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Abstract

Background: Soft rot disease caused by Pectobacterium carotovorum was observed in various crops which lead to
yield shortages and economic losses.

Main body: Therefore, both in vitro and in vivo experiments, aim to assess the effect of nanoparticles and
biological treatments to control soft rot disease in sugar beet plant. The treatments comprised three silver
nanoparticles (Ag NPs) concentrations (50, 75, and 100 ppm), three Spirulina platensis extract concentrations (50, 75,
and 100%), and Bacillus subtilis (1 x 10° CFU ml) 100%. Under in vitro condation, results of the antibacterial activity
showed that the zones of inhibition recorded 4.33 cm for 100 ppm Ag NPs, 043 cm for 100% algal extract, and 0.2
cm for bacterial treatments. Also, disease incidence % of bacterial soft rot was significantly decreased in all
treatments in pot and field experiments. For resistant enzymes activity, B. subtilis 100% showed the most effect (84
mg min~"), followed by S. platensis extract 75%, (57 mg min~"), and Ag NPs 75 ppm (44 mg min™"), for poly phenol
oxidase (PPO) at 81 days after sowing (DAS), but at 102 DAS revealed opposite results. On the contrary, peroxidase
(PO) at 81 DAS showed different effects where treatment with S. platensis extract 100% increased it significantly
(0.546 mg min~") compared to control (0.535 mg min~"). The same trend was observed at 102 DAS. These results

Bacillus subtilis

were reflected on sugar quality where Ag NPs 100 ppm treatment recorded the highest significant value (20.5%)
followed by S. platensis 75% (19 %); however, the differences among them were not statistically significant.

Conclusion: This study indicated that the potential benefits of using silver nanoparticles and two biological
treatments to control soft rot disease in sugar beet (Beta vulgaris L).
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Background

Sugar beet (Beta vulgaris L.) is one of the world’s two
major sugar crops (Bastas and Kaya 2019). It is an herb-
aceous dicotyledonous plant belonging to the family Che-
nopodiaceae. In the north of Egypt, soft rot disease was
observed which causes serious losses in sugar beet yield.
The causal bacterial of vascular necrosis and rot diseases
in storage roots of sugar beet was discovered in 1972 by
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Thomson and Schroth 1972. The crop is attacked by dif-
ferent strains of bacteria causing soft rot as Erwinia caro-
tovora subsp. carotovora (Ecc), E. carotovora subsp.
betavasculorum (Ecb), and recently Burkholderia cepacia
(Abdalla et al. 2019), though Pectobacterium carotovorum
subsp. betavasculorum is the main causal agent of sugar
beet soft rot (Metzger 2018). Presently, P. betavasculorum
(Thomson) Gardan (syns. P. carotovorum subsp. betavas-
culorum (Thomson) Hauben and E. carotovora subsp.
betavasculorum Thomson were the causal pathogens of
soft rot disease in sugar beet (Bull et al. 2010; Harveson
et al. 2009).
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Species of P. carotovora are generally the cause of soft
rot symptoms in some horticultural crops causing phys-
ical, physiology, and chemistry changes that causes se-
vere damage in quality and sugar yield (Schaad 2001).

Over use of fertilizers and accumulation of pesticides
are the most important problems of modern agriculture.
This possesses a serious threat to food security of hu-
man on this planet. In order to control that, nano-
agrochemicals were required in modern agriculture
(Sekhon 2014; Campos et al. 2015; Pulimi and Subrama-
nian 2016). The use of nanomaterials in agro-production
has several dimensions including the sustainable agro-
production, the agro-environmental sustainability, the
enhancement of agro-productivity, and the management
of agro-wastes. Without these previous dimensions, it is
very difficult to reach to the global security in all direc-
tions including food, soil, water, and environment secur-
ities. The role of nanoparticle was reported by several
investigators around their characterizations, effects, for-
mulations, and their applications in management of
plant diseases (Al-Samarrai 2012; Alvarez et al. 2016;
Dubey and Mailapalli 2016; Pandey et al. 2016). Silver
nanoparticles as a pesticide have a great attention for
agricultural use (Bhattacharyya et al. 2016). Nanoparti-
cles were considered carefully in several agro-
environmental studies including the interactions among
nanoparticles under soil-plant systems (Wu et al. 2016;
Tripathi et al. 2017; Zhang et al. 2017). The impact of
nanoparticles application on microbial community in
soils was studied (Simonin and Richaume 2015; Read
et al. 2016; Samarajeewa et al. 2017). The applied nano-
particles to cultivated crops may cause various physio-
logical and biochemical changes depending on the
properties of these nanoparticles, their concentration,
and they vary from plant to plant as well as different soil
properties (Tripathi et al. 2017). Some studies suggested
that metallic silver nanoparticles (AgNPs) increased the
root length in maize and cabbage plants in comparison
with AgNO; (Pokhrel and Dubey 2013). Nanoparticles
(NPs) can be used to directly suppress pathogen infec-
tion, leading to an increase in crop growth and yield;
NPs also were required as plant micronutrients, raising
the potential for additional improved growth through
nutritional benefits. Particles such as Ag, ZnO, Mg, Si,
and TiO2 likely suppress crop diseases directly, through
antimicrobial activity (Ram Prasad and Suranjit 2014).
Recently, algae are one of the chief biological agents that
have been studied for the control of plant pathogenic
fungi, particularly soil-borne diseases (Hewedy et al.
2000). Cyanobacteria and eukaryote algae occur in fresh-
water, marine, and terrestrial habitats, and they produce
biologically active compounds that have antifungal activ-
ity against plant pathogens. Actually, these microorgan-
isms comprise most of the world’s biomass. Blue-green

Page 2 of 12

algal compounds have the efficiency against the develop-
ment of each pathogenic or antagonistic microorganisms
as well as their effect on the antagonistic ability of bio-
agents under in vitro conditions (EI-Mougy and Abdel-
Kader 2013). Several Bacillus species have proved to be
effective against a broad range of plant pathogens. They
have been reported as plant growth promoter, systemic
induced resistance, and used for production of a broad
range of antimicrobial compounds (lipopeptides, antibi-
otics, and enzymes) and competitors for growth factors
(space and nutrients) with other pathogenic microorgan-
isms through colonization (Shafi et al. 2017). The earlier
research reported that different plant pathogenic dis-
eases can be suppressed by natural antagonistic microor-
ganisms (Cook et al. 2002). The effect of Bacillus subtilis
as antimicrobial agents for the plant pathogen, Erwinia
carotovora, was studied as highly agent against many
fungal pathogens. Bacillus species have become attract-
ive biological control agents due to their ability to pro-
duce hard, resistant endospores and antibiotics which
control a broad range of plant pathogens (Cavaglieri
et al. 2005; Deng et al. 2011). Biological control agent B.
subtilis (10° cfu/ml) has potential in inhibiting the
growth of pathogenic E. carotovora by showing the clear
zones (Istigomah and Toyibah 2013). The objective of
the present study was to the possible use of silver nano-
particles, Spirulina platensis and B. subtilis, to evaluate
their efficacy against sugar beet soft rot caused by P. car-
otovora, as a possible new trend for disease control.

Material and methods

Plant materials

The present study was carried out under field conditions
of Maize and Sugar Crops Disease Department, at Sakha
Agricultural Research Station, Kafrelsheikh, Egypt, dur-
ing two growing seasons 2017/2018 and 2018/2019.
Greenhouse and laboratory experiments were carried
out in Maize and Sugar Crops Disease Department.
Sugar beet (Beta vulgaris L., Chenopodiaceae) cultivar
Oscar-poly, as a susceptible cultivar to root soft rot dis-
ease was the target of the evaluation by silver nanoparti-
cles (Ag NpS), Algal culture extracts and B. subtilis were
used against bacterial root soft rot disease on sugar beet.
The cultivar used in this study was obtained from the
Sugar Crops Research Institute, Agricultural Research
Center, Giza, Egypt.

Used chemical and microbial materials

Silver nanoparticles (50, 75, and 100 ppm); algal culture
extracts (100%, 75%, and 50%), and B. subtilis 100% were
tested against P. carotovorum. Check plants were treated
with sterilized water only and kept as a control.
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Isolation of the casual bacterium

Causal bacterium was isolated from diseased sugar beet
roots with visible symptoms of soft rot. Infected root
samples were surfaces disinfected with 5% sodium hypo-
chlorite, then washed at three successive times in steril-
ized water. A small piece of tissue removed from
margins of the necrotic vascular bundles was macerated
and suspended in 5 ml sterile water, allowed to settle for
5 min before serial dilution. A loop of resulting suspen-
sion (from dilution 10%) was streaked on the solidified
dry plates of nutrient agar (NA) medium. The plates
were incubated at 28 °C for 24 h (Difco manual 1953).

Identification of the bacterial isolates

Identification of the isolated bacterium as Erwinia was
performed according to their morphological and cultural
characteristics by the procedures as described by Garrity
et al. (2004). A series of physiological and biochemical
tests were performed following standard methods for
characterization of selected soft rot bacteria, i.e., anaer-
obic growth, yellow colonies on YDC and NA media,
fluorescent pigments on KB medium, growth at 37 °C,
reducing substances from sucrose, sensitivity to erythro-
mycin, indole production, acid production from (lactose,
inulin, cellobiose, glycerol, and starch) oxidase test, ure-
ase activity, and utilization of sucrose, maltose, Dtartrate,
and arginine. The common genera were subjected to
further tests to identify their species according to Schaad
(2001); Sotokawa and Takikawa (2004). Pure colonies
were maintained in 70% glycerol solution and stored at
- 20 °C.

Biosynthesis of silver nanoparticles

According to the methods used by Rabie et al. (2013),
isolation and identification of Fusarium oxysporum, bio-
mass preparation, biosynthesis of AgNPs, and
characterization of AgNPs were performed as follows.

Isolation and identification of Fusarium oxysporum as
fungal culture

One isolate of F. oxysporum isolated from wilted tomato
plants was made on potato dextrose agar (PDA) The
morphological characteristics were determined by
microscopic methods. Isolates were selected, purified,
maintained on PDA slant, and stored at 4 °C until fur-
ther use.

Biomass preparation

To prepare fungal biomass for biosynthesis of AgNPs,
two fungal discs, 4 mm each, cut from F. oxysporum cul-
ture were inoculated into Malt extract, Glucose, Yeast
extract, and Peptone broth medium (MGYP) and incu-
bated at 28 °C on a rotary shaker (120 rpm) for 96 h.
The growth was harvested by filtration through filter
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paper (Whatman no. 1) and then washed with sterile
distilled water to remove any remains of the medium. A
25-g fungal biomass (wet weight) was placed in individ-
ual flasks containing 100 ml sterile distilled water. The
flasks were incubated under the conditions described
above for 24 h. Finally, the biomass was filtered and the
crude culture filtrate was obtained.

Biosynthesis of AgNPs

AgNPs were synthesized using 50 ml cell filtrate mixed
with 10 ml AgNO3 solution (mmol/l) in a 250-ml Erlen-
meyer flask, incubated at 28 °C on a rotary shaker (120
rpm) in darkness for 24 h. A flask devoided silver ions
was used as control. After incubation, AgNPs were con-
centrated by centrifugation of the reaction mixture at
10,000 rpm for 10 min twice and then collected.

Characterization of AgNPs

UV-vis absorbance spectroscopic analysis

The bioreduction of silver nitrate (AgNO3) to AgNPs
was monitored periodically by UV—-vis spectroscopy (Jas-
coV630made in Europe) after the dilution of the samples
with deionized water. A UV-vis spectrograph of the sil-
ver and nanoparticles was recorded by using a quartz
cuvette with water as reference. The UV—-vis spectromet-
ric readings were recorded at a scanning speed of 200—
800 nm.

Transmittance electron microscope (TEM) analysis of
AgNPs

The suspension containing AgNPs was sampled for
TEM analysis using JEOL model 1230 operated at 100
kV connected with CD camera, Japan electron micro-
scope. TEM samples were prepared by placing a drop of
the suspension of AgNPs solutions on carbon-coated
copper grids and allowed to dry for 4 min. The shape
and size of AgNPs were determined from TEM micro-
graphs (Rabie et al. 2013).

Preparation of algal culture

Inoculated 2 ml of S. platensis was obtained from Soil,
Water and Environmental Research Institute, Agricul-
tural Research Center (A.R.C), Egypt, which is previously
maintained in Zarrouk’s liquid medium in conical flask
of 250 ml having 50 ml of Zarrouk media (Zarrouk
1966). Growth of the culture was done in an illuminated
(5Klux) growth room at 30 + 2 °C under 12/12 h light/
dark cycles. Manual shaking of cultures was done 3-4
times daily (Pandey et al. 2010). After 20 days, the bio-
mass from the cultural medium was separated by centri-
fugation (40 min, 800g, 10 °C), filtration of culture media
by filter paper Whatman No.1, and then using the fil-
trate output as treatment after sterilization. The ex-
tracted  compounds  were detected by gas
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chromatography mass-spectrum (GC-MS) for making
qualitative and quantitative analysis

Preparation of antagonistic bacterium

Antagonistic bacterium obtained from the Culture Col-
lection Unit of Plant Pathology Department, National
Research Centre, Egypt, was used in the present work.

B. subtilis was cultured in nutrient broth medium
(peptone 5.0 g/l; beef extract 3.0 g/l; NaCl 5.0 g/l; dis-
tilled water 1000 ml; pH 6.8—7.2) until having a concen-
tration of 10° cfu/ml (Anonymous 1957).

Sterilization of treatments of antagonistic bacterial and
algal culture

All biological treatments were sterilized by exposure to
the vapor of chloroform by putting every 3 small bottles
(20 ml sized) on conical flask (250 ml) having 25 ml of
chloroform, then closed with parafilm for 5 days to kill
all cells of any microorganisms according to the tech-
nique supplied by Vidaver-Anne et al. (1972) and
adapted by EL-Bakery (2010) as shown in Fig. 1.

Agar well-diffusion assay

Antibacterial potency of synthesized AgNPs (50, 75, and
100 ppm), algae culture extracts (100%, 75%, and 50%),
and B. subtilis (100%) for inhibiting growth of P. caroto-
vorum subsp. betavasculorum and syn. E. carotovora was
tested in vitro on (beef extract 3 g\l, peptone 5 g\l, yeast
5 g\l, glucose 5 g\l, agar 15 g\l, pH 7.2) medium using
the agar well-diffusion assay according to Bakht et al.
(2011). Three replicates were incubated at 28 + 2 'C for
3 days followed by the determination of the clear zones
width.

Greenhouse experiment
The seeds of sugar beet cultivar Oscar-poly were sown
in pots (35 cm in diameter) containing sterilized soil.

Fig. 1 Sterilization of bacteria and algae supernatant by vapor
of chloroform
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Three individual seeds were sown in each pot pattern, 2-
cm deep, watered, and transferred to a greenhouse at 29
°C and a 12-h light/dark cycle for optimum plant
growth. All agriculture practices (irrigation, thinning,
and fertilization) were done as recommended. Two-
month-old sugar beet seedlings were inoculated by
inserting a small amount of bacterial cell (109 cfu/ml)
into the petioles using a sterile toothpick (Thomson and
Schroth 1977). Then, plants were placed in clear poly-
ethylene bag in a growth room for 48 h at 28 °C, then
un-bagged. Control plants were treated with sterilized
distilled water. Ten plants were inoculated with patho-
genic isolate. Silver nanoparticles (100, 75, and 50 ppm),
algal culture extracts (100%, 75%, and 50%), and B. sub-
tilis (100%) were sprayed two times with 2 weeks inter-
val after 1 week after inoculation with pathogenic
bacteria. After 30 days of the last spray, according to the
methods of Metzger (2018), plants were examined visu-
ally and rated for the presence of foliar, crown, and root
symptoms of bacterial soft rot and percentages of disease
incidence were calculated.

Field experiments

This study was carried out at the research experiment
farm at Sakha Agriculture Research Station during 2017/
2018 and 2018/2019 growing seasons using sugar beet
cultivar Oscar-poly imported from Maribo Seed-
Denmark. Eight treatments in including untreated plots
(control) were prepared. The treatments were three con-
centrations of AgNPs (50, 75, and 100 ppm), algal cul-
ture extracts (50, 75, and 100%), and B. subtilis 100%.
All treatments were sprayed twice; the first one was after
60 days from sowing when the first sign of disease was
appeared, followed by the second one after 21 days (81
days from sowing). Samples for the chemical studies
were taken at the end of the first application and the
second one at harvest. Concerning the disease incidence,
records were made at harvest stage. Nitrogen fertilizer
was added as urea (46.5% N) in two equal rates, one
after thinning and 1 month later were applied at the
level of 15 kg N/fed. Phosphorus fertilizer in form of cal-
cium superphosphate (15.5% P,Os5) was applied at the
level of 31 kg P,Os/fed during soil preparation, whereas
potassium fertilizer in form of potassium sulfate (48%
K,0) was added at the level of 48 kg K,O/fed, once with
the 1st nitrogen application.

Chemical studies
Enzymes activity
The activities of peroxidase (PO) and poly phenol oxi-
dase (PPO) enzymes were determined. PO activity was
measured using guaiacol/H,O, as substrate according to
Lobarzewski (1990) by spectrophotometer. PPO activity
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was determined using catechol as substrate according to
Mariey et al. (2016) by spectrophotometer.

Chemical components of roots

Juice analysis was made in El-Fayuom Sugar Factory La-
boratory. Corrected sugar content (white sugar) was cal-
culated by linking the beet non-sugar K, Na, and a-
amino N (expressed as a mill equivalent/100 g of beet)
according to Harvey and Dutton (1993). The method is
currently used by the factory.

Juice purity % (Qz) = ZB/Pol x 100
ZB = pol - [0.343(K + Na) + 0.094 AmN + 0.29]

Where ZB = corrected sugar content (% per beet) or
extractable white sugar

Pol = gross sugar % AmN = a-amino-N determined by
the “blue number method.”

Juice impurities

Potassium, sodium, and a-amino nitrogen in meq/100 g
of beet) in roots were determined by means of an Auto-
matic Sugar Polarimetric.

Statistical analysis

The data were subjected to one-way analysis of variance
(ANOVA) as illustrated by Gomez and Gomez (1984).
Duncan multiple test was applied to compare among
treatment means at 0.05 probability level.

Results and discussion

Biosynthesis of silver nanoparticles

F. oxysporum was isolated from tomato plants with typ-
ical wilt symptoms. This fungus was identified based on
the morphological and microscopic characteristics. This
culture was preserved in PDA (potato dextrose agar)
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medium and transferred to MGYP (maltose-glucose-
yeast-peptone) medium for the synthesis of silver nano-
particles. Aqueous silver nitrate ions were reduced dur-
ing exposure to the F. oxysporum cell filtrate. The color
of the reaction mixture changed from pale yellow to
yellowish brown as shown in Fig. 2a, which indicated the
formation of silver nanoparticles. A color appeared upon
addition of AgNOj; solution to the cell-free extract of F.
oxysporum is due to the surface plasma resonance of the
synthesized AgNPs as pointed previously by Abdel-Aziz
et al. (2014).

Characterization of AgNPs

UV-vis absorbance spectroscopic analysis
Spectrophotometric study revealed that the maximum
UV-vis absorbance of the biosynthesized AgNPs was ~
430 nm (Fig. 2b). Previous reports indicated that the
UV-vis absorbance of AgNPs may be different with the
microorganisms used, and the recorded values were in
the range of 410-460 nm (Darroudi et al. 2011).

Transmission electron microscopic (TEM) analysis of AgNPs

TEM analysis revealed the production of spherical and
oval AgNPs with a particle about 16 to 27 nm (Fig. 2c).
AgNPs do not adhere to each other indicating their sta-
bility by protein capping. Transmission electron micros-
copy (TEM) is considered a high-resolution tool that
gives actual information concerning particle size and
shape (Sathishkumar et al. 2009). Recent TEM has the
ability to image atoms directly in specimens at resolu-
tions about 1 A°, smaller than inter-atomic space. This
technique is very necessary for characterizing materials
at a length scale from atoms to hundred nanometers. All
AgNPs have a spherical and oval form and diameters
about 16 to 27 nm. The present data are in agreement
with spherical and oval forms of prepared AgNPs highly

a b

Fig.2 a Conical flasks containing cell-free extract in aqueous solution of 10> M of AgNo3 for F. oxysporum and the beginning of the reaction (left
flask) and after 72 h of reaction (right flask). Formation of AgNPs is detected by color change observation of reaction medium from colorless to
yellowness or dark brown. b UV-vis absorbance spectroscopic analysis of the AgNps. ¢ Transmission electron microscopic analysis of the AgNPs
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agreed with the fact given by Rabie et al. (2013). This
confirms that surface plasmon peak around 420 nm in-
dicate that the AgNPs have spherical form.

Determination compound(s) biosynthesis by Spirulina
platensis on gas chromatography-mass spectrum (GC-MS)
A total of 19 compounds were identified in algal extract.
The results in Table 1 and Fig. 3 revealed that the major
compounds which extracted from S. platensis were
(crown-4-ether, malonic acid, and cis-vaccenic acid). Their
peaks appeared at 6.722, 3.69, and 16.86 min of retention
time, respectively. For absolute quantification, the
amounts of endogenous compounds can be calculated
from their peak areas and the labeled internal standard.
Crown-4-ether had maximum peak area; thus, the highest
concentration among the compounds extracted from S.
platensis was 18.85% and malonic acid was ranked in the
second order. This had 18.53% of peak area. In the 3rd
order, cis-vaccenic acid showed 14.54% peak area.

Causal bacteria

Causal bacterium was isolated from diseased sugar beet
roots with soft rot disease and was identified as P.
carotovorum.

Laboratory experiments

In this experiment, the basal medium was nutrient agar
medium, making seeded medium in order to grow Pecto-
bacterium. F. oxysporum fungus has been explored as
potential bio factor for synthesis of metallic nanoparti-
cles through the reduction of silver fraction. Zarrouk
medium was used for growing S. platensis, and nutrient
medium was used for B. subtilis.

The results in Table 2 and Fig. 4 revealed that the Ag
Nps had maximum effect compared to other treatments.
While Spirulina and Bacillus had looting influence on
growth rate of the pathogen, they decreased the growth
of Pectobacterium as shown in Figs. 5 and 6. Meanwhile,
not all Ag Nps concentrations had the same effect on
growth rate of experimental microorganisms. The 50
ppm of silver nanoparticles showed the lowest growth
rate (0.33 cm clear zone), and higher concentrations of
Ag Nps at 100 and 75 ppm showed pronounced effect
on its growth rate that decreased the growth of Pecto-
bacterium to 4.33 and 2.66 cm as clear zones,

Table 1 Compound(s) biosynthesis by Spirulina platensis on gas
chromatography-mass spectrum (GC-MS)

Compound name  Compound class RTmin  Area sum %
Crown-4-ether Volatile compounds 6.722 18.85
Malonic acid Organic acid 369 18.53
Cis-vaccenic acid (omega 7 fatty acid) 16.86 14.54

Page 6 of 12

respectively. The findings coincided with disease inci-
dence and efficiency percentage mentioned in Table 2.

The results of this investigation revealed that AgNps
inhibited the growth of experimental pathogen and the
inhibition of growth was different according to concen-
tration of treatment. These results were in consistent
with Zhang et al. (2017) who reported the activity of col-
loid nanosilver against wide range of microorganisms.
The mechanism behind the antimicrobial activity of
nanosilver particles is basically due to interaction with
sulfur containing proteins in bacterial cell wall as well as
with phosphorus containing compounds like DNA and
finally cell lyses and death occurred.

The results in the present investigation were in accord-
ance with those on NPs that can be used to directly sup-
press pathogen infection, leading to an increase in crop
growth and yield. NPs also were required as plant micro-
nutrients, raising the potential for additional growth
through nutritional benefits. Particles such as Ag, ZnO,
Mg, Si, and TiO, likely suppressed crop diseases directly,
through antimicrobial activity (Ram Prasad and Suranjit
2014). Esteban-Tejeda et al. (2009), Park et al. (2006), and
Jo et al. (2009) reported that fungi and gram-positive and
gram-negative bacteria were affected by nanoparticles.
Also, Escherichia coli and Staphylococcus aureus were af-
fected as reported by Priebe et al. (2017).

Pots and field experiments

Data in Table 3 showed the relative efficacy and disease
severity of tested plants against bacterial root soft rot in
sugar beet in pots and field conditions. Disease incidence
% of bacterial root soft rot was significantly decreased at
all tested treatments relative to control two experiments.
The Ag Nps 100 ppm and Spirulina 100% were the most
effective ones against bacterial root soft rot in both pots
and field experiments followed by 75 ppm and 50 ppm as
well as Spirulina. Seventy-five percent and 50% and B.
subtilis 100% treatment showed the least efficacy. The dis-
ease incidence of nano 100 ppm that gave the best results
in pots experiment was 7.59% and its efficiency was
91.72%. This result agreed with those of the field experi-
ments of first and second seasons where the value of dis-
ease incidence % were 1.67% and 2.27 and the efficiency %
were 94.11 and 92.56, respectively, and disease incidence
with B. subtilis was 83.34 and its efficiency% was 9.10 in
pot experiments, but in field experiments in both seasons,
the results were relatively high comparing to pot experi-
ments, as the value of disease incidence % were 10.00 and
10.60 and for efficiency % were 64.71 and 65.25 for first
and second field experiments, respectively.

Silver NPs play a potent inhibitory role to manage mi-
croorganisms and phyto-pathogens management. Al-
though the mechanism of NP Ag toxicity is not fully
characterized, the antimicrobial activity seemed to be
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Fig. 3 Compounds concentration peak areas which were extracted from Spirulina platensis
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driven by releasing Ag" ions, with some additional effects
mediated through the elemental NPs themselves. For ex-
ample, it is known that Ag" ions bind to cysteine-
containing proteins on plasma membranes, causing both
physiological and biochemical damage that compromise
membrane integrity. Subsequent penetration of Ag into
the cytoplasm causes the inactivation of critical enzyme
systems and cell death (Ocsoy et al. 2013). The effect of
AgNPs was showed on pathogenic fungi caused disease in
ryegrass (Lolium perenne) and caused a 50% reduction in
colony formation (Jo et al. 2009).

Silver NPs inhibited the activity of Colletotrichum spp.
(anthracnose pathogen) in field trials (Lamsal et al
2011). Both the mentioned later papers indicated that
the Ag NPs have damaged and penetrated the cell mem-
brane, subsequently reduce and decreased infection. Jo
et al. (2009) and Lamsal et al. (2011) also have reported,
on the prophylactic application of Ag NPs (4—8 nm), en-
hanced disease suppression, suggesting an alternative
mechanism for induction of resistance mechanisms.

Table 2 Effect of Ag Nps ppm, Spirulina %, and Bacillus sp. on
the growth rate culture of Pectobacterium carotovora

Treatments Growth rate
Ag Nps 50 ppm 033 cd

Ag Nps 75 ppm 266 b

Ag Nps 100 ppm 433 a

Sp 50% 013 f

Sp 75% 0.27 de

Sp 100% 043 ¢

Bs 100% 0.2 ef
Control (distilled water) 0g

Sp Spirulina platensis, Bs Bacillus subitilis
In a column means followed by a common letter are not significantly different
at 1% level by DMRT

A number of cyanobacteria and eukaryote algae is par-
ticularly macro-algae, known to produce an array of bio-
logically active compounds and can be grown in
quantitatively in mass culture. They are suitable candi-
dates for exploitation as bio-control agents of plant
pathogenic bacteria and fungi (Papavizas and Lumsden
1980; Abdel-Kader 1997 and Kulik 1995).

Although the cyanobacteria are mostly photoautotro-
phic, some are facultative heterotrophs, capable of grow-
ing on certain substrates in darkness. Also, some are non-
phototrophic and hence, are obligate heterotrophs. Much
additional work remains to be done, however, to evaluate
thoroughly the role cyanobacteria and algae and their
products in environment (Kulik 1995). Moreover, Cyano-
bacteria were considered chief biological agents that have
been studied for the control of plant pathogens, particu-
larly soil borne fungi (Abdel-Kader 1997). This is mainly
due to production of various biologically active com-
pounds; those could operate in biological control of plant
pathogens (Kulik 1995). These biologically active com-
pounds include antibiotics and toxins (De Caire et al.
1990; Bonjouklian et al. 1991; Carmichael 1992; Frank-
mOlle et al. 1992a, b; Kiviranta et al. 2006). De Caire et al.
(1990) reported that an extra-cellular product from N.
muscorum is promising as a biological control of soybean
seedlings damping off. N. muscorum has the ability to fix
atmospheric nitrogen; this is making them good candi-
dates for environments with low nitrogen content. Also,
Anabaena flos-aquae is filamentous cyanobacterium that
is known for their nitrogen-fixing abilities, and it forms
symbiotic relationships with certain plants, such as the
mosquito fern Spirulina platensis which is a filamentous,
undifferentiated, non-toxigenic cyanobacterium that has
been used as food since ancient times. It possesses other
biological functions such as antiviral, antibacterial, anti-
fungal, and antiparasite activities (Khan et al. 2005).
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The relationship between antagonistic microbes and
plant pathogens may be complex. It may involve the pro-
duction of antidisease chemicals, competition for space,
and other necessities or triggering the host defensive
mechanism and predation. Bacillus species have a unique
ability to replicate rapidly, resistant to adverse environ-
mental conditions, and they have broad spectrum of bio-
control ability. Volatile compounds produced by B. subtilis
also play an important role in plant growth promotion
and activation of plant defense mechanism by triggering
the induced systemic resistance (ISR) in plants (Compant
et al. 2005). The US Food and Drug Administration (US
FDA) declared B. subtilis as GRAS (generally recognized
as safe) microorganism for its use in food processing in-
dustries (Denner and Gillanders 1996).

B. subtilis is known to be biological control agent for
the plant pathogen P. carotovora subsp. Carotovora.
Many Bacillus species have proved to be effective against
a broad range of plant pathogens (Bacon et al. 2001;
Cook et al. 2002; Deng et al. 2011; Shafi et al. 2017 and
Istigomah and Toyibah (2013).

Effect on endogenous enzymes

Figure 5 shows that the induction of polyphenol oxidase
(PPO) in the first application date after 81 days was sig-
nificantly increased with all applied treatments com-
pared to control (13 mg/min). B. subtilis 100% showed
the most effect (84 mg/min), followed by Spirulina 75%,
(57 mg/min), Spirulina 100% (48 mg/min), and Ag Nps
75 ppm and 44 mg/min though there were non-
significant differences among them. Ag Nps 100 ppm re-
corded 37 mg/min followed by Ag Nps 50 ppm (22 mg/
min). S. platensis 50% produced the lowest significant ef-
fect in comparison to all treatments including control (2
mg/min). Concerning the second date of application,
102 days, the PPO activity expressed an opposite effect.
Ag Nps 50 ppm showed the highest significant enzyme
activity (96 mg/min). Meanwhile, the control treatment
surpassed all treatments in a significant manner; the
other treatments showed different significant effects. In
the same manner, there were no significant differences
among Ag Nps 75 ppm, Spirulina 50%, Spirulina 100%,
and B. subtilis 100%. The same trend may be observed
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ppm, T4 = Spirulina 50%, T5 = Spirulina 75%, T6 = Spirulina 100% and T7 = Bacillus subtilis%
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at the second season. Bacillus 100% (84.17 mg/min),
Spirulina 75% (55.0mg/min), Ag Nps 75 ppm (42.5 mg/
min), and Ag 100 Nps ppm (35.5 mg/min) recorded a
significant increment concerning PPO activity at 81 days
after sowing compared to control (11.5 mg/min). That
increment was followed by a significant decrement in
the enzyme activity at 102 days after sowing. This find-
ing was true for all experimented treatments except Ag
Nps 50 ppm that highly showed increase in enzyme ac-
tivity over the control and recorded 89.33 mg/min ver-
sus 56.5 mg/min for the control. Meanwhile, Spirulina
75% recorded 10.5 mg/min, Ag Nps 100 ppm 18.5 mg/
min, and Bacillus 100% 23.5 mg/min. The differences
among them were significant.

On the contrary, the peroxidase (PO) activity during
first application date showed different effects (Fig. 6).
All treatments attained a significant decrement com-
pared to control (0.535 mg/min) except treatment
with Spirulina 100% increased significantly (0.546 mg/
min). The values of peroxidase activity may be ar-
ranged in an ascending order as follows: S. platensis
50% (0.106 mg/min), Ag Nps 50 ppm (0.206 mg/
min), Algae 75% (0.275 mg/min), Ag Nps 75 ppm
(0.422 mg/min), Ag Nps 100 ppm (0.425 mg/min), and

B. subtilis and control (0.535 mg/min). As for the second
application date, the control recorded the highest signifi-
cant value as 0.743 mg/min, Ag Nps 50 ppm was in the
second rank in a significant pattern (0.615 mg/min),
followed by S. platensis 75% and 100% (0.553 and 0.520
mg/min), respectively; although, no significant differences
were found among them. The same observations were ob-
tained with Ag Nps 75%, Ag Nps 100 ppm, and Spirulina
50% as there were no statistical differences among them.
Again, no significant differences recorded between Ag
Nps 100 ppm and B. subtilis.

PPO is associated with the plant oxidation of plant
phenolic compounds that may give the plant an add-
itional resistance to pathogen invasion by providing in-
creased contents of oxidized quinone and their
derivatives that delay pathogen progress (Tyagi et al
2000). Furthermore, Srivastava (1987) mentioned that at
the early stages of the infection (on 6th day), resistant
plants showed higher activities compared to their sus-
ceptible counterparts. Very low activity of these enzymes
could be recorded in healthy plants. Findings of this
study indicated the possible involvement of these oxida-
tive enzymes in the resistance of this disease. More stud-
ies emphasized that the increase in activity of defense-

Table 3 Efficiency of the tested treatments against bacterial root rots in sugar-beet in pots and field at harvest

Treatments Pots experiment Field experiment first season Field experiment second season
Disease incidence % Efficiency% Disease incidence % Efficiency% Disease incidence % Efficiency%
Ag Nps 50 ppm 3333 ¢ 63.64 6.67 cde 76.46 727 e 76.16
Ag Nps 75 ppm 834d 90.90 250 e 91.18 33049 89.18
AgNps 100 ppm  759d 91.72 167 e 9%4.11 2279 92.56
Sp 50% 74.17 ab 19.10 1500 b 47.07 1560 b 48.85
Sp 75% 5834 b 36.35 11.67 bc 58.82 1237 ¢ 5944
Sp 100% 25.00 cd 72.73 5.00 de 8236 560 f 81.64
Bs 100% 8334 a 9.10 10.00 bcd 64.71 1060 d 65.25
Control 9167 a - 2834 a - 3050 a -
LSD 1% = 32.790 and 5% = 24.097 1% = 7.017 and 5% = 5.153 1% = 1.882 and 5% = 1.275

Sp Spirulina platensis, Bs Bacillus subtilis

In a column means followed by a common letter are not significantly different at 1% level by DMRT
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related enzymes, as peroxidase (PO) or polyphenol oxi-
dase (PPO), has been elicited by bio-control agent
strains in different plants (Govindappa et al. 2010). PO
and PPO are thought to protect cell walls (lignification
and suberization) at the start of infection and further
limit spread of pathogens (Passardi et al. 2004).

In the early stages of the infection (on 6th day), resist-
ant plants showed higher activities compared to their
susceptible counterparts. Very low activity of these en-
zymes could be recorded in healthy plants. Findings of
this study indicate the possible involvement of these oxi-
dative enzymes in the resistance of this disease (Srivas-
tava 1987).

Effect on the sugar quality

The sugar quality is an important parameter for sugar beet
industry. So, it is essential to determine the effect of the
agricultural treatments on sugar quality at harvest. In the
present study, sucrose % at the first season (Table 4)
showed that spraying Ag Nps 100 ppm recorded the high-
est significant increase value (20.5%) followed by Spirulina
platensis 75% (19) and Ag Nps 75 ppm (18.9); however,
the differences among them were not statistically signifi-
cant. Using Ag Nps 50 ppm and Spirulina 100% gave the
same non-significant values (18.2 and 18%), respectively.
Bacillus 100%, S. platensis 50%, and control gave the low-
est sucrose %. The recorded increase values were 17.5, 17,
and 16.3%, respectively. In the second season, Ag Nps 100
ppm gave 20.83% which surpassed all treatments statisti-
cally followed by Spirulina (75%) with 20.13%. The differ-
ences among the other treatments were not statistically
significant. Concerning the impurities as Na, K, and a-
amino nitrogen significantly varied among the different
treatments. For instance, Na % at both seasons was signifi-
cantly high with control compared to other treatments. It
recorded 2.5 and 2.37%, respectively. On the other hand,
K % result showed that Spirulina 100% and Bacillus100%
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recorded the highest significant values, i.e., 6 and 5.9%, in
the first season and 6.03 and 5.63% in the second one, re-
spectively, compared to other treatments including con-
trol. As for the a-amino nitrogen, control treatment
surpassed all the studied treatments in a significant man-
ner recording 6.8 and 7% in both seasons, respectively.
Concerning the purity (QZ %), control attained the lowest
values in both seasons; however, the differences among
the other treatments were close and showed certain sig-
nificant values. For illustration, in the first season, S. pla-
tensis 75% and all Nps treatments recorded values ranging
from 85 to 83%.

The same effect was almost observed in the second
season. The healthy sugar beet mean values for su-
crose 17.16%, Na 1.6%, K 4.78%, a-amino nitrogen
1.93%, and purity (QZ) 82% according to Abdel-
Fattah and El-Geddawy (2015). In this investigation,
all studied treatments recorded the highest values
concerning sucrose and purity percentages up to
20.8% and 85%, respectively. This may be referred to
the effect of the treatments on the general health of
the beets. Also, the different treatments may have ef-
fect on the storage parenchyma tissues where the su-
crose is stored, but this point need further study in
the future.

Previous studies were in agreement with our find-
ings, explaining a positive and inversely proportional
relationship between activity of the enzymes and the
disease incidence. For example, the activity of both
enzymes was high after the first application and de-
creased after the second one when using nanosilver
preparations at 100 and 75 ppm. The disease inci-
dences were 1.67 and 2.50% with efficiency % re-
corded 94.11 and 91.18%, respectively. The increment
in activity at the beginning was to fight the pathogen
followed by decrement after the plant was being
strong enough to overcome the invasion, and this was

Table 4 Chemical composition of the roots after different treatment

Treatments Season 2017/2018 Season 2018/2019

Sucrose%5%%%  Na% K% a-amino  Q.Z% Sucrose%  Na% K% a-amino  Q.Z%

nitrogen nitrogen

Ag Nps 50 ppm 182 ¢ 12cde  47abc  3.0e 82bcd 19.03 ¢ 173 ¢ 5.00 ¢ 320 f 82.87 abc
Ag Nps 75 ppm 189 b 1.5¢ 4.2bc 4.5¢ 83.9ab 19.02 ¢ 183 bc  447d 450d 84.20 abc
Ag Nps 100 ppm 205 a 13 cd 5.7ab 4.7¢c 84.5ab 2083 a 1.70 ¢ 553b 443 de 85.10 a
Sp 50% 17 e 0.9e 4.2bc 49¢ 83abc 18.09 d 1.07 d 430de  500c 83.93 abc
Sp 75% 19b 1 de 4c 5.6b 85a 2013 b 1.23d 403 e 577b 85.00 ab
Sp 100% 18 ¢ 19b 6a 3.0e 80d 1896 ¢ 203 b 6.03 a 340 f 81.77 bc
Bs 175d 1.1de 59a 39d 80.5cd 1873 ¢ 163 ¢ 563 b 403 e 8147 ¢
Control 163 f 25a 45abc  6.8a 76e 1707 e 237 a 430de  7.00a 7367 d
LSD 5% 0.35 0.35 15 052 25 0445 0.225 0.346 0407 3.290

Sp Spirulina platensis, Bs Bacillus subtilis

In a column means followed by a common letter are not significantly different at 1% level by DMRT
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clearly noticed at the harvest stage where the least
disease incidence was recorded. On the other hand,
Spirulina 50% and Ag Nps 50 ppm showed adverse
effect where the activity of enzymes increased after
the second application which led us to assume that
the plant was suffering from dealing with the patho-
gen invasion. This assumption was confirmed by the
disease incidence at harvest which recorded 28.34, 15,
and 6.67%, respectively.

Conclusion

This investigation results in the relay on bio-control
methods and modern agriculture as nano-agrochemicals.
The disease incidence % of bacterial soft rot was signifi-
cantly decreased with all treatments. This was reflected
on the final product which is sucrose and purity
percentages.

Abbreviations
Ag NPs: Silver nanoparticles; S.P.: Spirulina platensis; B.S.: Bacillus subtilis;
PO: Peroxidase; PPO: Poly phenol oxidase; ppm: Part per million
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