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ynthetized nanoparticles are believed power factors for 

agri-fertilizers and evolution boosters. Micro-nutrients 

(Cu/Mn/Fe/Zn) grafted on iron oxide nanocomposite in 

agricultural systems, particularly world-wide crop production. 

Nano-micronutrients are strong candidates for immobilization of 

agricultural contaminants in soils and water. This article aimed to 

investigate the influence of nano-micronutrients grafted on iron 

oxide nanoparticles to reduce the harmful effect of water irrigation 

salinity through neutralizing sodium and chloride ions to plant. Also, 

increasing growth, photosynthesis, respiration, and leaf mineral 

content of wheat, rice and corn maize plants. Iron/micronutrients 

nanocomposite activated proline synthesis, and increased tolerance 

to salinity stress. The BET/FT-IR/XRD and scanning electron 

microscopy with energy dispersive X-ray spectroscopy (SEM/EDX) 

are characterizing the nano products.  Brunauer-Emmett-Teller 

(BET) found the average pore diameter at 3.69 and median pore 

diameter at 30.57. T- Plot/ Langmuir adsorption besides an isotherm, 

illustrated the thickness of desorbate layers on a non-porous surface 

of iron oxide. T/MP-plot is applicable to desorbents containing 

macro pores, mesoporous, and micro pores. This nano size gave the 

simplicity penetration of nano-micronutrients of leaves and stems of 

plants. The best pH value of nanocomposite solution was from 6.5 

to 7.8 at room temperature. The average dilution of concentrated 

nanocomposite solution to irrigation water was 1/400 nanofertilizer 

to irrigation water. The optimal nanocomposite dose was 100 mg/L. 

The resulted data, in case of wheat, rice and corn maize gave the 

highest yield at 22.30%, 21.42% and 29.10%, respectively at 100 

ppm of nanocomposite with foliar fertilization.  
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INTRODUCTION 

A major challenge world-wide in future would is increasing food 

production and security. Nanotechnology has become a treatment strategy of 

interest as a sustainable factor in agricultural systems, where it aims to raise 

efficiency in techniques such as food monitoring and water treatment. 

Nanoparticles (NPs), such as nano iron-oxides, have been designed to act as 

adsorbents and desorbents scavengers. Many studies have looked at 

scavenging ability of nano iron-oxides composite, but few have looked at them 

in agricultural and food systems.  

Nanotechnology gave the ability to synthetize molecules in nanoscale 

with different new properties and certain functions. This allows the NPs to be 

used in many application fields. Water is the vital component of life. Water 

resources are deteriorating continuously due to human 

activities (Laws, 2000). The water irrigation type is very important for earth 

ecosystem (Duruibe et al., 2007). The four common methods for water 

treatment are boiling, filtration, distillation, and chlorination. But for industry, 

water treatment is depended on pollutant contents found, such as adsorption, 

membrane separation, activated sludge process are estimated. Dyes are found 

to be important pollutants in industrial wastewater. Nanomaterials are the best 

ones to detect, prevent and remove pollutants (Pankaj et al., 2016). In general, 

they have the power to improve our life and especially for saving health from 

diseases (Chorawalaa and Mehtab, 2015 and Xiaolei et al., 2015). That is due 

to the nano-specification nature of nanomolecules such as surface area, 

catalytic membranes, nanosorbents, bioactive NPs such as iron, titanium 

oxides and many others (Xu et al., 2012). NPs are released as particles smaller 

than 100 nm. At this scale, particles had novel size‒dependent properties 

various from their original, many of these searched for using in water 

treatment (Poedji et al., 2013).  

The concentration of heavy metals contamination in water had toxic 

effects on plants, animals and humans (Chaudhari, 2013). Co-precipitation 

process is a famous method with reduction yield around 98% (Davis et al., 

2008). Magnetic process is the new method to produce magnetite NPs where 

it is efficient, economic and non‒toxic. Lattice structure of Fe3O4 metal 

ion activates the material properties such as surface sorption, photo‒induced 

catalysis etc. Polymer used to protect NPs by protection layer made of 

charcoal, silica or alumina. These applications required NPs of definite sizes, 

shapes, surface characteristics, and magnetic properties (Teja and Koh, 2009). 

Magnetism is a physical nature that is used in water purification by affecting 

on physical structure of contaminants in water. Adsorption method with 

magnetic separation has been used prolonged in water treatment (Oliveira et 

al., 2002).  

Purification and recycling processes are needful in industry as well as 

the municipal wastewater. NPs used in water treatment have good techniques 
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due to high reduction percent yield. Magnetic NPs are used for removal toxic 

heavy metals such as cations, organic compounds, and microbial 

contaminants.  

The use of iron oxide materials are vital due to high surface area, high 

adsorption and desorption space. Innovation of nanotechnology in agriculture 

is confirmed to earn desired high yield of crop productivity (Liu and Lal, 2013 

and Farooqui et al., 2016). Literature research is one of the methods to study 

the effect NPs on plant growth (Huang et al., 2015 and Siddiqi et al., 2016). 

Many searches investigate that nanomaterials may increase crop yield by 

raising different physiological processes such as seed germination and 

photosynthetic activity (Rui et al., 2016). The positive target of NPs on plants 

are helped with more specific surface area, which gives to their peak solubility 

and reactivity, and operative interaction with membranes and other cellular 

components, as also, proteins and lipids (Duran et al., 2017 and Rashad et al., 

2021). Fertilization would be the best top for new application applied in future. 

It reduces soil contamination and improves environmental risks of numerous 

chemical fertilizers (Bakhtiari et al., 2015).  

Different nanomaterials can be split into macronutrient and 

micronutrient nanofertilizers. Macronutrient nanofertilizers include one or 

more macronutrient elements such as N, P, K, Mg, S and Ca, while 

micronutrient nanofertilizers often contain Fe, Cu, Zn, Mn, and Fe NPs. The 

practical application of NPs as power growth promoters dependents on 

particle size, surface charge, and concentration that may change from 

profitable to phytotoxic (Hossain et al., 2020). Particle size and aggregation 

characteristics such as a direct connection with the toxicity of NPs raise their 

efficiency by reducing particle size at fewer concentrations (Angel et al., 

2013). Iron is an important micronutrient and has an important role in plant 

propagation and development of cellular processes, such as chlorophyll 

biosynthesis, photosynthesis and respiration (Bozorgi, 2012; Alidoust and 

Isoda, 2013 and Ghasemi, 2014).  Iron also engages RNA and respiratory 

enzymes (Winder and Nishio, 1995). The role of iron as a chelated ion found 

a varies issues matched to iron as NPs. Zinc (Zn) and copper (Cu), iron oxide 

NPs are digested in plant slowly as ionic forms. In addition, it has a quickly 

and fast rest to plant with high biochemical reactions effect. The present study 

aimed to distinguish the different target and methods proposed to get nano Fe 

composite with micronutrients. The focus has been on water treatment. Thus, 

the novelty of this study is utilizing iron oxides NPs coating with 

micronutrients. Also, nano Fe composite with micro-nutrients possesses high 

surface area, high pollutant adsorption capacity and have compatibility for 

functionalization by chemical groups and organic structures. 
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MATERIALS AND METHODS 

1. Materials  

Ferrous sulphate x-hydrate (Fe SO4·xH2O) and mineral hydroxide 

were purchased from Merck. All acids used were delivered from Merck 

manufacture. Inorganic Cu salts as Cu ion source, zinc sulphate, inorganic 

manganese salt and ferrous sulphate were also purchased from Merck. The 

alkaline fusion mixture was prepared from the reaction between KOH/NaOH. 

A co-precipitation method was used in this paper as described by Hasany and 

Saleem (2012). This method was simple and efficient considering size, 

structure, and NPs shape (Wu et al., 2011). The preparation efficiency 

depended on the type of inorganic salts ratios, pH, and etc. Chemical 

preparations were good techniques because of low cost and high productivity 

(Maity and Agrawal, 2007). The physical and chemical properties of NPs were 

changed according to several conditions. To prevent the oxidation and 

agglomeration of Fe NPs, they were coated with organic or inorganic 

molecules. A certain weight of inorganic salt was added with 300 ml of de-

ionized water in a 500 ml flask. Different concentrations of Cu/Fe/Zn/Mn salts 

were added in a liquid solution at a certain pH. Then alkali fusion solution and 

ammonium hydroxide (NH4OH, 26% of ammonia) were added to raise the 

pH. Finally, the nanocomposite product was separated by a centrifuge and 

washed twice with deionized water and ethanol. The obtained MNPs were 

dried at 100℃ for 6 h (Cornell and Schertmann, 1996). 

2. Characterization of Nano-micronutrients (NMNs) Grafted on Iron 

Oxide NPs by Different Instruments 

2.1. FT-IR spectra  

They were metric in a transmission model on a spectrophotometer 

(Perkin Elmer Spectrum Version 10.03.09) Spectrum Two Detector LiTa03 

that was used for separating the solid and liquid during the preparation of 

samples.  

2.2. Scanning electron microscopy with energy dispersive X-ray 

spectroscopy (SEM/EDX)  

It was the best spectrum expertise of analysis. High resolution data of 

surface structure, with nice thickness of spectrum, were made using a highly 

focused, scanning (primary) electron beam. The primary electrons get in a 

surface with energy of 0.5–30 kV and breed many low energy secondary 

electrons. The intensity of these secondary electrons was high putting by the 

surface topography of samples. Measuring secondary electron intensity was a 

function of the position of the scanning primary electron beam. The primary 

electron beam could be focused to a very small spot (<30 nm) and high 

intensity to topographic features on the outermost surface (< 10 nm) was eaten 

when using a primary electron beam with an energy of < 1 kV. Hitachi 

SU8230 Regulus Ultra High-Resolution Field Emission SEM Bruker X-Flash 

https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Sulfate
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FQ5060 Annular Quad EDX detector, Bruker X-Flash 6160 EDX detector 

were used. 

2.3. XRD technique 

The XRD technique of NMNs grafted on iron oxide NPs was earned 

using a X-ray diffractometer Schimadzu model: A PAN analytical X-rays 

diffraction equipment model Xpert PRO with secondary monochromatic, Cu-

radiation (λ=1.54A0) at 50k.v.,40 M.A and scanning speed 0.02o/s. The 

experimental data contained several treatments of NMNs grafted on iron oxide 

NPs fertilizer. Plants were cut and dry weight of grains was edited (Cottenie 

et al., 1982). Therefore, this study was conducted to compare the effects of 

NMNs grafted on iron oxide NPs fertilizer (Foliar) application on crop yield 

like wheat, rice and corn maize.  

2.4. Brunauer-Emmett-Teller (BET)  

It is a physical technique that provides quantitative datum on the 

specific surface area and porosity division of materials. The method was the 

best for solid matrices from catalyst powders to monolithic materials. The 

instrument type was BELSORP-mini X - BET surface area, porosimetry and 

sorption measurement. The specific surface area of the BET sample was 

determined by the physico-sorption of an inert gas, typically nitrogen, argon, 

or krypton, on the sample surface. The small gas molecules were attached to 

surface solid sample and opened a porous structure. After the gaseous 

monolayer of molecules was formed, the sample was pu into a non-nitrogen 

atmosphere and heated. This allowed the release of the adsorbed nitrogen gas 

molecules from the surface of the sample. The released gas molecules could 

be assumed  surface area and porosity of the sample. 

2.5. HPLC method  

It is a sensitive detecting method to use amino acids. This method was 

good for detection of amino acids such as proline. The amino acid content of 

samples could be defined by reverse-phase, high-performance liquid 

chromatography (HPLC). Samples were prepared on cold 100% ethanol; α-

aminobutyrate (120 μM, dissolved in distilled water); column: C18-Gemini 

5μ110A-250 ×4; HPLC: Beckman Coulter and analysis software was 32 K 

Software (System Gold HPLC). 

2.6. Samples of wheat, rice and corn maize 

Ten grams of sample was weighted in porcelain capsules. Samples 

were dried during 24 h to take off the grains humidity. The sample was burned 

in an oven under a temperature until the final temperature of 450ºC was 

ranged, 48 h later (Luis et al., 2012). The resultant ashes were objected to 

another digestion with some drops of 65% concentrated HNO3 to support 

oxidation of the organic matter. This method helps to remove the rest of nitric 

through evaporation by suitable method. After that, sample was put into the 

oven and, following the same previous process, white ashes were obtained 

(González-Weller et al., 2010). 
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2.7. Analytic process to determine macro, micro and trace elements 

Microelements (Mn, Fe, Cu, and Zn) were defined by inductively 

coupled plasma optical spectrophotometry (ICP) Thermo Scientific ICAP 

6300 spectrophotometer. Calibration straights made from model solutions was 

detected to calculate concentration and the quantification limit for each of the 

analyzed metal was 0.010 mg/l. 

RESULTS AND DISCUSSION 

1. Features of Iron/Micronutrients Nanocomposite 

1.1. FT-IR spectroscopy of iron/micronutrients nanocomposite 

  Fig. (1) shows that Fe–O vibration related to the iron oxide NPs gave 

data at 602 cm−1 and 450 cm−1.  Two transmission peaks at 2,173 and 2,000 

cm−1 were referred to the asymmetric C-H stretching and the symmetric C-H 

stretching, respectively.  C–H stretching, in 1401 cm−1 were because of C–H 

bending vibrations (Tamás et al., 2007). The IR band at 3202 cm−1 could be 

showed to the stretching modes of surface H2O molecules. A variation of 

intensity in transmission bands indicated to associate differences between the 

compared structures. Hydroxyl groups formed as asymmetrical structures that 

had new crosslinking linkage between different NPs formed with each other 

(Zuzana et al., 2017). IR spectroscopy is a major characterization test of 

nanoscale materials and gave us the prediction of new compounds forms. The 

nanocomposite formed with interaction between iron oxide Fe-O with Cu-

O/Mn-O/Zn-O in nanoscale may give new broad peaks with high intensity 

(Habib et al., 2018). 

 
Fig. (1). FT-IR of iron/micronutrients nanocomposite. 

1.2. Investigation of BET spectrum of iron/micronutrients nanocomposite  

The BET of the powder was found with the average pore diameter at 

3.69 and median pore diameter at 30.57 (Fig. 2). A major part of 

nanocomposite size was less than 10 nm. This is due to the new chemical 
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structure formed. The inorganic salts of manganese, Cu, and Zn had a major 

role in producing new nanostructure which linked with iron nano core by 

several hydroxyl groups.  

 

 

 

 
Fig. (2). BET and Langmuir plots data for the obtained nanocomposite. 

Adsorption process can carry on with the pointing of the multilayer 

covering the new third layer (Rouquerol et al., 1999). The Langmuir 

adsorption isotherms forecast linear adsorption at low adsorption densities and 

a maximum surface coverage at higher solute metal concentrations. Langmuir 

adsorption is vital for monolayer adsorption onto a homogeneous surface 
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when no interaction occurs between adsorbed species (Langmuir, 1918). T- 

Plot / besides an isotherm, this method requires a so-called thickness function, 

which terms the thickness of adsorbate layers on a non-porous surface as a 

function of pressure. The t-plot method attempts to join the adsorption on a 

material with a model curve which gives the thickness of the adsorbed layer 

on a surface. A plot is constructed, where the isotherm loading data is plotted 

versus thickness values obtained through the model. The experimental 

adsorption curve follows the model; a straight line will be obtained with its 

intercept through the origin. A sharp vertical deviation will indicate 

condensation in a type of pore. A gradual slope will indicate adsorption on the 

wall of a particular pore. 

Calculation of area is necessary to get on slope the line section. The 

total surface area of the material will be represented. The intercept of the line 

will no longer pass through the origin.  T-plot method watched the differences 

between the isotherm and an ideal adsorption curve. When choosing a 

thickness model, it is vital for material and adsorbate. Interfering that occur 

on the t-plot lower than monolayer thickness does not have any physical 

meaning (Lippens et al., 1965). The method offers adsorption volume division 

functions as seeker by the Kaganer and Dubinin theories. In addition, when 

the micro pore analysis is entire, the MP method is the best method for 

adsorbents including macro and micro pores with self-termination.  

1.3. Investigation of the composition of the obtained particles (X‒ray 

diffraction)  

Fig. (3) shows that XRD is an effective technique to identify the phase 

and to confirm the crystal structure of the synthesized iron oxide NPs. The X‒

ray diffraction pattern of the iron oxide micronutrients nanocomposite 

synthesized. The XRD peak of 2θ values such as 29.50, 31.00, 33.00, 33.50, 

34.00, 34.50, 35.00 36.50, 37.50, 38.00, 56.50 and 59.50 were deducted. From 

the XRD values, one can conclude that the synthesized iron magnetic NPs 

lattice structure is face centered and the crystalline nature of the particles 

found to be cubic which was clearly implied in SEM images.  XRD peak 

represented the iron oxide and copper oxide, zinc oxide, manganese oxide 

composites in nanoscale. The formed iron oxide/micronutrients 

nanocomposite crystalline nature is face‒centered and structure is cubic. XRD 

image represented the iron oxide nanocomposite, in which the XRD 2θ peaks 

values of most of the XRD peaks denoting iron oxide peaks, which showing 

the crystalline nature of iron oxide. The positions and relative intensities of 

the reflection peak of magnetite and hematite agreed with the XRD diffraction 

peaks of iron oxide NPs.  
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Fig. (3). XRD chart of iron/micronutrients nanocomposite. 

1.4. SEM of Fe/micronutrients nanocomposite 

Fig. (4) shows that the scanning electron microscope is a device used 

to find out the outer surface details of a particle. It uses high power electron 

beams on the surface of the atoms to provide discrete image of topography of 

the particle with respect to proper scale. SEM showed an effective inorganic 

salt of iron consisting of nano-pellets with different shapes. The processed 

SEM images showed the structural appearance of the nanocomposite 

molecules. The smaller molecules depict the aggregates of unstable molecules 

whereas the larger ones represent the molecules intact. The nanocomposite 

appeared to have a three-dimensional shape.  Image shows the iron oxide NPs 

SEM image, the size of the iron oxide NPs surface morphology is spherical in 

shape and the average size of the particles start from 30 to 35 nm. The iron 

oxide/micronutrients nanocomposite are shown with the surface morphology 

of the iron particles and different micronutrients elements. Different 

micronutrients elements adhered on the surface of the iron NPs. Then the iron 

oxide, micronutrients nanocomposites shown in elements impregnated inside 

of the nano iron tetrahedral structure so that the EDAX peaks was dominated 

(Elias et al., 2010).  

 
Fig. (4). SEM of iron/micronutrients nanocomposite. 
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1.5. Energy dispersive x‒ray analysis of iron/micronutrients 

nanocomposite 

Table (1) and Fig. (5) show that EDX is a technique employed for 

determining analysis of chemical characterization. The peak in the SEM‒

EDX image and graph of iron/micro-nutrients nanocomposite confirms the 

presence of iron, copper, zinc and manganese with other metabolic minor 

elements in plants. This graph had 11 peaks for different elements. The 

presence of minor elements peaks was due to inorganic salts and alkali used 

for the synthesis. The presence of micronutrients confirms that these elements 

were coated on iron oxide NPs. The presence of large amounts of oxygen peak 

was due to a highly interaction coating linkages between different 

micronutrients and iron oxide as core particles (Kosasih et al., 2020). 

Table (1). Elementary Analysis of iron/micronutrients nanocomposite. 

Elements C O Mg Al S Cl K Mn Fe Cu Zn 

% 5.45 58.58 3.05 0.85 10.76 0.49 2.32 3.37 5.92 4.30 4.90 

 
Fig. (5). EDX of iron/micronutrients nanocomposite. 
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2. Effect of Iron/Micronutrients Nanocomposite on Reducing Salinity of 

Irrigation Water 

Foliar application with Fe coated micronutrients nanocomposite gave 

notability in prompt the highest degree of pleasure under saline habitat, which 

rises in growth parameters and dry matter aggregation (Abdel-Fattah, 2014; 

Shankramma et al., 2016 and Sanati et al., 2018). Fe coated micronutrients 

nanocomposite increased growth parameters of plant. This enhanced role of 

Fe coated micronutrients nanocomposite might be ascribed to the role of Fe 

coated micronutrients nanocomposite in enhancing of Cu/Fe/Zn/Mn uptake 

which stimulate plant growth rather than the harmful effect of Na and Cl, 

which inhibit plant growth (sodium and chloride ions separate when salts are 

dissolved in water). The dissolved sodium and chloride ions, in high 

concentrations, can displace other mineral nutrients in the soil (Askary et al., 

2017). Table (2) shows the chemical analysis of major ions (cations and 

anions) in irrigation groundwater. The average salinity of irrigation water 

from five samples taken from wells gave 1700 ppm. According to water 

standards salinity levels, the salinity value at 1700 ppm, most of crops did not 

get on high crop productivity and quality. This is due to the harmful effect of 

sodium and chloride ions on plants. The velocity of sodium ion absorption to 

plant tissue prevents any nutrients from absorbing inside it. The useful usage 

of NMNs fertilizer is preventing sodium effect through the nano-metric size 

of NMNs fertilizer that is absorbed faster than sodium ion. The minor 

micronutrients in irrigation water did not have any bad effect on plant 

physiological activities as shown in Table (3).  

Table (2). Chemical analyses of major cations and anions in irrigation 

groundwater. 

Items 
Ca Mg Na K Total 

cation 

(epm) 

CO3 HCO3 SO4 Cl Total 

anion 

(epm) 

TDS 

(ppm) 

 

EC 

(µs/cm) 

pH 

(epm/cation) (epm /anion) 

Sample 1 6.8 6.6 22.7 0.3 36.5 0.5 3.0 1.2 30.6 35.3 1860 3116 7.9 

Sample 2 6.0 6.0 14.3 0.3 26.6 0.9 2.4 4.5 18.7 26.4 1776 2760 7.6 

Sample 3 3.4 5.5 11.7 0.2 20.8 0.2 3.0 4.3 13.5 21.0 1400 2127 7.7 

Sample 4 5.8 8.1 13.6 0.5 28.1 0.0 3.50 9.4 15.1 28.1 1700 2800 7.6 

Sample 5 5.9 5.6 14.1 0.2 25.8 0.9 2.3 4.3 18.2 25.7 1760 2966 7.8 

Average 5.5 6.3 15.2 0.3 27.5 0.5 2.8 4.7 19.2 27.3 1700 2753 7.7 
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Table (3). Chemical analyses of minor metals in irrigation groundwater. 

Items Al Cd Co Cr Cu Fe Mn Mo Ni Pb V Zn 

Sample 1 0.108 0.019 ND 0.019 0.201 0.534 0.104 ND ND ND ND 0.011 

Sample 2 0.110 0.023 ND 0.014 0.198 0.612 0.230 ND ND ND ND 0.054 

Sample 3 0.097 0.021 ND 0.011 0.180 0.548 0.160 ND ND ND ND 0.016 

Sample 4 0.140 0.020 ND 0.013 0.220 0.570 0.190 ND ND ND ND 0.032 

Sample 5 0.150 0.010 ND 0.020 0.230 0.544 0.110 ND ND ND ND 0.019 

Average 0.121 0.018 ND 0.015 0.205 0.561 0.158 ND ND ND ND 0.026 

3.3. Effect of iron/micronutrients nanocomposite on reduce salinity of 

irrigation water 

Table (4) shows the average salinity of irrigation water from five 

samples taken from wells gave 1700 ppm. According to water standards 

salinity levels, in the salinity value at 1700 ppm, most of crops did not get on 

high crop productivity and quality. This is due to the harmful effect of sodium 

and chloride ions on plants. The velocity of sodium ion absorption to plant 

tissue prevents any nutrients from being absorbed inside it. The useful usage 

of NMNs fertilizer is to prevent sodium effect through the nano-metric size of 

NMNs fertilizer that is absorbed faster than sodium ion. 

Table (4). The effect of different iron/micronutrients nanocomposite on water 

salinity. 
Fe / micronutrients 

nanocomposite  

(ppm) 

Average irrigation 

water salinity 

before treatment 

(ppm) 

Irrigation 

water 

salinity after 

treatment 

(ppm) 

Reduction 

% 

Control  

 

1700 

1500 88.23 

25 1250 73.52 

75 1100 64.70 

100 1000 61.76 

150 1050 61.76 

4. Effect of Iron/Micronutrients Nanocomposite on Proline Content in 

Plant 

The obtained results showed that diverse concentrations of 

iron/micronutrients nanocomposite foliar treatment under brackish irrigation 

condition caused significant increases in the content of proline as compared 

with controls (Table 5). The results are supported by the findings of Soliman 

et al. (2015), they stated that iron/micronutrients nanocomposite induce 

proline synthesis and improve tolerance to abiotic stress. The proline content 

of plant cells plays a vital role in osmotic under stress so saving structure and 

cell membranes. Proline stimulates free radical and cellular redox to make 

stabilization of components of cell (Kaur and Asthir, 2015).  
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Table (5). Effect of proline on reducing salinity inside plant. 
Fe micronutrients 

nanocomposite  

(ppm) 

Irrigation water 

salinity before treatment 

(ppm) 

Proline 

(mg/100 g dry) 

control  

 

1700 

25.21 

25 30.40 

75 35.67 

100 37.01 

150 29.84 

5. Effect of Nano-Micronutrient Before and After Addition on Different 

Plant 

Copper (Cu) is one of the most major plant micronutrients. 

Enzymatic activities in plants, chlorophyll and seed production need the 

copper ion. Shortage of copper can drive to raise diseases which can give 

low plant yield. Copper shortage can occur in soils that are sandy and 

have high organic components. Low copper content is more probably 

found in cereal grains, such as wheat. Using copper power is amended if 

the solubility of fertilizer is high and the size of fertilizer particles are 

small. So that, the preparation of NMNs supports plant to help making 

micronutrient absorption. Foliar application of Cu can benefit Cu 

shortage in grains and vegetable plants (Ejaz et al., 2006). Table (3) shows 

the elevation percentage for Cu in wheat, rice and corn maize. The differences 

in elevation percentage for all crops before and after the use of nanofertilizers 

would be in acceptable standard ranges. The elevation percentage differences 

were 10% in wheat; 12% in rice and 7.6% in corn maize.  

Zinc (Zn) is an essential micronutrient for plant life. It is a famous 

micronutrient in fertilizer systems for plant yield production. A specific 

enzyme depends mainly on nutrients such as Zn for plant Growth. 

Carbohydrate, protein, and chlorophyll forming are decreased in zinc-

deficient plants. In table 6. Illustrated the elevation percent for zinc in wheat, 

rice and corn maize. The differences in elevation percent for all crops before 

use nanofertilizers and after use would in acceptable standard ranges. The 

elevation percent differences ranged to 12% in wheat; 11% in rice and 8.2% 

in corn maize.  In plants, iron is the major element needed for photosynthesis 

and chlorophyll synthesis. The obtainable of iron in soils vital for the 

distribution of plant species and specified quality of crops. Deficient iron get 

causes delayed growth and chlorosis. It is therefore obligatory for plants to 

beat the often-restricted obtainable of soil iron mobility increasing. Iron 

moves a good support in numerous physiological and biochemical ways in 

plants. Iron component of necessary enzymes such as electron transport chain 

cytochromes. Iron is one of the element in synthesis of chlorophyll, and it is 

vital for the maintenance of chloroplast structure and function (Abadía et al., 

https://www.researchgate.net/profile/Ejaz-Rafique-3
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2011). In Table (6, 7 and 8) Explained that the elevation percent for iron in 

wheat, rice and corn maize. The differences in elevation percent for all crops 

before use nanofertilizers and after use would in acceptable standard ranges. 

The elevation percent differences ranged to 14% in wheat; 13% in rice and 

12.7% in corn maize. Manganese (Mn) is one of an important micronutrient 

and is needed to plants. Iron and manganese deficiency or toxicity is often 

mistaken. Manganese is a major contributor to various biological systems as 

including photosynthesis and respiration. Manganese is needed in 

germination, pollen tube growth, elongation of root cell and resistance to root 

diseases.  Manganese supports in various processes such as photosynthesis 

process, chlorophyll production, activates enzymes, Enhances starch 

production, prompts cell division and elongation (Kelley, 1914). Table (6, 7 

and 8) show that the elevation percent for manganese in wheat, rice and corn 

maize. The differences in elevation percent for all crops before use 

nanofertilizers and after use would in acceptable standard ranges. The 

elevation percent differences before and after foliar spraying by 

micronutrients nanocomposite ranged to 9% in wheat; 8% in rice and 10.5% 

in corn maize. Table (6, 7 and 8) show the elevation difference between two 

seasons which gave the slightly difference in micronutrients in wheat, rice and 

corn maize plants.  

Table (6). The difference elevation % of nano-absorption on wheat plant. 
Element 

type 

Wheat plant 

First season 

Wheat plant 

Second season 

Elevation 

difference 

% 
Control 

before spraying 

After 

spraying 

Elevation 

% 

Control 

before spraying 

After 

spraying 

Elevation 

% 

Cu 0.43 0.47 10.75 0.52 0.56 13.00 3.75 

Zn 2.65 2.87 12.04 2.41 2.70 8.31 3.73 

Mn 3.90 4.33 9.40 4.30 4.98 6.61 2.79 

Fе 3.19 3.41 14.50 3.40 3.80 8.50 6.00 

Table (7). The difference elevation % of nano-absorption on Rice plant. 
Element 

type  

Rice plant 

First season 

Rice plant 

Second season 

Elevation 

difference 

% 
Control 

before spraying 

After 

spraying 

Elevation 

% 

Control 

before spraying 

After 

spraying 

Elevation 

% 

Cu 0.22 0.28 3.66 0.25 0.33 3.12 0.54 

Zn 1.09 1.18 12.11 1.20 1.40 6.00 6.11 

Mn 1.10 1.22 9.16 1.19 1.32 9.15 0.01 

Fе 0.80 0.86 13.33 0.95 1.40 2.11 11.22 

 

https://www.pthorticulture.com/en/training-center/basics-of-photosynthesis/
https://www.pthorticulture.com/en/training-center/basics-of-plant-respiration/
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Table (8). The difference elevation % of nano-absorption on corn maize 

plant. 
Element 

type  

Corn maize plant 

First season 

Corn maize plant 

Second season 

Elevation 

difference 

% Control 

before spraying 

After 

spraying 

Elevation 

% 

Control 

before spraying 

After 

spraying 

Elevation 

% 

Cu 0.31 0.35 7.60 0.42 0.55 3.23 4.37 

Zn 2.21 2.47 8.20 2.07 2.56 4.22 3.98 

Mn 0.49 0.53 12.25 0.57 0.70 4.38 7.87 

Fе 2.71 2.92 12.90 2.80 2.98 15.55 2.64 

 

3.6. Effect of Iron/Micronutrients Nanocomposite on Plant 

Characterization  

The roots length increased with the increase in the concentration of 

micronutrients nanocomposite with respect to control by 10.25%, 11.20% and 

77.46% for wheat, rice and corn maize, respectively at 100 mg/L. Table (9) 

shows that the length of stems of wheat, rice and corn maize increased with 

increasing the concentration of micronutrients nanocomposite by 5.80%, 

7.45% and 65.85%, respectively compared to control at 100 mg/L. However, 

the variation occurred in length of leaves increased by 15.20%, 13.78% and 

72.00%, respectively. The big effectiveness of nanocomposite appeared in 

corn maize plant. It is perhaps due to the nature of corn maize plant where it 

needs large amounts of fertigation content. The novelty of the chemical 

structure of NMNs fertilizer gave the nutrients need certain ranges and more 

flexibility and suitability (Rane et al., 2015). Tables (9, 10 and 11) show the 

slight difference in collected data between the two seasons in wheat, rice and 

corn maize. This might be the useful effect of NMNs on the physiological 

activities of plant such as length of roots, stem leaf. 

7. Effect of Iron Micronutrients Nanocomposite on Crop Yields 

Table (12) shows the relation between synthetized nanocomposite 

with micronutrients and wheat, rice and corn maize yields under salinity of 

irrigation water at 1700 ppm. Different nanocomposite concentrations from 

25 ppm to 150 ppm would be used with foliar application to wheat, rice and 

corn maize fertilization. The results in case of wheat gave the highest yield 

(22.30%) at 100 ppm of nanocomposite with foliar fertilization. For rice, the 

largest crop productivity was shown at 100 ppm of foliar nanocomposite 

which gave 21.42%. The highest value of corn maize yield was 29.10%, which 

appeared at 100 ppm nanocomposite concentration. The best nanocomposite 

concentration was 100 ppm. The raising of irrigation did not contribute with 

harmful effect on productivity, this might be the physiochemical interaction 

occurred between NPs of synthetized nanocomposite with elements in water 
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irrigation and chelating them in the nanomaterials chemical skeleton, 

preventing the bad effect of large content of sodium and chloride ions in water. 

Table (9). Comparison of crop plant lengths treated by synthetized 

nanocomposite (Wheat Plant). 
Crop 

parameter 

Wheat plant 

First season 

Wheat plant 

Second season 

Difference 

between 

seasons 

 

Length % 

Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Length of root 

(dose/ 100 ppm) 75.00 82.30 10.25 72.00 81.20 7.82 2.43 

Length of stem 

(dose/ 100 ppm) 95.00 111.37 5.80 92.00 108.00 2.55 3.25 

Length of leaf 

(dose/ 100 ppm) 30.00 31.97 15.20 32.00 36.00 8.00 7.20 

Table (10). Comparison of rice plant lengths treated by synthetized 

nanocomposite. 
Crop 

parameter 

Rice plant 

First season 

Rice plant 

Second season 

Difference 

between 

seasons 

 

Length % 

Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Length of root 

(dose/ 100 ppm) 
40.00 43.57 11.20 42.00 46.21 9.97 1.23 

Length of stem 

(dose/ 100 ppm) 85.00 96.40 7.45 83.00 88.03 16.50 9.05 

Length of leaf 

(dose/ 100 ppm) 65.00 69.71 13.78 68.00 73.65 12.03 1.75 

 

Table (11). Comparison of corn maize plant lengths treated by synthetized 

nanocomposite. 
Crop 

parameter 
Corn maize 

First season 

Corn maize 

Second season 

Difference 

between 

seasons 

 

Length % 

 Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Before 

treatment 

(cm) 

After 

treatment 

(cm) 

Length 

% 

Length of root 

(dose/ 100 ppm) 
110 142 3.43 115 139 4.79 1.36 

Length of stem 

(dose/ 100 ppm) 270 410 1.92 265 423 1.67 0.25 

Length of leaf 

(dose/ 100 ppm) 90 125 2.57 95 134 2.43 0.14 
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Table (12). Effect of iron/micronutrients nanocomposite on plant 

productivity.  

Fe micronutrients 

nanocomposite 

(ppm) 

Average 

irrigation water 

salinity (ppm) 

Wheat yield 

average (ton /faddan) 

Wheat yield after 

treatment (ton 

/faddan) 

 

Wheat yield 

% 

25  

1700 

 

2.70 

3.10 15.20 

75 3.14 16.40 

100 3.30 22.30 

150 3.23 19.87 

Fe micronutrients 

nanocomposite 

(ppm) 

Average 

irrigation water 

salinity (ppm) 

Rice yield 

average (ton /faddan) 

Rice yield after 

treatment (ton 

/faddan) 

Rice yield 

% 

25  

1700 

4.50 5.21 15.77 

75 5.39 19.80 

100 5.46 21.42 

150 5.44 21.00 

Fe micronutrients 

nanocomposite 

(ppm) 

Average 

irrigation water 

salinity (ppm) 

Corn maize yield 

average (ton /faddan) 

Corn maize yield 

after treatment 

(ton /faddan) 

Corn maize 

Yield % 

25  

1700 

 

3.50 

4.21 20.50 

75 4.39 25.47 

100 4.51 29.10 

150 4.50 28.76 

CONCLUSION 

In this paper, the synthetized micronutrients nanocomposite had a 

good role for irrigation water treatments. The enhanced role of Fe coated 

micronutrients nanocomposite might be ascribed to the role of Fe coated 

micronutrients nanocomposite in enhancing Cu, Fe, Zn and Mn uptake which 

stimulate plant growth rather than the harmful effect of Na and Cl which 

inhibit plant growth (Sodium and chloride ions separate when salts are 

dissolved in water). The dissolved sodium and chloride ions, in high 

concentrations, can displace other mineral nutrients in the soil. Iron 

micronutrients nanocomposite induced proline synthesis, and improved 

tolerance to abiotic stress. The novel methodology of synthetized 

nanocomposite was complex.  The BET of the powder was found the average 

pore diameter at 3.69 and median pore diameter at 30.57. The major part of 

nanocomposite size was found less than 10 nm. The inorganic salts of 

manganese, copper, and zinc had a major role to produce new nanostructure 

which link with iron nano core by several hydroxyls groups. The 

nanocomposite formed with interaction between iron oxide Fe-O and Cu-

O/Mn-O/Zn-O in nanoscale may give new broad peaks with high intensity. 
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Iron oxide NPs SEM image shows that iron oxide NPs surface morphology is 

spherical in shape and the average size of the particles start from 30 to 35 nm. 

The Langmuir adsorption is applicable for monolayer adsorption onto a 

homogeneous surface when no interaction occurs between adsorbed species. 

The big challenge for achievement high desorption percent of NMNs grafted 

on iron oxide was how to use nanoparticles in plant fertilization treatment. 

This nano size gave the simplicity penetration of NMNs of leaves and stems 

plants. The best pH value of nanocomposite solution was from 6.5 to 7.8 at 

room temperature. The average dilution of concentrated nanocomposite 

solution to irrigation water was 1/400 nanofertilizer / irrigation water. The 

optimal nanocomposite dose was 100 mg/L. The results in case of wheat gave 

the highest yield (22.30%) at 100 ppm of nanocomposite with foliar 

fertilization. For rice, the largest crop productivity was shown at 100 ppm of 

foliar nanocomposite which gave 21.42%. The highest value of corn maize 

yield was 29.10% which appeared at 100 ppm nanocomposite concentration.   

ACKNOWLEDGMENT 

  Words cannot express my gratitude to Prof. Dr. Ayman Ibrahim 

Badran, Plant Breeding Unit, Department of Genetic Resources, Desert 

Research Center for his advice in agriculture techniques and providing me 

knowledge and expertise with experience for plant methodology. 

REFERENCES 

Abadía, J., S. Vázquez., R. Rellán-Álvarez., H. El-Jendoubi, A. Abadía, A. 

Álvarez-Fernández and A.F. López-Millán (2011). Towards a 

knowledge-based correction of iron chlorosis. Plant Physiol. 

Biochem., 49: 471-482. 

Abdel-Fattah, G.H. (2014). The role of magnetic iron and sodium selenate in 

minimizing soil salt hazards on growth and quality of Jacaranda 

acutifolia Humb. & Bonpl. seedlings. Sci. J. Flowers Ornam. Plants, 

1 (3): 187–198. 

Alidoust, D. and A. Isoda (2013). Effect of gamma Fe2O3 nanoparticles on 

photosynthetic characteristic of soybean (Glycine max (L) Merr.): 

Foliar spray versus soil amendment. Acta Physiol. Plant., 35: 3365–

3375.  

Angel, B.M., G.E. Batley, C.V. Jarolimek and N.J. Rogers (2013). The impact 

of size on the fate and toxicity of nanoparticulate silver in aquatic 

systems. Chemosphere, 93: 359–365.  

Askary, M., SM. Talebi, F. Amini and A.D. Bangan (2017). Effects of iron 

nanoparticles on Mentha piperita L. under salinity stress. Biologia, 

63 (1): 65–75. 

https://jlc.jst.go.jp/DN/JLC/72028518089?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72028518089?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72028518089?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72028518089?type=list&lang=en&from=J-STAGE&dispptn=1


SYNTHESIS OF MAGNETIC IRON NANOPARTICLES COATED  ………. 103 

 

 
Egyptian J. Desert Res., 73, No. 1, 85-107 (2023) 

 

Lippens, B.C. and J.H. de Boer (1965). Studies on pore systems in catalysts 

V. The t method. J. Catalysis, 4 (3): 319-323. 

Bakhtiari, M., P. Moaveni., B. Sani (2015). The effect of iron nanoparticles 

spraying time and concentration on wheat. Biol. Forum-Int. J., 7: 

679–683. 

Bozorgi, H.R. (2012). Study effects of nitrogen fertilizer management under 

nano iron chelate foliar spraying on yield and yield components of 

eggplant (Solanum melongena L.). J. Agric. Biol. Sci., 7: 233–237. 

Chaudhari, A. (2013). Biogenic synthesis of nanoparticles and potential 

applications an eco-friendly approach. Journal of Nanomedicine and 

Nanotechnology, 4: 165.   

Chorawalaa K.K. and M.J. Mehtab (2015). Applications of Nanotechnology 

in wastewater treatment. International Journal of Innovative and 

Emerging Research in Engineering, 2 (1): 1‒26. 

Cornell, R.M., U. Schwertmann (2003). In: ‘The Iron Oxides: Structure, 

Properties, Reactions, Occurences and Uses’. 2nd  Ed., Wiley-VCH 

Verlagsgesellschaft Weinheim.  

Cottenie, A., M. Verlo, L. Kjekens and R. Camerlynch (1982). In: ‘Chemical 

Analysis of Plant and Soil’. Laboratory of Analytical 

Agrochemistry. State University, Gent, Belgium, 63 p. 

Maity, D. and D.C. Agrawal (2007).  Synthesis of iron oxide nanoparticles 

under oxidizing environment and their stabilization in aqueous and 

non-aqueous media.  Journal of Magnetism and Magnetic Materials. 

308 (1): 46-55. 

Zuzana, D., E. Fedorová, A. Bekényiová and Z. Dankanova (2017). 

Bentonite/iron. Archives for Technical Sciences, 16 (1): 65-75.  

Davis, M.E., Z.G. Chen and D.M. Shin (2008). Nanoparticle therapeutics: an 

emerging treatment modality for cancer. Nat. Rev. Drug Discov., 

7(9):771-82.  

Duran, N.M., S.M. Savassa, R.G. de Lima and E. de Almeida (2017). X-ray 

spectroscopy uncovering the effects of Cu based nanoparticle 

concentration and structure on Phaseolus vulgaris germination and 

seedling development. J. Agric. Food Chem., 65: 7874–7884.  

Duruibe, J.O., M.O.C. Ogwuegbu and J.N. Egwurugwu (2007). Heavy metal 

pollution and human biotoxic effects. International Journal of 

Physical Sciences, 2 (5): 112‒118. 

Ejaz, R., A. Rashid, J. Lorraine and R. Zinc (2006). Deficiency in rain fed 

wheat in Pakistan: magnitude, spatial variability, management, and 

plant analysis diagnostic norms. Communications in Soil Science 

and Plant Analysis, 37 (1-2): 181-197. 

Elias, O., M. Vaschetto., G.E. Urreta, E. Silvia, E. Silvetti and P. Silvia (2010).  

Magnetic properties of iron loaded MCM-48 molecular sieves. 

Journal of Magnetism and Magnetic Materials, 322: 3438–3442.  

mailto:https://pdfs.semanticscholar.org/67a1/cf97bba4977ac6c1736a6fd34d746495d8f5.pdf
mailto:https://pdfs.semanticscholar.org/67a1/cf97bba4977ac6c1736a6fd34d746495d8f5.pdf
mailto:https://pdfs.semanticscholar.org/67a1/cf97bba4977ac6c1736a6fd34d746495d8f5.pdf
https://www.semanticscholar.org/author/D.-C.-Agrawal/143721709
https://www.sciencedirect.com/journal/journal-of-magnetism-and-magnetic-materials/vol/308/issue/1
mailto:http://www.academicjournals.org/journal/IJPS/article-abstract/59CA35213127
mailto:http://www.academicjournals.org/journal/IJPS/article-abstract/59CA35213127
mailto:http://www.academicjournals.org/journal/IJPS/article-abstract/59CA35213127
https://www.researchgate.net/profile/Ejaz-Rafique-3
https://www.researchgate.net/profile/Abdul-Rashid-15
https://www.researchgate.net/profile/Janine-Ryan
https://www.researchgate.net/journal/Communications-in-Soil-Science-and-Plant-Analysis-1532-2416
https://www.researchgate.net/journal/Communications-in-Soil-Science-and-Plant-Analysis-1532-2416
https://www.sciencedirect.com/science/article/pii/S0304885310004361


104                                             Abdulhady, Y.A.M.  

 

Egyptian J. Desert Res., 73, No. 1, 85-107 (2023) 

 

Rouquerol, F., J. Rouquerol and K. Sing (1999). In; ‘Adsorption by Powders 

and Porous Solids’. Academic Press, San Diego. 

Farooqui, A., H. Tabassum, A. Ahmad, A. Mabood, A. Ahmad and I.Z. 

Ahmad (2016). Role of nanoparticles in growth and development of 

plants: A review. Int. J. Pharm., 7: 22–37. 

Ghasemi, S., A.H. Khoshgoftarmanesh, M. Afyuni and H. Hadadzadeh 

(2014). Iron (II)–amino acid chelates alleviate damages salt-stress 

induced oxidative on tomato grown in nutrient solution culture. Sci. 

Hortic., 165: 91–98. 

González-Weller, D., A.J. Gutiérrez, C. Rubio, C. Revert  and A. Hardisson 

(2010). Dietary intake of aluminum in a Spanish population (Canary 

Islands). J. Agric. Food Chem., 58: 10452- 10457. 

Habib, N.R., A.M. Taddesse and A. Temesgen (2018). Synthesis, 

characterization and photocatalytic activity of Mn2O3/Al2O3/Fe2O3 

nanocomposite for degradation of malachite green. Bulletin of the 

Chemical Society of Ethiopia, 32 (1): 101-109. 

Hasany, S.T. and U. Saleem (2012). In: ‘An Integrated Subsurface Geological 

and Engineering Study of Meyal Field. Potwar Plateau, Pakistan’. 

Pakistan Oilftelds Limited, POL House, Morgah Rawalpindi, 

Pakistan. 

Hossain, Z., F. Yasmeen and S. Komatsu (2020). Nanoparticles: Synthesis, 

morphophysiological effects, and proteomic responses of crop 

plants. Int. J. Mol. Sci., 21: 3056.  

Huang, S., L. Wang, L. Liu, Y. Hou and L. Lu (2015). Nanotechnology in 

agriculture, livestock, and aquaculture in China. A review. Agron. 

Sustain. Dev., 35: 369–400.  

Kaur, G. and B. Asthir (2015). Proline: a key player in plant abiotic stress 

tolerance. Biol. Plant., 59 (4): 609–619. 

Kosasih, F.U., C. Stefania, D. Giorgio and D. Caterina (2020). Nanometric 

chemical analysis of beam‐sensitive materials: a case study of 

STEM‐EDX on perovskite solar cells". Small Methods, DOI: 

10.1002/smtd.202000835  

Langmuir, (1918). The adsorption of gases on plane surfaces of glass, mica 

and platinum. Journal of American Chemical Society, 40: 1361-

1368. 

Laws, E.A.  (2000). In: ‘Aquatic Pollution’. An Introductory Text. 3rd Ed., 

John Wiley and Sons, New York, USA. 

Liu, R. and R. Lal. (2013). Potentials of engineered nanoparticles as fertilizers 

for increasing gronomic productions. Sci. Total Environ., 514: 131–

139.  

Luis, G., C. Rubio., A.J. Gutiérrez, C. Hernández, D. González-Weller, C. 

Revert, A. Castilla, P. Abreu and A. Hardisson (2012). Palm tree 

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.1002%2Fsmtd.202000835
https://doi.org/10.1002%2Fsmtd.202000835
https://doi.org/10.1002%2Fsmtd.202000835
mailto:https://www.wiley.com/en-us/Aquatic+Pollution%3A+An+Introductory+Text%2C+3rd+Edition-p-9780471348757
mailto:https://www.wiley.com/en-us/Aquatic+Pollution%3A+An+Introductory+Text%2C+3rd+Edition-p-9780471348757


SYNTHESIS OF MAGNETIC IRON NANOPARTICLES COATED  ………. 105 

 

 
Egyptian J. Desert Res., 73, No. 1, 85-107 (2023) 

 

syrup; nutritional composition of a natural edulcorant. Nutr. Hosp., 

27 (2): 548-552. 

Oliveira, L., R.V. Rios , J.D. Fabris, V. Garg, K. Sapag, R.M. Lago (2002). 

Activated carbon/iron oxide magnetic composites for the adsorption 

of contaminants in water. Carbon, 40 (12): 2177–2183. 

Pankaj R.N., M. Saucedo and A. Mulchandani (2016). Carbon nanomaterial‒

based electrochemical biosensors for label‒free sensing of 

environmental pollutants. Chemosphere, 143: 85‒98. 

Poedji, L.H., M. Faizal and R. Marsi (2013). Synthesis and properties of Fe3O4 

nano particles by co‒precipitation method to removal procion 

dye. International Journal of Environmental Science and 

Development, 4 (3): 336‒340. 

Rane, M., M. Bawskar, D. Rathod, D. Nagaonkar and M. Rai (2015). 

Influence of calcium phosphate nanoparticles, Piriformospora 

indica and Glomus mosseae on growth of Zea mays. Advances in 

Natural Sciences: Nanoscience and Nanotechnology,  6: 045014. 

Rashad, Y.M., H.H.A. El-Sharkawy, B.E.A. Belal, E.A.S. Razik and D.A. 

Galilah (2021).  Silica nanoparticles as a probable anti-oomycete 

compound against downy mildew, and yield and quality enhancer in 

grapevines: Field evaluation, molecular, physiological, 

ultrastructural, and toxicity investigations. Front. Plant Sci., 12: 

763365.  

Rui, M., C. Ma., Y. Hao, J. Guo, Y. Rui, X. Tang, Q. Zhao, X. Fan, Z. Zhang 

and T. Hou (2016). Iron oxide nanoparticles as a potential iron 

fertilizer for peanut (Arachis hypogaea). Front. Plant Sci. 7: 815. 

Sanati, S., B.M. Razavi and H. Hosseinzadeh (2018). A review of the effects 

of Capsicum annuum L. and its constituent, capsaicin, in metabolic 

syndrome. Iran J. Basic Med. Sci., 21 (5): 439–448. 

Shankramma, K., S. Yallappa., M.B. Shivanna and J. Manjanna (2016). Fe2O3 

magnetic nanoparticles to enhance S. lycopersicum (tomato) plant 

growth and their biomineralization. Appl. Nanosci., 6: 983–990.  

Siddiqi, K.S., A. Rahman and H.A. Tajuddin (2016). Biogenic fabrication of 

iron/iron oxide nanoparticles and their application. Nanoscale Res. 

Lett., 11: 498. 

Soliman, A.S., S.A. El-feky and E. Darwish (2015). Alleviation of salt strees 

on Moringa peregrina using foliar application of nanofertilizers. J. 

Hortic. For., 7 (2): 36–47. 

Tamás, S., A. Bakandritsos, V. Tzitzios, S. Papp, L. Korösi, G. Galbács, K. 

Musabekov, D. Bolatova, D. Petridis and I. Dékány (2007). 

Magnetic iron oxide/clay composites: effect of the layer silicate 

support on the microstructure and phase formation of magnetic 

nanoparticles. Nanotechnology, 18: 285602. 

https://www.sciencedirect.com/author/7201574963/vijayendra-kumar-garg
mailto:https://www.sciencedirect.com/science/article/pii/S0008622302000763
mailto:https://www.sciencedirect.com/science/article/pii/S0008622302000763
mailto:https://www.sciencedirect.com/science/article/pii/S0008622302000763
mailto:https://www.ncbi.nlm.nih.gov/pubmed/25956023
mailto:https://www.ncbi.nlm.nih.gov/pubmed/25956023
mailto:https://www.ncbi.nlm.nih.gov/pubmed/25956023
mailto:http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=43&id=656
mailto:http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=43&id=656
mailto:http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=43&id=656
mailto:http://www.ijesd.org/index.php?m=content&c=index&a=show&catid=43&id=656
https://iopscience.iop.org/journal/2043-6262
https://iopscience.iop.org/journal/2043-6262
https://iopscience.iop.org/volume/2043-6262/6
https://iopscience.iop.org/journal/0957-4484


106                                             Abdulhady, Y.A.M.  

 

Egyptian J. Desert Res., 73, No. 1, 85-107 (2023) 

 

Teja, A.S. and P. Koh (2009). Synthesis, properties, and applications of 

magnetic iron oxide nanoparticles. Progress in Crystal Growth and 

Characterization of Materials, 55: 22-45.  

Kelley, W.P. (1914). The function of manganese in plants.  Botanical Gazette, 

57 (3): 213-227. 

Winder, T.L. and J.N. Nishio (1995). Early iron deficiency stress response in 

leaves of sugar beet. Plant Physiol., 108: 1487–1494.  

Wu, S., A. Sun  and F. Zhai (2011). Fe3O4 magnetic nanoparticles synthesis 

from tailings by ultrasonic chemical coprecipitation. Mat. Lett., 65 

(12):1882–1884. 

Xiaolei, Q., J.J. Pedro Alvarez and L. Qilin (2013). Applications of 

nanotechnology in water and wastewater treatment. Water 

Research,  47 (12): 3931‒3946. 

Xu, P., G.M. Zeng, D.L. Huang, C.L. Feng, S. Hu, M.H. Zhao, C. Lai, Z. 

Wei, C. Huang, G.X. Xie and Z.F. (2012). Use of iron oxide 

nanomaterials in wastewater treatment: a review. Sci. Total 

Environ., 424: 1-10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:https://www.journals.elsevier.com/progress-in-crystal-growth-and-characterization-of-materials
mailto:https://www.journals.elsevier.com/progress-in-crystal-growth-and-characterization-of-materials
mailto:https://www.journals.elsevier.com/progress-in-crystal-growth-and-characterization-of-materials
mailto:https://www.sciencedirect.com/science/article/pii/S0043135413001772
mailto:https://www.sciencedirect.com/science/article/pii/S0043135413001772
mailto:https://www.sciencedirect.com/science/article/pii/S0043135413001772


SYNTHESIS OF MAGNETIC IRON NANOPARTICLES COATED  ………. 107 

 

 
Egyptian J. Desert Res., 73, No. 1, 85-107 (2023) 

 

  الصغرى ودراسةتخليق مركبات الحديد النانومغناطيسية المطعمة بالمغذيات 

يتأثيرها على معالجة ملوحة مياه الر  

الهادي المطلب عبد  دياسر عب  
التلوث   الهيدروجيوكيمياءالبيئي،  وحده  المياه  ،  قسم  ،  الصحراوية   والأراضيشعبة مصادر 

 مركز بحوث الصحراء، القاهرة، مصر
 

يعتمد على   والذيزيادة وتعميق مفهوم التنمية المستدامة    لىإول  المقام الأ  ييهدف البحث ف

معالجة    يهذا السياق استطاع البحث المساهمة ف  يوف  ربط وحدة المياه ووحدة التربة ووحدة النبات.  

مداد النبات بالتغدية المطلوبة من إنفس الوقت    يوف  يلملوحة مياه الر  الضار  ثيرأجزيئية وخفض الت 

يتناول البحث   ا.  ا وعضوي  اجي  صورة جديدة نانوية القياس وذات كفاءة عالية انت   يالعناصر الصغرى ف 

جديد من   يصورة مقياس نانو  ينتاج من مواد كيميائية محلية الصنع فالتصنيع والإ  ينتاج مركب محلإ

علي أ والمحمل  المغناطيسي  الحديد  التغذية    هيونات  الصغرى  عناصر  النباتية 

هيدروكسيلية    مجاميع وظيفيةتعتمد التقنية الجديدة على استحداث   .  (الحديد/المنجنيز/النحاس/الزنك)

  ي لقياسات التحليلية للمركب النانواوضحت  أ    يونات الموجبة لعناصر التغذية النباتية.متعددة الترابط بالأ

المترأالجديد   القياس  النانوأللعديد من    ين  العديد من     نانومتر.    ١٠حدود    يف  يونات  تم عمل  وقد 

الجديد    يب النانوكلى التعرف على خصائص وخواص المرإات بأجهزة التحليل الدقيقة للوصول  القياس

ظهرت النتائج من خلال التجارب الحقلية الواسعة النطاق العديد من  أ   مان تطبيقية.   ألضمان جودة و

تغذية النبات من   يوكذلك معالجة النقص ف  يرات الملوحة لمياه الر ي ث أالنجاحات المرتبطة بمعالجة ت 

جهاد  زيادة قدرة النبات على تحمل الإ يالمساهمة ف  إلىولوياته أ ييهدف البحث ف  العناصر الصغرى.  

عطت النتائج مؤشرات  أوقد   نتاجية للمحصول.  إ  أفضلالمياه والتربة والحصول على    ةلوحد  يالملح

المياه.   ملوحةالبرولين لزيادة قوة النبات على تحمل    يمين لأنتاج الحمض اإكبيرة على قدرة النبات على  

ثبتت  أوقد    ا.ا وكيف  كم    التقليدياستخدام السماد    ي هو تقليل التكلفة الرهيبة ففخر  ا على البعد الآقياس  و

البحث   النانوأنتائج  التسميد  استخدام  يقيوفر    والذيالجديد    يهمية  التكلفة    ٪٥٠- ٤٠عن    لمالا  من 

علاوة على البعد    ٪٤٠-٢٠بين   لبعض المحاصيل بنسبة تتراوح مانتاجية  الإالتقليدية وزيادة    للأسمدة

زيادة امتصاص النبات لعناصر التغذية   ياستطاعت جزيئات النانو المغناطيسية ف  والملوثات.    يالبيئ 

هداف البحث هو أهم  أومن   نتاجية.  مما انعكس على معدلات الإ  ا لاحتياج النبات الفعلىالصغرى طبق  

وقدرة    يمياه الر  يو الكلوريد السالب فألأيونات الصوديوم    خفض التأثرات الضارةعلاقة بين  التوضيح  

الن  المغذية  الإالمواد  زيادة  على  الزراعانوية  الا  نظر    ينتاج  نفاذية  نانويةلسرعة  على    الجديدة  مواد 

النبات  أاختراق   فأوقد     .وأسهل   أسرعنسجة  القمح زيادة  النتائج لمحصول  بنسبة  الإ  ي عطت  نتاجية 

 ١٠٠  إلى  بطريقة الرش بتركيز يصل  يللعناصر الصغرى الورق  يالسماد النانو  لاستخدام  ٪٢٢.٣٠

ك  فيجزء   تغذية.  أالمليون  الأأ  فضل جرعة  محصول  بخصوص  الإما  زادت  فقد  بنسبة رز  نتاجية 

نتاجية لمحصول الذرة الصفراء  وزادت معدلات الإ      الجديد.  يعند نفس تركيز السماد النانو  ٪٢١.٤٢

 عند نفس المعاملات السابقة.    ٪٢٩.١٠لى إ

 


