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Abstract

Although many papers have consented that the smaller the size of nanoparticles, the higher their efficiency, this
paper sheds light on one potential exception of this rule. The paper shows that the in vitro antifungal efficiency of
copper nanoparticles against the fusarium wilt pathogen, Fusarium oxysporum, isolated from the infected date palm,
Phoenix dactylifera L., is not size-dependent; instead, as it was found that larger copper nanoparticles have better
in vitro antifungal efficiency against the fungal pathogen than smaller ones. Copper nanoparticles were synthesized
via chemical reduction method at two different pH values, 6.5 and 10.5. Dynamic light scattering was used to
measure their particle sizes, which were 345.1 nm and 278.1 nm, respectively. Transmission Electron Microscopy
was used to figure out the shapes of nanoparticles, which were polygonal and spherical, respectively. Poison
food essay was used to test their in vitro inhibition efficiencies against the fusarium wilt pathogen, F. oxysporum,
isolated from the infected date palm, Phoenix dactylifera L., which were 46% and 19%, respectively; at the same
concentration. Ultimately, the paper has proposed and discussed a potential reason beyond these unexpected
findings, which relies upon the larger surface area to volume ratio of the polygonal copper nanoparticles compared
to the spherical copper nanoparticles. The paper concluded that, despite their larger size, polygonal copper
nanoparticles have better in vitro antifungal efficiency than spherical copper nanoparticles against F. oxysporum

isolated from the infected date palm, Phoenix dactylifera L. at the same concentration.
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Introduction

A significant portion of the crop production can be lost due to
phytopathogenic infections, including but not limited to fungal,
bacterial, viral and nematodal infections, in addition to the insect
pests, this portion accounts for 14.1% of the total losses affect crops
from various sources of infections [1]. On the other hand, many
phytopathogens have developed resistance against a lot of traditional
chemicals used to control such phytopathogens [2-14], which in turn
spur farmers to use larger quantities of such chemicals to in order to
control the more resistive pests, which result in dangerous health
consequences and more pollution hazards on the environment. So, it
is hoped that new technologies, such as nanotechnology, may provide
more efficient, cost-effective, and eco-friendly nanocides for controlling
such pathogens.

Nanotechnology is considered one of the most promising
technologies that may revolutionize the agricultural sector via it's
versatile potential applications regarding many agricultural challenges
such as climate changes, fertilization efficiency, sustainable agriculture,
and food demands [15]. In the agricultural field, nanotechnology has
a broad range of applications, including but not limited to growth
promotion and nutrition supplement using nanofertilizers [16], plant
protection against phytopathogens and treatment of plant diseases using
nanocides [17].

Among different types of nanoparticles, metal nanoparticles have
attracted much attention due to their unique catalytic, optic, electronic
and magnetic properties compared to their bulk counterparts [18,19].
In this regard, copper nanoparticles, as one of the transition metals, has
a very promising application in many different fields such as catalytic
degrading of organic dyes, including rose Bengal and methylene blue
[20], as a conductive ink [21] and in the antimicrobial applications [22-
27]. Particularly, it was shown that the antifungal efficacy of copper
nanoparticles was stronger than many other metal nanoparticles
including Al, Fe, Mn, Ni and Zn, [28].

Many crops are subjected to infection with different diseases caused
by many soil-borne pathogenic fungi which may cause considerable
losses in the productivity of the infected plant. Investigations showed that
among these pathogens the fungal pathogen F. oxysporum, which cause
fusarium wilt disease, is considered one of the most common and most
virulent one, as it has a wide range of hosts, including but not limited to
sugarcane, legumes, tomato, potato, pepper, bananas, oil palm and many
other species; and may lastly cause death of the infected plant [29,30].

In this regard, the fusarium wilt infection begins, under suitable
environmental conditions, by the germinating spores or by the fungal
mycelia, which penetrate the plant’s lateral roots. After penetration,
the mycelium continues spreading through the vascular vessels of the
infected plant and producing its microconidia. The microconidia flow
upward into the sap stream and germinate where the flow of the sap
stops. Finally, the spores and the mycelia plug the vascular vessels of
the infected plant, which in turn hinders the plant from up-taking and
translocating nutrients, which results eventually in wilting the leaves,
and death of the whole plant [31,32].

This paper shed light on an approach to enhance the antifungal
efficiency of copper nanoparticles against the fusarium wilt pathogen, F
oxysporum, as one of the agricultural applications of metal nanoparticles.

In this regard, copper nanoparticles have been known with their
antifungal effect against Fusarium sp. [33]. But there is a dire need to
enhance this antifungal efficiency of copper nanoparticles, so as to
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minimize the number of nanoparticles required to affect the fungal
pathogen, and hence minimizing the environmental pollution and the
accumulation of nanoparticles in the treated plant.

This paper has proposed a trial to enhance the antifungal effect of
copper nanoparticles against fusarium wilt pathogen, F oxysporum,
isolated from the date palm, Phoenix dactylifera L., via maximizing their
surface area to volume ratio by varying the reaction conditions at which
copper nanoparticles were synthesized.

Materials and Methods

All chemicals used in the following experiments were the analytical
grade of purity and were used without further purification.

Chemicals used for synthesis of copper nanoparticles

Copper sulfate pentahydrate was obtained from Elnasr
Pharmaceuticals Co., Egypt. L - Ascorbic Acid (99.0% pure) was obtained
from Alpha Chemika Co. Egypt. and Cetyltrimethylammonium
bromide (CTAB) (99.0% pure) was obtained from Rashmi Diagnostics.

Synthesis of copper nanoparticles

Copper nanoparticles were synthesized according to the chemical
reduction method [34]. A simple modification of the method was done,
in which 1.1 g of CTAB and 1.94 g of L-ascorbic acid were dissolved
in 80 mL of deionized water (solution A); also, 0.25 g of copper sulfate
pentahydrate was dissolved in 10 mL of deionized water (solution B)
and 0.08 g of sodium hydroxide was dissolved into another 10 mL of
deionized water (solution C).

The pH of solution A was adjusted at 6.5 (in the 1* trial) or at 10.5 (in
the 2" trial), and the solution was heated to 85°C. After that, solutions
B and C were simultaneously added dropwise to the solution A under
stirring. The reaction continued for 30 min, till the reaction mixture
developed a reddish-brown color.

In this regard, it is noteworthy that the pH value decreases as the
reaction proceeds due to the consumption of hydroxyl anions by copper
cations according to the following mechanism [35]:

Cu**+ 20H - Cu(OH), 1
Cu(OH), + CH,0, > Cu+CH.O, + 2H,0 )

So that, I simply modified the original method [34] so as to maintain
the pH value constant throughout the reaction. this modification was
done through adding sodium hydroxide solution (solution C) with as
twice molarity as that of the copper sulfate pentahydrate simultaneously
with copper sulfate pentahydrate (solution B) to compensate the
consumed hydroxyl anions, since two hydroxyl anions are consumed to
react with one copper cation.
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After finishing the reaction, the synthesized nanoparticles were
collected by centrifugation at 3000 rpm for 10 minutes, washed twice
with deionized water and twice with ethanol and dried for further
characterization and application.

Characterization of copper nanoparticles

Copper nanoparticles were suspended in deionized water for Uv-
vis spectroscopy using Helios Gamma Spectrophotometer, which
used to determine the characteristic surface Plasmon resonance of the
synthesized copper nanoparticles. Dynamic Light Scattering (Zeta sizer
nano series (Nano ZS), Malvern, UK) was used to measure particles
sizes. Transmission Electron Microscope (Tecnai G20, Super twin,
double tilt, FEI, Netherland) was used to figure out the shapes of the
synthesized copper nanoparticles.

Fusarium oxysporum strain

The fungal strain was obtained from the Microbiological Resources
Center; Ain Shams University; Cairo; Egypt.

Investigation of the antifungal efficiency of copper nanoparticles:
Poison food essay was used to investigate the antifungal effect of the
synthesized copper nanoparticles. The fungus was inoculated on Potato
Dextrose Agar (PDA) media containing 300 ppm of copper nanoparticles
synthesized at pH 6.5 and copper nanoparticles synthesized at pH
10.5; Then, incubated in dark at 25°C for 1 week. Radial growth was
measured, and the inhibition percentage was calculated relative to the
control, in which fungus was inoculated on copper nanoparticles free
Potato Dextrose Agar media, according to the following equation [36]:

Cc-T

Fungicidal Efficacy (%) = x100 (3)

Where, C is the radial growth of mycelia in control (in cm), T is the
radial growth of mycelia in treatments (in cm) (Copper nanoparticles -
containing Potato Dextrose Agar media)

Statistical analysis

SPSS 22 software was used at P < 0.05 to distinguish between the
fungicidal efficacies. Each treatment was conducted in triplicate, and the
whole experiment was repeated twice [37].

Results

UV-vis spectroscopy

UV-vis spectroscopy for both copper nanoparticles synthesized at
pH 6.5 and pH 10.5 exhibited the characteristic plasmonic resonance
bands at 589 nm and 584 nm, respectively.

Particle size distribution

Dynamic Light Scattering (DLS) showed the particle size

Figure 1: Particle size distribution of copper nanoparticles synthesized at pH 6.5 (A) and copper nanoparticles synthesized at pH 10.5 (B).
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Figure 3: Mycelia growth on Potato Dextrose Agar media containing Copper nanoparticles synthesized at pH 6.5 (A), pH 10.5 (B) and free from any copper nanoparticles

distributions for both copper nanoparticles synthesized at pH 6.5
and pH 10.5, with the average particle sizes 345.1 nm and 278.1 nm,
respectively; as shown in Figures 1A and 1B.

Transmission electron microscopy

Transmission Electron Microscopy (TEM) was used to figure
out the shape of Copper nanoparticles. Figures 2A and 2B show the
transmission electron micrographs of copper nanoparticles synthesized
at pH 6.5 and pH 10.5, respectively. Transmission electron micrographs
revealed that the Copper nanoparticles synthesized at pH 6.5 were
nearly polygonal, while that synthesized at pH 10.5 were nearly
spherical.

Assessing the in vitro antifungal efficiencies of copper
nanoparticles synthesized at pH 6.5 vs. copper nanoparticles
synthesized at pH 10.5

Also, the in vitro antifungal efficiencies of copper nanoparticles
synthesized at pH 6.5 and pH 10.5 were investigated. Poison Food essay
revealed that 300 ppm of copper nanoparticles synthesized at pH 6.5
inhibited the mycelia growth of the fungal pathogen, F. oxysporum, by
46%. On the other hand, the same concentration of copper nanoparticles
synthesized at pH 10.5 inhibited the mycelia growth by only 19%, as
shown in Figures 3A-3C.

Statistical analysis at P < 0.05 showed that the in vitro fungicidal
efficacy of copper nanoparticles synthesized at pH 6.5 was significantly
higher than that of copper nanoparticles synthesized at pH 10.5 against
E oxysporum isolated from date palm.

Discussion

Firstly, Copper nanoparticles were successfully synthesized via
the chemical reduction method and confirmed by exhibiting their
characteristic surface plasmonic resonance. In this regard, Copper
nanoparticles usually have a characteristic resonance band in the range
560 nm-570 nm [38]; this band is shifted toward longer wavelengths in
case of larger particles [38], which toke place in this case.

Furthermore, it was clear that increasing the pH value at which
copper nanoparticles were synthesized affects particle characteristics
including size, shape and hence the antifungal efficiency. Firstly,
increasing the pH value from 6.5 to 10.5 oriented the particles to smaller
sizes; this may due to faster nucleation rate than the growth rate of the
particles at higher pH value. Also, higher pH value developed roughly
spherical particles, while lower pH value resulted in almost polygonal
particles. Finally, the in vitro antifungal efficiency, which is the net
of these characteristics, of the copper nanoparticles was significantly
enhanced with the polygonal shape of particles despite being larger in
their size.

The enhanced in vitro antifungal efficiency of copper nanoparticles
synthesized at pH 6.5 can mainly be attributed to its relatively larger
surface area to volume ratio (SAVR) as compared with the spherical
copper nanoparticles synthesized at pH 10.5; this is because the polygonal
shapes usually exhibit larger SAVR than the spherical shapes [39].

In this regard, a simple calculation of the approximate surface area
to volume ratio of the spherical copper nanoparticles with particle size
278.1 nm will be as follow [39]:

SAVR =2 @)

r

As shown in Figure 4A, where r is the radius of the spherical
particle, which in this case is 139.05 nm. i.e. SAVR will be 3/(139.05 x
10°)=2.16 x 10’ m™%.

On the other hand, a simple calculation of the approximate surface
area to volume ratio of the polygonal copper nanoparticles with particle
size 345.1 nm, assuming that the particle is a polygonal pyramid and
2x=I=345.1 nm, will be as follow [39]:

3 3 1
SAVR==+23,|—5+— 5
o 3 pTER ()
As shown in Figure 4B, where S is the pyramid side and / is the

pyramid height. § can be calculated from the formula [39]
okl (©)

X=—-23:
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Figure 4: Diagram of a spherical nanoparticle (A) and polygonal pyramid
nanoparticle (B).

Where, x is the perpendicular length from the center of the base to

one of the sides. And h can be calculated from Pythagorean Theorem,
h=I*-x* (7)
Thus,

t ! =3x10"m"

SAVR= 3o I 3 .
298.86x10 \/4(29&8&10’“) (199.24x107)

From the previous approximate calculations, it is very clear that the
SAVR of copper nanoparticles synthesized at pH 6.5 is larger than that
of copper nanoparticles synthesized at pH 10.5.

The previous analysis suggests a correlation between the SAVR
of copper nanoparticles and their antifungal efficiency; this can draw
our attention to the importance of maximizing the SAVR of copper
nanoparticles not only by minimizing particle size, but also by adopting
such reaction conditions which result in polygonal shapes rather than
spherical ones.

Another suggested reason beyond the better in vitro antifungal
efficiency of the larger copper nanoparticles may be that the targeted
entities in the fungal pathogen have a comparable size to that of larger
copper nanoparticles, i.e. the higher degree of matching between the
larger copper nanoparticles and the size of the targeted entities in the
fungus increased the probability of affecting such entities.

Thus, a further research is required to investigate the exact reason(s)
beyond the higher toxicity of some larger nanoparticles than their
smaller counterparts. Such cases are present in the literature with other
types of nanoparticles [40-42].

Conclusion

Conclusively, I do emphasize that the in vitro antifungal efficiency
of copper nanoparticles against E oxysporum isolated from date palm
is not dependent upon particle size; rather it may depend upon their
surface area to volume ratio, or on matching between the particle size
and the targeted entities in the fungal pathogen.

Also, the paper concluded that for enhancing the in vitro antifungal
efficiency of copper nanoparticles developed for use as a fungicide
against the fusarium wilt pathogen, E oxysporum, it may be more
effective to adopt such synthesis conditions that result in larger
polygonal shapes of the particles instead of smaller spherical ones.

The importance of our findings can be embodied in proposing a trial
to enhance the in vitro antifungal efficiency of copper nanoparticles,
so as to minimize the number of nanoparticles required to affect the
fungal pathogen, and hence minimizing the environmental pollution
and the accumulation of nanoparticles in the host plant.

Finally, and Honestly speaking, although copper nanoparticles
which were synthesized at pH 6.5 demonstrated a better in vitro
antifungal efficiency against the fungal pathogen, F oxysporum, than
copper nanoparticles which were synthesized at pH 10.5, this may

present a higher toxicity side effects on the other beneficial micro flora
in case of using such nanoparticles as a fungicide to control fusarium
wilt disease. This may require the addition of suitable supplemental
biofertilizers in order to compensate the affected flora.

Acknowledgement

| do greatly acknowledge this paper with the deepest love and respect to my

wife, Dr. Asmaa H. Rasslan, for her continuous encouragement, follow-up and
moral support for me.

References

1.

20.

Sharma R, Dewanjee S, Kole C (2016) Utilization of nanoparticles for plant
protection. Plant Nanotechnology - principles and practices. Springer
International Publishing, Switzerland. pp. 305-327.

Patel N, Desai P, Patel N (2014) Agronanotechnology for plant fungal disease
management: a review. Int J Curr Microbiol App Sci 3: 71-84.

Dowley LJ, O’sullivan E (1991) Metalaxyl-resistant strains of Phytophthora
infestans. Potato Res 24: 417-421.

Elad Y, Yunis H, Katan T (1992) Multiple fungicide resistance to benzimidazoles,
dicarboximides and diethofencarb in field isolates of Botrytis cinerea in
Israel. Plant Pathol 41: 41-46.

Faretra F, Pollastro S (1993) Genetics of sexual compatibility and resistance to
benzimidazole and dicarboximide fungicides in isolates of Botryotinia fuckeliana
(Botrytis cinerea) from nine countries. Plant Pathol 42: 48-57.

Hide GA, Read PJ, Hall SM (1992) Hall resistance to thiabendazole
in Fusarium species isolated from potato tubers affected by dry rot. Plant Pathol
41: 745-748.

Hide GA, Hall SM (1993) Development of resistance to thiabendazole
in Helminthosporium solani (silver scurf) as a result of potato seed tuber
treatment. Plant Pathol. 42: 707-714.

Hajipour MJ, Fromm KM, Ashkarran AA (2012) Antibacterial properties of
nanoparticles. Trends Biotechnol 30: 499-511.

Morones JR, Elechiguerra JL, Camacho A (2005) The bactericidal effect of
silver nanoparticles. Nanotechnol 16: 2346-2353.

. Samano-Valencia C, Martinez-Castanon GA, Martinez-Gutiérrez F (2014)

Characterization and biocompatibility of chitosan gels with silver and gold
nanoparticles. J Nanomater 1-11.

. Pelgrift RY, Friedman AJ (2013) Nanotechnology as a therapeutic tool to

combat microbial resistance. Adv Drug Deliv Rev 65: 1803-1815.

. Larimer C, Islam MS, Ojha A (2014) Mutation of environmental mycobacteria

to resist silver nanoparticles also confers resistance to a common antibiotic.
BioMetals. 27: 695-702.

. Agarwala M, Choudhury B, Yadav RNS (2014). Comparative study of antibiofilm

activity of copper oxide and iron oxide nanoparticles against multidrug resistant
biofilm forming uropathogens. Indian J Microbiol 54: 365-368.

. Chakraborty R, Sarkar RK, Chatterjee AK (2015) A simple, fast and cost-

effective method of synthesis of cupric oxide nanoparticle with promising
antibacterial potency: unraveling the biological and chemical modes of action.
Biochim Biophys Acta 1850: 845-856.

.Chena H, Yada R (2011) Nanotechnologies in agriculture: New tools for

sustainable development. Trends Food Sci Tech. 22: 585-594.

. Priester JH, Ge Y, Mielke RE (2012) Soybean susceptibility to manufactured

nanomaterials with evidence for food quality and soil fertility interruption. Proc
Natl Acad Sci USA 109: 2451-2456.

. Carmen IM, Chithra P, Huang Q (2003) Nanotechnology: a new frontier in food

science. Food Technol. 57: 24-29.

. Emory SR, Nie S (1998) Screening and enrichment of metal nanoparticles with

novel optical properties. J Phys Chem B. 102: 493-497.

. Halperin WP (1986) Quantum size effects in metal particles. Rev Mod Phys

58: 533-606.

Sherazi STH, Soomro RA, Uddin S (2013) Synthesis and characterizations
of highly efficient copper nanoparticles and their use in ultra-fast catalytic
degradation of organic dyes. Adv Mat Res 829: 93-99.

J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

Volume 9 + Issue 2 + 1000432


http://www.springer.com/in/book/9783319421520
http://www.springer.com/in/book/9783319421520
http://www.springer.com/in/book/9783319421520
https://www.ijcmas.com/vol-3-10/Nikunj Patel, et al.pdf
https://www.ijcmas.com/vol-3-10/Nikunj Patel, et al.pdf
http://agris.fao.org/agris-search/search.do?recordID=XE8280823
http://agris.fao.org/agris-search/search.do?recordID=XE8280823
https://doi.org/10.1111/j.1365-3059.1992.tb02314.x
https://doi.org/10.1111/j.1365-3059.1992.tb02314.x
https://doi.org/10.1111/j.1365-3059.1992.tb02314.x
https://doi.org/10.1111/j.1365-3059.1993.tb02933.x
https://doi.org/10.1111/j.1365-3059.1993.tb02933.x
https://doi.org/10.1111/j.1365-3059.1993.tb02933.x
https://doi.org/10.1111/j.1365-3059.1992.tb02558.x
https://doi.org/10.1111/j.1365-3059.1992.tb02558.x
https://doi.org/10.1111/j.1365-3059.1992.tb02558.x
https://doi.org/10.1111/j.1365-3059.1993.tb01556.x
https://doi.org/10.1111/j.1365-3059.1993.tb01556.x
https://doi.org/10.1111/j.1365-3059.1993.tb01556.x
http://doc.rero.ch/record/29689/files/fro_apn.pdf
http://doc.rero.ch/record/29689/files/fro_apn.pdf
https://doi.org/10.1088/0957-4484/16/10/059
https://doi.org/10.1088/0957-4484/16/10/059
https://doi.org/10.1155/2014/543419
https://doi.org/10.1155/2014/543419
https://doi.org/10.1155/2014/543419
https://doi.org/10.1007/s10534-014-9761-4
https://doi.org/10.1007/s10534-014-9761-4
https://doi.org/10.1007/s10534-014-9761-4
https://doi.org/10.1007/s12088-014-0462-z
https://doi.org/10.1007/s12088-014-0462-z
https://doi.org/10.1007/s12088-014-0462-z
https://doi.org/10.1016/j.bbagen.2015.01.015
https://doi.org/10.1016/j.bbagen.2015.01.015
https://doi.org/10.1016/j.bbagen.2015.01.015
https://doi.org/10.1016/j.bbagen.2015.01.015
https://doi.org/10.1016/j.tifs.2011.09.004
https://doi.org/10.1016/j.tifs.2011.09.004
https://doi.org/10.1073/pnas.1205431109
https://doi.org/10.1073/pnas.1205431109
https://doi.org/10.1073/pnas.1205431109
https://www.researchgate.net/publication/238659785_Nanotechnology_A_New_Frontier_in_Food_Science
https://www.researchgate.net/publication/238659785_Nanotechnology_A_New_Frontier_in_Food_Science
https://doi.org/10.1021/jp9734033
https://doi.org/10.1021/jp9734033
https://doi.org/10.1103/revmodphys.58.533
https://doi.org/10.1103/revmodphys.58.533
https://doi.org/10.4028/www.scientific.net/amr.829.93
https://doi.org/10.4028/www.scientific.net/amr.829.93
https://doi.org/10.4028/www.scientific.net/amr.829.93

Citation: Mohamed EA (2018) Non-Dependency of In Vitro Fungicidal Efficiency of Copper Nanoparticles against Fusarium oxysporum upon Particle
Size. J Plant Pathol Microbiol 9: 432. doi: 10.4172/2157-7471.1000432

Page 5 of 5

2

=

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

.Tang XF, Yang ZG, Wang WJ (2010) A simple way of preparing high-

concentration and high-purity nano copper colloid for conductive ink in inkjet
printing technology. Colloids Surf A Physicochem Eng Asp 360: 99-104.

Ren G, Hu D, Cheng EWC (2009) Characterization of copper oxide nanoparticles
for antimicrobial applications. Int J Antimicrob Agents 33: 587-590.

Ruparelia JP, Chatterjee AK, Duttagupta SP (2008) Strain specificity in antimicrobial
activity of silver and copper nanoparticles. Acta Biomater 4: 707-716.

Chatterjee K, Sarkar RK, Chattopadhyay AP (2012) A simple robust method for
synthesis of metallic copper nanoparticles of high antibacterial potency against
E. coli. Nanotechnol 23: 085103.

Karthik D, Geetha K (2013) Synthesis of copper precursor, copper and its oxide
nanoparticles by green chemical reduction method and its antimicrobial activity.
J Appl Pharm Sci 3: 16-21.

Chatterjee K, Chakraborty R, Basu T (2014) Mechanism of antibacterial activity
of copper nanoparticles. Nanotechnol 25: 135101.

Muthukrishnan M (2015) Green synthesis of copper-chitosan nanoparticles and
study of its antibacterial activity. J Nanomedicine Nanotechnol 6.

Servin A, Elmer W, Mukherjee A (2015) A review of the use of engineered
nanomaterials to suppress plant disease and enhance crop yield. J Nanopart
Res 17: 1-21.

Flood J (2006) A review of Fusarium wilt of oil palm caused by Fusarium
oxysporum f. sp. Elaeidis. Phytopathol 96: 660-662.

Ammar MI (2007) Fusarium species associated with corm rots and wilt of banana
(Musa sp.) under Egyptian conditions. Egyptian J Phytopathol 35: 81-98.

Egel DS, Martyn RD (2007) Fusarium wilt of watermelon and other cucurbits.
The Plant Health Instructor.

32.

33.

34.

3

[}

36.

37.

38.

39.

40.

41.

42.

Yadeta KA, Thomma BPHJ (2013) The xylem as battleground for plant hosts
and vascular wilt pathogens. Front Plant Sci 4: 97.

Viet PV, Nguyen HT, Cao TM (2016) Fusarium antifungal activities of copper
nanoparticles synthesized by a chemical reduction method. J Nanomater 2016: 1-7.

Biger M, Sisman | (2009) Controlled synthesis of copper nano/microstructures
using ascorbic acid in aqueous CTAB solution. Powder Technol 198: 279-284.

.Wu S (2007) Preparation of fine copper powder using ascorbic acid as reducing

agent and its application in MLCC. Mater Lett 61: 1125-1129.

Vincent JM (1946) Distortion of fungal hyphae in the presence of certain
inhibitors. Nature 159: 850.

McDonald JH (2008) Handbook of Biological Statistics. Sparky House
Publishing, Baltimore, USA.

Kaminskiene |, Prosyf£evasa J, Guobien SA (2012) Evaluation of optical
properties of Ag, Cu, and Co nanoparticles synthesized in organic medium.
Acta Phys Pol 123: 111-114.

Kattan Pl (2011) Ratio of surface area to volume in nanotechnology and
nanoscience. Basic Nanomechanics Series 7-20.

Warheit DB, Webb TR, Colvin VL (2007) Pulmonary bioassay studies with
nanoscale and fine-quartz particles in rats: Toxicity is not dependent upon
particle size but on surface characteristics. Toxicol Sci 95: 270-280.

Warheit DB, Webb TR, Sayes CM (2006) Pulmonary instillation studies with
nanoscale TiO, rods and dots in rats: Toxicity is not dependent upon particle
size and surface area. Toxicol Sci 91: 227-236.

Karlsson HL, Gustafsson J, Cronholm P (2009) Size-dependent toxicity of
metal oxide particles-a comparison between nano- and micrometer size.
Toxicol Lett 188: 112-118.

J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

Volume 9 + Issue 2 + 1000432


https://doi.org/10.1016/j.colsurfa.2010.02.011
https://doi.org/10.1016/j.colsurfa.2010.02.011
https://doi.org/10.1016/j.colsurfa.2010.02.011
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1016/j.actbio.2007.11.006
https://doi.org/10.1016/j.actbio.2007.11.006
https://doi.org/10.1088/0957-4484/23/8/085103
https://doi.org/10.1088/0957-4484/23/8/085103
https://doi.org/10.1088/0957-4484/23/8/085103
https://doi.org/10.4172/2157-7439.1000251
https://doi.org/10.4172/2157-7439.1000251
https://doi.org/10.1007/s11051-015-2907-7
https://doi.org/10.1007/s11051-015-2907-7
https://doi.org/10.1007/s11051-015-2907-7
https://doi.org/10.1094/phyto-96-0660
https://doi.org/10.1094/phyto-96-0660
http://www.ejp.eg.net/vol.35.No2/7.pdf
http://www.ejp.eg.net/vol.35.No2/7.pdf
https://doi.org/10.1094/phi-i-2007-0122-01
https://doi.org/10.1094/phi-i-2007-0122-01
https://doi.org/10.3389/fpls.2013.00097
https://doi.org/10.3389/fpls.2013.00097
https://doi.org/10.1557/mrc.2013.13
https://doi.org/10.1557/mrc.2013.13
https://doi.org/10.1016/j.powtec.2009.11.022
https://doi.org/10.1016/j.powtec.2009.11.022
https://doi.org/10.1016/j.matlet.2006.06.068
https://doi.org/10.1016/j.matlet.2006.06.068
https://doi.org/10.1038/159850b0
https://doi.org/10.1038/159850b0
http://udel.edu/~mcdonald/HandbookBioStat.pdf
http://udel.edu/~mcdonald/HandbookBioStat.pdf
https://doi.org/10.12693/aphyspola.123.111
https://doi.org/10.12693/aphyspola.123.111
https://doi.org/10.12693/aphyspola.123.111
http://www.academia.edu/21539518/Ratio_of_Surface_Area_to_Volume_in_Nanotechnology_and_Nanioscience
http://www.academia.edu/21539518/Ratio_of_Surface_Area_to_Volume_in_Nanotechnology_and_Nanioscience
https://doi.org/10.1093/toxsci/kfl128
https://doi.org/10.1093/toxsci/kfl128
https://doi.org/10.1093/toxsci/kfl128
https://doi.org/10.1093/toxsci/kfj140
https://doi.org/10.1093/toxsci/kfj140
https://doi.org/10.1093/toxsci/kfj140
https://doi.org/10.1016/j.toxlet.2009.03.014
https://doi.org/10.1016/j.toxlet.2009.03.014
https://doi.org/10.1016/j.toxlet.2009.03.014

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Chemicals used for synthesis of copper nanoparticles 
	Synthesis of copper nanoparticles 
	Characterization of copper nanoparticles  
	Fusarium oxysporum strain  
	Statistical analysis  

	Results
	UV-vis spectroscopy
	Particle size distribution 
	Transmission electron microscopy 
	Assessing the in vitro antifungal efficiencies of copper nanoparticles synthesized at pH 6.5 vs. cop

	Discussion
	Conclusion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

