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ABSTRACT

In vitro antagonistic effect of various PGPR namely A. chroococcum, B. megaterium, B.
circulans, B. subtilis, Ps. fluorescens and T. viride against F. solani or R. solani was determined. Results
observed that using all PGPR strains suppressed F. solani and R. solani. The inhibition zone increased by
increasing incubation time. Under greenhouse condition, onion inoculation with investigated PGPR
strains reduced disease severity of F. solani by rate ranging between (79.4-93.5%). However, they reduce
disease severity of R. solani by rate ranging between (84.5-93.6%). Accordingly, the rate of disease
incidence reduced by the range between (68.4-81.8%) and (65.5-81.8%) in case of infested with F. solani
and R. solani respectively. Moreover, they had positive effect on plant defense enzymes, nutrients uptake
and growth parameters. In farm of the Central Laboratory of Organic Agriculture, Giza station, ARC
Giza, Egypt, the open field experiment was carried out to study the integrated effect of biofertilizing-
PGPR and biocontrol agents with compost to improve green onion growth characteristics and yield under
the organic agriculture system. During the experiment the soil microbial enzymes activity, total NPK and
plant uptake, defense enzymes activity, growth characteristics and vegetative yield were estimated. Data
obtained showed that onion treated with compost + biofertilizing-PGPR + B. subtilis + T. viride (T7)
gave the highest values of in all estimated parameters except defense enzymes activity. So, it can be
recommended as integrated fertilizing program to promote green onion growth, increase crop production,

and decrease production costs.
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INTRODUCTION

Onion (Allium cepa L.) is a very important and
widespread vegetable crop grown all around the world
(Sidhu et al, 2019). It is one of the oldest bulb
vegetables, which its bulb has been found in ancient
Egypt (Abd Alla, 2015). Regarding its global
production, over 3.6 million hectares of onions are
grown annually around the world and about 170
countries cultivate this crop for domestic use. Egyptian
onion crop is famous all over the world due to its
superior quality and early appearance in European
markets (Hussein et al, 2007).

Conventional agriculture may provide short-term
gains in production, but in most cases, it is not
sustainable in the long term, undermines the viability of
small farm units, and does not guarantee safe foods as
well as cause great environmental harms (Migliorini and
Wezel 2017).

The change from conventional to organic
farming is accompanied by changes in soil chemical and
biological properties and processes that affect soil
fertility. Fundamental differences, both qualitative and
quantitative, in the flow and processing of nutrients
result from soil amendment, plant community structure,
tillage, and elimination of synthetic fertilizers and
pesticides (Lee, 2010). Generally, organic agricultural
practices aim to enhance biodiversity, biological cycles,
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and soil biological activity to achieve an optimal system
that is socially, ecologically, and economically
sustainable (Nejadkoorki, 2012 and Migliorini and
Wezel 2017 and Riaz et al, 2021). Many plant growth-
promoting rhizobacteria strains (PGPRs) that have been
identified have seen a great boost, mainly because the
role of the rhizosphere as an ecological unit has gained
importance in the functioning of the biosphere and also
because mechanisms of action of PGPR have been
deeply studied. PGPR shows an important role in the
sustainable agriculture industry. The increasing demand
for crop production with a significant reduction of
synthetic chemical fertilizers and pesticides use is a big
challenge nowadays (Pravin et al, 2016).

In general soil microbial communities are often
difficult to characterize, mainly because of their
immense phenotypic and genotypic diversity. The
rhizosphere is the soil nearest area to the root system
that inhabits the microorganisms and capable to
colonize very well to the roots. These microorganisms
are stated as plant growth-promoting rhizobacteria
(PGPR). Plants depend upon valuable interactions
between these microbes and roots for growth promotion,
nutrient availability, and disease suppression and they
fulfill vital functions for plant growth (Khan et al,
2019).
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Root-rot diseases caused by soil-borne fungi are
the most important diseases of many crops. (Bodah,
2017). In onion (Allium cepa L.), Fusarium root rot
caused by Fusarium solani f. sp. phaseoli disease
severity is increased by environmental factors that stress
the plant (Karen et al, 2007). Also, Rhizoctonia root rot
caused by Rhizoctonia solani is a frequent disease of
many crops such as bean (Schroeder and Paulitz 2012).
This study aimed to investigate the effects of
investigated PGPR strains and organic fertilizer on
onion during organic production as well as their effects
on enhancing the nutrient efficiency and root rot
diseases caused by soil-borne fungi.

MATERIALS AND METHODS

PGPR strains

The strains namely, nitrogen fixing bacteria
Azotobacter chroococcum CLOA A27 (Azoto). Bacillus
megaterium var. phosphaticum CLOA Bm 3 (Bm) was
used as phosphate dissolving bacteria (PDB). Bacillus
circulans CLOA Bc 4(Bc) was used as potassium
solubilization bacteria (PSB). Bacillus subtilis CLOA
Bs 12 (Bs), Pseudomonas fluorescens CLOA Pf 5 (Pf)
and Trichoderma viride CLOA Tri 24 (Tv) were used as
biocontrol agents.were kindly obtained from Central
Lab. of Organic Agriculture, Agricultural Research
Center, Giza, Egypt, they were purified and stored at
4°C. Fusarium solani CLOA Fs 10 and Rhizoctonia
solani CLOA Rhizo 6 were kindly obtained from
Central Lab. Of Organic Agriculture, Agricultural
Research Center, Giza, Egypt, were purified and
maintained on potato dextrose agar medium (Ricker and
Ricker, 1936).
Antagonistic activity of PGPRs against soil-borne fungi

According to (Berg et al, 2005). PGPR strains was
inoculated on 9-cm Petri dish containing specific media for
different tested PGPR in circular line using 4-cm diameter
Petri dish by dipping in 24-h-old PGPR cultures and
incubated for 24-h at 30 °C. Then, a five-mm? disk of a
pure seven days culture from either F. solani or R. solani
was placed at the central of circular line and incubated
ageing at 25+2 °C for 3, 5, and 7 days. At the end of the
incubated period, the growth (fungal growth) was
measured and compared to control (un-inoculated with
PGPRs). Three Petri dishes were used as replicates for
each treatment. Obtained results were expressed as means
of radii of fungal growth (mm) and inhibition percentage
was calculated according to (Tariq et al,
2010). Concerning the estimation of antagonism among
Trichoderma viride and pathogenic soil-borne fungi, a
five-mm? disk of 7-days old culture from Trichoderma
viride was placed on the edge of Petri dishes while, either
F. solani or R. solani were placed in the other edge of Petri
dishes. Three Petri dishes were used as replicates for each
treatment. Percentages of reduction in pathogenic fungal
mycelial growth were calculated (Gebily, 2015)
Preparation of PGPR and pathogens inocula

PGPR inocula were prepared using specific
media for each bacterium (PGPR). While, the
pathogenic fungus strain inoculum of either F. solani or
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R. solani was prepared on Corn sand meal medium
according to (Abd-EI-Moity, 1985).
Effect of PGPRs on onion production under
greenhouse condition

A greenhouse experiment was layout at the
greenhouse of Central Lab. of Organic Agriculture,
Agricultural Research Center, Giza, Egypt during the
two successive winter seasons, (2017-2018) to
determine the most efficient PGPR as biocontrol for
soil-borne pathogenic fungi F. solani or R. solani on
onion growth performance and production. Sterilized
plastic pots (30 cm diameter) were filled with sterilized
soil (mixing of silt clay, peat moss, and compost at the
rate of 200:200:1). The analysis of soil, peat moss, and
plant-animal compost presented in Table 1, 2 and 3.

Table 1. Soil particles size distribution and chemical
analysis of the used soil.

Property Values
Soil particles size distribution

Sand % 9.8
Silt % 50.1
Clay % 311
Texture Silt clay
Chemical analysis

pH (in soil paste) 75
E.C (dsm?) 31
Saturation percentage (%) 53
CEC emol/kg soil 38.17
CaCO3 % 0.70
Organic matter % 1.70
Auvailable N ppm 17
Auvailable P ppm 104
Available K ppm 182
Auvailable Fe ppm 41
Auvailable Zn ppm 0.5
Available Mn ppm 0.1
Auvailable Cu ppm 0.2
Soluble cations and anions (megL)

Cat+ 10.3
Mg++ 8.7
Na+ 18.3
K+ 14
COs~ 8.8
Cr 142
S04~ 157
Table 2. Chemical analysis of the used peat moss.
Property Values
Moisture content (%) 16.9
Water holding capacity (%) 468.8
pH 450
E C (dsm?) 0.56
Organic carbon (%) 46.68
Organic matter (%) 80.72
Total N (%) 1.24
CIN ratio 37.64

The soil was pre-mixed with F. solani or R.
solani inoculum at a rate of 4%. Plastic pots were
sterilized by immersing in 5 % formalin solution (38 %)
for 15 minutes and covered overnight with plastic
sheets, then left to dry in the open air. Sterilization of
experimental soil was carried out using H202 (30 %).
Infested pots were irrigated for seven days before
transplanting. Four transplants of onion “Giza red” were
transplanted in each pot and five replicate pots were
specified for each treatment in a completely randomized
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experimental design. Before cultivation, all transplants,
except control, were soaked on cell suspension of each
PGPRs strain at a rate 108.ml-1. Regarding T. viride the
spore’s suspension was used at a rate 104.ml-1. The
boost prepared inocula were added after 21 and 55 days
after transplanting (DAT) at a rate of 10 ml pot-1. Pots
were kept under greenhouse conditions until the end of
the experiment.

The experiment included the following treatments:
infestation with either F. solani or R. solani, inoculation
with A. chroococcum + compost + F. solani or R. solani,
inoculation with B. megaterium + compost + F. solani or
R. solani, inoculation with B. circulans + compost + F.
solani or R. solani, inoculation with B. subtilis + compost +
F. solani or R. solani, inoculation with P. fluorescens +
compost + F. solani or R. solani, and inoculation with T.
viride + compost + F. solani or R. solani. At the end of the
experiment (90 DAT), the following assessments were
done.

Table 3. Physical and chemical properties of used
compost in this study.

Parameter value
Bulk density (kg M?) 670
Moisture content% 29
pH 7.4
EC (dsm?) 5.6
Organic matter % 47.7
Organic carbon % 277
Ash % 71
Total nitrogen % 15
C/N ratio 18.4:1
Total P 0.7
Total K 0.8
Fe ppm 1400
Zn ppm 14
Mn ppm 300
Cu ppm 80
Nematoda Nil
Seed weed Nil
E. coli Nil

Diseases assessment

- Disease scale: Depending on visible symptoms, a scale
from zero (healthy) to 5 (infected) was recorded to
measure the diseased areas on all treatments in the
greenhouse.

- Disease incidence: After 60 days of transplanting, onion
plants were rated for disease incidence as a present by
methods described by (Liu et al, 1995).

Field experiment

Two successive field experiments were carried out
at a farm of the Central Laboratory of Organic Agriculture,

Giza station, ARC Giza, Egypt, during the first week of

February (2017-2018). This experiment was designed to

obtain the superior combination of biofertilizing-PGPR and

biocontrol agent with compost to improve onion growth
characteristics and yield in the open field under the organic
agriculture system. After preparing the soil for cultivation,
the treatments were distributed in a randomized complete

block design with three replicates. The plot area was 10.5

m? (3 x 3.5 m). The experiment included the following

treatments: compost (recommended dose), compost + A.

chroococcum + B. megaterium + B. circulans, Compost

+A. chroococcum + B. megaterium + B. circulans + B.
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subtilis, compost +A. chroococcum + B. megaterium + B.
circulans + P. fluorescens, compost +A. chroococcum + B.
megaterium + B. circulans + T. viride, compost +A.
chroococcum + B. megaterium + B. circulans + B. subtilis
+ P. fluorescens, compost +A. chroococcum + B.
megaterium + B. circulans + B. subtilis + T. viride,
compost +A. chroococcum + B. megaterium + B. circulans
+ P. fluorescens + T. viride and compost +A. chroococcum
+ B. megaterium + B. circulans + B. subtilis + P.
fluorescens + T. viride.

Cultivation process

Compost was added to the soil at a rate of
recommended full dose (5 ton/fed) before transplanting.
Before cultivation, onion transplants were soaked with
various PGPRs inocula for 30 seconds before planting.
During irrigation, biofertilizers and biocontrol inocula were
added at the rate of 10L.fed. The boost addition of the
previous inocula was repeated after 21 and 55 DAT. All
agricultural operations related to onion production were
applied according to the recommendations of the Ministry
of Agriculture and Land Reclamation.

Microbial enzymes activity

Soil samples were taken from the onion rhizosphere
for measuring the microbial enzymatic activities at 30, 60,
and 90 DAT. The activities of dehydrogenase (DH) and
alkaline phosphatase (Alp) were measured using a
spectrophotometer (SCO-Tech, SPUV-19, Germany) at
464 and 400 nm, respectively, as described by Schinner et
al, (1996). However, nitrogenase (N2-ase) activity was
measured as previously mentioned with some modification
by Okafor and MacRae (1973).

Defense enzyme activities in plants:

Peroxidase activity in plants was determined
according to the method described by Allam and Hollis
(1972). polyphenol oxidase activity in plants was
determined according to the method described by Matta
and Dimond (1963).

Plant chemical analyses:

Nitrogen content was determined according to the
method described by A.O.A.C. (1980). Phosphorus content
was determined according to A.PH.A. (1992). Potassium
content was determined according to the method described
by Dewis and Freitas (1970).

Plant growth characteristics and yield

Samples were taken after 60 days of planting to
determine the plant height (cm), leaves number, dry
weights of the plant (g/plant), total soluble solids, and total
chlorophylls were measured according to (A.O.C.A. 2003).
Finally, the biological yield of onion (ton/fed.) was
determined.

Statistical analysis

The data were statistically analyzed according to
the procedures outlined by Gomez and Gomez (1984). For
comparison between means, Duncan's multiple range test
was used (Duncan, 1955). Means followed by the same
alphabetical letters were not significantly different at 5%
level of significance.

RESULTS AND DISCUSSIONS

Antagonistic effect of PGPR on soil-borne disease fungi
Antagonistic effect of various PGPRs namely A.
chroococcum, B. megaterium, B. circulans, B. subtilis, Ps.
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fluorescens and T. viride against F. solani or R. solani was
done. Results shown in Fig 1 indicated that using all PGPR
strains suppressed F. solani and R. solani. The inhibition
zone increased by increasing incubation time (3, 5 and 7
days). These results may be due to high amounts of
antibiotic or antagonistic substances produced by PGPR
strains. These results are in agreement with (Jan et al,
2011, Chen et al, 2012, Lukkani and Reddy 2014, and
Susilowati and Syekhfani 2014) who found that the main
compounds produced by PGPRs are siderophores,
cyanogenic substances, antibiotics, and some weakly
organic acids. These substances reduced the mycelium
formation, spore germination and caused hyphal lysis of F.
solani and R. solani. Moreover, both B. subtilis and Ps.
fluorescens recorded higher values of inhibition zone
followed by B. megaterium and B. circulans. While the

= /T' —
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Effect of PGPRs on pathogenic fungi under greenhouse
condition

This experiment was carried out during the two
successive winter seasons, (2017 — 2018) on green onion to
evaluate the efficiency of PGPR strains on the causal agent
of root disease fungi.
Effects on disease severity and disease incidence

Data in Table (4) indicated that significant
decreases were found in disease severity and disease
incidence of onion that inoculated with various PGPR
strains and infested with F. solani or R. solani compared
with uninoculated one. Moreover, a treatment that non-
infested with F. solani or R. solani gave lower percentage
values compared to infested one.

The inoculation with B. subtilis, P. fluorescens and
B. megaterium scored a lower percentage of disease
severity of onion compared to other tested PGPR strains
either soil infested with F. solani or R. solani. Regarding
disease incidence, the treatments inoculated with B.
megaterium and P. fluorescens gave a lower percentage of
disease incidence compared to other tested PGPR strains in
the soil infested with F. solani. While, the inoculation with
B. subtilis, P. fluorescens and B. megaterium gave lower
values in case of infested with R. solani. The lowest
percentage of disease severity and disease incidence of
onion was recorded in the case of inoculation with B.
subtilis. While the highest percentage for disease severity
and disease incidence of onion were found in infested soil
with pathogenic fungi solely
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lowest values were showed in the case of T. viride against
F. solani and R. solani. The lower values of inhibition zone
in case of T. viride against F. solani and R. solani may be
due to parasitism, this process including four steps namely;
chemotropism, recognition, attachment, cell wall
degradation, and penetration are the steps involved in
mycoparasitism. For example, Trichoderma spp. parasitize
Rhizoctonia spp., the soil and the root pathogen
(Manoharachary et al, 2020)

In vitro antagonism of T. viride was confirmed
against Cylindrocladium parvum infecting Eucalyptus.
Mycoparasitic interaction was assessed by following Bell’s
ranking (Bell et al. 1982). It was detected that after 5 days
the pathogen was significantly suppressed recording to
Bell’s ranking No.4. Results also indicated the antagonism
of T. viride against Cylindrocladium parvum.

=

pathogenic fungi
a: B. megaterium; bl: F. solani; b2: R. solani; c: B. circulans; d: P. fluorescens; e: B. subtilis; f: Trichoderma viride.

Table 4. Effect of PGPR inoculation on disease severity
and disease incidence of onion in soil infested

with F. solani and R. solani.
Disease severity

Disease incidence

(%0) (%)
St Sy Sy S,
Non-infested soil 6.679 500¢ 1667° 12504
Soil infested with F. solani  90.00@ 89.172@ 70.83% 66.672
F. solani + Azoto 7509 9179 20.83° 16.67°
F. solani + Bm 6.679 8339 16.67°¢ 16.67°¢
F. solani + Bc 10.83¢ 1250°¢ 16.67¢ 16.67°
F. solani + Bs 5839 6.67% 12509 12504
F. solani + Pf 6.679 8339 1667¢ 1250¢
F. solani + Tv 15.83P 18.33P 2250° 20.83°P
Non-infested soil 5839 583¢ 12509 1250f
Soil infested with R. solani 92502 91.672 75.00% 62.502
R. solani + Azoto 760 1167° 16.67¢ 25.00°¢
R. solani + Bm 10.83P 6.67¢ 16.67¢ 20.83¢
R. solani + Bc 917t 14.17° 16.67¢ 29.17°
R. solani + Bs 750 583¢ 12509 1250f
R. solani + Pf 917> 833¢ 16.67¢ 16.67°¢
R. solani + Tv 11.33P 11.83P 26.67P 20.83¢

Bm: B. megaterium; Bc: B. circulans; Bs: B. subtilis; Pf: P. fluorescens;
Tv: T. viride; S;: season one; S,: season two. A column followed by the
same letter are not significantly different at P= 0.05 when compared
by Duncan test

From obtained data, the inoculation with various
PGPRs strain reduced disease severity of F. solani by rate
ranging between (82.4-93.5%) and (79.4-92.5) in the first
and second seasons respectively. While they reduce disease
severity of R. solani by rate ranging between (87.8-91.9%)
and (84.5-93.6%) in the first and second seasons
respectively. Accordingly the rate of disease incidence
reduced in the range between (68.4-81.8%) and (65.5-
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81.8%) in case of infested with F. solani and R. solani
respectively.

The decrement of disease severity and disease
incidence in case of inoculation with PGPRs or biocontrol
agent observed their role in suppressing the pathogen
infection that may happen by several mechanisms. These
results are in harmony with (Glic, 2012, Liu et al, 2017 and
Karthika et al, 2020) who reported that PGPR act, as
biocontrol agents and these is considered the major indirect
mechanisms of plant growth promotion by rhizobacteria
and they add PGPR major modes of biocontrol activity
include competition for nutrients, niche exclusion, induced
systemic resistance and antifungal metabolites

Effects on defense enzymes activity

Data tabulated in Table 5 showed that there are
significant increases in the induction of defense enzymes
(peroxidase, polyphenoloxidase) of onion that inoculated
with various PGPR strains compared with uninoculated
one. Moreover, there are no significant differences in plant
enzymes content between a plant that is cultivated in
infested or non-infested soil. Also, data revealed that the
inoculation with B. subtilis, P. fluorescens, or B. circulans
scored higher values of peroxidase activity of onion
compared to other tested PGPR strains in case of
infestation with F. solani

Concerning  polyphenoloxidase activity data
showed that treatments inoculated with B. subtilis, P.
fluorescens, or B. megaterium gave higher values
compared to other tested PGPR strains. The highest values
of peroxidase and polyphenoloxidase activity of onion
were recorded with plants inoculated with B. subtilis.
These data are in harmony with those obtained by
Elsharkawy and El-Khateeb (2019) who reported that plant
enzyme activity was more activation and plant produce
higher values of peroxidase and polyphenoloxidase by
application different PGPR treatments.

Table 5. Effect of PGPR inoculation on peroxidase and
polyphenoloxidase activity of onion soil
infested with F. solani and R. solani (as

absorbance. g* fresh leaves).
Peroxidase Polyphenoloxidase
St S2 S1 S

Treatments

Non-infested soil with F. solani 0.434¢ 0.4839 0.085¢ 0.088
Soil infested with F. solani  0.429¢ 0.465¢ 0.091% 0.095 ¢f
F. solani + Azoto 0.708 % 0.600 > 0.105¢ 0.118°¢
F. solani + Bm 0.694¢ 0563¢ 0.110¢ 0.122°¢
F. solani + Bc 0.763P 0.6852 0.100% 0.114
F. solani + Bs 1.0962 0.687¢ 0.1662 0.1792
F. solani + Pf 1.0452 07082 0.133° 0.143°b
F. solani + Tv 0.6239 0.654% 0.103% (0.102 %
Non-infested soil with R. solani 0.4379 0.436¢ 0.099¢ 0.099 «
Soil infested with R. solani  0.4249 0.493¢ 0.086¢ 0.092 ¢
R. solani + Azoto 0.778° 0.659°¢ 0.139° 0.085¢
R. solani + Bm 0.7948 (0,745 0.147% 0.109™*
R. solani + Bc 0.793% 0.739° 0.128¢ 0.106 ™
R. solani + Bs 0.642°¢ 0.688™ 0.1572 0.1202
R. solani + Pf 0.8512 09222 (.1482% (.117%
R. solani + Tv 0.776° 0.699 0.1452 0.105">

Abbreviations as those stated for Table (4). Peroxidase activity was
expressed as the increase in absorbance at 470 nm/g fresh weight/ min.
Polyphenoloxidase activity was expressed as the increase in
absorbance at 475 nm/g fresh weight/minute.

Effect on dehydrogenase activity in the rhizosphere

To evaluate the role of PGPR strains in plant
protection and growth enhancement, their presence and
activities should be determined. Data in Table (6) revealed
that there are significant increases in DH activity of onion
rhizosphere that inoculated with various PGPR strains
compared with uninoculated one.

In infested soil with F. solani, the inoculation with
P. fluorescens or B. megaterium scored higher values of
DH activity compared to other tested PGPR strains in two
seasons. The highest values of DH, were recorded with
plants inoculated with P. fluorescens.

Table 6. Effect of PGPR inoculation on microbial enzymes activity of onion rhizosphere soil infested with F. solani

and R. solani.
Dehydrogenase activity (ug TPF.g dry soil. 247

Treatments S1 S2

30 60 90 DAT 30 60 90 DAT
Non-infested soil with F. solani 2.6° 17.867 14527 11.23 19.59 18.54¢
Soil infested with F. solani 11.19 20.34f 18.50°¢ 16.60 24.2f 27.06¢
F. solani + Azoto 16.3¢ 44.23° 27.08°¢ 21.42b 42.16°¢ 49.60 ¢
F. solani + Bm 19.1° 49.16° 27.94°¢ 18.90¢ 47.46° 51.73 ¢
F. solani + Bc 15.1¢ 35.944 32.81° 12.68% 38.75¢ 52.60
F. solani + Bs 19.42° 27.168 28.35¢ 21.75° 27.34° 54.41 %
F. solani + Pf 30.972 53.572 44,852 24.682 69.092 57.352
F. solani + Tv 11.49¢ 35.644 22914 14,908 30.72¢ 49,98 ¢
Non-infested soil with R. solani 6.86" 9.86" 23.084 10.724 24.75¢ 15.87f
Soil infested with R. solani 11.08 20.168 15.83¢ 8.46° 25.90¢ 16.81F
R. solani + Azoto 12.34¢cde 37.38° 25.66 ¢ 12.09¢ 34,534 22.69°¢
R. solani + Bm 12,53« 22.72¢ 23.004¢ 11.90¢ 48.57°¢ 30.08 ¢
R. solani + Bc 12.23d 31.314 24.56 ¢ 10.754 52.16 b 27.144
R. solani + Bs 19.97° 40.6° 42.94°b 15.83° 53.27b 34.35b
R. solani + Pf 31.272 47.75° 45622 19.342 58.012 38.00°
R. solani + Tv 13.75°¢ 31.974 37.37°¢ 12.90¢ 50.83 b 26.19¢

Abbreviations as those stated for Table (4)

Regarding soil infested with R. solani, the
inoculation with P. fluorescens or B. subtilis had a great
effect on improving the activity of dehydrogenase enzyme
compared to another treatments. The highest values of DH
were recorded with plants inoculated with P. fluorescens,
A. chroococcum, or B. megaterium respectively. In all

treatments, the activity of three estimated enzymes was
increased gradually until 60 DAT and decreased again at
90 DAT. The increment of DH activity may be due to the
boost addition of PGPR inocula.

The enhancement of DH activity in onion
rhizosphere during inoculation with PGPR are in
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agreement with results obtained by Hui et al, (2004), Li et
al, (2006), Mikanova et al, (2009), Nosheen and Bano
(2014) and Jérvan et al, (2014) who reported that
application of various PGPR treatments can enhance and
increase the activity of some soil enzymes as well as
improve soil nutrition.
Effect on onion growth parameters

Data in Table (7) indicated that significant increases
were found in plant height, leaf number, dry weight, and
total chlorophyll of onion in all inoculated treatments with
various PGPR strains compared with non-infested one.
Furthermore, the treatment that non-infested with F. solani
or R. solani gave higher values compared to infested one.
Among The inoculated treatments, the inoculation with A.
chroococcum, B. megaterium B. circulans or B. subtilis
scored higher values in all vegetative growth parameters
and total chlorophyll of onion compared to other tested

PGPR strains. The highest value of plant height, leaves
number, dry weight, and total chlorophyll of onion were
recorded with inoculated plants with A. chroococcum in
both fungal infections. While the lowest values of all
estimated parameters were found in onions cultivated in
infested soil followed by non-infested one.

The significant increases in all growth parameters
in inoculated plants with PGPRs reveal their importance
not only in protecting the plants against pathogenic
infection but also in enhancing plant growth. These results
are agree with those obtained by (Abou Zaid et al, 2011,
Ahmed and El-Araby, 2012 and Li et al, 2020) who
reported that application of PGPRs with or without organic
fertilizers led to score higher values of vegetative growth
parameters for different vegetables and field crops as
compared to untreated ones.

Table 7. Effect of PGPRs inoculation on growth characters of onion in soil infested with F. solani and R. solani.

Plant height (cm/plant)  Leaves number.plant?

Dry weight (g/plant)  Total Chlorophyll (mg/g)

Treatments St S S1 S St S> St S

Non-infested soil with F. solani 35.7 ¢ 32.84 464 3.4¢ 1.104 1.26¢ 61.94 58.7¢
Soil infested with F. solani 33.1d 33.9d 36¢ 29¢ 0.74¢ 1.27¢ 47.4¢ 4954
F. solani + Azoto 49.32 4782 9.02 10.12 3.792 3.80¢2 75.72 7342
F. solani + Bm 46,72 4722 8.92 8.8Pb 3.802 3972 68.7° 69.1%
F. solani + Bc 46,72 46.4 74° 74° 3.26" 3220 67.3 bed 67.4°
F. solani + Bs 4922 433" 8.82 79¢ 3.23b 343°P 68.2 % 67.6°
F. solani + Pf 409¢ 395¢ 6.7¢ 6.74 2.38¢ 3.04 63.5 bed 60.4¢
F. solani + Tv 43.0bc 4320 6.8°¢ 6.84 2.39¢ 2.8814 62.5 60.8°¢
Non-infested soil with R. solani 27.2 ¢ 26,54 42¢ 3.6¢ 1.204 1.02¢ 66.1% 57.6¢
Soil infested with R. solani 304¢ 27.24 36f 34¢ 1.234 0.99¢ 46.74 470f
R. solani + Azoto 46.32 4852 9.32 8.82 3.32¢ 3842 73.7% 7282
R. solani + Bm 46.22 471 8.82 8.2b 3612 3.732 70.6 % 67.8 ¢
R. solani + Bc 4472 44.1 e 7.8° 7.3 346%® 3.29b 65.1% 61.9%
R. solani + Bs 41.4° 42.3¢ 8.2b 7.7% 3.602 3.672 68.3 2 64.1 bed
R. solani + Pf 41.1° 405¢ 6.6 7.2 3.61¢2 2.074 62.8°¢ 63.1c
R. solani + Tv 41.7° 42.7°¢ 7.2¢ 6.94 3.09¢ 2.72¢ 67.2% 68.8%

Abbreviations as those stated for Table (4)

Effect on NPK uptake

Data in Table (8) showed significant increases in
nitrogen, phosphorus and potassium uptake of onion that
inoculated with various PGPR strains in presence of F.

solani or R. solani compared with uninoculated one. Also,
non-infested gave higher values of NPK uptake compared
to infested one.

Table 8. Effect of PGPR inoculation on NPK uptake of onion in soil infested with F. solani and R. solani.

Treatments Nitrogen (mg/plant) Phosphorus (mg/plant) Potassium (mg/plant)
S1 S2 S1 S2 St S2
Non-infested soil with F. solani 2750°¢ 35.284d 0.344 0.38¢ 319! 3.53¢
Soil infested with F. solani 1850f 33,024 0.274 0.39¢ 2.079 3.56¢
F. solani + Azoto 150.46 2 151.24 2 1.25b 1.33b 11.75¢ 11.40°¢
F. solani + Bm 120.84 " 150.46 2 1562 2142 14.06 @ 12.31®
F. solani + Bc 101.39¢ 100.46 ¢ 1.24b 1.13¢ 12.71b 12.562
F. solani + Bs 127.91° 132.40° 1.20° 1.23¢ 9.694 11.66
F. solani + Pf 744914 101.23¢ 0.76 ¢ 1.16¢ 8.09°¢ 94214
F. solani + Tv 79.834 99.36 ¢ 0.84¢ 0.954 8.13¢ 10.08 ¢
Non-infested soil with R. solani 32404 2856 f 0.364 0.31f 3.244 2454
Soil infested with R. solani 34.444 2475 0.374 0.30f 2954 2574
R. solani + Azoto 130.142 147.84 2 1.06°¢ 1.19¢ 11.95° 13.092
R. solani + Bm 138.622 138.38°P 1.732 1832 13.362 13502
R. solani + Bc 132.172 108.57 ¢ 156" 148" 13.29@ 12.832
R. solani + Bs 113.04" 114.87 ¢ 148" 150° 13.32@ 13.622
R. solani + Pf 120.21" 64.79 ¢ 1.48b 0.85¢ 13.008 7.31°¢
R. solani + Tv 97.03°¢ 85.68 9 1.11¢ 1.034 1051¢ 9.38P

Abbreviations as those stated for Table (4)

84



J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol 12 (4):April, 2021

Inoculation onion with A. chroococcum, B. subtilis
or B. megaterium scored higher values of nitrogen uptake
of onion compared to other tested PGPR strains.
Additionally, the treatments inoculated with B.
megaterium, B. circulans, or B. subtilis scored higher
values of phosphorus uptake compared to other tested
PGPR strains. Regarding potassium uptake, data revealed
that the inoculation onion with B. circulans or B.
megaterium gave higher values than other tested PGPR
strains in case of infestation with F. solani. While the
inoculation with B. circulans or B. subtilis gave higher
values of potassium uptake in case of infestation with R.
solani. The highest value of N uptake of onion was
recorded with plants inoculated with A. chroococcum,
while the highest value of P uptake was recorded with
plants inoculated with B. megaterium.

According to its role as silicate solubilizer, the
inoculation with B. circulans gave the highest value of K
uptake of onion. The obtained results are in agreement with
Li et al, (2020) who reported that the inoculation with No-
fixing bacteria, phosphate dissolving bacteria and
potassium releasing bacteria scored significantly increases
in N, P and K plant uptake as compared to untreated
treatments. The increment of NPK uptake in inoculated
onion may be due to the enhancement of various PGPR
treatments in increase activity of some soil enzymes (as
shown in Table 6) as well as improve soil nutrition. Similar
results were obtained by Nosheen and Bano (2014) and
Jérvan et al, (2014).

Effect of PGPRs and compost on onion production
under field condition
Effects on microbial enzymes activity

Dehydrogenase activity was determined in the soil
rhizosphere as an indicator for respiration rate and total
microbial activity. However alkaline phosphatase activity
was determined for its importance in the mineralization
process of organic phosphorus compounds into available
phosphorus. While nitrogenase activity was determined as
an indication of symbiotic No-fixers activity. Data
presented in Table (9a, b, and c) showed the effect of
investigated treatments on microbial enzymes activity and
indicated that there are significant increases in DH, N-ase,

and AP activity of green onion rhizosphere in some
inoculated treatments compared to uninoculated one.
Generally, high values of DH and N-ase activity were
recorded ascendingly with treatments that treated with T9
(compost + biofertilizing-PGPR + B. subtilis + P.
fluorescens + T. viride), and T7 (compost + biofertilizing-
PGPR + B. subtilis + T. viride). Respecting AP activity the
high values were recorded with T7 (compost +
biofertilizing-PGPR+ B. subtilis + T. viride) and T8
(compost + biofertilizing-PGPR + P. fluorescens + T.
viride).

The highest value of DH and AP activity was
recorded with (T7) soil treated with compost +
biofertilizing-PGPR + B. subtilis + T. viride at both
seasons. While the highest values of N-ase activity were
recorded with (T9). Moreover, the activity of all
investigated microbial enzymes was increased gradually
until 60 DAT and decrease again and the highest records of
their activity were recorded at 60 DAT.

The increment of microbial enzymes values under
application of PGPR strains are in agreement with those
obtained by (Salazar et al, 2011and Kumar et al, 2013)
who reported that dehydrogenases are used as an indicator
of overall soil microbial activity. Inoculation with PGPR
increasing soil microbial activity. Moreover, higher records
of nitrogenase activity were observed in manured soil that
inoculated with biofertilizer than that treated with compost
only. (Bellenger et al, 2020 and Abdel-Rahman &
Darwesh, 2020), and phosphatase activities were increased
in the rhizosphere after inoculation with PGPR. (Bechtaoui
et al, 2020 and Gupta et al, 2015).

It is important to mention that the three enzymes
activity values were higher at the flowering stage (60
DAT) rather than in another growth stage, it could be
attributed to the beneficial effect of root exudates which
increase during this stage of cultivated plants, on microbial
activities. This result is in harmony with those obtained by
Shams et al, (2013) and Abdel-Rahman et al, (2017) who
found that the densities of microbial enzymes in the
rhizosphere were higher at the flowering stage of lettuce
and tomato plants than other plant growth stages.

Table 9a. Dehydrogenase activity in the rhizosphere of onion affected by application of PGPRs and organic

fertilizer under field conditions.

Dehydrogenase activity (ug TPF.g* dry soil. 2471

Treatments S1 S2
30 60 90 30 60 90

Compost 4349 8.27°¢ 7.12¢ 2.239 12.234 8.71f
Comp+Biofertilizing-PGPR 9.16°¢ 32420 13.77°¢ 7.34¢ 35.68 ¢ 18.60 ¢
Comp+Biofertilizing-PGPR+Bs 9.31¢ 31.00° 10.20¢ 4.01¢ 3381¢ 17.35¢
Comp+Biofertilizing-PGPR+Pf 8.31¢ 30.97° 10.87°¢ 7.75¢ 36.57 ¢ 19.33¢
Comp+Biofertilizing-PGPR+Tv 6.01f 30.16° 20.37° 160" 37.31® 21.91%
Comp+Biofertilizing-PGPR+Bs+Pf 9.38¢ 37.162 21.27° 749¢ 36.79 ® 23.48°
Comp+Biofertilizing-PGPR+Bs+Tv 12012 39.012 27.25% 1182 39492 26462
Comp+Biofertilizing-PGPR+Pf+Tv 7.23° 31.53°P 10.58 ¢ 3.20f 35.67 ¢ 21.35°¢
Comp+Biofertilizing-PGPR+Bs+Pf+Tv 10.60° 38.202 26.66 2 9.64° 39.382 25.852

Comp: compost recommended rate; Biofertilizing-PGPR: Azotobacter chroococcum. megaterium+B. circulans; Bs: B. subtilis; Pf: P. fluorescens;
Tv: T. viride; S1: season one; S2: season two. A column followed by the same letter are not significantly different at P= 0.05 when compared by

Duncan test
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Table 9b. Alkaline phosphatase activity in the rhizosphere of onion affected by application of PGPRs and organic

fertilizer under field conditions.

Alkaline phosphatase activity (ug pNP g* h?)

Treatments S1 S1

30 60 90 DAP 30 60 90 DAP
Compost 12.27¢ 25.83¢ 20.31¢f 11.34% 12.53¢ 10.94¢
Comp+Biofertilizing-PGPR 13.01¢ 32.14¢ 25.40% 11.44% 33.00¢ 16.63¢
Comp+Biofertilizing-PGPR+Bs 12.69¢ 36.73° 22.17% 12.24%¢ 35.988¢ 13.17¢
Comp+Biofertilizing-PGPR+Pf 12.63¢ 28.12¢ 22.92w 10.86¢% 33.76@ 13.60¢
Comp+Biofertilizing-PGPR+Tv 14.50¢ 3757 24,67 12.04 33.72« 16.17°
Comp+Biofertilizing-PGPR+Bs+Pf 12574 39.97° 24.99% 10.25¢ 32.23¢ 16.74b°
Comp+Biofertilizing-PGPR+Bs+Tv 19.112 38.812 26.982 13.212 37.157 18.272
Comp+Biofertilizing-PGPR+Pf+Tv 16.28° 37.86% 24.36™ 12.60% 36.64% 17.95%
Comp+Biofertilizing-PGPR+Bs+Pf+Tv 11.984 32.45° 22.74% 10.49¢% 34.310cd 16.13¢

Abbreviations as those stated for Table (9a)

Table 9c. Nitrogenase activity in the rhizosphere of onion affected by application of PGPRs and organic fertilizer

under field conditions.

Nitrogenase activity (uL C2Hs.g? dry soil.h?)

Treatments S1 S1
30 60 90 DAP 30 60 90 DAP

Compost 52f 118f 6.3f 9.3¢ 8.3f 11.7F
Comp+Biofertilizing-PGPR 8.6°¢ 31.9¢ 23.8¢ 11.8f 53.7¢ 23.6°¢
Comp+Biofertilizing-PGPR+Bs 10.34 4474 38.1° 135f 489¢ 3174
Comp+Biofertilizing-PGPR+Pf 125¢ 55.2b 35.1¢ 25.7¢ 63.849 3790
Comp+Biofertilizing-PGPR+Tv 11.7¢ 49.3°¢ 27.24 275¢ 59.24 348¢
Comp+Biofertilizing-PGPR+Bs+Pf 14.7° 58.4 @ 39.9b 32.8¢ 7747 38.7°
Comp+Biofertilizing-PGPR+Bs+Tv 18.8a 62.42 39.3°b 36.2°P 78.6° 3750
Comp+Biofertilizing-PGPR+Pf+Tv 1390 55.7°b 38.8° 29.74 729¢ 31.84
Comp+Biofertilizing-PGPR+Bs+Pf+Tv 19.12 61.72 4452 41,72 89.72 4382

Abbreviations as those stated for Table (9a)

Effect on total NPK and plant uptake

Data in Table (10) indicated that significant
increases were found in nitrogen, phosphorus and
potassium percentage and uptake of onion that inoculated
with  investigated PGPR strains compared with
uninoculated one. Additionally, high values of NPK
percentage and uptake were shown in onion that inoculated
with T. viride, B. subtilis + T. viride or B. subtilis +P.
fluorescens+Tv (T5, T7and T9). The highest value of NPK
percentage and uptake of onion were recorded with plants
inoculated with compost+biofertilizing-PGPR+ B. subtilis
+ T. viride (T7). While the lowest values for NPK

percentage and uptake of onion plant were recorded with
plants that were treated with compost solely (T1).

The increment of NPK percentage and uptake in
inoculated plants may be due to the positive role of
inoculation with PGPR strains in improving the availability
and absorption of these nutrients. These results are in
agreement with those obtained by Reimer et al, (2020)
who reported that the use of PGPR strains as bio-
inoculants would improve the supply of nutrients in the
soil, decrease the use of artificial fertilizers, reduce
emissions, and encourage sustainable agriculture.

Table 10. Total NPK and plant uptake of onion affected by application of PGPRs and organic fertilizer under field

conditions.
Nitrogen Phosphorus Potassium
Treatments Total (%) Uptake (mg/plant) Total (%0)  Uptake (mg/plant) Total (%) Uptake (mg/plant)
S1 S2 S1 S2 S1 S2 S1 S§S2 S1 s2 Ss1 S2
Compost 32¢ 31 17607 17059 0.3° 04°  1.659 2200 22% 23¢ 12109 12.65°
Comp+Biofertilizing-PGPR 35% 325 3255® 3136° 04° 05° 372 490° 2.9* 2.8 2697° 27.442
Comp+Biofertilizing-PGPR+Bs ~ 3.5® 3.0° 269.5° 24307 03° 05° 231F 4050 27% 278 2079 21.87°
Comp+Biofertilizing-PGPR+Pf ~ 3.5% 3.1° 29409 266.6% 04° 04° 3.36° 3449 27% 260 22685 2236
Comp+Biofertilizing-PGPR+Tv 3.2 3.1° 3040 300.7° 05°® 04° 475>  3.88* 27 24> 2565 23.28°
Comp+BiofertilizingPGPR+Bs+Pf ~ 3.1¢ 3.1° 279.0% 28219 05 04° 450>  3.64% 249 24 2160° 21.84°
Comp+BiofertilizingPGPR+Bs+Tv 3.6 3.5*  345.6* 360.5° 05* 0.6° 5.05° 515* 2.9% 26%® 29290 26.78°
Comp+BiofertilizingPGPR+PHTv 3.1 3.1° 29529 257.3 05* 05°  4.10° 498 2.6 2.6 2132 2158
Comp+Biofertilizing PGPR+Bs+PH+Tv  3.6° 3.2°  313.1* 304.0° 04° 04° 3.84¢ 3.80* 2.8% 2.8 26.88° 26.607

Abbreviations as those stated for Table (9a)

Effects on growth characteristics

Data in Table (11) showed significant increases in
plant height, leaves number and dry weight of onion plant
that inoculated with various PGPR strains compared with
uninoculated one. It is worth mentioning that there are low
significant differences among all inoculate treatments with
PGPR strains. The highest value of all estimated vegetative
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growth characters was recorded with plants treated with
compost + biofertilizing-PGPR + B. subtilis + T. viride
(T7). While, the lowest values for plant height, leave
numbers, dry weight, and vegetable yield of onion plants
were found at the treated plants with compost only(T1).
Regarding vegetative yield of green onion data in
Table (11) indicated that there was a significant increase in
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the plant that inoculated with various PGPR strains in
comparison with those treated with compost only. The high
values vegetative yield of green onion plant recorded with
(T7, T6 and T5) compared to other tested PGPR strains on
both seasons. The highest value of vegetative yield of
green onion plant was recorded with plants inoculated with
compost + biofertilizing-PGPR + B. subtilis + T. viride
(T7). While the lowest values for the vegetative yield of
green onion plant were found at the (T1) treated with

compost only. The obtained results are in agreement with
Abou Zaid et al, (2011) and Abdel-Rahman et al, (2017)
who reported that PGPRs as biofertilizers produce plant
growth promoting substances led to enhancement plant
vegetative growth parameters and support yield
production. Moreover Samayoa et al, (2020) reported that
PGPRs are bheneficial microbes that increase growth and
yield of onion (Allium cepa Linn.).

Table 11. Plant height, Leaf number, Fresh weight and vegetative yield of onion affected by application of PGPRs

and organic fertilizer under field conditions.

Plant height Leaves number  Dry weight Vegetative yield

Treatments (cm/plant) plant* (g/plant) (Ton/fed. )
S1 S2 S1 S2 S1 S2 S1 S2

Compost 41.3% 416¢% 57% 60°¢ 55¢ 55¢ 420° 4.26¢
Comp+Biofertilizing-PGPR 463 46,7 6.4 68b 93P 98® gL«  ggg™
Comp+Biofertilizing-PGPR+Bs 42,20 42 7bcde 5.9¢ g2¢ 7.7 8.1 6.32¢ 6.424
Comp+Biofertilizing-PGPR+Pf 45,0 e 46,2 e 59 61°¢ 849 g6« 691bd 6970
Comp+Biofertilizing-PGPR+Tv 43,9 dbode 44,6 2ed 6.1% 645 95® g7a®  723ac  733ac
Comp+Biofertilizing-PGPR+Bs+Pf 45,8 e 46.4 e 6.3% 6.8P 90 91k 745 752
Comp+Biofertilizing-PGPR+Bs+Tv 46.9° 4722 742 77@ 101® 10.3* 7.62° 7.702
Comp+Biofertilizing-PGPR+Pf+Tv 42.4 bede 42,6 o 67° 60°¢ 82 8.3¢ 6.61 % 6.63 ¢
Comp+Biofertilizing-PGPR+Bs+Pf+Tv 44,8 @ 45,] aed 62 64 96® 95" 693 694«
Abbreviations as those stated for Table (9a)
Effects on defense enzymes activity in onion. CONCLUSION

Data in Table (12) showed significant differences in
peroxidase and polyphenoloxidase activity between a plant
that inoculated with various PGPR strains and
uninoculated plants. Moreover, the values of peroxidase
and polyphenoloxidase activity of the green onion plants
were higher in treatments (T9, T8 and T4) than other
inoculated ones. The highest value of peroxidase and
polyphenoloxidase activity of green onion plant were
recorded with plants inoculated with
compost+biofertilizing-PGPR+ B. subtilis + P. fluorescens
+ T. viride (T9). While the lowest values for peroxidase
and polyphenoloxidase activity of green onion plant were
found at plants treated with compost only (T1).

Similar results of the positive effect of inoculation
with PGPR strains on peroxidase and polyphenoloxidase
production were found by Gailite et al, (2005) who
reported that the content of both peroxidase and
polyphenoloxidase increased after the treatment with plant
growth-promoting bacteria or fungi.

Table 12. Peroxidase and polyphenoloxidase activity of
onion affected by application of PGPRs

and organic fertilizer under field
conditions.
Peroxidase Polyphenoloxidase

Treatments S1_ S2 S1 S2
Compost 0629 064¢ 011 0119
Comp-+Biofertilizing-PGPR 072b 070% 012% 043¢
Comp+BiofertilizingPGPR+Bs ~ 073° 0745  014% 014
Comp-+Biofertilizing-PGPR+Pf 0832 080® 015° 0.19°?
Comp+BiofertilizingPGPR+Tv ~ 064% 069 0067  015°
Comp+BiofertilizingPGPR+Bs+Pf  0.70° 069 0139 (14
Comp+BiofertilizingPGPR+Bs+Tv 069% 068% 012% (14
Comp+BiofertilizingPGPR+PHTv 073° 075% 014% 015°
Comp+Biofertlizing- 0862 0842 018% 0192

PGPR+Bs+Pf+Tv
Abbreviations as those stated for Table (9a)

87

From data of current study, it could be concluded
that using all PGPR strains suppressed F. solani and R.
solani. The inhibition zone increased by increasing
incubation time. Under greenhouse condition, onion
inoculation with various PGPR strains reduced disease
severity and disease incidence of F. solani and R. solani.
Also, the application with PGPR had a positive effect on
plant defense enzymes, nutrients uptake and growth
parameters. The application of tested PGPR strains with
compost were used for green onion production in the open
field under the organic agriculture system. During the
experiment the microbial enzymes activity, total NPK and
plant uptake, defense enzymes activity, growth
characteristics and vegetative yield were estimated.
Obtained data showed that onion treated with compost
combined with biofertilizing-PGPR, B. subtilis and T.
viride (T7) gave the highest values of all estimated
parameters. So, it can be recommended as integrated
fertilizing program to promote plant growth, increase crop
production, decrease production costs.
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