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ABSTRACT 

 

Angular leaf spot, caused by P. syringae, is 

one of the most important bacterial disease of wa-

termelon. For disease management, growers rely 

on copper bactericides, which are effective after 

the first two weeks of transplanting, while they 

couldn’t be applied before that due to the high phy-

totoxicity they may cause to the plant. This study 

was undertaken to evaluate the antibacterial activi-

ty of three new copper composites, core-shell cop-

per (CS-Cu), multivalent copper (MV-Cu), and 

fixed quaternary ammonium copper (FQ-Cu), as 

potential treatments to control the disease before 

the emergence of the first true leaf where copper is 

not available, and to identify the possibility of ap-

plying the newly designed copper composites dur-

ing that period to significantly reduce secondary 

dispersal of disease inoculum. In vitro, 50 μg/ml of 

metallic copper from MV-Cu and FQ-Cu significant-

ly reduced the P. syringae populations after 2hrs of 

exposure compared to the untreated control (P= 

0.05) and were more effective than using the Ko-

cide
®
 3000. Greenhouse studies demonstrated that 

MV-Cu and FQ-Cu significantly reduced the dis-

ease incidence compared to both Mankozeb+ Ko-

cide
® 

3000 and untreated control when using the 

seed inoculation method. In contrast, none of the 

nano-composites significantly reduced disease 

incidence when using the spray inoculation meth-

od. MV-Cu and FQ-Cu managed to significantly 

reduce seedling to seedling disease transmission 

under greenhouse conditions (P = 0.05). This 

study highlights that copper composites have the 

potential to manage P. syringae in the first two 

weeks of transplanting and reducing the contami-

nation rate from infected to healthy transplants 

 

INTRODUCTION 

 

Watermelon (Citrullus lanatus) is being widely 

used in many countries all around the world includ-

ing Egypt and the United States of America for 

domestic consumption and exportation. Egypt is 

considered one of the top watermelon producing 

countries in the world as of 2014 (FAOSTAT, 

2017). Also, Egypt is one of the highest watermel-

ons seed exporting countries to the United States 

(USDA, 2013). Watermelon production is being 

affected by several fungal, bacterial and viral dis-

eases (Bhat et al 2010; Fatmi et al 2008; Morris 

et al 2000). 

One of the most important bacterial diseases 

that infect watermelons is angular bacterial leaf 

spot caused by Pseudomonas syringae. It can 

cause losses to watermelons especially under wet 

and humid conditions (Bhat et al 2010 and 

Riffaud et al 2003). This disease and some other 

similar diseases could become epidemic and 

cause disease incidence up to 80-100 %, especial-

ly if disease is severe in the early stages of fruit 

development which can cause fruit drop, and could 

also cause up to 100% yield loss (Harighi, 2007; 

Langston Jr et al 2003 and Morris et al 2000). 

The disease is present in Egypt and Florida where 
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the favorable conditions are available specially 

when cultivating under greenhouse conditions. The 

symptoms of the disease could appear on many 

parts of the plant, including leaves, stems, and 

fruits (El Sadek et al 1992 and Mullin & Schenck, 

1963).  

In Egypt and southeastern America, watermel-

on seedlings may face cold temperatures as plant-

ing dates are from mid-December to April and fruits 

are harvested from May to July (Elwakil and 

Mossler, 2013). The causal organism associated 

with recent outbreaks of angular leaf spot in wa-

termelon in Florida is Pseudomonas syringae 

(Newberry et al 2015). The nomenclature of the 

causal agent had been changed many times in the 

past years, as P. syringae pv. lachrymans was 

considered the causal organism until it was proven 

genetically that there are many other P. syringae 

pathovars can cause the disease. The pathogen 

has a wide host range in Cucurbitaceae such as 

watermelon (Citrullus lanatus), squash (Cucurbita 

maxima), cantaloupe (Cucumis melo) and cucum-

ber (Cucumis sativus) (Sedighian et al 2014).  

The disease was first recorded in Egypt in cu-

cumber greenhouses in El-Minia governorate in 

1989 (El Sadek et al 1992). In Florida, the first 

report of the disease was in 1963 on several com-

mercial watermelon fields (Mullin and Schenck, 

1963). The disease was also reported during the 

spring season of 2013, then it was discovered in 

Georgia in 2015, and in North Carolina in 2016 

(Newberry et al 2015 and Quesada-Ocampo, 

2016). The angular bacterial leaf spot of watermel-

on is considered an emerging disease in the last 

few years in southeastern United States. In 2013 

and 2014, there were disease outbreaks that 

caused transplant losses due to a severe blighting 

at the early stages of the transplant production. 

Zitter et al (1996) mentioned that disease 

symptoms may be different from one case to an-

other depending on the environmental conditions 

and the host range. 

Although some other cucurbit diseases caused 

by Pseudomonas syringae are also called angular 

leaf spot (Williams, 1996), depending on the host 

and the shape of the symptoms, the common dis-

ease name could also be either bacterial blight or 

bacterial leaf spot (Lamichhane et al 2015). 

Many control approaches have been attempted 

to control the disease including plant growth-

promoting rhizobacteria (PGPR), where they have 

shown a significant disease control and were used 

to induce systemic resistance in cucumber plants 

using strains of compared to the noninduced con-

trol plants, although, using PGPRs for disease 

control still faces many challenges as the change 

of the environmental conditions such as the tem-

perature, soil acidity and salinity could cause loss 

of the effectiveness of these bacteria (Gopala-

krishnan et al 2014). One of the disease control 

methods is the early detection of the pathogen in 

seeds using PCR methods to avoid introducing 

contaminated seeds into some areas (Shila et al 

2013). Although, most of these methods have a 

low level of sensitivity and further progress is 

needed to increase their sensitivity (Fanelli et al 

2007). 

Copper bactericides are one of the most fa-

mous and effective materials for controlling bacte-

rial diseases. They have shown significant disease 

control and were suggested as a chemical control 

for some cucurbits against angular leaf spot (Wil-

liams, 1996). However, Bhat et al (2010) reported 

that economical control of the disease on cucum-

ber and cantaloupe could not be achieved using 

those copper bactericides. The need for good 

compounds to control the disease is increasing 

day after day specially that there are no available 

resistant watermelon varieties to angular leaf spot 

of cucurbits caused by P. syringae. Other copper-

based bactericides are commercially available, 

such as copper (II) oxychloride, copper (II) sul-

phate, or copper (II) hydroxide (Young and 

Santra, 2014). A copper bactericide called Kocide
® 

3000 (DuPont™, Wilmington, DE), contains mi-

cron-sized metallic copper in the form of copper (II) 

hydroxide at 5 µM (Nufram, 2013). Gunawan et al 

(2011), and Jiang et al (2009) Showed that mi-

cron-sized metallic compounds have lower antibac-

terial activity compared to their nanometer-sized 

counterparts, as the antibacterial activity increased 

when decreasing the size of the metallic particles 

used in these studies. So, it could be said that the 

high antibacterial activity of the nanoparticles is 

referred to the high surface to volume ratio and 

their small size, which both allow nanoparticles to 

go through the bacterial membranes and release 

more metal ions more efficiently than their micron-

sized counterparts (Baker et al 2005 and Moro-

nes et al 2005).  

The particles for some copper compounds are 

highly hydrophobic which may cause them to ag-

gregate in water which causes a low antimicrobial 

activity due to the reduction of the total surface 

area of copper particles. So, three advanced cop-

per compounds (fixed quaternary ammonium cop-

per, FQ-Cu; multivalent copper, MV-Cu; and core-

shell copper, CS-Cu) were designed to stop cop-
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per particles from aggregation and to improve the 

copper particles antimicrobial efficacy (Manipra-

sad and Santra, 2012 and Young & Santra, 

2014). 

Young and Santra (2014) reported that to re-

duce particle-particle aggregation, copper particles 

were embedded in hydrophilic silica gel matrix as 

at slightly basic to neutral pH conditions, sol-gel 

silica is negatively charged and hydrophilic. Santra 

(2012) reported that aggregation of copper parti-

cles is prevented when embedded into the silica 

gel, also, it increases the availability of copper 

ions. Based on the previous reasons, the copper 

composites used in this study could have better 

antimicrobial activity than the micron-sized metallic 

copper against copper-tolerant Pseudomonas 

strains. 

So, the objectives of this study were to deter-

mine the antimicrobial efficacy of the newly de-

signed copper compounds (FQ-Cu, MV-Cu, and 

CS-Cu) and compare it to the micron-sized metallic 

copper for (i) the in vitro reduction of copper sensi-

tive and copper tolerant strains of P. syringae; ii) 

To identify the possibility of applying the newly 

designed copper composities during the emer-

gence period (before the 1
st
 true leaf) where cop-

per is not available for controlling P. syringae and 

significantly reducing secondary dispersal of inocu-

lum. 

 

MATERIALS AND METHODS 

 

1. Bactrial strains  

 

Pseudomonas syringae strain 13-1 was ob-

tained from the department of Plant Pathology, 

University of Florida, and was selected for this ex-

periment as it is highly pathogenic on watermelon, 

cantaloupe and squash while the copper tolerant 

P. syringae strain A1513 was used as a control for 

the in vitro assay of the nano-sized composites. 

Strains were stored in sterile 30% glycerol for long-

term storage at -80°C, and on King’s B medium for 

experiments and short-term storage.  

For the easy detection of the P. syringae strain 

13-1 from the greenhouse, the isolate was mutated 

to grow on nutrient agar medium amended with 

100 µg/ml of Rifamycin antibiotic. Isolate was 

grown on nutrient agar plates for 24 h at 28°C. 

Bacterial cells were then removed from the plates, 

suspended in sterilized tap water and the bacterial 

suspensions were adjusted to A600 = 0.3 which is 

equivalent to 5x10
8
 CFU/ml. Hundred microliters of 

the suspension were then spread-plated onto nu-

trient agar plates amended with 100 µg/ml of Ri-

famycin antibiotic. Plates were incubated at 28°C 

for 4 to 5 days. 

 

2. Design of advanced copper composites  

 

Three advanced copper composites (CS-Cu, 

MV-Cu, and FQ-Cu) were designed to improve 

overall antimicrobial efficacy of metallic copper. In 

all these composites, copper particles are embed-

ded in a hydrophilic, porous silica gel matrix to 

reduce particle-particle aggregation during the sol-

gel synthesis process (Young and Santra, 2014). 

In short, copper is chelated by the silica gel and 

partly converted to crystalline copper hydrox-

ide/oxide particles at pH 7.5 and above. The silica 

layer around copper crystals minimizes particle 

aggregation and improves overall dispersibility of 

copper composites. As previously described in 

Maniprasad and Santra (2012), colloidal silica 

particles (Stöber et al 1968) are used as a filler to 

further disperse copper-silica gel particles in the 

CS-Cu composite. In MV-Cu composite, copper is 

present in mixed-valence states (+1 and +2 oxida-

tion states) along with metallic Zn (~10 wt%) 

(Young and Santra, 2014). As previously de-

scribed in Santra et al (2014), the silica gel in the 

FQ-Cu composite is embedded with both a Qua-

ternary Ammonium Compound (Fixed-Quat) and 

metallic copper. The purpose of using Fixed-Quat 

is to i) further improve the dispersibility of copper-

silica gel particles, and ii) improve overall antimi-

crobial efficacy of the materials through additional 

biocidal activity of Fixed-Quat.  In all three of the 

copper composites, copper ions are released in a 

slow manner. Thus, all these copper composites 

can be considered somewhere between the solu-

ble (such as copper salts) and insoluble (such as 

copper oxides and copper hydroxides) forms of 

copper. 

 

3. In vitro assays  

  

The bacterial strains were grown on KB plates 

for 24 h at 28°C, then were transferred to NA 

plates containing 20 µg/ml of copper in the form of 

copper (II) sulfate pentahydrate (CuSO4.5H2O) 

(Sigma-Aldrich) to pre-induce the bacteria against 

copper, plates were incubated for 24 h at 28°C. 

Bacterial cells were removed from the plates, sus-

pended in sterilized tap water and the bacterial 

suspensions were adjusted to A600 = 0.3 which is 

equivalent to 5x10
8
 CFU/ml, then suspensions 

were serial diluted to 10
5
 CFU/ml. 
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Twenty microliters of each bacterial suspension 

for each strain were transferred to sterile glass 

tubes, containing 2 ml of: Core-Shell copper (CS-

Cu), Multivalent (MV-Cu), fixed quaternary ammo-

nium copper (FQ-Cu) and Kocide
®
 3000 (DuPont, 

Wilmington, DE) at 50, 100, 200 and 500 mg/ml of 

metallic copper. Kocide
®
 3000 was prepared from 

a stock suspension of 1 mg/ml of metallic copper in 

sterilized magnesium sulphate hepta hydrate 

(MgSO4.7H2O) solution in deionized water, after 

leaving on a shaker for 4 hours at 250 rpm/min at 

room temperature, and filtering through 0.2 µm 

pore diameter filter paper. Kocide
®
 3000 contains 

30% metallic copper in the form of copper hydrox-

ide (Cu(OH)2). Also, 20 µl of each bacterial sus-

pension were added to three sterilized glass tubes 

containing 2 ml of sterilized MgSO4.7H2O in tap 

water to be used as controls. The tubes were then 

incubated at 28°C on a shaker (250 rpm/min) for 2 

h. Then, 50 µl from each tube were plated on NA 

plates to determine the bacterial populations. The 

plates were incubated for 48 h at 28°C; then, the 

CFU per milliliter was calculated by counting the 

number of colonies formed on each plate. Three 

replicates per each treatment were done, and the 

experiment was conducted twice. 

 

4. Validation of seed inoculation method  

 

The mutated Pseudomonas syringae strain 13-

1 was stored at -80°C in 15% glycerol and cultured 

on King’s medium B for 48 h at 28°C as needed. 

For inoculum preparation, a bacterial growth was 

harvested from a 24h culture, and suspended in 

sterilized tap water. Bacterial concentration was 

adjusted using a spectrophotometer to approxi-

mately 1 × 10
8
 CFU/ml (A600 = 0.3). The bacterial 

suspension was diluted to 1 × 10
7
 CFU/ml using 

sterilized tap water. Two methods to inoculate 

seeds with bacteria were used: 

 

A. Vacuum inoculation method: 

  

Each watermelon seed (Starbrite hybrid) was 

incised first using a sterilized scalpel at the micro-

pylar end. Then, a sterilized teasing needle was 

used to make a shallow hole through the testa at 

the chalazal end of each seed. Approximately 10 μl 

of bacterial suspension (1 x 10
7
 CFU/ml) was aspi-

rated into each seed as follows using a 0.5 mm 

diameter hose. Each seed was attached to the 

hose at the wound at the chalazal end using a 

vacuum. On a sterilized petri dish lid, 10 μl of the 

inoculum were deposited and the vacuum was 

used to suck the cell suspension up into the seed 

through the puncture at the micropylar end. Seeds 

inoculated with sterilized tap water were used as a 

negative control treatment. Inoculated seeds were 

air dried at room temperature overnight. Further-

more, P. syringae populations in each watermelon 

seed were confirmed immediately following inocu-

lation. Five inoculated seeds were crushed individ-

ually in 1 ml of sterilized tap water. The suspension 

was then serial diluted into 10
-2

, 10
-4

 and 10
-6

, and 

one 100-μl aliquot of each serial dilution of each 

seed macerate was spread-plated onto KBC medi-

um amended with 100 mg/ml of Rifamycin. After 

incubation at 28°C for 4 to 5 days, P. syringae col-

onies were enumerated and CFU per seed was 

estimated (Dutta et al 2012). 

 

B. Seed soaking method  

  

Watermelon seeds (Starbrite hybrid) were 

washed with sterilized tap water, and air dried at 

room temperature. Seeds then were soaked in a 

bacterial suspension of 10
8
 CFU/ml for 1h, then 

were left on a filter paper for air dry. Seeds soaked 

in sterilized tap water were used as a negative 

control treatment. The efficacy of the seed soaking 

method was done as previously described in seed 

inoculation method. 

 

5. Greenhouse experiment  

  

Two inoculation methods (seed inoculation and 

spray inoculation) were used to examine the effi-

cacy of test treatments (Multivalent (MV-Cu), fixed 

quaternary ammonium copper (FQ-Cu), and Ko-

cide
®
 3000) at 50 µg/ml in controlling the disease 

before the emergence of the first true leaf, and 

significantly reducing the second dispersal of the 

inoculum. 

 

A. Seed inoculation method  

  

Ten inoculated watermelon seeds were placed 

in the middle raw of each seedling tray, surround-

ed by un-inoculated seedlings while total of 10 

rows of each seedling tray were used. Four blocks 

were done while each block consists of 6 seedling 

trays (one tray per treatment) and the trays were 

arranged contiguously and distributed randomly 

inside each block. Control treatments consist of 

inoculated untreated seeds as positive control and 

uninoculated untreated seeds as negative control. 

Seedlings were managed according to industry 

standards as follows: After seeding, trays were 
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wrapped with a plastic wrap, kept at a drying barn 

at 80°C for 3 to 4 days, then they were unwrapped 

and moved back to the greenhouse. Trays were 

irrigated daily with water using an irrigation boom 

at 15 PSI, where the boom was about 50 cm 

above the benches with about 20 cm spacing be-

tween tips. Treatments were applied 7 and 12 days 

after planting using the irrigation boom at 15 PSI. 

Disease incidence was recorded 2 days after the 

second treatment. During this period, asymptomat-

ic seedlings were tested for the presence of P. 

syringae and the populations were done by ran-

domly sampling 20 asymptomatic leaves from un-

inoculated seedlings in each tray, macerating them 

in 0.01 M solution of MgSO4 buffer, and shaking 

them for 20 mins. using a shaker at 100 rpm/min. 

The suspension then was serial diluted to 10
-2

, 10
-4

 

and 10
-6

 and was surface plated on KBC medium 

amended with 100 mg/ml of Rifamycin. Plates 

were incubated at 28°C for 4 days, then P. syrin-

gae colonies were counted, and the average num-

ber of asymptomatic contaminated transplants was 

calculated. Temperature and relative humidity were 

recorded during the experiment using a LogTag
®
 

humidity and temperature recorder. 

 

B. Spray inoculation method: 

  

Hundred watermelon seeds were placed in 

each tray. Four blocks were done while each block 

consists of 6 seedling trays (one tray per treat-

ment) and the trays were arranged contiguously 

and distributed randomly inside each block. Con-

trol treatments consist of inoculated untreated 

seeds as positive control and uninoculated un-

treated seeds as negative control. Seedlings were 

managed according to industry standards as pre-

viously described in the seed inoculation method. 

Treatments were applied 7, 12 and 19 days after 

planting using the irrigation boom at 15 PSI. Dis-

ease incidence was recorded 6, 9, 11 and 14 days 

after inoculation and the area under disease inci-

dence curve (AUDIC) was calculated. Temperature 

and relative humidity were recorded during the 

experiment using a LogTag
®
 humidity and temper-

ature recorder. 

 

6. Data analysis  
  

All statistical analysis was performed using 

JMP
®
 ver. 13.0.0 from SAS. Analysis of variance of 

the total AUDIC and % of disease incidence was 

performed using the PROC GLM procedure, and 

Tukey’s honest significant difference (HSD) was 

used for analysis of mean separation (α = 0.05). 

 

RESULTS 

 

1. P. syringae strain 13-1 mutant  

 

Colonies of P. syringae strain 13-1 were recov-

ered from the NA plates amended with 100 µg/ml 

of Rifamycin. 

 

2. The in vitro assays  

  

All treatments showed an antimicrobial effect 

against the tested P. syringae isolates after 2 h of 

incubation (Fig. 1). All three tested nanomaterials 

and Kocide
®
 3000 totally inhibited the growth of the 

copper sensitive strain 13-1 at all used concentra-

tions. Also, the Core-Shell and the Copper fixed 

Quat inhibited the growth of the copper tolerant 

strain A1513 at all tested concentrations. Addition-

ally, the Multivalent copper nanomaterial at 50 

µg/ml significantly (P = 0.05) reduced the growth of 

the strain A1513 compared to the untreated con-

trol, while it completely inhibited its bacterial growth 

at 100, 200 and 500 µg/ml. Strain A1513 was re-

covered from Kocide
®
 3000 treatments at all con-

centrations. Although, the bacterial population was 

significantly reduced (P = 0.05) at 500 µg/ml com-

pared to the untreated control. All nano materials 

at all concentrations (except Multivalent at 50 

µg/ml) were significantly (P = 0.05) more effective 

in inhibiting the growth of the copper tolerant strain 

A1513 than the Kocide
®
 3000. 

 
3. Validation of seed inoculation method  

  

Seed soaking method was significantly (P = 

0.05) more effective than the vacuum inoculation 

method. An average of 3.14 Log CFU/ml of P. sy-

ringae were recovered from the watermelon seeds 

when using the seed soaking method, while just 

2.77 Log CFU/ml were recovered when using the 

vacuum inoculation method (Fig. 2). 

 
4. Disease control in greenhouse  

 
4.1. Seed inoculation  

  

All test treatments showed reduction of disease 

incidence compared to the control. MV-Cu and FQ-

Cu significantly reduced the disease incidence 

compared to the untreated control, while there was 

no significant difference between Mancozeb + Ko-

cide
®
 3000 and the untreated control (Fig. 3). 
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Fig. 1. In vitro assessment of different concentrations of copper (nano materials and Kocide
®
 

3000) on the survival of Pseudomonas syringae after 2 Hrs of incubation. CS = Core-
Shell. Three replicates have been done per treatment. Error bars represent standard de-
viation. A P value of 0.05 was used in the COSTAT least significant difference statistical 
analysis. Treatments with the same letter do not have a significant difference. The exper-
iment was repeated twice and the effect of experiment was insignificant. 

 

 

 

Fig. 2. Effect of different inoculation methods on average Log CFU/ml of mutated P. syringae 

strain 13-1. 
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Fig. 3. Effect of different treatments on the average disease incidence among seedling flats planted 

with 10 infected seeds at the center of each tray. 
 
 

4.2. Spray inoculation 

  

The Mancozeb+Kocide
®
 3000 was the only 

treatment that significantly reduced the disease 

incidence, while using the MV-Cu and FQ-Cu didn’t 

significantly reduce the disease incidence com-

pared to the untreated control. Also, there was no 

significant differences between all 3 test treat-

ments (Fig. 4). 

 

5. Contamination rate  

  

All test treatments significantly reduced the 

contamination rate compared to the untreated con-

trol. The Mancozeb+Kocide
®
 3000 was significant-

ly effective in reducing the contamination rate than 

the MV-Cu and FQ-Cu. While there was no signifi-

cant difference between the MV-Cu and FQ-Cu 

(Fig. 5). 

 

 

 

 

Fig. 4. Effect of different treatments on the average disease incidence among seedling flats inoculated with 

spray inoculation. 
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Fig. 5. Effect of different treatments on the average number of asymptomatic contaminated 

seedlings. 

 

DISCUSSION 

  

In this study, we described for the first time the 

antibacterial properties of three new copper com-

posites against P. syringae. The composites 

showed potential to significantly control angular 

leaf spot of watermelon during the first two weeks 

of planting and before the emergence of the first 

true leaf, while even the micron-sized copper bac-

tericides used in the management of angular leaf 

spot disease couldn’t be applied (Dufault and Pa-

ret, 2015). This finding is significant as it was pre-

viously clarified that the use of copper compounds 

to control the disease before the emergence of the 

first true leaf is not allowed as it may cause high 

phytotoxicity for the plant leaves at this stage and 

in some cases they may help only in spreading the 

bacteria (Hopkins and Schenck, 1972). Not like 

the nano-composites because of their slow release 

rate of copper, phytotoxicity studies of these com-

posites on ornamental plants (Vinica sp.) revealed 

that phytotoxicity is reduced in comparison to cop-

per salts such as copper sulfate (Young and 

Santra, 2014). 

 All tested nano-composites were significantly 

effective in reducing the P. syringae population in 

vitro compared to the untreated control at all used 

concentrations. This antimicrobial effect refers to 

the very small size of the metallic particles in the 

nano composites and the high surface to volume 

ratio which both help in penetrating the bacterial 

membranes and causing more release of the metal 

ions (Santra, 2012), i.e. an increase in antibacteri-

al activity against P. syringae was observed when 

the size of metallic copper was reduced from mi-

crometers to nanometers. Using MV-Cu and FQ-

Cu at concentration of 50 µg/ml caused significant 

reduction in the growth of the copper tolerant strain 

A1513. 

 Both vacuum inoculation and seed soaking 

methods were significantly effective in inoculating 

watermelon seeds. The seed soaking method was 

significantly more effective than the vacuum inocu-

lation method represented as average Log 

CFU/ml. Using seed soaking method may left a 

chance for the bacteria in the inoculum suspension 

to go through the seed membrane and stay in the 

seed, while using the vacuum method, didn’t leave 

enough time for the bacteria to stay inside the 

seed, also, some inoculum suspension was no-

ticed to be sucked in the suction tube which may 

have caused a low inoculum concentration inside 

the seeds (Dutta et al 2012). 

 In the greenhouse experiment, using the nano-

composites in the seed inoculation method signifi-

cantly reduced the percentage of disease inci-

dence compared to both untreated control and 

Mancozeb+Kocide
®
 3000, while MV-Cu and FQ-

Cu didn’t significantly reduce the disease incidence 

in the spray inoculation method compared to the 

untreated control. On the other hand, Man-

cozeb+Kocide
®
 3000 significantly reduced the dis-

ease severity when seeds were spray inoculated. 

So, that could be a possible approach of control-

ling angular leaf spot of watermelon caused by 

infected seeds under greenhouse conditions. 

 The population results revealed a significant 

reduction of the contamination rate from infected 
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seeds to uninfected seeds when using all tested 

treatments compared to the untreated control. 

There were also significant differences between 

both the Mancozeb+Kocide
®
 3000 and both MV-

Cu and FQ-Cu, while there was no significant dif-

ference between MV-Cu and FQ-Cu. So, the test-

ed nano-composites managed in significantly re-

ducing the infection rate from infected seedlings to 

healthy ones during the first two weeks of planting. 
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