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INTRODUCTION 
 

Nanotechnology is a science of small things less than 100nm in size and it plays a vital role in various applications. Exploring 

beneficial uses of nanoparticles in plant sciences is becoming an increasingly important area of interest (L. Zheng et al., 2005). 

Nanotechnology has a excellent effect in agriculture and food systems. It has effect to give increased crop production through 

accurate farming, safe water used, insect’s protection and infection, new nano-materials for pathogen detection and protection of 

the environment. Water shortage affects crop production negatively (Sadras, and Milory 1996). The defiance of water resources 

and High evapotranspiration rate has a vital role for crop yields, and drought stress. The advanced strategy is how to use of water 

resources and adjust changing agricultural patterns toward cropping adapted to overcome drought in plant. Interaction of 

nanomaterials with plant cells makes different changes in morphology and physiological natures. Effectiveness of nanomaterials 

have determined by chemical structure, size, surface nature, activity, and nanoparticles doses (Khodakovskaya et al., 2012).  

 

The positive and negative effects of nanoparticles on plant growth and count on structure, concentration, size, and physical and 

chemical properties were done (Ma et al., 2010).  It is proven by compiled information that nanoparticles effects differ from plant 

type to another one. We need to understand physiological, biochemical, molecular mechanisms of plants in relation to NPs and 

mechanism of action. Nanomaterials usage gave more information and new applications of plant (Nair R., 2010). Iron is an 

element that used by crops in small quantities (Butzen, S., 2011). It is an essential to normal plant growth, development and play 

important roles in enzyme reactions, photosynthesis, improves the performance of photo systems, DNA transcription, RNA 

synthesis (Sheykhbaglou, R., 2010). To achieve more crop yields, we use a large amount of fertilizers which leads to several 

problems like environment pollution, decrease quality of food material, soil degradation, less income from the production. For 

solving these problems nano-fertilizers may good results and high production, because ability nanoparticles to penetrate cell plant. 

Nanoparticles have potential to improve growth and yield of wheat crop (Duyckx 1993).  

 

Iron is one of an essential nutrient for plants because iron is not easily available in different types of soils. Nanoparticles have 

unique physico-chemical properties such as high reactivity, high surface area, particle morphology and tunable pore size, to boost 

the plant metabolism (Giraldo, et al.,2014). The activity of nanoparticles is dependent on their structure, on its concentration 

Abstract 

Magnetic iron nanoparticles (MNPs) have high magnetization values and particle size smaller than 100nm. These 
experimental preparation processes were vital to determine the liquor pH, nanoparticles concentration, initial temperature 
and contact time to get the iron oxide MNPs coated (NPK) with little size and distribution that is needed for plant absorption. 
Effect of IMNPs coated (NPK) nano-fertilizer on response of wheat grains and its content of some mineral’s nutrients, were 
investigated in two field experiments.  IMNPs coated (NPK) nano-fertilizer was used as foliar application at different rates 
(0.1, 0.3, 0.6 and 0.9 gm.L-1). The obtained results indicated that, yield of wheat grains significantly increased as a result of 
raising Fe-nano-fertilizer concentration. While these significant results don’t found by increasing the rate of nano-fertilizer 
more than 0.9 g/L.  Also, increasing the rate of Fe-nano-fertilizer as foliar application tended to a significant increase of iron 
and some macro-nutrients in wheat grains compared to control treatment. Article explained the increase magnetism energy 
of nano iron oxide on irrigation water. This study demonstrated that supplemental of Fe-NPK nano-fertilizer as foliar 
application can reduce the amount of chemical soil fertilizer dose and that this beneficial effect on the cost of agriculture 
production. 
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which varies from plant to plant (Khodakovskaya, et al., 2012). It is necessary to use the modern technologies (Nano fertilizers) 

which can help agriculture productivity to feed the explosive growth of world population (Batsmanova, et al., 2013). Nano 

fertilizers increase plant growth and yield sensors for monitoring soil quality and disease management. The use of nanomaterials 

in the field of agriculture aims to improve the efficiency and reduce wastes than aspects products and approaches. Wheat is one of 

the important cereal crops for human consumption, especially in the developing countries. In Egypt, wheat is the most important 

crop; Egypt supplies only 40%of its needs. Therefore, it is necessary to increase wheat production and distribution of some 

nutrients by using new fertilizer materials and new technique. Nanomaterials application in agriculture plays an important role to 

improve agriculture production in the future to feed a growing population (Singh, et al., 2015). Growing areas of wheat are in arid 

and semiarid regions that affected by less iron concentrations because of PH increase, less organic matters, high calcium carbonate 

content, drought and negative effect of salts, imbalanced application of NPK-fertilizer and high bicarbonate content of irrigation 

water. Moreover, High wheat yield and quality depends on iron needed with limited range. (Narimani, et al., 2010 and Ali 2012).  

       

MATERIAL AND METHODS 

 

Ferric chloride hexahydrate (FeCl3.6H2O), ferrous chloride tetra-hydrate (FeCl2.4H2O) and ammonium hydroxide (NH4OH) 

purchased from Merck. All acids used were of the highest purity available were obtained from Merck. Inorganic potassium and 

phosphorous used as a source of PK ions from Merck. The nitrogen source used in this article is an aliphatic di-amine group. Iron 

oxide magnetic NPs with appropriate surface chemistry are prepared by co precipitation method (Hasany, et al., 2012). Briefly, 

iron NPs can be synthesized by Chemical preparation methods: these methods are simple, tractable, and efficient, in which the 

size, composition, and even the shape of the NPs can be managed (Wu, et al., 2009). Iron oxides can be synthesized through the 

co-precipitation of Fe
2+

 and Fe
3+

 by the addition of a base. (Wu, et al., 2011). The size, shape, and composition of iron NPs 

synthesized through chemical methods depend on the type of salt used, Fe
2+

 and Fe
3+

 ratio, Ph, and ionic strength (Laurent, et al., 

2008). Chemical-based synthesis methods are mostly adopted due to low production cost and high yield. In general, magnetites 

are synthesized by adding a base to an aqueous mixture of Fe
2+

and Fe
3+

 chloride at 1:2 molar ratio, resulting in black color. The 

chemical reaction of Fe3O4precipitation is given in Equations 1 and 2. The overall reaction is written as follows: (Maity and 

Agrawal 2007). 

1. Fe2+ + 2Fe3+ + 8OH →  Fe3O4 + 4H2O  (1) 

Under oxygen-free environment, a complete precipitation of Fe3O4 is likely between Ph 9 and 14, maintaining a molar ratio of 

Fe3+:Fe2+ (2:1). Fe3O4 might also be oxidized as: 

2. Fe3O4 + 0:25O2 + 4:5H2O →  3Fe(OH)3+   (2) 

The physical and chemical properties of NPs may vary depending upon the conditions. To prevent iron NPs from oxidation and 

agglomeration, Fe3O4 NPs are usually coated with organic or inorganic molecules.  

 

2. Synthesis of iron oxide nanoparticles 

2.1. Sample preparation 

3. The reagents used for the synthesis were ferric chloride hexa-hydrate (FeCl3·6H2O), ferrous chloride tetra-hydrate 

(FeCl2·4H2O), propylene glycol (CH3CH (OH) CH2 (OH), sodium hydroxide (NaOH) and ammonium hydroxide (NH4OH, 26% 

of ammonia). Sample A was synthesized by the co-precipitation method. A certain weight of ferric chloride was added to ferrous 

chloride molar ratio of Fe
3+

/Fe
2+

=2) and 150ml of (NH4OH, 26% of ammonia) with 300 ml of de-ionized water in a 500 ml flask. 

Before adding sodium hydroxide (NaOH) and ammonium hydroxide (NH4OH, 26% of ammonia) to raise PH, add potassium & 

phosphate and inorganic nitrogen salts. Finally, the MNPs product was separated by a centrifuge and washed twice with deionized 

water and ethanol. The obtained MNPs were dried at 100
o
C for 6 hr (Cornell and Schertmann 1996). 

The formation of magnetic nano-iron particles: 

Fe
2+

 +2Fe
3+

 +8NH3·H2O                                  Fe3O4↓ +8NH+ 4H2O 

 

2.2. Characterization of iron oxide nanoparticles  

FI-IR spectra were measured in a transmission mode on a spectrophotometer (Perkin Elmer Spectrum Version 10.03.09) Spectrum 

Two Detector LiTa03 was used for separating the solid and liquid during the preparation samples. The samples were mixed with 

KBr. The micrographs of prepared particles were obtained using a Scanning Electron Microscope using SEM Model Quanta 250 

FEG (Field Emission Gun). The XRD pattern of TiO2 and MNPs was obtained using a X-ray diffractometer Schimadzu model: A 

PAN analytical X-rays differaction equipment model Xpert PRO with secondary monochromator, Cu-radiation (λ=1.54A
0 

) at 

50k.v.,40 M.A and scanning speed 0.02
o
 /sec. Magnetic properties of the particles were assessed with a vibrating-sample 

magnetometer (VSM, Homade 2 tesla). A magnet (Φ 17.5×20 mm, 5500 O e) was utilized for the collection of magnetic particles.  

Basing on the results of measurements, coercivity, remenance and saturation of samples have been determined, from each powder 

sample a certain amount of sample has been portioned out, put into another container and weighed. The VSM measurements have 

been performed on every sample. 

 

2.3. Chemical and physical properties of the two experimental soils 
In order to study the impact of time and concentration of nano-iron on yield and yield components of wheat, two field experiments 

were conducted at two private fields in EL-Giza and EL-Fayum Governorates during the growth season of 2016 and 2017 to 

evaluate the effect of using of Fe-NPK nano-fertilizer (Fe= N= 1.8%, P= 1.4% and K 1.3%)   on growth and productivity of wheat 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998023/#fd1-nsa-9-049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4998023/#fd2-nsa-9-049
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grains compared to recommendation soil dose of NPK fertilizers (control). Some physical and chemical properties of the 

experimental soils are presented in table (1). 

 

Table (1): Chemical and physical properties of the two experimental soils.  

Characteristics Soil types 

Sandy Loam Sandy 

PH(1:2.5) 7.3 7.6 

EC (1:5) 1.6 2.3 

CaCO3 (%) 4.6 5.2 

O.M.(%) 1.4 0.8 

Available nutrients 

N (ppm) 

P (ppm) 

K (ppm) 

 

120 89 

27 18 

145 104 

Particle size distribution 

Sand (%) 

Silt (%) 

Clay (%) 

 

71.0 92.4 

19.8 5.2 

9.2 2.4 

Textural Class Sandy Loam Sandy 

 

The experimental design included four treatments of Fe-nano-fertilizer and control on randomize complete block designed in plots 

with three replicates, each plot area was 15 m
2
 (5x3m). The control treatments received super phosphate (15.5%P2O5) at the rate 

of 200Kg/ Fadden Were added during soil preparation. Ammonium sulphate added at the rate of 100Kg N/Fadden were divided to 

two portions, one of them was added before sowing the seeds, and the another after one month from germination, potassium 

sulphate (48% K2O) was added also, at the same time of the second half of nitrogen at the rate of 50Kg K/Fadden.  Fe-NPK nano 

fertilizer was applied as foliar every about 21 days.  

 

The concentrations of iron oxide nanoparticles coated with NPK were (0.1, 0.3, 0.6, and 0.9g/L.). Plants were harvested and dry 

weight of grains was recorded. Random samples of each plot were prepared for chemical analysis (N, P, K and Fe) according to 

(Cottanie et al., 1982). Statistical analysis of obtained data were run according to (Senedecor, et al., 1982). Therefore, this study 

was conducted to compare the effects of Fe-nano-fertilizer (Foliar) application on crop yield and some nutrients content in wheat 

grains.  

 

RESULTS AND DISCUSSION 

 

3. Characterization analysis of iron oxide nanoparticles as a site core  

3.1. Scanning Electron Micrograph (SEM) 

SEM images in Fig. (3) Showed that surface area of iron oxide nanoparticles and nano- composite with NPK ions in outer shells 

of iron oxide pellet which consider as different symmetrical shapes of iron nanoparticles merged with NPK. The SEM screens 

seen that conversion of iron oxide to nano-pellets and the spherical of iron oxide with nano-sized. 

 

3.2. X-Ray Diffraction Analysis (XRD) of iron nanocomposite 

Fe3O4 and Fe2O3 nanoparticles have well crystallized structure. XRD peaks showed the diffractions spinal content of hematite, and 

magnetite. The location and intensities of reflection peak of Fe3O4 and Fe2O3 agreed to XRD peaks of standard Fe2O3 samples 

(Mahdavi, et al., 2007). 

 

3.3. Vibrating sample magnetometer of iron oxide nanocomposite  

The magnetization curves measured at room temperature for iron oxide nanoparticles. Magnetization figure (3) showed no 

hysteresis, suggesting that produced magnetic particles are superparamagnetic (Pradhan, et al., 2006). The magnetic intensity of 

particles is smaller than original size; these nanomaterials had super paramagnetism properties (Guo, et al., 2010). The high 

saturation magnetization of pure Fe3O4 indicated the good crystal structure. The super paramagnetic behaviors showed that 

magnetite and hematite nanoparticles were merged in the composite particles.  
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Fig (1): Scanning electron microscope of iron oxide nanoparticles 

 
Table (2): XRD mineral constituent and chemical formula with percent content 

Mineral Name Chemical Formula Semi-Quant [%] 

Hematite Fe2O3 60% 

maghemite γ-Fe2O3 15% 

Magnetite Fe3O4 25% 

 

 
Fig. (2): X-Ray Diffraction of iron oxide nanoparticles 

 

 
Fig (3):  Magnetization curve iron oxide nanoparticles 

 

3.4. Size distribution analysis of iron oxide nanocomposite  
The mean size of iron oxide nanoparticles and IONPs coated by NPK showed that IONPs has spherical and crystalline shape. The 

intensity weighting of nanomaterials was 72.50nm, volume weighting 33.60nm and number weighting was 19.70nm. The mean 

diameter of nanocomposite ranges around 41.93 nm. 
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Fig. (4):  particle size distribute of iron oxide nanoparticles 

 

3.5. Fourier transforms infrared spectroscopy of iron nanocomposite 
The FTIR spectrum showed indicated the presence of absorption bands at 3125, 1210, 735 and 510 cm–1. Spectral Bands of O–H 

stretching (3125 cm
–1

), C–H stretching (1210 cm
–1

), and vibrations of (Fe– O) bond (510 cm
–1

). The absorption band at 3125 cm
–1

 

appeared due to absorption of moisture by nanoparticles from the environment. Infrared spectra of the NPs, grafted NPs by NPK 

ions were recorded with a Fourier Transform Infrared (FTIR) spectrometer (PerkinElmer Spectrum Version 10.03.09). The 

comparison between the IR spectra of the nude nanoparticles,  

 
Fig (5):  IR- Spectrum of synthesized iron nanocomposite 

Table (3):  water quality before treatment and after treatment by iron nanocomposite 
parameters Before treatment After treatment Irrigation water limits 

FAO/WHO/EC 

Egyptian code 

2015/501 

PH 7.80 7.70 6.5–8.5 NA 

DO mg/l 4.20 6.20 5.5-7.0 NA 

EC (dSm_1) 1.10 1.10 0<0.7<3 3.3 

TSS mg/l 28 5.0 10-20 15 

Turbidity(NTU) 15 2.50 NA 0-5 

COD mg/l 25 < 10 75WEF, 80 NA 

BOD mg/l 12 < 5 10WEF,40 15 

TOC % 0.001 0.0001  NA 

SAR 6.78 5.64 0–15 6-9 

NH3 mg/l 3.20 1.10 0–5 NA 

NO3 mg/l 16.90 6.21 <5–<30 NA 

TP mg/l 0.07 0.06 NA NA 

TOTAL FACEAL COUNT CFU/100 

Ml 

1100 2-5 Unrestricted irrigation (6 or 

103) WHO 
20 

TOTAL MICROBIAL COUNT 

CFU/100 ML 

>300 < 10 NA NA 

NEMATODE NIL NIL NA 1 

RESIDUAL PESTICIDE NIL NIL NA NA 

NA, not available. 

Permissible limits are those provided by WHO for drinking water. The superscripted values: EC, European Economic Community 

(EC); WEF, Water Environment Federation. 
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Fig. (6): Optimal condition: Nanoparticles conc. 0.05g/50ml sonicated for10 min. at PH 7 and 25 

0
C, (Magdy et al., 2015) 

Optimal condition of iron nanocomposite with Nitrogen/Phosphorous/potassium at nanoparticles concentration 0.05g/50ml & 

contact time 10 min. & pH at 7 and reaction temperature 25 C
o
. These results had given with the highest efficiency.  The good 

performance synthesis of iron nanoparticles as a core with many hydroxyl groups help to attached new electrostatic bonds with 

nitrogen & Phosphorous and potassium ions. The role of nanotechnology in recent time has an important view. The nanoparticles 

have ability to attach with different macro and micronutrients such as nitrogen & potassium and phosphorous ions by chemical 

and physical bonding. In this paper we discuss the preparation of iron oxide nanoparticles as a core ion which attached with 

branched hydroxyl groups in outer shell of nanoparticles. The nitrogen ion & & potassium and phosphorous ions (NPK) adhere 

with oxygen atom by electrostatic bonding that charged by high elector-negativity.  

 

Table (4):   heavy metals concentration of treated water after treatment 

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

1 0.021 <0.0006 <0.001 <0.01 0.0242 0.3916 0.1983 <0.001 <0.002 <0.008 <0.01 0.0039 

2 0.034 <0.0006 <0.001 0.0557 0.1498 0.3237 0.2396 <0.001 <0.002 <0.008 <0.01 <0.0006 

3 0.014 <0.0006 <0.001 0.1810 0.0828 0.5032 0.2313 <0.001 <0.002 <0.008 <0.01 0.0096 

 

3.6. Sodium adsorption ratio (SAR)  

Sodium element is a vital ion for determining the water quality of irrigation (Todd et al., 2005).  SAR is an important factor to 

determine the quality of irrigation water. The increase of sodium concentration leads to undesirable changing of soil propert ies 

with reduces soil permeability. SAR of irrigation water showed the relative proportions of sodium to calcium and magnesium and 

limit to  alkali/sodium hazard to crop. The SAR values in the study area can be calculated by the following equation given by 

(Hem, 1991) as: 

 

SAR= Na+ / {[Ca2+ + Mg2+] /2}0.5  

 

Where, concentrations are expressed as milli-equivalents per liter.   

What SAR has a critical point for water irrigation and its effects on soil structure and permeability  

(Richard
ʼ
s, 1954) classified the irrigation water according to SAR values into the following categories; 

 Good water (SAR up to 10) 
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 Moderate water (SAR ranges from 10 – 18) 

 Intermediate water (SAR ranges from 18 – 26) 

 Unsuitable water (SAR ˃ 26) 

Increasing of sodium ion in irrigation water can exchange soil compositions with reduction its fertility. According to (Richards., 

1954) irrigation water are classified  into  four  groups:  low (SAR<10),  medium  (SAR,  10–18),  high  (SAR,  18–26),  and  very  

high  (SAR >26). With respect to the (USSL, 1954). The calculated SAR values of treated water about 2.15 and lie in excellent 

SAR class.  

 

3.7. Effects of Nanoparticles on Plant Growth and Development 

The depending to use nanocomposite of iron oxide with NPK in providing the plant all nutrients it need by foliar spraying to 

reduce the environment contamination of chemical fertilizers and reduce soil contamination by toxic metals found in different 

commercial fertilizers. In this article, study nanocomposite with different concentrations to determine the best  concentration we 

need. And the numbers of spraying times. The analysis of NPK elements in plant yield shows that no difference than control. This 

result means there no any harmful effect on plant product whereas absorption of different nutrients depends mainly on plant 

selectivity. The iron ion in nanoscale gives the plant ability to accelerate absorption of different elements it needs. The different 

nanocomposite concentration used from 0.1 g/l to 0.9 g/l showed in table (5). Concentration at 0.9 g/L of iron nanocomposite had 

the highest crop yield at Giza site. Fe deficiency is a decreased content of photosynthetic pigments, which results in the relative 

enrichment of carotenoids over chlorophyll and leads to the yellow color. The soil type in Gaza governorate was loamy soil which 

helps the plant to absorb nutrients. The other place we cultivate wheat in fayum governorate which contain sandy soil. The highest 

crop table (5) yield appeared at 0.9 g/l iron nanocomposite. The concentration of nitrogen content of wheat plant had the moderate 

values and this indicated that no toxicity of (iron nanocomposite NPK) on onion plant. The phosphorous and potassium 

concentration content of onion ranged in a standard values. The slow release on nanoparticles with NPK gave the plant to absorb 

nutrients according to its requirements. (Kobraee, et al., 2011) showed that soil with Fe deficiency could be affect on  crop yield 

quality (Salwa, et al., 2011. The use of INPs gave increasing in pod and dry leaf weight with high yields (Sheykhbaglou et al., 

2010).  

3.8. Effect of Fe nano-foliar on plant growth  

Interaction between nanomaterials with plant cells have positive or negative effects according to growth response (El-Fouly, et 

al., 2011)(Belavanaki, 1979) (Kalyan et al. 1992) (Pande, et al., 1993). The application of Fe nano-foliar free or with other 

micronutrients had a positive effect on wheat grain yields. When plants are not able to absorb Fe ions from soil, we need to use an 

external factor such as foliar application of Fe develops plant growth, grain yield and its quality of wheat.  

 

3.9. Wheat Grain yield treated with iron nanocomposite (Foliar fertilizer)  

The nanoparticles (NPs) have ability to attach with different macro and micronutrients such as nitrogen, phosphorus and 

potassium ions by chemical and physical bonding. In this paper we discuss the preparation of iron oxide nanomaterials as core ion 

which attached with branched hydroxyl group’s outer shell of nanoparticles. We could find that, there was a linear relationship 

between increasing of INPs and wheat grain yield. INPs interact with plant cells occurs many changes of morphology and 

physiology actions, which depending on the properties of (NPs) (Khodakovskaya, et al., 2012). Increasing of Fe- nano-fertilizer 

up to optimum levels may cause less crop yields because of nutrient toxicity.  Nano-fertilizer provides more surface area and 

increase metabolic reactions. The nano-fertilizers usage may increase photosynthesis process with increasing of dry matter and 

crop yields (Singhet, et  al.,  2017). 

 

Table (5): Effect of iron oxide nanocomposite on wheat grain yield in two types of soils.  

Nanoparticles (gm/L) Grain Yield (Ton/ Fed.) 

Sandy Loam soil Sandy soil 

0.0 (control) 14.83 13.93 

0.1 17.72 16.80 

0.3 19.87 18.90 

0.6 20.60 18.52 

0.9 21.15 19.10 

L.S.D. (0.05) 1.18 1.41 
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Fig. (7) The relationship between different soil characterizations with nanoparticles 

 

 
Fig. (8) The relationship between different (NPK) percent with nanoparticles at Sandy Loam Soil 

 

 
Fig. (9) The relationship between different (NPK) percent with nanoparticles at Sandy Soil 

 

Represent data in Table (5) indicates that, the wheat grain yield significantly increased as a result of using Fe- nano-fertilizer as 

foliar application. It is clear that the yield of grain from sandy loam soil more than of sandy soil, but the difference is not 

significant. While the difference is significant between control and all treatments of Fe- nano-fertilizers, the increment of grain 

yield did not significant by raising the concentration of nano-fertilizer above 0.9 gm/L. (Habib, 2009) pointed out that, application 

of Fe nano-fertilizer increase wheat yield. (Zeidan, et al., 2010) reported that, addition of iron fertilizer increased yield and yield 

components of wheat. (Ghodsi, et al., 2012) revealed that, addition of nano-iron increased plant height and yield of sunflower. In 

general, with increasing Fe- nano-fertilizer rats, grain yield increased. In accordance with our results, (Zeidan, et al., 2010) 

reported that, application of iron fertilizer increased the wheat grain, this increment may be due to the role of iron in enhancing 

accumulation of assimilate in the grain. (Ali, 2012) also added that, application of iron fertilizer increased grain protein content 

and yield of durum wheat. Moreover, (Afshar, et al., 2012) pointed out that, using nano – iron increased yield, iron and protein 

content of cowpea seeds (Ghafari, et al., 2015) suggested that, Using  IONPs was more effective than other Fe sources and rates 

because Fe nanoparticles had more particles per unit of weight and specific surface area that increased contact of fertilizer with 
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plant, leading to increase in Fe and other nutrients uptake. Also, the application of nanoparticles in agriculture tended to better 

growth and high productivity of plants, (Singh, et al., 2015). Moreover (Narimani, et al., 2010) added that, nano-foliar application 

of iron raised protein and yield of durum wheat. The increment of wheat grain yield may be due to the increase in anti oxidant 

activity and chlorophyll content. 

 

3.10. Macronutrients content of wheat grains in different soils 

Iron nano-fertilizers are new products which contain readily available nutrients. The application of iron nano- fertilizer increased 

crop yield of barley. Furthermore, they evaluated the effect of foliar spray of macronutrients nano-fertilizer in field experiment, 

results observed a considerable improvement in grain mass, spike length, chlorophyll content, and grain yield . The response of 

plant to iron nanoparticles depends on time of application and concentration as well as size, shape and surface function of the 

particles. 

  

Table (6) Effect of Fe- nano-fertilizer on concentration of macro-nutrients of wheat grains 

Nanoparticles 

(gm/L) 

Sandy Loam Soil Sandy Soil 

N P K Fe (ppm) N P K Fe (ppm) 

0.0 (control) 1.58 0.29 0.18 520 1.42 0.22 0.13 454 

0.1 1.77 0.38 0.22 605 1.61 0.28 0.17 528 

0.3 1.98 0.49 0.27 680 1.85 0.37 0.20 560 

0.6 2.15 0.60 0.33 730 1.93 0.53 0.25 610 

0.9 2.35 0.29 0.39 779 2.20 0.61 0.31 685 

L.S.D. (0.05) 0.11 0.09 0.05 11.3 0.08 0.03 0.01 12.5 

 

The concentration of iron, nitrogen, phosphorus and potassium in wheat grain are presented in table (6), the data indicates that, the 

concentration of these elements significantly increased with application of nano-fertilizer as compared to control treatment. The 

increment of iron concentration is clearer than the other nutrients with increasing the rate of Fe- nano-fertilizer. The obtained 

results are quite agreement with the finding of(Abbas, et al.,  2009) who observed  that , application of iron as fertilizer increased 

Fe and protein content of wheat grain.  Also, (Zeidan, et al., 2010) added that, spraying of iron –nano-fertilizer high protein and Fe 

content of wheat grain. Application of nano fertilizers increase protein content, oil content and sugar content by increase the rate 

of metabolic process of  plant, (Liu, et al.,  2005). Moreover, spraying of nano particles improved crops nutrient content and 

quality, they added  and suggested that, balanced fertilization to the crops may be achieved through nanotechnology,. Also, 

revealed that, addition of nano-fertilizer enhanced the availability of nutrients to growing plants which increase photosynthesis 

rate, chlorophyll formation and dry matter production. In field experiment, (Mohammad, et al., 2014) studied the effect of 

different concentrations of Fe-nano fertilization on wheat, results revealed that, spraying of nano-Fe fertilizer with concentration 

of 4gm/L.  

CONSULSION 

 

The aim of the work was to use treated water by magnetic iron nanoparticles in irrigation of wheat plant.  As well as, used 

magnetic iron nanoparticles coated by macro-nutrients (NPK) as foliar nano-fertilizer. In this article, the superparamagnetic iron 

oxide nanoparticles (Fe3O4) with cubic spinel structure and an average particle size of 41nm were successfully synthesized by the 

co-precipitation method. In this paper, our future image depended on using new nanotechnology materials that have high 

efficiency of removal several pollutants of wastewater. The iron oxide nanocomposite has more effective removable range. Our 

new technology depended on agriculture with high product quality by using treated water to overcome on water deficiency in 

Egypt.  The water crisis in Egypt in this century was the push to find new technology with low cost and good water quality. The 

investigation analysis of treated water occurred according to standard limitation of irrigation water used. The magnetism of the 

iron nano-composite was direct proportional to the nanocomposite particle size. The obtained results gave increase of wheat grains 

yield with Fe-nano-fertilizer concentration. The concentration at 0.9 g/L Fe-nano-fertilizer as foliar was the highest yield after this 

value the total yield of wheat grains decrease.  The increase of magnetism energy by iron oxide nanocomposite contributes the 

good efficiency on treated irrigation water and nutrients absorption of plant leaves. This study demonstrated that supplemental of 

Fe-NPK nano-fertilizer as foliar application can reduce the amount of chemical soil fertilizer dose and that this beneficial effect on 

the cost of agriculture production. The adsorption factor depends on the changing of pH, reaction time, adsorbent concentration 

and temperature. The new iron oxide nanoparticles coated by NPK on the outer shell of nano iron oxide.  The results showed that 

increasing of macro nutrients mobility by nano iron oxide in plant cell. The new innovated in this article was how to bind macro 

nutrients such as nitrogen & phosphorous and potassium on nano iron oxide through weak bonding in outer shell and how to 

liberate these elements in symmetric shape to absorb inside plant cell.  
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