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Abstract

Bacterial blight in Anthurium andraeanum Lind. which is caused by Xanthomonas sp. is regarded
as the most threatening disease in the anthurium industry worldwide. Therefore, the current study
was carried out to determine whether the application of copper nano particles (CuNPs) and sulfur
nanoparticles (SNPs) is a possible solution to control the bacterial blight in anthurium. The bacterium
Xanthomonas sp. was isolated using standard methods and a single bacterial colony was grown in
nutrient agar (NA). The colonies produced in cultures were identified as Xanthomonas sp. as they were
Gram-negative, motile rods with yellow colour due to production of xanthin. The symptoms appeared
in the pathogenicity test which was carried out by injecting purified Xanthomonas sp. into disease
free anthurium plants confirmed the identification of the bacterial strain. Concentrations of 5, 15 and
25mg/100ml CuNPs and 50, 75 and 1000 mg in 100ml SNPs were mixed separately with isolated
Xanthomonas sp. to investigate the behavior of two types of nano particles in destroying the bacterium.
All three concentrations (5, 15 and 25 mg/100ml) of copper nanoparticles used in suspensions of the
bacterium Xanthomonas sp. did not support any bacterial growth. In contrast, all three concentrations of
SNPs in Xanthomonas sp. showed bacterial growth though it was less in 1000 mg /in 100ml compared
to the control treatment. Hence it can be concluded that 5 mg/100 ml CuNPs is capable of destroying in

vitro growth of Xanthomonas sp. bacterium which causes bacterial blight in Anthurium andraeanum.
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Introduction

Anthurium andraeanum Lind. having second
largest demand in tropical cut flowers, is
cultivated throughout the tropics as well
as in greenhouses in temperate countries.
Xanthomonas axonopodis pv. dieffenbachiae
(XAD), formerly known as Xanthomonas
campestris pv. dieffenbachiae, has, however,
had a substantial impact on anthurium
production around the world which was
first recorded in Brazil in 1960 and then
in Hawaii in 1971 (Alvarez et al., 2006;
Elibox and Umaharan, 2008). The disease
became an epidemic in 1989, and Hawaiian
anthurium industry dropped 50% within 10
years and continued to decline to 5% or less
(Shehata,1992).

Bacterial blight in anthurium was controlled
using chemicals with limited success
(Nishijima and Chun, 1991). The reason why
chemical control did not become popular was
due to its inability to remove the bacterium
completely from plants. Cultural practices,
also applied to eliminate the disease by
cultivating in pots rather than in beds
and applying higher levels of ammonium
fertilizer (Sakai, 1990).
applications also did not control the disease

However, these
at the commercial level (Higaki et al., 1992).
Attempts made to control the disease with the
beneficial organisms, in foliar applications of
microorganisms antagonistic to X. axonopodis
pv. dieffenbachiae resulted in inconsistent and
insignificant control of the disease (Fernandez
etal., 1991)

Use of antibiotics such as streptomycin sulfate
or oxytetracycline weekly for 6 to 8 weeks
has been recommended in 1985 at the start of
the Xanthomonas bacterial blight in Hawaii

(Nishijima, and Fujiyama, 1985). However,
the overuse of antibiotics and the development
of resistance in bacterial populations have
been reported more frequently as antibiotics
were used on crops to eliminate bacterial
diseases  Copper included  pesticides
have been used heavily in integrated pest
management specially to control bacterial
diseases. However, frequent applications of
copper pesticides have led to the emergence
of copper-resistant strains of microorganisms
in agriculture. Moreover, phytotoxicity, soil
accumulation, and negative effects on soil
fauna and flora as well as reduction of food
quality parameters have reduced the use
of copper based antimicrobial compounds
(Lamichhane et al., 2018). Antimicrobial
activity of CuNPs have been effective in
destroying several bacterial species. Copper
nano particles in concentrations of 100-250
mg/L have shown effective against bacterial
species such as Ralstonia, Pseudomonas and
Xanthomonas, in vitro as well as in plant
applications (Chen et al.,, 2019; Strayer-
Scherer et al., 2018). Growth of Xanthomonas
campestris pv. vesicatoria, the causal agent of
the bacterial blight disease, was significantly
suppressed by two types of CuNPs, which had
superior function compared to conventional
commercial ~ formulations  of  copper
(Varympopi et al., 2020). Murthy et al., (2020)
extracted green CuNPs from a medicinal plant
in Ethiopia, Hagenia abyssinica (Brace) JF.
Gmel., which showed positive degradation
of two gram-positive bacteria Staphylococcus
aureus and Bacillus subtilis and two gram-
negative pathogenic bacteria Escherichia coli

and Pseudomonas aeruginosa studied. They
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recorded that there was a synergistic effect of
bioactive compounds from medicinal plant
coupled with CuNPs which was proved to
be beneficial in destroying bacterial species
evaluated. Therefore, CuNPs can be a possible
solution to eliminate the bacterial diseases in

plants.
Materials and Methods
Synthesis of copper nanoparticle (CuNPs)

A solution was prepared by mixing 1:1
volume ratio of TEOS and copper metal salt
solution and few drops of IM HNO, was
added and stirred. Then a NH, solution was
added dropwise to the mixture with vigorous
stirring. The precipitate was separated and
washed with excess water. The product was
dried and calcined at 300 °C for 3 hours.

Synthesis of sulfur nanoparticle (SNPs)

A Na,S 0,.5H,0 (IM) solution was prepared
using 62.04 g of Na,S O,.5H,0 solid crystals
dissolved in 250 mL of distilled water. The
mixture was magnetically stirred at 500 rpm
at 60 °C to dissolve crystals. The solution
was then mixed with 125 mL of IM HCI
while being constantly stirring and heating.
A white color turbidity was immediately
formed with a few drops of 1M HCI and then
turned into yellow particles, and the reaction
was terminated after 40 minutes. The yellow
precipitate which contains the SNP (Fig. 1)
was collected, washed with distilled water
(3-5 times) and dried at 70 °C for 2 hours
(Shankar & Rhim, 2018; Suleiman et al.,
2015). Ultimately ground the SNP into a fine
powder using mortar and pestle.

Characterization of CuNPs and SNPs

X-ray Diffractometer (XRD) analysis was
carried out using Rigaku Ultima-IV with Cu
Ka radiation (A=1.5405 A, 30 mA, 40 kV), at
the scanning rate of 4° min-1 within the range
of 10-80° to determine the crystallographic
characteristics of synthesized CuNPs and
SNPs.

Morphological identification of
Xanthomonas sp.

Colony morphologies of the isolates were
Gram stained and pigmentation, growth,
and colony features were noted through
light The
Gram staining was done as per the previous

microscopical  observations.
studies (Moyes et al., 2009). Visual colony
morphologies according to the standard
descriptions, texture, color, and surface
were recorded and compared with literature

(Arshiya et al., 2014).

CuNPs and SNPs against Xanthomonas sp.

This experiment was carried out to investigate
the bactericidal effect of CuNPs against
Xanthomanas sp. About S5mm diameter
bacterial growth from densely grown overnight
cultures of Xanthomanas sp. were separately
inoculated into the flasks containing sterilized
deionized water supplemented with copper
nano particles in 5, 15 and 25 mg/100m.
These flasks were allowed to agitate at 400
rpm on magnetic stirrer for 30 minutes. After
the respective time period, 15ul of bacterial
CuNPs suspension of different concentrations
were spread onto nutrient agar plates and
the plates were incubated 48 hours at 37°C
to observe the growth. The same procedure
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was repeated for SNPs with the concertation
of 50, 75 and 1000 mg/100ml. Xanthomonas
suspended in the distilled water (without
NPs) were used as the control treatment. All
treatments were performed in triplicate.

Isolation of Xanthomonas sp.
and Pathogenicity test

Diseased leaves of an anthurium plant
showing typical bacterial blight symptoms
were collected and surface sterilized with
ethanol. Then the sections showing disease
symptoms were crushed using sterilized
scissors. The inoculum preparation followed
by the serial dilution and pour plates
techniques were carried out in the same
manner as described by Collins et al. (2004).
Then, a single bacterial colony was isolated
and inoculated into a standard nutrient agar
(NA) (HIMEDIA India), which was incubated
for 48 hours at 36 °C. All experiments were
conducted in triplicate. Individual colonies
were then purified through two to three
successive transfers and repeated streaking
on respective media plates. Pathogenicity
test was performed as described by Prior &
Rott (1989). All isolates were evaluated for
pathogenicity by injecting 1ml, 2ml and 3ml
samples from a 1 X 108 CFU/mL culture into
stems, juvenile and adult leaves of Anthurium
andracanum cv ‘Tera’ (Prior & Rott, 1989;
Norman & Ali, 2012). The control anthurium
plants were left uninoculated and kept far
enough from inoculated plants provided with
similar environmental condition to avoid
spread of the disease to them.

Results and Discussion
XRD analysis of synthesized CuNPs and
SNPs

The results of X-ray Diffraction (XRD)
examination of the synthesized CuNPs and

SNPs are shown in Figure 01 and 02. Figure
01 depicts the XRD pattern of synthesized
CuNPs. The well-resolved diffraction peaks in
the range of 30°-90° can be indexed to cubic
copper structure (JCPDS file no. 48-1548).
These peaks confirm the crystalline structure
of CuNPs. SNPs matches with the Figure
02(PDF number 00-024-0733). According
to the Debye—Scherrer formula (Seneviratne
et al.,, 2021) the average crystallite size of
the synthesized SNPs is around 5.9 nm and
CuNPs is 6.2 nm.

Figure 1.
XRD pattern of synthesized CuNPs.
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Figure 2.

XRD pattern of synthesized SNPs.
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Figure 3.

(A) Purified Xanthomonas sp. on nutrient
agar plates; (B) Gram staining of purified
Xanthomonas sp.

Moreover, bacterial colonies discovered were
motile rods, small, medium, large and pink in
color in the Gram staining under microscopic
examination (Fig. 3B). The findings were
consistent with previous research (Arshiya et
al., 2014). Morphological data are given in the
Table 1.

Pathogenicity test

Early leaf symptoms of anthurium bacterial
blight were detected as leaf spots which were

Table 1.

observed to be small, angular, oily spots on
the abaxial surface around veins, leaf edges,
and spathes (Fig. 4A). These lesions grew
quickly, producing huge, black necrotic
patches that aged to grey-black which made
the leaves become deformed (Figure 04B).
Necrotic patches had oily borders and
narrow, brilliant chlorotic halos around them.
Systemic infections caused a broad yellowing
of the entire lamina as well as the usual black,
necrotic lesions that develop from the leaf
petioles into major veins (Fig. 4C). These
observations were as same as which were
reported by Prior & Rott (1989).

Figure 4.
Pathogenicity test: (A), (B) and (C) depict the
progression of the Xanthomonas bacterial

blight disease.

Morphological characterization of Xanthomonas sp. Colonies.

Isolates  Shape Size Grams Surface  Margin Color Elevation
(t5-)
Xl1-a Rod Small + Mucoidal  Even Yellow Convex
X2-b Rod Medium + Mucoidal Even  Lightyellow  Convex
X3-c Rod Medium - Mucoidal Even  Lightyellow  Convex
X4-d Rod Medium - Mucoidal Even  Lightyellow  Convex
X5-d Rod Medium + Mucoidal  Even Yellow Convex
X6-d Rod Small - Mucoidal  Even Yellow Convex
X7-d Rod Small + Mucoidal Even  Lightyellow  Convex

Antibacterial activity of CuNPs

Xanthomonas sp. did not show any growth in all replicates of the three concentrations of CuNPs

included in the experiment (Fig. 5).
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Figure 5.

Antibacterial activity of CulNPs in
Xanthomonas sp. (A) Control. (B) 5
mg/100ml, (C) 15mg/100ml, (D) 25mg/100ml.

Antibacterial activity of SNPs

The results of the antibacterial activity of
SNPs are shown in the Figure 6. The SNPs
particles in all three concentrations (50, 75
and 1000mg/100ml) tested did not show any
effect on the growth of the purified gram-
negative isolate (Fig. 6).

Figure 6.

activities

(A)  Control.
75mg/100ml,

Antibacterial of SNPs in
(B)

(D)

Xanthomonas  sp.
50 mg/100ml, (C)
1000mg/100ml.

Copper nanoparticles show antibacterial
properties mainly because its size and high
surface to volume ratio. The close interaction
of copper nano particles with bacterial
membrane creates antibacterial activity
induced by the copper ions which are in
the bacterial suspension (Ramyadevi et al.,
2012). Copper ions are released during the
slow oxidation process of the nanoparticles.
The copper ions released can create toxic
hydroxyl free radicals which disassemble
the lipids in bacterial cell membranes and
degenerate it. This activity leads to secretion
of the intracellular substances through the
destructed membranes and cell death occurs
(Wei et al, 2010). Copper ions also can
damage the cell membrane by solidifying
protein structure present in the cell membrane
and altering enzyme function (Ohsumi et al.,
1988; Dan et al., 2005). Furthermore, bacterial
cells are inactivated by the presence of copper
nanoparticles in the growth medium and their
replication process is terminated which led to

bacterial cell death (Hu & Xia, 20006).

Though SNPs are considered as sterilizing
agents because of their strong antibacterial
capabilities there have been several reports on
their inconsistencies. Suleiman et al. (2015)
reported that there was no antibacterial action
of SNPs detected against Gram-negative
bacteria, Escherichia coli and Pseudomonas
aeruginosa, at concentrations ranging from
0.68 to 800 g/mL Also in another study (Saedi
et al.(2020) showed that two types of SNPs did
not have antibacterial activity against Gram-
negativebacterium Escherichiacolibutshowed
significant antibacterial activity against Gram-
positive bacterium Listeria monocytogenes.
According to Suleiman et al. (201) Gram-
negative bacteria are less vulnerable to SNPs

51



In Vitro Evaluation of Antibacterial Activity of Copper and Sulfur Nanoparticles for

Page 46-55

Controlling Bacterial Blight Caused by Xanthomonas sp. in Anthurium andraeanum Lind.

because their outer membrane comprised of
thicker lipopolysaccharides layer and they
have observed that the cell wall of E. coli was
shrinking without destruction. This explains
the resistant behavior of Gram-negative
bacteria to SNPs. Although the precise
mechanism underlying SNPs antibacterial
activity has not yet been identified, several
likely antimicrobial mechanisms have been put
forth, including interactions with biological
molecules on the surface of bacteria that
cause membrane rupture and lysis of the cell
membrane, the production of toxic hydrogen
sulfide gas through reactions with thiol groups
in proteins and lipids, and interactions with
DNA that cause denaturation of DNA and cell
death (Rai et al., 2016).

Conclusions

Our results showed that the synthesized
copper nanoparticles (CuNPs) completely
destroyed the Xanthomonas bacteria at
5mg/100ml concentration. The results of
the morphological and pathogenicity test
confirmed thatthe isolates were Gram-negative
and had a greater chance of being one of the
strains of Xanthomonas sp. Therefore, copper
nanoparticles can be used to investigate the
possibility of controlling the bacterial blight
disease in anthurium by experimenting with

diseased plants.
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