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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.
Keywords: Iron Nanocomposite, Water Treatment, Iron Nano-Fertilizer, Nano-Foilar

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
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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 Fe2+ and Fe3+ 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 Fe3+ 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 Fe2+and Fe3+ 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 Fe3+/Fe2+=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 100oC for 6 hr (Cornell and Schertmann 1996).
The formation of magnetic nano-iron particles:
Fe2+ +2Fe3+ +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=1.54A0 ) at
50k.v.,40 M.A and scanning speed 0.02o /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
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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
PH(1:2.5)
7.3
EC (1:5)
1.6
CaCO3 (%)
4.6
O.M.(%)
1.4
Available nutrients
N (ppm)
120
P (ppm)
27
K (ppm)
145
Particle size distribution
Sand (%)
71.0
Silt (%)
19.8
Clay (%)
9.2
Textural Class
Sandy Loam

Sandy
7.6
2.3
5.2
0.8
89
18
104
92.4
5.2
2.4
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 m2 (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 Fe 3O4 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 [%]
Fe2O3
60%
Hematite
γ-Fe2O3
15%
maghemite
Fe3O4
25%
Magnetite

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
6.5–8.5
5.5-7.0
0<0.7<3
10-20
NA
75WEF, 80
10WEF,40

PH
DO mg/l
EC (dSm_1)
TSS mg/l
Turbidity(NTU)
COD mg/l
BOD mg/l
TOC %
SAR
NH3 mg/l
NO3 mg/l
TP mg/l
TOTAL FACEAL COUNT CFU/100
Ml
TOTAL MICROBIAL COUNT
CFU/100 ML
NEMATODE
RESIDUAL PESTICIDE

7.80
4.20
1.10
28
15
25
12
0.001
6.78
3.20
16.90
0.07
1100

7.70
6.20
1.10
5.0
2.50
< 10
<5
0.0001
5.64
1.10
6.21
0.06
2-5

>300

< 10

NA

NA

NIL
NIL

NIL
NIL

NA
NA

1
NA

0–15
0–5
<5–<30
NA
Unrestricted irrigation (6 or

Egyptian code
2015/501
NA
NA
3.3
15
0-5
NA
15
NA
6-9
NA
NA
NA
20

103) WHO

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.

151
Citation: Yasser, A. M. Abdulhady et al, Effect of Treated Irrigating Water by Iron Nanoparticles and (MINP) Coated with (NPK) as Foliar Nano-Fertilizer on
Wheat Grains (Triticum aestivium L.) Yields (El Fayum-Egypt) . Australian Journal of Basic and Applied Sciences, 12(9): 146-156

Fig. (6): Optimal condition: Nanoparticles conc. 0.05g/50ml sonicated for10 min. at PH 7 and 25 0C, (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 Co. 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 properties
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
(Richardʼs, 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
Sandy Loam Soil
Sandy Soil
(gm/L)
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 supplement al 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.
REFERENCE

155
Citation: Yasser, A. M. Abdulhady et al, Effect of Treated Irrigating Water by Iron Nanoparticles and (MINP) Coated with (NPK) as Foliar Nano-Fertilizer on
Wheat Grains (Triticum aestivium L.) Yields (El Fayum-Egypt) . Australian Journal of Basic and Applied Sciences, 12(9): 146-156

Abbas, G.; Khan, MQ.; Khan, MJ.; Hussain, F. and Hussain, I (2009). Effect of iron on the growth and yield contributing
parameters of wheat (Triticum aestivum L.). J. Anim. Plant Sci. 19(3): 135-139.
Afshar, M.; R.;Hadi, H. and Pirzad, A. (2012). Effect of Nano-iron Foliar Application on Qualitative and Quantitative
Characteristics of Cowpea, under end Season Drought Stress. Intl. Res. J. Appl. Basic Sci., 3(8): 1709-1717.
Ali, E. A. (2012). Effect of Iron Nutrient Care Sprayed on Foliage at Different Physiological Growth Stages on Yield and Quality
of Some Durum Wheat (Triticum durum L. ). Varieties in Sandy Soil. Asian J. Crop Sci., 4, 139-149
Batsmanova, LM.;Gonchar, LM.; Taran, NY.AndOkanenko, AA.(2013). “Using a colloidal solution of metal nanoparticles as
micronutrient fertilizer for cereals. Proceeding of the international conference. Nanomaterials: Applications and Properties.
Vol.2. No.4 04 NAPM. 14 (2).
Belavanaki LN (1979).” Effect of Fe and Zn on yield and chemical composition of sorghum and their residual effect on
succeeding maize crop. M.Sc. (Agri.) Thesis, University of Agricultural Sciences, Dharwad, India.
Butzen, S. (2011) Zinc Deficiencies and Fertilization in Corn Production. CROP INSIGHTS 20 1-4.
Cornell, R.M. and U. Schertmann (1991). Iron Oxides in the Laboratory; Preparation and Characterization. Weinheim, VCH.
Cornell R.M. and Schwertmann U., 1996. The Iron Oxides Structure, Properties, Reactions, Occurrence and Uses. VCH
Verlagsgesellschaft Weinheim.
Cottanie, A.;Verlo, M.;Kiekeus, L.;Velghe, G and Camerlynck, R. (1982). “Chemical analysis in plant and soils “Laboratory of
Analytical and Agrochemistry State Univ., Ghent-Belgium.
Duyckx, M.(1993). The InternationalCommunity’s Commitment to Combating Micronutrient Deficiencies. Food Nutr. Agric. .,
7,2-7.
El-Fouly MM, Mobarak ZM, Salama ZA (2011). Micronutrients (Fe, Mn, Zn) foliar spray for increasing salinity tolerance in
wheat (Triticum aestivum L). Afr. J. Plant Sci. 5(5): 314-322.
European Economic Community (EC): Dir. 98/83: Council Directive of 3 November 1998 on the quality of water intended for
human consumption. Off J Eur Commun 1998;L 330:32–56.
Guo, L., G. Liu, R.Y. Hong and H.Z. Li (2010). “Preparation and characterization of chitosan poly (acrylic acid) magnetic
microspheres. Marine Drugs, 8: 2212–2222.
Ghafari, H. and Razmjoo, J. (2015). Response of Durum Wheat to Foliar Application of Varied Sources and Rates of Iron
Fertilizers. J. Agr. Sci. Tech. 17, 321-331.
Ghodsi, A.; Astaraei, A. L.; Emami, H. and Mirzapour, M. H. (2012). Effect of Nano-iron Oxide Powder and Urban Solid Waste
Compost Coated Sulfur on Sunflower Yield and Yield Components in Saline-sodic Soil. Environ. Sci., 9(3): 111-118.
Giraldo, J.D.; Landry, M.P.; Falterneier, S. M.; Nicholas, TPM.; Iverson , N. M.; Boghossian,AA.; Reuel, N.F.; Hilmer, A.J.; sen,
F.; Brew, J.A and Strano, M.S.(2014). Plant nanobionics Approach to augment Photosynthesis and Biochemical Seneing.
Nat. Mafer, 13(4), 400-408.
Habib, M (2009). Effect of foliar application of Zn and Fe on wheat yield and quality. Afr. J. Biotechnol. 8(24): 6795- 6798.
Hem, J.D, (1991). “Study and Interpretation of the Chemical Characteristics of Natural Waters,” Book 2254, 3rd Edition,
Scientific Publishers, Jodhpur,.
Hasany S, Ahmed I, Rajan J, Rehman A. (2012). Systematic review of the preparation techniques of iron oxide magnetic
nanoparticles. Nanosci Nanotechnol. 2(6):148–158.
Kalyan S, Chandra D, Bohra JS, Singh JD, Singh RN, (1992). Effect of iron carriers and compost application on rice yield and
their residual effect on succeeding wheat crop in Entisols. J. Agric. Res. 13(2): 181-183.
Khodakovskaya, MV.; de Silva K.;Biris AS.;Dervishi, E. and Villagarcia H.( 2012). Carbon nanotubes induce growth
enhancement of tobacco cells. ACS Nano, 6(3): 2128-2135.
Kobraee S. and Shamsi K., (2011). “Measurement of zinc, iron and manganese ratios in different parts of soybean plant”.
Research on Crops., 12 (3), 761-765.
Laurent S, Forge D, Port M, et al. (2008). Magnetic iron oxide nanoparticles: synthesis, stabilization, vectorization,
physicochemical characterizations, and biological applications. Chem. 108(6):2064–2110. [PubMed]
Ma X, Geiser-Lee J, Deng Y, Kolmakov A (2010) Interactions between engineered nanoparticles (ENPs) and plants:
phytotoxicity, uptake and accumulation. Sci Total Environ 408(16):3053–3061.
Magdy.H.El-Sayed and Yasser A.M. Abdulhady (2015). "Heavy metals removal by using magnetic iron oxide/TiO 2
nanocomposite for wastewater treatment in 10th of Ramadan city, Egypt". Egyptian J. Desert Res., 65, No. 1, 81-99.
Mahdavi, M., F. Namvar, M.B. Ahmad and R. Mohamad (2007). Green biosynthesis and characterization of magnetic iron oxide
(Fe3O4) nanoparticles using seaweed (Sargassum muticum) aqueous extract. Moecules, 18: 5954–596.
Maity D, Agrawal D. (2007). “Synthesis of iron oxide nanoparticles under oxidizing environment and their stabilization in
aqueous and non-aqueous media” . J Magn Magn Mater. ;308(1):46–55. Mashhad. P 189.
Mohammad Armin, Akbar,S.; and Mashhadi, S. (2014). Effect of time and concentration of nano-Fe foliar application on yield
and yield components of wheat. International J. Biosciences. 4(9), 69-75.
Nair R, Varghese SH, Nair BG, Maekawa T, Yoshida Y and Kumar DS. (2010). Nanoparticulate material delivery to plants. Plant
Sci. 179(3): 154-163.
Narimani, H.; Rahhimi, M.M.; AhmediKhan, A. and Vaezi, B. (2010). Study on the effect of Foliar Spray of Micronutrient on
Yield and Yield Components of Durum Wheat. Appl. Sci. Res. 2(6), 168-176.
Pande PK, Ravankar HW, Laharia GS, Ganwande RP, Padole VR (1993). “Effect of iron on yield and uptake of nutrients in
groundnut. PKV Res. J. 17:135-137.

156
Citation: Yasser, A. M. Abdulhady et al, Effect of Treated Irrigating Water by Iron Nanoparticles and (MINP) Coated with (NPK) as Foliar Nano-Fertilizer on
Wheat Grains (Triticum aestivium L.) Yields (El Fayum-Egypt) . Australian Journal of Basic and Applied Sciences, 12(9): 146-156

Pradhan, P.; J. Giri; G. Samanta; H.D. Sarma; K.P. Mishra; J. Bellare; R. Banerjee and D. Bahadur (2006). Comparative
evaluation of heating ability and biocompatibility of different ferrite-based magnetic fluids for hyperthermia application. J.
Biomed. Mater. Res., 81B: 12–22.
Richards, L.A., (1954), “Diagnosis and improvement of saline and alkali soils. soil structure stability, Water facts, ISSN
1327–5364
Salwa AIE, Taha MB, Abdalla MAM (2011). Amendment of soil fertility and augmentation of the quantity and quality of soybean
crop by using phosphorus and micronutrients. Int. J. Acad. Res., 3(2): part 3. Available online at:
http://www.ijar.lit.az/pdf/10/2011(10-127).
Sadras VO, Milory SP. (1996). Soil-water thresholds of leaf expansion and gas exchange: A review. Field Crop
Senedecor, G. W. and Cochran, (1982). Statistical Methods .7 th Edition Iowa. State Univ. Githent. Belgium, 63.
Sheykhbaglou, R., Sedghi, M., Tajbakhsh Shishevan, M. and Seyed Sharifi, R. (2010) Effects of Nano-Iron Oxide Particles on
Agronomic Traits of Soybean. Nor. Sci. Bioil. 2:112-113.
Singh, A.; Singh,N. B. ; Imtiyaz Hussain, I.; Singh, H.; and Singh, S.C. (2015). Plant-nanoparticle interaction: An approach to
improve agricultural practices and plant productivity. International Journal of Pharmaceutical Science Invention. 4 (8)2540.
Singh, M. D.; Chirag, G.; OM prakash, P.; Mohan, M. H.; Prakasha, G. and Vishwajith. (2017). “ Nano Fertilizers Is a new way
to Increase Nutrients Use Efficiency In Crop Production. International Journal of Agriculture Sciences. 9: (7), 3831-3833.
Todd D.K. and Mays L.W., (2005). “Groundwater Hydrology”, John Wiley & Sons, New York, 535p.
USSL (1954), “ Diagnosis and improvement of saline and alkali soils, USDA Hand waters”, 3 rd edition US Geol.
Survey, water supply paper 2254, scientific pub
WEF (Water Environment Federation) (1998).Using reclaimed water to augment potable water resources. Alexandria, VA, USA
WHO Guidelines for drinking-water quality, incorporating first addendum. (2006).. Geneva: World Health Organization; 3rd ed.
vol. 1., p. 515.
Wu S, Sun A, Zhai F, et al. (2011). “Fe3 O4 magnetic nanoparticles synthesis from tailings by ultrasonic chemical coprecipitation”. Mat Lett. 65(12):1882–1884.
Wu W, He Q, Jiang C. (2009). Magnetic iron oxide nanoparticles: synthesis and surface functionalization
strategies. ChemInform. 40(24).
Zeidan, MS.; Manal, FM and Hamouda, H. Aa (2010). Effect of foliar fertilization of Fe, Mn and Zn on wheat yield and quality in
low sandy soils fertility. World J. Agric. Sci. 6(6): 696-699.
Zheng L., Hong F., Lu S., Liu C., (2005). Effect of nano-TiO2 on strength of naturally growth aged seeds of spinach, Biol. Trace
Elem. Res. 104 83-91.

