared to the control (o =0.05).

Treatment of the TC1 with BIAL displayed the highest height (57.27
cm), followed by PIA2 (50.13 cm) in the same variety. Furthermore, the
BIA1 treatment resulted in the highest height (55.82 c¢cm) in the TC2,
followed by the PIA2 treatment (49.06 cm).
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TABLE 1.
Effect of (PGPR) Plant Growth-Promoting Rhizobacteria isolates on tomato
plant height under greenhouse conditions.

Treatment Maya variety (mean = Melkesalsa variety (mean %
SE) SE)
BIAL 57.27 £ 0.63d 55.82 + 0.65e
PIA2 50.13 £0.91c 49.06 + 0.33d
PIA3 47.77 £0.81bc 46.11 £ 0.30c
BIAL + PIA2 46.66 £ 0.66bc 44,31 £0.31bc
BIAL + PIA3 41.30 £ 0.52a 40.46 £ 0.49a
PIA2 + PIA3 45.43 £ 0.25b 41.39 + 0.85ab
Control 40.89 *+ 1.04a 38.44 +0.20a

Note: The mean in the column that is followed by a small letter is not
significantly different according to Tukey's test (o =0.05). Comparisons
between treatments using the same cultivar are denoted by small letters.
Abbreviation: SE, standard error.

3.2 The effect of PGPR isolates on the fresh and dry weight of tomato
plants

The effect of PGPR-isolates on-tomato-fresh-weight-in-greenhouse
conditions is shown in Table 2. The treatment with BIA1 and PI1AZ2 isolates
significantly increased the fresh weight of shoots and roots of tomato
varieties when compared to the control.

The BIAL treatment showed maximum efficiency in increasing shoot
and root fresh weight by 29.05 and 3.72 g in the TC1, followed by PIA2 by
25.03 and 3.26 g in the same variety, respectively. For the TC2, the BIAl
treatment caused rises in shoot and root fresh weight of 28.69 and 2.76 g,
respectively, followed by PIA2 at 24.69 and 2.37 g. Among the combination
treatments, BIA1 + PIA2

resulted in a significant effect on the fresh weight of the shoots in the
Maya and Melkesalsa varieties by 22.59 and 20.44 g, respectively, compared
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to the control. The combined BIA1 and PIA3 treatment had the least impact
on the fresh weight shoots and roots of tomato varieties when compared to

the control.

Treatments Maya variety fresh weight
©)

TABLE 2.

Effect of (PGPR) Plant Growth-Promoting Rhizobacteria on

the fresh weight of tomato plants under greenhouse conditions.
Melkesalsa variety fresh weight

©)

Shoot Root (mean + Shoot Root (mean + SE)
(mean £ SE) (mean £ SE)
SE)
BIAL 29.05 + 3.72 £ 0.15¢ 28.69+0.38¢ |2.76 £0.02b
0.41d
PIA2 25.03 = 3.26 £ 0.04bc | 24.69 £0.64d |2.37 £0.09b
1.33c
PIA3 23.16 + 3.01£0.29ab |21.04 £0.35¢c |2.23+0.27ab
0.51bc
BIAL + 22,59 + 2.99+£0.16ab | 20.44 +0.62bc | 2.20 + 0.05ab
PIA2 0.53bc
BIAL + 20.50 £ 2.74 £0.30ab |18.69 +0.51ab | 1.99 + 0.07a
PIA3 0.44ab
PIA2 + 21.30 + 2.87 £0.06ab |19.02 + 2.17 £ 0.13ab
PIA3 0.48ab 0.41abc
Control 19.17 + 2.47 £ 0.05a 17.21+0.34a | 1.89 +0.06a
0.72a

« Note: According to Tukey's test (o = 0.05), the mean in the column
that is followed by a small letter is not substantially different.
Comparisons between treatments using the same cultivar are denoted

by lowercase letters. Abbreviation: SE, standard error.

The effect of PGPR on the dry weight of shoots and roots is shown in
Table 3. The results of the study showed that BIA1 and PIA2 significantly
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varied from the control in terms of the dry weight of the shoots and roots in
both tomato varieties across all treatments.

The treatment with BIA1 and PI1A2 isolates significantly increased the dry
weight of shoots and roots of tomato varieties compared to the control.

Treatment with BIAL increased the dry weight of the shoots and roots of
the TC1 by 5.64 and 0.87 g, respectively, while PIA2 increased the dry
weight of the same variety by 5.01 and 0.84 g. Furthermore, BIAL had the
greatest impact on raising the dry weight of shoots and roots in the TC2 by
5.61 and 0.76 g, respectively, while PIA2 had the second-highest effect with
increases of 4.87 and 0.67 g, respectively, in the same variety.

In comparison with all other treatments, the combined BIALl and PIA3
treatment had the least impact on the dry weight shoots and roots in both
tomato varieties compared to the control.

TABLE 3
Effect of (PGPR) Plant Growth-Promoting Rhizobacteria isolates
The dry weight of the tomato under greenhouse conditions.

ofe C aya Val'l€ 0 <10 CI1KESalSa Val'lE 0
0 < [0 0
Shoot Root Shoot Root

(mean £ SE) (mean +SE) (mean +SE) (mean £ SE)
BIAL 564 +0.21c [0.87+0.11b |5.61+0.35c |0.76 +0.01b
PIA2 5.01 +£0.22ab [ 0.84 +£0.09b |4.87 +0.32bc | 0.67 £ 0.07b
PIA3 4.68 + 0.75 4.23 +0.06ab | 0.65 + 0.03b

0.43abc 0.04ab
BIAL + 4.64 £ 0.72 £ 4.19 +0.22ab | 0.63 +
PIA2 0.29abc 0.07ab 0.02ab
BIAL + 4.26 + 0.14ab | 0.68 £ 3.79+£0.28ab | 0.59 £
PIA3 0.02ab 0.06ab
PIA2 + 4.47 £0.06ab | 0.70 = 3.88 +0.21ab | 0.60 +
PIA3 0.01ab 0.02ab
Control 3.85+0.15a 0.49+0.0l1a 3.62+0.07a 0.45+0.01a
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« Note: The mean followed by a small letter in the column is not
significantly different according to Tukey's test (a = 0.05). Lowercase
letters refer to comparisons between treatments with the same cultivar.

« Abbreviation: SE, standard error.

3.3 Efficacy of PGPR isolates on tomato plant height and dry weight

The efficacy of PGPR isolates as growth promoters on the height and
dry weight of the TC1 is shown in Table 4. The efficacy of PGPR isolates in
promoting plant growth was determined by calculating plant biomass and
height, which demonstrated differences between tomatoes treated with
PGPR isolates and the control.

This study demonstrated that BIA1 increased the height by 40.1%,
followed by P1A2 by 22.6% in the TC1. Besides, treatment with BIA1 and
PIA2 improved shoot dry weight by 46.6% and 30.2%, and root dry weight
by 73.3% and 68.7% in the TC1, respectively. The combination treatment of
BIALl and PIA2 showed better efficacy on height (14.1%), dry weight of
shoots (20.4%), and dry weight of roots (43.3%) in the TC1 than other
consortium treatments. The combination treatment of BIAL and PIA3 had the
least impact on the efficacy of height and dry weight of shoots and roots in
the TC1.

TABLE 4.
Efficacy of (PGPR) Plant Growth-Promoting Rhizobacteria isolates
growth of the Maya variety under greenhouse conditions.

Treatment Plant Dry weight of Dry weight of
height shoot (%) + SE root (%) + SE
(%) + SE
BIAl 40.06 + 1.55 | 46.58 + 1.45 73.33+2.31
PIA2 22.60 +2.22 | 30.21 + 1.67 68.66 + 1.87
PIA3 16.83 £1.96 | 21.47 £2.10 50.66 + 0.82
BIA1 +PIA2 |14.11+1.62 | 20.43+1.70 43.33 +£1.50
BIA1+PIA3 |1.00+£1.28 |10.65+3.64 36.66 £ 2.90
PIA2 + PIA3 |11.09+0.61 | 16.19 £1.60 40.66 + 2.40
Control — — -

Abbreviation: SE, standard error.

)4



JOBS | e i

~Journal of Basic Science  cusmls &l sml

&

P

@)

>

Print -ISSN 2306-5249
Online-ISSN 2791-3279

AV EEV/aY YT

J

The efficacy of PGPR isolates as a growth promotion on the height and
dry weight of the TC2 is displayed in Table 5. BIA1 increased the height by
45.2%, followed by PIA2 by 27.6% in the TC2. Moreover, treatment with
BIAL and PIA2 increased shoot dry weight by 54.9% and 34.4%, and root
dry weight by 68.1% and 48.89% for the same variety, respectively. The
combination treatment of BIA1 and PIA2 showed better efficacy on height
(15.3%), dry weight of shoots (15.9%), and roots (40.7%) in the TC2 than

other consortium treatments.

The combination treatment of BIAL and PI1A3 had the least impact on
efficacy in terms of height, dry weight of shoots, and roots in the TC2.

TABLE 5.
Efficacy of (PGPR) Plant Growth-Promoting Rhizobacteria isolates
of Melkesalsa variety under greenhouse conditions.

BIA1 4521 + 54.88 +2.80 68.15 + 1.48
1.68

PI1A2 27.64 + 34.44 + 3.90 48.89 + 1.56
0.87

PIA3 19.96 + 16.94 +1.83 45.18 +0.76
0.79

BIAL + PIA2 15.27 + 15.93 + 3.26 40.74 £ 2.12
0.52

BIAl + PIA3 5.25+1.27 4.60 +2.92 3259 +1.25

PIA2 + PIA3 7.69 +2.20 7.18 +£1.87 34.07 £0.78

Control — — —

Abbreviation: SE, standard error.
4 DISCUSSION

In this study, Bacillus isolates (BIA1) and Pseudomonas isolates (PI1A2 and
PIA3) were evaluated for the effectiveness of PGP on two tomato varieties.

VY.



\

Print -ISSN 2306-5249

( " s -
J O B S )I @-ul.u\}\ NM‘ M@A Online-ISSN 2791-3279
~ Journal of Basic Science  cssils S aul

AV EEV/aY YT

B

@ )

\

_/

The results revealed that the highest height was displayed with BIA1 and
PIA2 treatments in the Maya and Melkesalsa varieties. and these study is
agreed in the line with the study by Almaghrabi et al. (2013), who reported
that treatment of tomatoes with P. fluorescens, B. amyloliquefaciens, and P.
putida showed the highest heights of 50.66, 48, and 48 cm under greenhouse
conditions, respectively. Similarly, phosphate-solubilizing bacterial isolates
PB-1 and VC-01 recorded the highest height of 40 and 39.2 cm, respectively,
under greenhouse conditions (Pathak et al., 2017).

The biomass of tomato plants can be increased by inoculating them with
Pseudomonas and Bacillus spp. (Widnyana & Javandira, 2016). The current
findings demonstrated that treatment with BIA1 and PIA2 isolates showed
the highest fresh weight of shoots and roots in the Maya and Melkesalsa
varieties.

This study showed that the shoots and roots increased in higher fresh
and dry weight than findings by Tan et al. (2013), in which treatment of
tomato with Bacillus amyloliquefaciens strains CM-2 and T-5 showed an
increase in the fresh weight of shoots by 8.95 and 8.41 g, respectively, under
greenhouse conditions. Maoreover, treatment with phosphate-solubilizing
rhizobacteria PB-1 and VC-01 explains a significant effect on the fresh
weight of shoots by 55.91 and 57.11 g and the fresh weight of the roots by
11.65 and 12.01 g under greenhouse conditions (Pathak et al., 2017).

The variation in the fresh weight of shoots and roots from greenhouse
experiments could be attributed to the bacterial strains used, the tomato
varieties, and the time of harvesting tomato plants.

The combination treatments, particularly BIA1 + PIA2 and BIAL +
PIA3, did not significantly outperform the single isolate treatments in terms
of fresh weight. In fact, the BIA1 + PIA3 combination had the least impact
on both shoot and root fresh weight, suggesting a potential antagonistic
interaction.

Similar findings have been reported in other studies, where combining
PGPR strains did not always enhance plant growth and, in some cases, even
reduced effectiveness (Myresiotis et al.,, 2012). This may be due to
antagonistic interactions between strains, such as competition for nutrients or
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the production of inhibitory metabolites (e.g., antibiotics), which limit their
growth-promoting potential (He et al., 2024). Although the mechanisms
underlying these interactions are not always well understood, they represent
an important area of research, particularly when developing multi-strain
PGPR formulations. Interestingly, the PIA2 + PIA3 combination was also
relatively ineffective compared to the BIA1l and PIA2 treatments alone,
further suggesting that synergy between PGPR strains may not always be
straightforward. PGPR strains may employ different mechanisms for
promoting growth (e.g., phosphate solubilization, nitrogen fixation, indole-3-
acetic acid production), and when combined, these mechanisms may either
fail to synergize or interfere with each other's activity (Islam et al., 2013;
Lobo et al., 2022). While BIA1l and PIA2 likely promote plant growth
through mechanisms such as indole-3-acetic acid production, nitrogen
fixation, and phosphate solubilization, PIA3 may exert an antagonistic effect
due to a less compatible mode of action, diminishing the overall impact
when combined with other strains.

In comparison to the control, the Maya and Melkesalsa varieties
treated with BIA1 and PIA2 isolates had the highest dry weight of shoots and
roots. Similar to this, Kurabachew and Wydra (2013) found that under pot
trials, BC1AW (Bacillus cereus) and PP3WT (Pseudomonas putida)
demonstrated the greatest drying shoot weights of 5.6 and 5.2 g in KK 2 and
44 g and 4.2 g in the L390 tomato variety, respectively. Besides, the
treatment of phosphate-solubilizing rhizobacteria PB-1 and VVC-01 increased
the dry weight of roots by 0.96 and 0.91 g, and the dry weight of shoots by
6.2 and 6.22 g, respectively, under greenhouse conditions (Pathak et al.,
2017).

Treatment of tomatoes with Serratia marcescens and Pseudomonas
putida showed the highest shoot dry weight of 43 and 34.33 g, respectively,
under greenhouse conditions (Almaghrabi et al., 2013), which is larger than
the findings of this study. This variation could be due to the tomato variety
and the treated bacterial strains.

Bacterial consortia for PGP have been proposed to boost the activity
and viability of rhizobacteria. Each of the consortium constituent strains
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outcompetes the others for rhizosphere establishment while also
complementing them functionally for PGP (Yanti et al., 2018). In this study,
consortium treatment of BIA1 and PI1A2 resulted in a significant effect on the
fresh weight of shoots in the Maya and Melkesalsa varieties.

A similar study found that a combination treatment of the UM96
(Bacillus isolate) and UM256 (Pseudomonas isolate) on tomato plants
showed a significant growth-promoting effect on tomato seedlings under
greenhouse conditions (Rojas-Solis et al., 2016).

Moreover, the current study showed that other consortium treatments
showed positive effects on the fresh and weight drying of shoots and roots,
but not a significant difference compared to the control treatments. Studies
have demonstrated that mixed inoculation of beneficial rhizobacteria causes
a competitive process, resulting in less effective PGP (Gamalero et al., 2002;
Gamalero et al., 2004).

A similar study also found that three combination Bacillus-
Pseudomonas treatments (UM96 + UM16, UM96 + UM240, and UM96 +
UM270) did not promote seedling development under greenhouse conditions
(Rojas-Solis et al., 2016).

In contrast to the strong effects of individual treatments with BIA1
and PIA2, the combination treatments (BIA1 + PIA2, BIA1 + PIA3, and
PIA2 + PIA3) did not result in significant improvements in dry weight.
Specifically, the BIA1 + PIA3 combination had the least impact on both
shoot and root dry weight, with increases of 4.26 and 0.68 g for Maya shoots
and roots, respectively, which were not significantly different from the
control group. Similarly, other combination treatments also failed to
outperform individual isolates in terms of dry weight. This lack of synergy is
consistent with research indicating that not all PGPR combinations are
beneficial (Myresiotis et al., 2012).

In fact, combinations can sometimes lead to antagonistic effects,
where one strain inhibits the growth-promoting activity of another, often due
to competition for resources, production of inhibitory metabolites, or
incompatible mechanisms of action (Islam et al., 2013; Puvanasundram et
al., 2021).
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The absence of significant improvements in dry weight from
combination treatments, especially those involving PIA3, suggests these
interactions may not be as beneficial for tomato growth as initially
hypothesized.

Future proteomic analyses should explore the specific mechanisms
underlying these interactions.

The PGPR isolates increased tomato growth in both tomato varieties,
with varying efficacy in all growth indices (height and dry weight). The
current study revealed that BIAl and PIlA2-treated tomato plants
significantly increased the tomato varieties in height in both of them
compared to the other group to the control. Agarwal et al. (2020) reported
that Bacillus velezensis GL3-treated tomato plants increased their height by
43.2% more than the control group in a pot experiment. Furthermore,
inoculating three tomato cultivars, Kochero, Maya, and Melkesalsa, with
Bacillus isolates B1, B2, and B5, increased their height by 65%, 85%, and
62%, respectively, under greenhouse conditions (Mengistie & Awlachew,
2022), which is consistent with current findings.

The results of the current study revealed that treatment with the BIAl
and PIA2 isolates increased the dry weight of shoots and roots in the Maya
and Melkesalsa varieties compared to the control. According to Singh et al.
(2012), Bacillus subtilis BS-9 had a better ability to promote tomato plant
growth, resulting in a significantly higher dry weight of shoots and roots
compared to the control and a 25.3% and 82.7% increase in the dry weight of
shoots and roots of tomato plants, respectively, compared to the control.
Similarly, in pot trials, rhizobacterial isolates of Bacillus cereus BC1AW and
Pseudomonas putida PP3WT from tomato plants increased shoot dry weight
by 75%, 62.5% in genotype KK2, and 57.1%, 50% in genotype L390,
respectively (Kurabachew & Wydra, 2013). Phosphate solubilization and
IAA production features of bacterial strains linked to the tomato rhizosphere
could be implicated in the mechanism of action during biomass increment.
Rhizobacteria are influenced by numerous variables that interact intricately
to affect rhizobacteria in terms of both quantity and quality, including soil
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type, plant species and diversity, cultivar type, climate, agriculture, and
fertilization practices (lgiehon & Babalola, 2018; Yagmur & Gunes, 2021).

It is crucial to investigate and identify PGPR strains that could be
exploited as possible PGP under particular ecological and environmental
circumstances to boost tomato production. The findings of the present
investigation showed that treatment with Bacillus isolate (BIAl) and
Pseudomonas isolate (PI1A2) significantly raised the height and fresh and dry
weight of shoots and roots in both tomato cultivars under greenhouse
conditions.

The effect of bacteria on productivity and the relationship between
plant length and productivity.

The findings demonstrated that the recruitment of Bacillus (BIAl) isolates
significantly increased vegetative growth (length, dry and wet weight of
roots and stems) and Pseudomonas (PIA) indicators.

An improvement in the plant's representative efficiency and its capacity to
absorb nutrients like phosphorus and nitrogen is strongly shown by this rise
in vegetative growth, particularly plant length and biomass. Growth-
promoting bacteria (PGPR) promote general plant health and stress
tolerance, which increases the plant's capacity to produce fruits in the future
and boosts overall production. The result's degree of existence is positively
impacted by this.

The growth stage at which therapy is finished. Plants in the four-
week-old seedling stage were treated by tinning the seedlings and
submerging the roots in the chosen bacterial suspension (PGPR) for 60
minutes at a concentration of roughly 2.6 x 10/CFU mL. The plants were
then recaptured in plastic pots to track the impact of the treatment on growth
indicators.
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5 CONCLUSION

The results of this study show that the application of PGPR isolates
significantly enhanced the growth of tomato plants in terms of height, fresh
weight, and dry weight under greenhouse conditions. Among the tested
isolates, the Bacillus isolate (BIAl) consistently produced the most
significant positive effects, leading to the highest increases in plant height,
fresh weight, and dry weight in both tomato cultivars (Maya and
Melkesalsa). BIAL treatment resulted in the greatest improvements in both
plant height and root dry weight for both varieties, followed by
Pseudomonas isolate (PIA2), which also had a notable impact on plant
growth. Combination treatments, especially BIA1 + PIA2, also provided
substantial benefits, particularly in terms of plant biomass. Conversely, the
BIA1 + PIA3 combination had the least impact across all growth parameters.
Overall, the findings highlight that Bacillus isolate (BIA1) and Pseudomonas
isolate (P1A2) are the most effective PGPR isolates for promoting tomato
growth, making them strong candidates for enhancing tomato production in
controlled environments, given that they were validated in the field.

YY1



\_

4 . ™
: pt S 3 Print -ISSN 2306-5249
J O B S >| Agaliad) o glal) Alaa Online-ISSN 2791-3279
== Journal of Basic Science  csmuils Slil asl
Nt y
References
1. Abd ElI-Rahman, R., & Abo Taleb, H. (2020). Response of some new chickpea

10.

genotypes to rhizobial inoculation and foliar application with plant growth promoting
rhizobacteria (PGPR). Journal of Plant Production, 11(2), 89-94.
https://doi.org/10.21608/jpp.2020.79101

Abera, G., Ibrahim, A. M., Forsido, S. F., & Kuyu, C. G. (2020). Assessment on post-
harvest losses of tomato (Lycopersicon esculentem M.) in selected districts of East
Shewa Zone of Ethiopia using a commodity system analysis methodology. Heliyon,
6(4), e03749.

Agarwal, H., Dowarah, B., Baruah, P. M., Bordoloi, K. S., Krishnatreya, D. B., &
Agarwala, N. (2020). Endophytes from Gnetum gnemon L.-can protect seedlings
against the infection of phytopathogenic bacterium Ralstonia solanacearum as well as
promote plant growth in tomato. Microbiological Research, 238, 126503.
https://doi.org/10.1016/j.micres.2020.126503

Ahmad, I., & Zaib, S. (2020). Mighty microbes: Plant growth promoting microbes in
soil health and sustainable agriculture. In Soil health (pp. 243-264). Springer.
Ahmed, B., Zaidi, A., Khan, M. S., Rizvi, A., Saif, S., & Shahid, M. (2017).
Perspectives of plant growth promoting rhizobacteria in growth enhancement and
sustainable production of tomato. In A. Zaidi & M. S. Khan (Eds.), Microbial
strategies for vegetable production (pp. 125-149). Springer.

Ali, M. Y., Sina, A. A. |, Khandker, S. S., Neesa, L., Tanvir, E., Kabir, A., Khalil, M.
l., & Gan, S. H. (2021). Nutritional composition and bioactive compounds in
tomatoes and their impact on human health and disease: A review. Foods, 10(1), 45.
Almaghrabi, O. A., Massoud, S. I., & Abdelmoneim, T. S. (2013). Influence of
inoculation with plant growth promoting rhizobacteria (PGPR) on tomato plant
growth and nematode reproduction under greenhouse conditions. Saudi Journal of
Biological Sciences, 20(1), 57-61. https://doi.org/10.1016/j.sjbs.2012.10.004

Anith, K., Sreekumar, A., & Sreekumar, J. (2015). The growth of tomato seedlings
inoculated with co-cultivated Piriformospora indica and Bacillus pumilus. Symbiosis,
65(1), 9-16. https://doi.org/10.1007/s13199-015-0313-7

Asfaw, D. M. (2021). Analysis of technical efficiency of smallholder tomato
producers in Asaita district, Afar National Regional State, Ethiopia. PLoS One, 16(9),
e0257366. https://doi.org/10.1371/journal.pone.0257366

Ashinie, S. K., & Tefera, T. T. (2019). Horticultural crops research and development
in Ethiopia: Review on current status. Journal of Biology, Agriculture and Healthcare,
9(13), 1-14.

VYV



4 .
- e - Print -ISSN 2306-5249
J O B S ). Amildd) o glad) 4laa Online-ISSN 2791-3279
= Journal of BasiC ScIence s s clil) aal

\_

\

U
N/ )

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Assouguem, A., Hamadi, Y., Amiri, S., Mokrini, F., Ennahli, S., & Lahlali, R. (2024).
Exploring the impact of water stress and PGPR inoculation on morphological,
physiological, and biochemical parameters in tomato plants. Atlas Journal of Plant
Biology, 106-114.

Bai, K., Wang, W., Zhang, J., Yao, P., Cai, C., Xie, Z., Luo, L., Li, T., & Wang, Z.
(2024). Effects of phosphorus-solubilizing bacteria and biochar application on
phosphorus availability and tomato growth under phosphorus stress. BMC Biology,
22(1), 211. https://doi.org/10.1186/s12915-024-02011-y

Baredo, Y. (2013). Gamo Gofa Zone diagnosis and planning document. Livestock and
Irrigation Value Chains for Ethiopian Smallholders (LIVES) Project.

Basu, A., Prasad, P., Das, S. N., Kalam, S., Sayyed, R., Reddy, M., & El Enshasy, H.
(2021). Plant growth promoting rhizobacteria (PGPR) as green bioinoculants: Recent
developments, constraints, and prospects. Sustainability, 13(3), 1140.
https://doi.org/10.3390/su13031140

Cochard, B., Giroud, B., Crovadore, J., Chablais, R., Arminjon, L., & Lefort, F.
(2022). Endophytic PGPR from tomato Roots: Isolation, in vitro characterization and
in vivo evaluation of treated tomatoes (Solanum lycopersicum L.). Microorganisms,
10(4), 765. https://doi.org/10.3390/microorganisms10040765

Compant, S., Cassan, F., Kosti¢, T., Johnson, L., Brader, G., Trognitz, F., &
Sessitsch, A. (2024). Harnessing the plant microbiome for sustainable crop
production. Nature Reviews Microbiology, 23, 9-23.

Cordero, 1., Balaguer, L., Rincén, A., & Pueyo, J. J. (2018). Inoculation of tomato
plants with selected PGPR represents a feasible alternative to chemical fertilization
under salt stress. Journal of Plant Nutrition and Soil Science, 181(5), 694-703.
https://doi.org/10.1002/jpIn.201700480

CSA. (2023). Agricultural sample survey 2021/22 (2014 E.C.), volume | report on
area and production of major crops (private peasant holdings, meher season). The
Federal Democratic Republic of Ethiopia Central Statistical Agency.

FAOSTAT. (2023). Crops and livestock products. r

Fufa, F., Hanson, P., Dagnoko, S., & Dhaliwal, M. (2009). AVRDC-The world
vegetable center tomato breeding in Sub-Saharan Africa: Lessons from the past,
present work, and future prospects. ISHS Acta Horticulturae 911: | All Africa
horticultural congress. ISHS.

Gamalero, E., Martinotti, M., Trotta, A., Lemanceau, P., & Berta, G. (2002).
Morphogenetic modifications induced by Pseudomonas fluorescens A6RI and
Glomus mosseae BEG12 in the root system of tomato differ according to plant growth
conditions. New Phytologist, 155(2), 293—-300. https://doi.org/10.1046/j.1469-
8137.2002.00460.x

YYA



Vs : )
- e - Print -ISSN 2306-5249
J O B S ). Amildd) o glad) 4laa Online-ISSN 2791-3279
= Journal of BasiC Science — aswdls iul s

Nt -/

\_

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Gamalero, E., Trotta, A., Massa, N., Copetta, A., Martinotti, M. G., & Berta, G.
(2004). Impact of two fluorescent pseudomonads and an arbuscular mycorrhizal
fungus on tomato plant growth, root architecture and P acquisition. Mycorrhiza,
14(3), 185-192. https://doi.org/10.1007/s00572-003-0256-3

Gatahi, D. M. (2020). Challenges and opportunities in tomato production chain and
sustainable standards. International Journal of Horticultural Science and Technology,
7(3), 235-262.

Guo, Q., Sun, Y., Shi, M., Han, X., Jing, Y., Li, Y., Li, H., & Lai, H. (2021).
Pseudomonas koreensis promotes tomato growth and shows potential to induce stress
tolerance via auxin and polyphenol-related pathways. Plant and Soil, 462, 141-158.
https://doi.org/10.1007/s11104-021-04837-9

Haile, D., Tesfaye, B., & Assefa, F. (2022). Overview of agrochemicals application
practices on tomato farm by smallholders at Koka, Meki and Ziway, Ethiopia. Turkish
Journal of Agriculture-Food Science and Technology, 10(4), 781-786.

Haile, D., Tesfaye, B., & Assefa, F. (2023). Tomato production under synergistic
application of phosphate solubilizing bacteria and phosphate amendments. Advances
in Agriculture, 2023(1), 4717693.

Haile, D., Tesfaye, B., & Assefa, F. (2024). Plant growth promoting Rhizobacteria for
sustainable tomato production. South African Journal of Botany, 174, 371-382.
Hamid, B., Zaman, M., Faroogq, S., Fatima, S., Sayyed, R. Z., Baba, Z. A., Sheikh, T.
A., Reddy, M. S., El Enshasy, H., Gafur, A., & Suriani, N. L. (2021). Bacterial plant
biostimulants: A sustainable way towards improving growth, productivity, and health
of crops. Sustainability, 13(5), 2856.

Hasan, A., Tabassum, B., Hashim, M., & Khan, N. (2024). Role of plant growth
promoting rhizobacteria (PGPR) as a plant growth enhancer for sustainable
agriculture: A review. Bacteria, 3(2), 59-75.

He, S., Li, L., Lv, M., Wang, R., Wang, L., Yu, S., Gao, Z., & Li, X. (2024). PGPR:
Key to enhancing crop productivity and achieving sustainable agriculture. Current
Microbiology, 81(11), 377. https://doi.org/10.1007/s00284-024-03893-5

Igiehon, N. O., & Babalola, O. O. (2018). Rhizosphere microbiome modulators:
Contributions of nitrogen fixing bacteria towards sustainable agriculture. International
Journal of Environmental Research and Public Health, 15(4), 574-625.
https://doi.org/10.3390/ijerph15040574

Islam, A., Kabir, M. S., & Khair, A. (2019). Characterization and evaluation of
Bacillus siamensis isolate for its growth promoting potential in tomato.
Agriculture/Pol'nohospodarstvo, 65(2), 42-50. https://doi.org/10.2478/agri-2019-0005
Islam, M. R., Sultana, T., Jog, M. M., Yim, W., Cho, J. C., & Sa, T. (2013). Nitrogen-
fixing bacteria with multiple plant growth-promoting activities enhance growth of

AR



\_

4 .
- e - Print -ISSN 2306-5249
J O B S ). Amildd) o glad) 4laa Online-ISSN 2791-3279
= Journal of BasiC ScIence s s clil) aal

\

U
N/ )

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

tomato and red pepper. Journal of Basic Microbiology, 53(12), 1004-1015.
https://doi.org/10.1002/jobm.201200141

Jan, B., Sajad, S., Reshi, Z. A., & Mohiddin, F. (2021). Plant growth promoting
rhizobacteria (PGPR): Eco-friendly approach for sustainable agriculture. In T. B.
Pirzadah, B. Malik, & K. R. Hakeem (Eds.), Plant-microbe dynamics: Recent
advances for sustainable agriculture (pp. 185-200). CRC Press.

Kasso, M., & Bekele, A. (2018). Post-harvest loss and quality deterioration of
horticultural crops in Dire Dawa Region, Ethiopia. Journal of the Saudi Society of
Agricultural Sciences, 17(1), 88-96. https://doi.org/10.1016/j.jssas.2016.01.005
Kasso, M., & Bekele, A. (2018). Post-harvest loss and quality deterioration of
horticultural crops in Dire Dawa Region, Ethiopia. Journal of the Saudi Society of
Agricultural Sciences, 17(1), 88-96. https://doi.org/10.1016/j.jssas.2016.01.005
Kurabachew, H., & Wydra, K. (2013). Characterization of plant growth promoting
rhizobacteria and their potential as bioprotectant against tomato bacterial wilt caused
by Ralstonia solanacearum. Biological Control, 67(1), 75-83.

Lobo, L. L. B., de Andrade da Silva, M. S. R., Castellane, T. C. L., Carvalho, R. F., &
Rigobelo, E. C. (2022). Effect of indole-3-acetic acid on tomato plant growth.
Microorganisms, 10(11), 2212.

Mekonnen, H., & Kibret, M. (2021). The roles of plant growth promoting
rhizobacteria in sustainable vegetable production in Ethiopia. Chemical and
Biological Technologies in Agriculture, 8(1), Article 15.
https://doi.org/10.1186/s40538-021-00213-y

Mekonnen, H., Kibret, M., & Assefa, F. (2022). Plant growth promoting rhizobacteria
for biocontrol of tomato bacterial wilt caused by Ralstonia solanacearum.
International Journal of Agronomy, 2022,

Mengistie, G. Y., & Awlachew; Z. T.(2022). Evaluation-of the plant growth
promotion effect of Bacillus species on different varieties of tomato (Solanum
lycopersicum L.) seedlings. Advances in Agriculture, 22, 1-6.
https://doi.org/10.1155/2022/1771147

Merga, W. H. (2021). Role of grafting on tomato production. Daagu International
Journal of Basic and Applied Research, 3(2), 13-23.

Morcillo, R. J., & Manzanera, M. (2021). The effects of plant-associated bacterial
exopolysaccharides on plant abiotic stress tolerance. Metabolites, 11(6), 337.
Muimba-Kankolongo, A. (2018). Food crop production by smallholder farmers in
Southern Africa: Challenges and opportunities for improvement. Academic Press.
Myresiotis, C. K., Karaoglanidis, G. S., Vryzas, Z., & Papadopoulou-Mourkidou, E.
(2012). Evaluation of plant-growth-promoting rhizobacteria, acibenzolar-S-methyl
and hymexazol for integrated control of Fusarium crown and root rot on tomato. Pest
Management Science, 68(3), 404-411. https://doi.org/10.1002/ps.2277

AR



4 .
- e - Print -ISSN 2306-5249
J O B S ). Amildd) o glad) 4laa Online-ISSN 2791-3279
= Journal of BasiC ScIence s s clil) aal

\_

\

U
N/ )

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Ottesen, A. R., Gonzéalez Pefia, A., White, J. R., Pettengill, J. B., Li, C., Allard, S.,
Rideout, S., Allard, M., Hill, T., Evans, P., Strain, E., Musser, S., Knight, R., &
Brown, E. (2013). Baseline survey of the anatomical microbial ecology of an
important food plant: Solanum lycopersicum (tomato). BMC Microbiology, 13(1),
Article 114,

Pathak, R., Paudel, V., Shrestha, A., Lamichhane, J., & Gauchan, D. P. (2017).
Isolation of phosphate solubilizing bacteria and their use for plant growth promotion
in tomato seedling and plant. Kathmandu University Journal of Science, Engineering
and Technology, 13, 61—

Puvanasundram, P., Chong, C. M., Sabri, S., Yusoff, M. S., & Karim, M. (2021).
Multi-strain probiotics: Functions, effectiveness and formulations for aquaculture
applications. Aquaculture Reports, 21, 100905.
https://doi.org/10.1016/j.aqrep.2021.100905

Rojas-Solis, D., Hernandez-Pacheco, C. E., & Santoyo, G. (2016). Evaluation of
Bacillus and Pseudomonas to colonize the rhizosphere and their effect on growth
promotion in tomato (Physalis ixocarpa Brot. ex Horm.). Revista Chapingo Serie
Horticultura, 22(1), 45-58.

Romero, F. M., Marina, M., & Pieckenstain, F. L. (2014). The communities of tomato
(Solanum lycopersicum L.) leaf endophytic bacteria, analyzed by 16S-ribosomal
RNA gene pyrosequencing. FEMS Microbiology Letters, 351(2), 187-194.
https://doi.org/10.1111/1574-6968.12377

Saad, M. M., Eida, A. A., & Hirt, H. (2020). Tailoring plant-associated microbial
inoculants in agriculture: A roadmap for successful application. Journal of
Experimental Botany, 71(13), 3878-3901. https://doi.org/10.1093/jxb/eraalll
Schenk, P., Batool, M., Mirzaee, H., & Abbott, A. (2024). Customized plant growth
promotion with-soil-and-cultivar-compatible microbial - biofertilizers. Agronomy,
14(9), 1-16.

Shah, A., Nazari, M., Antar, M., Msimbira, L. A., Naamala, J., Lyu, D., Rabileh, M.,
Zajonc, J., & Smith, D. L. (2021). PGPR in agriculture: A sustainable approach to
increasing climate change resilience. Frontiers in Sustainable Food Systems, 5,
667546.

Siddig, M., & Uebersax, M. A. (2018). Handbook of vegetables and vegetable
processing. Wiley Blackwell.

Singh, D., Yadav, D., Sinha, S., & Upadhyay, B. (2012). Utilization of plant growth
promoting Bacillus subtilis isolates for the management of bacterial wilt incidence in
tomato caused by Ralstonia solanacearum race 1 biovar 3. Indian Phytopathology,
65(1), 18-24.

Sora, S. (2018). Review on productivity of released tomato (Solanum Lycopersicum
M.) varieties in different parts of Ethiopia. Journal of Horticultural Sciences, 1, 1-5.

AR



4 .
- e - Print -ISSN 2306-5249
J O B S ). Amildd) o glad) 4laa Online-ISSN 2791-3279
= Journal of BasiC ScIence s s clil) aal

AV EEV/aY YT

\_

Qﬁ?ﬁ

\

_/

57.

58.

59.

60.

61.

62.

63.

64.

Tan, S., Jiang, Y., Song, S., Huang, J., Ling, N., Xu, Y., & Shen, Q. (2013). Two
Bacillus amyloliquefaciens strains isolated using the competitive tomato root
enrichment method and their effects on suppressing Ralstonia solanacearum and
promoting tomato plant growth. Crop Protection, 43, 134-140.

Tewodros, M., & Asfaw, K. (2013). Promotion and evaluation of improved
technologies through participatory approach in South Ethiopia: Experience from hot
pepper. Unique Research Journal of Agricultural Sciences, 1(4), 057-062.

Widnyana, I. K., & Javandira, C. (2016). Activities Pseudomonas spp. and Bacillus
sp. to stimulate germination and seedling growth of tomato plants. Agriculture and
Agricultural Science Procedia, 9, 419-423.
https://doi.org/10.1016/j.aaspro.2016.02.158

Wondim, D. (2021). Value chain analysis of vegetables (onion, tomato, potato) in
Ethiopia: A review. International Journal of Agricultural Science and Food
Technology, 7(1), 108-113.

Xie, K., Sun, M., Shi, A., Di, Q., Chen, R,, Jin, D., Li, Y., Yu, X,, Chen, S., & He, C.
(2022). The application of tomato plant residue compost and plant growth-promoting
rhizobacteria improves soil quality and enhances the ginger field soil bacterial
community. Agronomy, 12(8), 1741. https://doi.org/10.3390/agronomy12081741
Yagmur, B., & Gunes, A. (2021). Evaluation of the effects of plant growth promoting
rhizobacteria (PGPR) on yield and quality parameters of tomato plants in organic
agriculture by principal component analysis (PCA). Gesunde Pflanzen, 73(2), 219—
228. https://doi.org/10.1007/s10343-021-00543-9

Yanti, Y., Warnita, W., Reflin, R., & Hamid, H. (2018). Development of selected
PGPR consortium to control Ralstonia syzygii subsp. indonesiensis and promote the
growth of tomato. Biodiversitas Journal of Biological Diversity, 19(6), 2073-2078.
Zhao, Y., Mao, X.,-Zhang, M., Yang, W., Di, H. J., Ma, L., Liu, W.;-& Li, B. (2021).
The application of Bacillus Megaterium alters soil microbial community composition,
bioavailability of soil phosphorus and potassium, and cucumber growth in the plastic
shed system of North China. Agriculture, Ecosystems & Environment, 307, 107236.

VY'Y



