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Abstract 

The experimentation was carried out in the greenhouse in the fields of the College of 

Agricultural Engineering Sciences / University of Baghdad / Department of Plant Protection 

through the winter and spring season of the year (2024-2025). This study aimed to induce 

systemic resistance in Rosa hybrida (rose plants) using biologically synthesized zinc oxide and 

copper oxide nanoparticles (prepared using curcumin) as a preventive treatment against the 

fungal pathogen Podosphaera pannosa, the causal agent of powdery mildew. The study 

investigated the effects of these materials on disease severity and biochemical responses 

through the estimation of PAL and peroxidase enzyme activity under greenhouse conditions. 

The results demonstrated the superior performance of biologically synthesized copper oxide 

nanoparticles (Cn) at a concentration of (300) mg/L, which achieved the lowest disease 

severity rate of (6.21)% and enhanced systemic resistance by increasing PAL and peroxidase 

enzyme activity. Similarly, biologically synthesized zinc oxide nanoparticles (Zn) at (300) mg/L 

and curcumin extract showed significant effectiveness in reducing disease severity to 

(14.46)% and (13.64)%, respectively, while enhancing enzymatic activities compared to other 

treatments. 
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Introduction 

Shrub roses are unrivaled among 

ornamental flowers, widely cultivated for 

their aesthetic appeal, charm, and fragrant 

scent. The primary global producers of 

shrub roses include the Netherlands, 

Colombia, Kenya, Israel, Italy, the United 

States, and Japan [7]. Powdery mildew, 

caused by the obligate biotrophic 

pathogen Podosphaera pannosa, is one of 

the most significant fungal diseases 

affecting roses in greenhouses [8], [11]. 

Numerous studies highlight the 

role of nanoparticles in managing plant 

diseases [3]. Notably, copper oxide and 

zinc oxide nanoparticles positively 

influence the growth and yield of 

leguminous plants under abiotic and biotic 

stress conditions. These nanoparticles 

enhance symbiotic interactions with 

bacteria, photosynthesis, nutrient uptake, 

and nitrogen fixation [12], [14]. 

Plants possess an intrinsic immune 

system comprising both constitutive and 

inducible defense mechanisms. As noted 

by [5],[6], these defenses can be 

augmented through exposure to biotic or 

abiotic elicitors, leading to a state of 

enhanced protection against pathogens 

and pests, a phenomenon termed induced 

resistance. 

Nanotechnology necessitates 

alternative, non-toxic, clean, and 

environmentally friendly methods to 

replace conventional chemical 

approaches. Green synthesis methods for 

nanomaterials present a promising 

alternative to other preparation 

techniques, utilizing fungi, plant extracts, 

yeast, and bacteria [10]. 

In green synthesis, a plant extract 

is prepared by collecting desired plant 

parts such as fruits, branches, and leaves 

[1], [2]. 

A study by [17] demonstrated the 

efficiency of curcumin as a reducing agent 

and advanced its use as an eco-friendly 

reducing agent in the synthesis of metal 

nanoparticles. 

 

 

 

Material and methods 

Biological Synthesis of Zinc and Copper 

Oxide Nanoparticles Using Curcumin 

Extract: 
The experiment was conducted in 

the Nanotechnology Laboratory / 

Department of Plant Biotechnology / 

College of Science / University of Baghdad 

during the academic year 2024-2025. 

Curcumin extract was (2)g of dissolved in 

(200)ml of deionized water. This solution 

was placed in an ultrasonic bath for two 

hours at a temperature of (70) °C to 

ensure dissolution and homogeneity of 

the mixture. The ultrasonic waves 

facilitated increased solubility of the 

extract in water and improved mixing. 

The dissolved extract was then 

distributed into (10) ml tubes and placed 

in a centrifugal device at (400) rpm for 

(20) minutes to separate the precipitate 

from the supernatant. The precipitate was 

discarded, and the supernatant was 

collected. To each (200) ml portion of the 

supernatant, (20) g of copper chloride and 
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zinc nitrate were added separately. A color 

change in the supernatant indicated the 

transformation into nanoparticles. The 

mixtures were then placed in flasks, sealed 

with cotton and Parafilm, and agitated in a 

shaker for (24) hours to enhance 

miscibility. 

Subsequently, the mixtures were 

distributed into 10 ml tubes and placed in 

a centrifugal device for (20) minutes to 

precipitate the nanoparticles. The 

supernatant was discarded, and the 

precipitate, representing nano copper 

oxide and nano zinc oxide, was collected. 

The resulting quantities were pooled in 

dishes and placed in an oven for a full day. 

After removal from the oven, the 

precipitate was scraped off and 

transferred to tubes for washing with an 

ethanol solution. These tubes were then 

centrifuged for (20) minutes to remove 

residual copper and zinc. The supernatant 

was discarded, and the washed precipitate 

was placed in a dish in the incubator for 

(10) minutes to dry. Following drying, the 

scraping process was performed [1].  

Verification of the nanoscale sizes 

was conducted using an AFM microscope 

at the Chemistry Department laboratories 

/ College of Science / University of 

Baghdad. 

 

Evaluation of the Effectiveness of Micro 

and Nano Zinc and Copper Oxides in 

Protecting Shrub Rose Plants from 

Powdery Mildew Infection Under Plastic 

House Conditions. 

The experiment was conducted in 

the fields of the College of Agricultural 

Engineering Sciences / University of 

Baghdad / Al-Jadriya, specifically within 

the Plant Protection Department, during 

the winter season of the academic year 

2024-2025. The land was prepared, 

leveled, cleared of weed residues, and 

sterilized with the fungicide (Beltanol) on 

October 15, 2024. 

The plastic house was prepared 

one month after the sterilization period. 

Shrub rose plants (Baby Rose), 

approximately one and a half years old, 

growing in (22) cm diameter pots, were 

procured on November 16, 2024, from a 

nursery located in the Al-Basatin area, 

Baghdad governorate. 

The plastic house included three 

rows for prophylactic treatment plants, 

(22) meters long. The distance between 

treatments was (2) meters. Each row 

comprised (22) experimental units, with 

three seedlings per replicate. A drip 

irrigation system was installed for 

watering the plants. Treatments were 

distributed randomly within each section, 

with continuous irrigation and regular 

weeding of the field, as illustrated in 

Figure (1), which shows the arrangement 

of treatments in the field. 

Foliar application of the 

treatments, detailed in Table (1), was 

performed once to the point of run-off. 

Two days later, on January 14, 2025, 

artificial inoculation of the plants with the 

pathogen was carried out using a spore 

suspension. The inoculum was prepared 

by collecting infected parts (flowers, 

leaves, stems) from rose plants. Conidial 

spores, the reproductive parts, were then 

collected using a clean, sterile brush with 

sterile water, which served as the primary 

spore solution for preparing the fungal 

suspension. The suspension was adjusted 
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to a concentration of 1x106 spores/ml, 

which was counted using a 

Hemocytometer. 

Inoculation of the shrub rose 

plants with the fungal suspension was 

performed to evaluate the efficacy of the 

materials used in disease prevention. 

Disease severity was calculated weekly 

according to the formula by [15]. 

 

 

Disease Severity = 

  

Figure (1) illustrates the arrangement of treatments in the field.

 

No. Treatment Code Treatment Name Concentration (mg/L) 

1 T1 
Control  

(Plant only) 
0 

2 T2 
Control  

(Pathogen only) 
0 

3 T3 
Chemical Fungicide 
 (Vitra) + Pathogen 

3 gm/L 

4 T4 Curcumin Extract 10 gm/L 

5 C1 Micro Copper Oxide 100 

6 C2 Micro Copper Oxide 200 

7 C3 Micro Copper Oxide 300 

8 CN1 Commercial Nano Copper Oxide 100 

9 CN2 Commercial Nano Copper Oxide 200 

10 CN3 Commercial Nano Copper Oxide 300 

11 Cn1 Biosynthesized Nano Copper Oxide 100 

12 Cn2 Biosynthesized Nano Copper Oxide 200 

13 Cn3 Biosynthesized Nano Copper Oxide 300 

Total number of infected leaves 
per category × category code 

Total Number of Leaves              
× Highest Score 
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Table (1) shows the treatments used in laboratory and field experiments and their 
concentrations.

Effect of Spraying on PAL Enzyme Activity 
for Prophylactic Treatments: 

PAL enzyme activity was measured 

at the laboratories of the Ministry of 

Agriculture / Department of Plant 

Protection / Abu Ghraib, at 7, 14, and 21 

days after treatment with the substances 

listed in Table (1). Absorbance readings 

were recorded using a spectrophotometer 

at a wavelength of (290) nm. Enzyme 

activity was quantified based on 

micrograms of cinnamic acid per hour per 

gram of fresh weight [16], according to the 

following equation: 

Y=0.070X-0.049 

In this context, if: 

Y =represents the absorbance value 

X=represents the cinnamic acid 

concentration in the sample 

Effect of Spraying on Peroxidase Enzyme 
Activity for Prophylactic Treatments: 

Peroxidase enzyme activity was 

measured at the laboratories of the 

Ministry of Agriculture / Department of 

Plant Protection / Abu Ghraib at 7, 14, and 

21 days after treatment with the 

substances listed in Table (1). Light 

absorbance was directly measured using a 

spectrophotometer at a wavelength of 

(420) nm every (30) seconds (six readings 

were taken). The rate of change in 

absorbance was then calculated [19], 

according to the following equation:  

 

 

Rate of Change in Absorbance= 

ΔA = Change in absorbance 

Δt = Change in time/minute 

 

Results and Discussion 

Evaluation of the Effectiveness of Micro 

and Nano Zinc and Copper Oxides in 

Protecting Shrub Rose Plants from 

Powdery Mildew Infection Under Plastic 

House Conditions. 

Effect of Spraying on Disease Severity for 

Prophylactic Treatments 

Atomic Force Microscope (AFM) 

analysis confirmed the nanoscale sizes of 

14 Z1 Micro Zinc Oxide 100 

15 Z2 Micro Zinc Oxide 200 

16 Z3 Micro Zinc Oxide 300 

17 ZN1 Commercial Nano Zinc Oxide 100 

18 ZN2 Commercial Nano Zinc Oxide 200 

19 ZN3 Commercial Nano Zinc Oxide 300 

20 Zn1 Biosynthesized Nano Zinc Oxide 100 

21 Zn2 Biosynthesized Nano Zinc Oxide 200 

22 Zn3 Biosynthesized Nano Zinc Oxide 300 

Δ t 

 
Gram fresh weight 
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the synthesized materials. The 

biosynthesized copper oxide nanoparticles 

had an average size of (37.74) nm, as 

shown in Figure (2). The biosynthesized 

zinc oxide nanoparticles measured (82.81) 

nm, as presented in Figure (3). 

 

Table (2) highlights the 

effectiveness of both micro and nano 

copper and zinc oxides in reducing 

Podosphaera pannosa infection severity 

over a five-week treatment period. 

Biosynthesized nano copper oxide (Cn) 

demonstrated the highest initial reduction 

in disease severity during the first week, 

reaching (2.21)%. This reduction 

intensified in subsequent weeks, ranging 

between (4.41)% and (6.21)% in weeks 

two and three, and further improved to 

(7.53)% and (10.67)% in weeks four and 

five. 
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Figure (2) illustrates the AFM analysis result of biosynthesized nano copper oxide.  

Figure (3) illustrates the AFM analysis result of biosynthesized nano zinc oxide.
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Statistical analysis Table (2) of the 

average disease severity across all 

treatments showed that biosynthesized 

nano copper oxide (Cn) was highly 

effective in controlling powdery mildew. 

The (300) mg/L concentration of Cn 

significantly outperformed the (200) mg/L 

and (100) mg/L concentrations, achieving 

an average disease severity of (6.21)%. 

Following this, biosynthesized nano zinc 

oxide (Zn) also proved highly effective, 

with its (300) mg/L concentration leading 

to an average disease severity of (14.46)%, 

surpassing the lower concentrations. 

Furthermore, micro copper oxide 

(C) treatments exhibited superior disease 

control compared to commercial nano 

copper oxide (CN), micro zinc oxide (Z), 

and commercial nano zinc oxide (ZN). The  

(300) mg/L concentration of micro 

copper oxide reduced disease severity to 

an average of (17.49)%, while (200) mg/L 

and (100) mg/L concentrations resulted in 

average severities of (19.87)% and 

(21.93)%, respectively. 

Treatments involving curcumin 

extract (10) gm/L and the chemical 

fungicide (3) gm/L also provided notable 

disease suppression, with average disease 

severities of (13.64)% and (23.61)%, 

respectively. These results are significantly 

better than the control treatments (plant 

only and pathogen only), which showed 

much higher average disease severities of 

(36.15)% and (71.46)%, respectively. A 

statistically significant difference was 

observed among all treatments. 

Table (2) shows the Effect of spraying on Disease Severity for Prophylactic Treatments.

 

Treatment 
Concentration 

(mg/L) 
Week 1 

(%) 
Week 2 

(%) 
Week 3 

(%) 
Week 4 

(%) 
Week 5 

(%) 
Average 

(%) 

Micro Copper Oxide (C) 

100 10.67 19.53 22.62 27.06 29.78 21.93 

200 9.73 17.72 20.41 23.51 27.97 19.87 

300 9.77 15.06 18.21 22.62 21.77 17.49 

Micro Zinc Oxide (Z) 

100 13.31 17.76 22.21 28.87 30.21 22.47 

200 10.67 15.52 19.97 24.41 29.31 19.98 

300 12.41 14.62 19.51 23.92 26.21 19.33 

Commercial Nano 
Copper Oxide (CN) 

100 10.17 15.06 20.87 31.07 39.52 23.34 

200 11.97 15.53 19.52 27.52 39.52 22.81 

 300 12.41 14.62 18.17 26.18 38.16 21.91 

Biosynthesized Nano 
Copper Oxide (Cn) 

100 4.87 9.77 11.51 14.61 21.72 12.5 

200 6.63 8.82 10.62 13.32 17.72 11.42 

300 2.21 4.41 6.21 7.53 10.67 6.21 

Commercial Nano Zinc 
Oxide (ZN) 

100 18.67 23.11 25.31 29.31 43.06 27.89 

200 14.61 19.52 22.21 28.88 39.62 24.97 

300 11.11 15.92 20.41 25.76 36.21 21.88 

Biosynthesized Nano 
Zinc Oxide (Zn) 

100 8.41 15.52 17.72 20.87 25.73 17.65 

200 7.97 11.52 15.06 19.11 23.52 15.44 

300 9.31 11.52 14.21 16.41 20.87 14.46 

Control (Plant only) 21.31 27.97 34.62 44.87 51.97 36.15 

Chemical Fungicide (3 gm/L) 14.21 20.41 25.31 26.18 31.92 23.61 

Pathogen (Control) 50.48 62.11 72.42 80.12 92.18 71.46 

Curcumin Extract (10 gm/L) 7.97 11.52 13.27 14.62 20.82 13.64 

LSD 5% 0.016 0.016 0.016 0.016 0.016 0.007 
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Effect of Spraying on PAL Enzyme Activity 

for Prophylactic Treatments 

The results presented in Figure (4) 

demonstrate the efficacy of the applied 

treatments and their significant impact on 

PAL enzyme activity. 

Biosynthesized nano copper oxide 

(Cn) exhibited superior performance in 

increasing PAL enzyme activity. The (300) 

mg/L concentration of Cn significantly 

outperformed the (200) mg/L and (100) 

mg/L concentrations, yielding an average 

activity of (501.53) mg cinnamic 

acid/minute/gm fresh weight. 

This was followed by 

biosynthesized nano zinc oxide (Zn) 

treatment, where the (300) mg/L 

concentration showed high enzyme 

activity compared to the (200) mg/L and 

(100) mg/L concentrations, with an 

average of (481.59) mg cinnamic 

acid/minute/gm fresh weight. 

Commercial nano copper oxide 

(CN) treatments also surpassed 

commercial nano zinc oxide (ZN), micro 

copper oxide (C), and micro zinc oxide (Z) 

treatments in enhancing enzyme activity. 

For CN, the (300) mg/L concentration 

resulted in an average enzyme activity of 

(476.70) mg cinnamic acid/minute/gm 

fresh weight, while the (200) mg/L 

concentration showed (474.06) mg 

cinnamic acid/minute/gm fresh weight, 

and the (100) mg/L concentration yielded 

(471.15) mg cinnamic acid/minute/gm 

fresh weight. 

These results are notably higher 

compared to the control plant and 

pathogen-only treatments, which 

recorded average PAL enzyme activities of 

(386.72) and (365.97) mg cinnamic 

acid/minute/gm fresh weight, 

respectively. A significant difference was 

observed among the treatments.

Figure (4) shows the Average PAL Enzyme Activity.

C1 C2 C3 Z1 Z2 Z3 CN1 CN2 CN3 Cn1 Cn2 Cn3 ZN1 ZN2 ZN3 Zn1 Zn2 Zn3 T1 T2 T3 T4

Series1 406 413 417 396 408 412 471 474 477 480 491 502 420 472 475 472 478 482 387 428 366 421
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Effect of Spraying on Peroxidase Enzyme 

Activity for Prophylactic Treatments 

Figure (5) illustrates the efficacy 

and significant impact of the applied 

treatments on peroxidase enzyme activity. 

Biosynthesized nano copper oxide 

(Cn) demonstrated superior performance 

in increasing peroxidase enzyme activity 

across all treatments. The (300) mg/L 

concentration of Cn significantly 

outperformed both (200) mg/L and (100) 

mg/L concentrations, yielding an average 

activity of (16.31) (change in 

absorbance/minute/gm fresh weight). 

This was followed by 

biosynthesized nano zinc oxide (Zn) 

treatment, where the (300) mg/L 

concentration also showed higher enzyme 

activity compared to the (200) mg/L and 

(100) mg/L concentrations, with an 

average of (9.47) (change in 

absorbance/minute/gm fresh weight). 

Furthermore, commercial nano 

copper oxide (CN) treatments surpassed 

commercial nano zinc oxide (ZN), micro 

copper oxide (C), and micro zinc oxide (Z) 

treatments in enhancing enzyme activity. 

The average enzyme activities for CN were 

(8.74) (change in absorbance/minute/gm 

fresh weight) for the (300) mg/L 

concentration, (5.47) (change in 

absorbance/minute/gm fresh weight) for 

(200) mg/L, and (4.72) (change in 

absorbance/minute/gm fresh weight) for 

100 mg/L. 

These results are markedly higher 

when compared to the control plant and 

pathogen-only treatments, which 

recorded average peroxidase enzyme 

activities of (2.85) and (2.73) (change in 

absorbance/minute/gm fresh weight), 

respectively. 

 

 

Figure (5) shows the Average Peroxidase Enzyme 

Activity.

C1 C2 C3 Z1 Z2 Z3 CN1 CN2 CN3 Cn1 Cn2 Cn3 ZN1 ZN2 ZN3 Zn1 Zn2 Zn3 T1 T2 T3 T4

Series1 3.77 3.73 4.41 3.2 3.84 4.21 4.72 5.47 8.74 5.91 7.39 16.3 4.5 4.83 8.88 4.83 5.96 9.47 2.85 5.03 2.73 5.02
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These results align with the 

findings of [9], [18], who demonstrated 

that nano copper oxide, extracted from 

Ziziphus spina-christi leaves at 

concentrations of (50, 100, and 250) mg/L, 

modulated the enzymatic activity of 

peroxidase. When used against Fusarium 

solani, the causal agent of tomato root 

rot, peroxidase enzyme activity increased 

by (350, 386, and 762)%, respectively. This 

was in comparison to healthy, untreated 

and infected tomato plants, which showed 

peroxidase enzyme activities of (0.13)% 

and (0.048) units/minute/gram, 

respectively. 

Our findings are also consistent 

with the study by [13] on copper oxide 

nanoparticles for controlling cucumber 

root rot caused by Fusarium solani. They 

found that Cu₂ONPs significantly increased 

peroxidase enzyme activity, measuring 

(1.397 ± 0.23) compared to control 

treatments at (0.329 ± 0.21). 

Furthermore, these results are in 

agreement with [4], who used copper 

oxide nanoparticles synthesized with 

coffee powder against Fusarium 

oxysporum in 7-day-old chickpea 

seedlings. They observed a significant 

increase in PAL enzyme activity, with 

increases of (21.53, 12.30, and 7.69)% for 

concentrations of (50, 25, and 10) ppm, 

respectively, compared to fungal-infected 

seedlings, which exhibited (54.54)% 

activity.

 

Conclusion 

1.Biosynthesis of zinc and copper 

nanoparticles using curcumin showed 

promising efficacy in preventing 

Podosphaera pannosa, the causal agent of 

powdery mildew. 

2.The applied control agents played a role 

in inducing systemic resistance in the plant 

by increasing the activity of PAL and 

peroxidase enzymes. Notably, the 

biosynthesized nano copper oxide (Cn) 

treatment was superior to all other 

treatments in reducing disease severity. 
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