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Abstract

Potassium and iron oxide nanoparticles were prepared via gamma irradiation using PVA and PVP as stabilizers and capping
agent to control the size of the particles. HRTEM indicated the formation of potassium and iron oxide nanoparticles within the
polymeric network of PVA and PVP with mean sizes 12 nm and 2.38 nm, respectively.

The ultraviolet visible (UV-vis) spectroscopy measurements show a distinct characteristic absorption peak indicating the
formation of potassium and iron oxide nanoparticles. As for the agricultural application, an experiment was carried out during
the two successive seasons of 2019 and 2020 seasons at National Research Centre’s experimental Station, El Nobaria Region,
Behira Governorate, Egypt. Results show that 8 ml/l of nano potassium and 9 ml/l of nano iron oxide scored the highest
values of plant length, number of leaves and branches, total plant fresh weight, dry matter percentage and chlorophyll reading.
As for pod yield and its component the same both previous concentrations gave the highest pod length, pod number per plant,
pod fresh and dry weight and total yield per feddan. Also, both concentrations gave higher protein percentage, total soluble
solids percentage, potassium percentage and iron concentration as well as lower fiber percentage than other treatments.
Keywords: Nano potassium, nano iron oxide, gamma radiation, green bean

on the environmental system and beneficial
microorganisms in soil which affects the fertility of

1. Introduction the soil and its production [1]. On the other hand, it

was found the extravagant addition of macro element

The massive production of vegetable crops like nitrogen, phosphorus, and potassium is not

in newly reclaimed soils depends on many factors, efficacious at the rate of 20 -50 % for nitrogen, 10 -

one of these factors is the addition and the  25% for phosphorus, and 70 - 80 % for potassium [2,

consumption of high levels of fertilizers that contain 3]. The low useful consumption of the previous

either macro or microelements. The excessive fertilizers might be referred to leaching, hydrolysis or
addition of chemical fertilizers has a downside effect denitrification.
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The new scientific revolution in fertilizers
sector which was accompanied by the appearance of
nanotechnology as a new technique, led to an
increase and enhancement of fertilizers which
increase the production with low damage to the
environment [4], through changing the physic-
chemical properties of nano elements compared to
their essential elements [5] and differ than the same
elements in their volumetric diameter [6].

The fertilizer could be considered in nano
form when its particles are under 10 nm in size, it
could be used as nano fertilizer which is
characterized by its effectiveness in absorbance, slow
release and stress tolerance [7].

Nano fertilizers could be considered as non-
traditional products which prevent the environment
from the pollution of traditional fertilizers. These
nano fertilizers are prepared from traditional
fertilizers through chemical, physical or biological
processes which lead to obtain superior results than
traditional fertilizers concerning addition rates and
nutrient uptake [8]. The benefit of nano fertilizers
usage could be summarized in protecting the soil
from the excessive addition of traditional fertilizers,
enhancing use efficiency of elements and diminishing
the amount of additive fertilizers as a result of their
high surface area and their nano particle size [9].0n
the other hand, nano fertilizers have an effective role
in plant nutrition through their ability to be a slow
release fertilizers that provide plants with their
abundant amount of minerals [10].The structure of
new reclaimed soils (sandy soil) obligate the farmers
to use slow or controlled release fertilizers which
have higher reactivity, more specific surface area,
more density of reactive area which enhance the
reactivity of these area on particle surface [5],or
through the foliar application treatments of macro
and micro elements.

The interaction between different crops and fertilizers

in nano form which affect the morphological and
physiological changes depends on the characters of
nano particles. The influence of nano particles on
crops depends on their chemical constituents, size,
surface covering, reaction between elements and
plants and finally the determined dose which affects
the physiological process and led to an effective
influence on plant [11].Thus, the application of nano
fertilizes in agriculture sector, gave the chance to
improve the absorption of different fertilizers and get
the most out of them, reducing costs and protect the
ecosystem.

Potassium in one of the most important
macro elements which has a main role in photo
synthesis, nitrogen metabolism, sugar translocation,
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the activation of several enzymes, stomatal opening
and closure as well as growth of meristemtic tissues
.Potassium particles ranging from 50 to150 nm in
water sector, pore diameters of plants cell wall
ranging from 5 to 20 nm in water sector [12].

Iron is one of the main micronutrients in
plant, it has an important role in biological functions
of many enzymes that participate in several vital
process such as photosynthesis, protein building
called heme- and non —heme protein, this heme
protein consists of cytochrome oxidase, catalases,
peroxidases and leghemoglobins that play an
important role in regulating and scavenging reactive
oxygen species(ROS) and fixing nitrogen in root
nodules of legumes through symbiosis reaction
between plants and rhizobium bacteria [13]and
respiration process as well as enhancing the quality of
plant yield [14]. The deficit of iron causes a defect in
chlorophyll synthesis, its surplus causes a generation
of ROS which leads to an oxidative stress in plant
[15]. On the other hand, iron nano particles are able
to enhance the absorption of minerals and enhance
the photosynthesis [16]

Most of agricultural soil has an abundant
proportion of iron, but 30% of this proportion is in
unavailable form for crop absorption and fixed to soil
particles [17]. Iron is presented in the form of Fe3*in
alkaline soil with high pH value which making it in
unavailable form for plant, that absorbs Fe?*element
[18].

Present-day NP platforms are often categorized into
three major groups including: (i) inorganic-based

(solid)  nanoparticles  (non-biodegradable); (i)
organic-based nanoparticles (extremely
biodegradable); and (iii) hybrid nanoparticles.

Organic-based nanoparticles, which are most often
utilized in agriculture, include generally of water-
soluble biodegradable biocompatible polymers, like
chitosan, lignin, phospholipids, lecithin, lactalbumin,
starch, cellulose derivatives, alginates, polylactides,
poly (propylene glycol), polyacrylamide and
polysorbate. The nano-formulations supported
biodegradable organic-based matrices prepared by
encapsulation technology allow designing controlled-
release nano carriers, during which the surface is
often modified by various other molecules.
Utilization this technique not only aqueous solubility
(lipophilicity or hydrophilicity) of the active
ingredient is often modified, but also its targeted bio
distribution are often ensured; thus, the dosage of
agrochemical are often reduced, because matrices add
protection of the active from environment and the
other way around.

Gamma radiation is one of the types of
ionizing radiation. It was employed previously to
polymerize water-soluble unsaturated polymers and
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produce the cross-linked structure. It has been shown
that reaction of intramolecular cross-linking is often
administered with water-soluble polymers in dilute
solutions (polymer concentration must be below
enough to avoid intermolecular cross-linking) [19].
The technique mainly relies on producing free
radicals within the polymer following exposure to a
high energy sources like gamma rays. The effect of
radiation (direct or indirect) will depend upon the
polymer environment. Recently, it has been
recommended to believe the radiation-induced
intramolecular crosslinking of single polymer chains
as an alternate approach to the formation of sub-
micron-size polymer gels [20].

PVP is one among the many capping agents that are
utilized in nanotechnology to beat drawbacks related
to conventional methods of preparation of
nanoparticles  like their toxicity, size, and
agglomeration. Hence, eco-friendly nano-
formulations are obtained using PVP having more
applicability [21]. In various researches, PVP has
been employed as a capping agent around metal
nanoparticles like Iron (Fe), silver (Ag), gold (Au),
zinc (Zn), etc. [22].

PVA is one among the high-performance capping
agents utilized in nanotechnology [23]. PVA may be
a synthetic polymer owning great hydrophilicity,
biocompatibility, and biodegradability. PVA has been
used as a stabilizing agent, for the form and size
control of Ag nanoparticles to guard against water
[24]. To improve the optical emission, crystallinity,
and size dispersion, ZnO nanoparticles capped with
PVA were prepared by the sol-gel method.

Green bean is one of the most important
vegetable crops of family fabaceae, it is a good
source of protein, vitamins and calcium. The total
area of cultivated green bean around the world is
1527 .613 hectares with 21.720.588 tons of
production [25]. In Egypt, green bean is considered
one of the important export crops and also for local
markets , near 3.5 % of the total production of the
world produces from Egypt [26].The production of
green bean under new reclaimed soils facing some
difficulties, one of theme is its sensitivity to
potassium and iron deficit.

Thus, theaim of this search was to evaluate
the effect of nano gels which were prepared
throughout radiation of poly (N-vinyl-2-pyrrolidone)
(PVP) and polyvinyl alcohol (PVA) aqueous
solutions and investigate the effect of foliar
application with both nano potassium and iron oxide
on growth and productivity of green bean plants
under new reclaimed soil.

Materials and methods

Materials.

Polyvinyl alcohol (PVA) with molecular weight 1,
15,000, (-C2H4O) n by LobaChemie, India. Acetic
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acid glacial; M.W. 60.05, with assay (acidimetric)
min 99.5% purchased from LobaChemie. Ethanol,
ferrous sulfate and potassium sulfate obtained from
El Gomhouria Co., Egypt.

Preparation of PVA/ potassium nanoparticles core-
shell structure. - This work aimed to evaluate a
polymeric solubilizer for agricultural applications. In
this study, potassium nanoparticles were embedded
with polyvinyl alcohol (PVA). The powdered PVA
was dissolved in bidistilled water at 80°C, with
continuous stirring. Combination of acetic acid and
ethanol were added to the solution. Finally, 10 % w t
of potassium sulfate salt was added to the solution
with the continued stirring. The resulted solution was
exposed to gamma radiation dose 4 kGy(Indian cell -
80Co) separately with dose rate of 1.16KGy/h., at
NCRRT, Cairo, Egypt to obtain the core shell
nanostructure [27,28]

Preparation of PVP/ iron oxide nanoparticles.

14% (v/v) of acetic acid was added to an equivalent
amount of bidistelled water.  Also, 2.5% of
Polyvinylpyrrolidone  (PVP) was added via
continuous stirring at 70°C. After dissolving of PVP,
an equivalent amount of Glycerin (glycerol) was
added. Finally, after fully mixing of the components,
10% (w/w) of ferrous sulfate was added to the
solution with the continued stirring. The resulted
solution was exposed to gamma radiation dose at 4
kGy (Indian cell - ®Co) separately with dose rate of 1
Gy/ 4.14 sec., at NCRRT, Cairo, Egypt[27, 28].
Characterization.-High Resolution Transmission
electron microscopy (HRTEM)

High Resolution Transmission electron microscopy
(HRTEM) measurements were performed with
(JEOL, JEM 2100, Japan) operating at 200 kV.
HRTEM was used to find out the distribution and
size of iron nanoparticles.

UV-Vis absorption spectra.

The UV-Vis absorption spectra were taken bydouble
beam spectrophotometer provided with computer
data acquisition Type JASCO 670UV-Vis/NIR.
FT-IR spectroscopy.

FTIR was carried out by using FT-IR 6300, Jasco,
Japan in the range 400-4000 cm™.

Agricultural study.

The experiment was carried out during 2019 and
2020 seasons at National Research Centre’s
Experimental Station, ElI Nobaria Region, Behira
Governorate, Egypt. Physical and chemical analyses
of soil is presented in Table 1.

Plant materials.

This experiment was conducted in newly reclaimed
sandy soil, seeds of green bean cv. Bronco were sown
in two sides of soil beds, 40 cm width at 10 cm apart
within the plant rows on the 1% of March during the
two successive seasons. Drip lines placed above soil
surface at 1.5 meter apart in each row in the middle
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of soil beds. The agricultural practices were carried
out according to the recommendation of Egyptian
Ministry of Agriculture and Land Reclamation.
Calcium super-phosphate (15% P,0s) at 300Kg per
feddan was added one time during soil preparation.
Ammonium nitrate (33%N) at 250Kg per feddan and
potassium sulphate (48%K,0) at 100Kg KO per
feddan were applied during the growth season.
Treatments and experimental design.

Four foliar applications of nano potassium (control,
2, 4 and 8ml/l) and nano iron oxide(control, 3, 6 and
9 ml/l) were sprayed at 21 days after sowing then 10
and 20 days after the first foliar application. The
experiment consisted of 16 treatments with three
replicates. The experiment was laid out in a split plot
design where nano potassium  treatments were
arranged in main plots while nano iron oxide
treatments randomly were distributed in sub-plots.
The area of the experimental plot was 12.8 m2.
Vegetative characteristics.

Samples of 6 plants were taken randomly at 45 days
after sowing (flowering stage) from each
experimental plot for measuring: Plant length,
number of leaves and branches per plant, total fresh
weight and dry matter percentage of plant was
estimated according to the following formula: Plant
dry matter% = (plant dry weight / plant fresh weight)
x 100, as well as total chlorophyll reading of the sixth
mature leaf through chlorophyll meter (SPAD-501).
Green Pod Yield and its components.

At harvest stage (60 days after sowing), green pods
were collected for estimated: pods fresh and dry
weights (g) and total green pods yield/feddan (ton). A
sample of 100 green pods at second picking
wererandomly taken, average pod length (cm) and
diameter (cm) were recorded.

Nutritional Value.

A sample of 50 green pods at second picking were
randomly taken to record: Total soluble solids (TSS
%) which was obtained using hand refractometer
according to the method described by A.O.A.C. [29]
pods fiber percentage was determined according to
Rai and Mudgal [30].Total protein percentage in pods
was determined as a factor of 6.25 which was used
for converting the total nitrogen percentage to protein
percentage[29], potassium percentage  was
determined according to Brown and Lillel [31] and
iron concentration was determined according to
Chapman and Pratt [32].

Statistical analysis.

All data were subjected to statistical analysis using
MSTATC Computer Program [33]. The Duncan’s
New Multiple Range test at 5% level of probability
was used to test the significance of differences among
mean values of treatments [34].
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Results and discussion.

High Resolution Transmission electron microscopy
(HRTEM)

Transmission electron microscopy (TEM) s
considered to be the most popular technique in
characterizing nanomaterials in electron microscopy.
The HRTEM analysis was used to visualize the size
and shape of the synthesized potassium nanoparticles.
It is also possible to produce an image from electrons
deflected by a particular crystal plane. Figurel (a, b)
show the morphology of the synthesized PVA/
potassium nanoparticles core-shell structure nanogel
which was examined by HRTEM. The potassium
nanoparticles seem to be well surrounded by the PVA
shell matrix. It is clear from the Figure that,
potassium nanoparticles formed in the PVA shell
networks have a cubic shape, and lower than 30
nanometers in size [35, 36].

Figurel (c, d) show the SAED pattern. The
electron diffraction pattern shows characteristic
concentric rings as bright spots, which is associated
with the crystalline nature of potassium. In addition,
from Figurel, it is clear that the core potassium
particles are about 6.8 nm in diameter [37].

The size distribution plots were fit

employing a Gaussian model with Microcal Origin
5.0 graphing software to work out the widths and
centers of the dimensions distributions. The width of
the distribution gives a thought of how narrow or
wide the dimensions distribution is and therefore the
center of the distribution is that the most probable or
average size of the nanoparticles (depending on the
form of the distribution). Pertaining to the dimensions
of the nanoparticles, Figure 2 illustrates the
dimensions distribution histogram of nanoparticles. It
is often noticed that the potassium nanoparticles size
was within the range between 7-27 nm.
The bulk size of potassium nanoparticles was found
around 12 nm. The tiny size of potassium
nanoparticles, which was obtained from the HRTEM
image, indicates good stabilization of potassium
nanoparticles in PVA nanogel solution [35, 38]
.HRTEM images of iron oxide nanoparticles are
shown in Figure3.

Figure 3(a, b, ¢, and d) showed TEM images
of the iron oxide nanoparticles synthesized by gamma
radiation. The morphologies of iron oxide
nanoparticles showed quasi-spherical, rhombohedral
shape and kite rhombus shape, with homogeneous
dispersed distribution. Figure3(d) elucidates the
corresponding size of iron oxide nanoparticles. The
size values of iron oxide were observed to be around
2.38nm [39, 40].

The inter-planar spacing of the lattice
fringes in Figure3(g) is 0.26 nm, which are in good
agreement with the distances of the (3 1 1) plane of
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magnetite (FesO4) nanoparticles. Figure3(h) shows
the corresponding SAED pattern, suggesting the
crystalline structure of the obtained Iron oxide
nanoparticles. It is a known fact that polycrystalline
materials show a ring pattern whereas single crystal
materials show a spotty diffraction pattern in SAED.
Accordingly, SAED pattern show polycrystalline
structure from iron oxide nanoparticles embedded in
PVP network. It has been confirmed by the SAED
(selected area electron diffraction) in the Figure3(h)
and this d-spacing value has been calculated via the
two opposite bright points of the same circle.
Moreover, this d-spacing (inter-planar distance) value
(0.26 nm) has been evidenced by suing the IFFT
method (inset in Figure 3(h and i) and its
corresponding values [41].

The size distribution plots were fit using a
Gaussian model with Microcal Origin 5.0 graphing
software to determine the widths and centers of the
size distributions. The width of the distribution gives
an idea of how narrow or wide the size distribution is
and the center of the distribution is the most probable
or average size of the nanoparticles (depending on the
shape of the distribution). According to the iron oxide
nanoparticles size, Figure (4) represents the size
distribution histogram of nanoparticles. It can be
showed that the iron oxide nanoparticles size was in
the range between 1-6 nm. The majority size of iron
oxide nanoparticles was found around 2.4 nm. The
small size of potassium nanoparticles, which was
obtained from the HRTEM image, indicates a good
stabilization of iron oxide nanoparticles
in PVP nanogel solution [42,43].

FT-IR measurement.

FTIR is an extremely useful analytical technique used
to identify organic, polymeric, and in some cases
inorganic materials. The technique is based upon the
identification of functional groups within molecules
where such groups vibrate (either through stretching
or bending in various ways) when irradiated with
specific wavelengths of light. The functional groups
of the composition PVP/acetic acid /glycerin
containing iron oxide nanoparticles was confirmed by
FT-IR spectroscopy.

Figure (5) shows the characteristic stretching band of
PVP existing at 1652.5 cm*belong to the pyrrolidone
C=0 group. Other major bands comprise those
corresponding to the C-N stretching vibrations
absorption of PVP at 1277.5 cm%, and the absorption
peak at 1390.8 cm™ due to the C-H bond in PVP
[44,45]. Moreover, The FTIR absorption spectra
PVP show weak absorption peaks located at 2946.5
cm and a broad band centered at 3434.8 cm™, which
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due to —CH asymmetric stretching vibration and —OH
symmetric stretching peaks, respectively [46,47] .
The bands at 1038 cm™, 993 and 918.98 cm™! are
related to the C-O stretching vibration of C-O-C
groups. Further, the peak at 1108.5 cm? is due to C—
O stretch. The band at 2882 cm™ arises from the
bending and scissoring vibrations of CH,[48].The
characteristic absorption peak of the carbonyl group
of acetic acid is observed at 1716 cm™. There is a
peak at 605.78 cm™ which is due to the new chemical
bonds formed between FezOs4, C-N groups and also
C=0 groups of PVP [41 ,49].

FT-IR spectroscopy was used in order to
study the function groups of PVA matrix and the
interactions between PVA matrix and potassium NPs
which achieved via gamma irradiation process. FT-IR
spectrum of PVA/ acetic acid/ ethanol contains
potassium nanoparticles is shown in Figure6. The
broad band between 3288 and 3600 cm™ represents
O-H stretching (intermolecular bonded). The weak
peaks at 2617 and 2075 cm™ are attributed to S-H
stretching (thiol) resulting from sulfate group of
potassium sulfate which was used as a precursor for
potassium nanoparticles [50,51]. The peak at 1714
cm? is due to the stretching C=0 from carboxylic
acid. The band at about 1639 cm™ is assigned to C=C
stretching from alkene. The band corresponding to O-
H bending from carboxylic acid and alcohol appear at
about 1389 cm™'. The band corresponding to CH;
symmetric twisting occurs at about 1275 cm™!. The
peak presented at 1100 cmis assigned to C-O stretch
for secondary alcohol. C-O-C stretching band is
appeared at 1016 cm™' [44, 21] .Finally, the peak
centered at 617cm is related to § (COO) .

UV-Visible spectroscopy measurements.

UV-Visible spectroscopy (UV-Vis) measures the
scattering or absorption of the light passing through a
sample. Nanoparticles have unique optical properties
which are sensitive to the size, shape, concentration,
agglomeration, and refractive index near the
nanoparticle surface, which motivates UV-Vis to be a
valuable tool for identifying, characterizing, and
studying Plasmonic nanoparticles loaded hybrid
microgels or nanogels. The measured absorbance
spectra spectrophotometer in the wavelength region
200-1400 nm for PVP nanostructure with potassium
sulfate is shown in Figure (7).

In Figure 7, the first absorption peak in the
spectrum mainly consists of absorption by KOH
nanoparticles at 272 nm, but the absorption band of K
nanoparticles were also observed around wavelength
of 400.
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Table 1: Physical and chemical analysis of the experimental soil of El Nobaria Region, Behira Governorate during

2019 and 2020 seasons.
Physical properties
Particle size distribution
Sand% Clay % Silt % Texture
73.15 6.1 20.75 Sandy
Chemical analysis
D(gﬁf)h pH 1:2.5 EC dSm CaCo% CEC C mole Kg* O.M%
0-15 7.63 0.98 3.22 4.95 0.04
15-30 7.30 1.09 2.76 4.32 0.02
Samples Macronutrients (%) Micronutrients (ppm)
(cm) N P K Fe Zn Mn Cu
0-15 2.10 0.53 1.19 231 322 76
15-30 2.11 0.69 1.68 324 286 41
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Figure 1: show HRTEM photographs for (a, b) PVA/ potassium nanoparticles core-shell structure and (c,

d) SAED pattern for potassium nanoparticles.
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fringes which corroborates the d-spacing value of 0.26 nm, images (h and i) SAED pattern for iron oxide
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Figure 5:FTIR spectra of PVP/acetic acid /glycerin containing iron oxide nanoparticles.
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Figure 6: FTIR spectra of PVA/acetic acid /ethanol containing potassium nanoparticles.
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Figure 7: UV spectra of PVA/ potassium nanoparticles.
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Table(2):Effect of nano potassium and iron oxide foliar application on plant length(cm),number of leaves , number of
branches, total plant fresh weight(g), dry matter (%) and chlorophyll reading (SPAD) of green bean plants during
2019 and 2020 seasons

Season First season Second season
Characters
Treatments K K
(ml/1) Control 2 4 8 Mean Control 2 4 8 Mean
Control  4120h  41.30h  44.30f  44.10f 4270D 4240h 41301  43.10h  45.10f  42.90D
3 43.10g  4330g 4640e  46.90e  4490C 4430g 4450g  47.60e  48.10d  46.10C
Plantlength
Fe 6 47.70de  45.50ef 50.10d 51.70d 48.70B 48.90d  49.70c  51.30bc 51.80bc  50.40B
(cm)
9 53.00c  54.20b 55.10ab 56302 54.60A 52.10b  49.80c  53.20ab  54.20a 52304
Mean  46.20C  46.00C  4890B  49.70A 4690C  4630C  4880B  49.80A
Control  12.60h  13.90g  14.10f  14.60f 138D  11.00i  13.00h  1320h  13.90g  12.70C
3 1530e  16.70e  17.80de 17.90de 1690C 15.20f 15.80f 16.90e  17.60d  16.30BC
N‘;':;l:: L 6 18104 1950  19.70c  19.80c 19208 17.20d 17404 17.80d 18.10c  17.60B
9 19.80c  20.20b 21.50a 21.70a 20804 18.90c  20.10b  20.60b  21.80a  20.30A
Mean  1640C  17.50B 18204  18.50A 1550C  1650B 17.10AB  17.80A
Control  3.10g  3.60f  4.10e  4.50cd 380D  3.30g  3.10g  430f  460f 380D
3 430d  4.60cd  4.80c  490c  460C  4.50f  4.80d  500c  5.10c  4.80C
Numberol. s 6 5100 500b  520b 5100  s10B  5.30b  5.20b  490d  5.00c  5.10BC
branches
9 520b  5.40ab  5.50ab  570a 5404  5.10c  5.60ab  5.70ab  590a  550A
Mean 440B 4.60B 4.90AB 5.00A 450D 4.60C 4.90B 5.10A
Control 52100 53.40h  55.60g  56.20f 543D 51.70g 5200  55.20f  55.80f  53.60D
Total plant 3 56.30f 5690f 59.40e  60.10d 581C  56.10e  56.50e  5840d 59.70d  57.60C
fresh weight ., 6 61.80c  6120c  6320b 64202 6268 60.90c 60.80c  62.80b 63.80ab  62.00B
® 9 6230bc  61.70c  63.70b 64.70a  631A 61.40c  61.30c 63.30ab 64.30a  62.60A
Mean  58.10D  5830C  60.40B  61.30A 57.50C  57.60C  59.90B  60.90A
Control  11.80g  1250f  13.20e  14.10d 1290C  12.10f  12.80f 13.50e  13.70e  13.00D
3 1430d 14604 1520c  1590c 15.00B 13.90e 14.80d 1550c  1620b  15.10C
Dry matter
Fe 6 16.10bc  1620bc  1640b 16.80ab 16304 1670b  16.50b  16.80b 17.10ab  16.70B
(%)
9 1630b 1640b  16.60b 17.00a 16.60A 17.20ab 17.00ab 17.30ab 17.60a  16.10A
Mean 14.60B 14.90B 15.30A 15.90A 14.90C 15.20B 15.70B 16.10A
Control 22201  24.50h  25.70g  26.70f 2470D 21.30i  23.60h  24.80g  26.60f  24.00D
Chlorophyll 3 27.60e  2890d 29.60cd  30.30c  2910C 27.10e  2800d  28.70d 29.20cd  2820C
reading Fe 6 30.90c  31.60bc  3240b 34.50bc 32.30A 30.30c  30.70c  32.40ab  33.00a  31.70B
(SPAD) 9 3140bc 32100 32.90b  35.00a 32904 30.60c  31.00b 32.70ab 33.90a  32.004
Mean  28.00D  2920C  30.10B  31.60A 27.30D  2830C  29.60B  30.80A

.Means followed by different letters are significantly deferent at P < 0.05 level: Duncan's multiple range test.
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Table(3):Effect of nano potassium and iron oxide foliar application on pod length(cm), pod number per plant, pod
diameter, pod fresh weight(g),pod dry weight (g) and total yield per feddan (ton) of green bean plants during 2019 and
2020 seasons

Season First season Second season
Characters
Treatments K K
(ml1) Control 2 4 8 Mean  Control 2 4 8 Mean
Control  8.90f  9.10f  9.30e  9.50d 9200  52h 79g 83f Ole 7.60C
3 9.50d  9.60d  10.00c  10.50b 990C  9.30e  9.40e  9.80d  10.20c  9.60B
Pod length
Fe 6 10.70b  10.80b 11.30ab 11.60ab 11.10B  10.30c  10.50c  10.90b 11.20ab  10.70AB
m 9 11.20ab  11.30ab 11.80ab 12.10a 11.60A  10.80b  11.00ab 11.40ab 11.70a  11.20A
Mean 10.00C 10.20C 10.60B 10.90A 8.90C 9.70B 10.10AB 10.50A
Control 16201 16701 17.80h 1820g 1720C  151h  162g 164 g 172f  1620C
poa 3 18.70g  19.00f  20.20e  23.40d 2030B  17.90f  18.30e  19.40d 19.90d  18.80B
numer per Fe 6 23.90d  24.60c  25.60b 26.30ab 25104  20.10c  20.10c  21.20b  23.00a  21.10A
plant ) 2440c  25.10b 26.10ab 26.80a 25604  20.60c  20.60c  21.70b  23.70a  21.70A
Mean 20.80D 21.30C 22.40B 23.60A 18.40C 18.80C 19.60B 21.00A
Control  0.51f 056 057d 0594 055D  052f 057e¢ 059de 060d 057D
il 3 0.6lc  0.62c 064 069  064C  06ld  062d  067c  0.69¢ 0.64C
diameter g, 6 070b  071b  0.73b  0.76b 0728 0.70c 0.73b  0.74b  0.79ab  0.74B
(cm) ) 0.8lab  0.83ab 085b  09la 0854 08lab  0.83ab 085ab  0.87a 0.84A
Mean 0.65C 0.68B 0.69B 0.73A 0.66B 0.68B 0.71A 0.73A
Control  4.10f  4.50e  4.70e  5.104 460D  3.90e  4.10 e 430de 440d  4.10C
—— 3 5204  530d  5.60c  5.90b  550C  4.50cd  4.60c  4.80bc  5.10b 4.70C
weight Fe 6 6.00b 610b  6.50ab  6.80ab  630B  5.20b 540b  5.60ab  5.90ab 5.50B
® 9 6.50ab  6.60ab  7.00a  7.30a 6904  5.60ab  5.80ab  6.00a 6.30a 6.00A
Mean 5.40C 5.60C 5.90B 6.20A 4.80C 4.90C 5.10B 5.40A
Control  1.10h  140g  1.70f  1.90e 152D  0.90f 1.10f  1.30e  1.40e 1.10D
— 3 2.00e  2.10e 2504  270cd  230C 150  1.60de  1.90d  2.10c 1.70C
weight Fe 6 2.80c 2.90c  3.10c  3.40b  3.00B  2.20c 230c  2.60bc  2.80b 2.40B
® ) 3.50b  3.70ab  3.90a  4.10a 3804  2.90b  3.10b  3.30ab  3.60a 3204
Mean 2.30D 2.50C 2.80B 3.00A 1.80D 2.00C 2.20B 2.40A
Control  3.10f  3.40f  3.60e  3.70e  340C  3.1f 33e  36d  38¢c 3.40D
Total yield 3 3.90d 4104  4.50c  470c  430B  3.90c  4.00bc  4.30bc  4.50b 4.10C
per feddan g, 6 4.90b 5100  530ab  5.60ab 520AB  4.60b  4.70b  5.10ab  5.40ab  4.90B
(tom) 9 520ab  5.40ab  5.60ab  5.90a 5604  500ab  5.20ab  5.60ab  5.90a 5.40A
Mean 4.20C 4.50BC 4.70AB 4.90A 4.10C 4.30BC 4.60AB 4.90A

.Means followed by different letters are significantly deferent at P < 0.05 level: Duncan's multiple range test.
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Table (4): Effect of nano potassium and iron oxide foliar application on protein and fiber percentage as well as total soluble solids
percentage of green bean pods during 2019 and 2020 seasons.

Season First season Second season
Characters
Treatments K K
(ml1) Control 2 4 8 Mean Control 2 4 8 Mean
Control 14.90i 15.30h 15.80h 16.30b  15.50D 15.401 15.601 15.90i 16.40h 15.80D
3 17.60g 18.90fg 19.90fg 20.10f 19.10C 17.90g 18.60f 19.60e 21.20e 19.30C
Protein
Fe 6 23.20e 25.60de  26.10d  26.90d 2540B 23.50de 25.60d 26.30c 27.60b 25.70B
(%)
9 27.20c 27.60c 28.10b 29.60a 28.10A 28.10ab  28.60ab 29.10a 26.50c 28.00A
Mean 20.70D 21.80C 22.40B 23.20A 21.20C 22.10B 22.70AB 22.90A
Control 7.50a 7.10ab 6.60b 6.30b 6.80A 8.10a 7.90ab 6.40b 6.10b 7.10A
3 5.40cd 5.10d 4.90d 4.50e 4.90B 5.40bc 5.20c 5.10c 4.20d 4.90B
Fibers
Fe 6 4.60ef 4.10f 4.00f 3.90f 4.10B 3.70de 3.60de 3.50e 3.30f 3.50C
(%)
9 3.60g 3.50h 3.40h 3.10i 3.40C 3.10g 2.90g 2.80h 2.401 2.80D
Mean 5.20A 4.90B 4.70C 4.40D 5.00A 4.90B 4.40C 4.00C
Control 2.30i 2.70h 3.10g 3.40f 2.80D 2.40i 2.90h 3.10¢g 3.30¢g 2.90D
Total 3 3.50f 3.80e 3.90de 4.00d 3.80C 3.60f 3.70f 3.90e 4.20d 3.80c
soluble
solids Fe 6 4.10d 4.50c 4.70c  4.90bc  4.50B 4.40¢ 4.60c  4.80bc  4.90bc 4.60B
(%) 9 5.10b 5.30b 5.70ab 5.90a 5.50A 5.10b 5.40b 5.70ab 6.10a 5.50A
Mean 3.70C 4.00B 4.30AB 4.50A 3.80D 4.10C 4.30B 4.60A

.Means followed by different letters are significantly deferent at P <0.05 level: Duncan's multiple range test.

Table (5): Effect of nano potassium and iron oxide foliar application on potassium (%) and iron concentration (ppm) in green
bean pods during 2019 and 2020 seasons.

Season First season Second season
Characters
Treatments K K
Contro
(ml/1) Control 2 4 8 Mean 1 2 4 8 Mean
Control 1.51i 1.54i 1.57h 1.61h 1.55D 1.561 1.62h 1.67gh 1.69g 1.63D
3 1.78f 1.85Ff 1.95ef 1.99% 1.89C 1.72f 1.75f 1.83ef 1.85e 1.78C
Potassium
Fe 6 2.11d 2.45¢cd 2.64c 2.78bc 2.49B 1.89d 1.94cd 1.97¢c 2.10bc 197B
(%)
9 2.82b 2.91ab  2.94ab 3.10a 2.94A 2.19b 2.28ab 2.76ab 2.85a 2.52A
Mean 2.05D 2.18C 227B 237A 1.84D 1.89C 2.05B 2.12A
Control 61.121 62.31i  64.56hi 67.23h  63.80D  63.201 64.11h  65.34g  67.45f  65.00D
71.23d
3 69.21¢g 70.12g 71.33f  72.122 70.69C 69.21f  70.13e  70.98e - 70.38C
Iron
Fe 6 73.34d 75§7° 76.45¢ 77'34b 75708 72.34d 73':5° 75.34c 76454  74.39B
(ppm)
79.34 79.84; 78.34: 78.78:
9 78.12b a 1 81230 79.63a 77.45b 4 ? 79112 78424
b b b b
Mean 7044D  71.86C  73.04B  74.48A 70.55D  7150C  72.61B  73.56A

.Means followed by different letters are significantly deferent at P <0.05 level: Duncan's multiple range test.
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Figure 8: UV spectra of PVVP/ iron oxide

The formation of iron oxide was
monitored/confirmed by UV-Vis spectroscopy as
shown in Figure 8. UV analysis of iron oxide
nanoparticles embedded in PVP/ acetic acid/
glycerine solution displays three characteristic
absorption bands at 224, 395 and 460 nm; due to
surface plasmon, which signifies the conversion of
ferrous sulfate solution as an iron precursor to iron
oxide nanoparticles. This broad absorption is the
consequence of different electronic transitions:
Fe(lll) crystal transitions, magnetically coupled
Fe(lll) interactions and oxygen-iron charge transfer
excitations from O(2p) nonbonding valence bands to
the Fe(3d) ligand field orbitals. The charge transfer
transitions involving Fe''-O are mainly responsible
for absorption of visible light. It also signifies that the
gamma radiation-induced polymerization of PVP is a
successful method for reducing the ferrous ions to
iron oxide nanoparticles. The results are in agreement
with studies carried out by other researchers reported
in literature [52]. Finally, the peak presented at 978
nm is assigned for O-H from water.

Agricultural study

Vegetative growth characters.

Data presented in Table (2) show that both
concentrations 4 and 8 ml/l of nano potassium gave
the highest number of leaves, number of branches
and plant dry matter percentage, while plants sprayed
with 8ml/I of nano potassium alone gave higher plant
length, total plant fresh weight and chlorophyll
reading than other concentrations in both seasons.
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On the other hand, it was found that spraying
green bean plants with 9ml/l of nano iron oxide
scored the highest plant length, number of leaves and
branches, total plant fresh weight, dry matter and
chlorophyll reading in both seasons. Similar results
were obtained by El-Zawily et al. [53] who found
that the application of highest nano potassium
concentration increase plant height, leaf humber per
plant and dry matter as well as scored the highest
chlorophyll reading of cucumber plants. As for nano
iron oxide, similar results were obtained by Abdel-
Salam[54] who found that spraying faba bean plants
with nano iron oxide led to an increase in plant
height, Rui et al. [55]who declared that the foliar
application with nano iron oxide increased
chlorophyll content of pea nut plants.

Respecting the interaction between both nano
elements, data revealed that the combination among 4
and 8 ml/l of nano potassium as well as 9 ml/l of
nano iron oxide scored the highest values of plant
length and number of leaves in both seasons and the
same previous concentrations of nano potassium plus
2 ml/l of the same element combined with 9 ml/I of
nano iron oxide gave the highest number of branches
during the two successive seasons. As for total plant
fresh weight and dry matter percentage, data show
that 8 ml/l of nano potassium and 6ml/l as well as 9
ml/l of nano iron oxide gave the highest values for
both characters. Respecting chlorophyll reading, it
was observed that 8 ml/l of nano potassium and 9
ml/l of nano iron oxide gave higher chlorophyll
reading than other treatments in both seasons. The
simulative effect of nano potassium on vegetative
characters might be attributed to its role on enhancing
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and stimulating the activity of different enzymes
which play an important role in metabolic process
such as carbon process and cell division [56].Also, it
might be attributed to the high activity of nano
potassium which has better physical and chemical
properties, high surface area than traditional
potassium, which referred to its highly surface area
that gave plants better chance to absorb the element
and enhance the metabolic process, increasing
enzymes activity of photosynthesis and chlorophyll
content [57]which reflect on growth characters such
as plant length, leaves and branches number, plant
fresh and dry weight. Also nano potassium play an
important role in the facilitation of cell-to cell
translocation through the plasmodesmata [58].

Concerning the simulative effect of nano iron
oxide on plant growth, it might be referred to its
important role in some physiological process such as
respiration, production and formation of plant
hormones, vital process and biosynthesis of
chlorophyll [59] which reflect on plant growth
characters.

Green pod yield and its components.

As for green pod yield and its components, data
tabulated in Table (3) show that green bean plants
sprayed with 8 ml/l of nano potassium gave the
highest pod length, number of pods per plant, pod
fresh and dry weight, while untreated plants scored
the lowest pod diameter during the two successive
seasons.

On the other hand, it was marked that both
concentrations 4 and 8ml/l of nano potassium led to
the highest total yield per feddan in both seasons.
These results agree with that obtained by EI-Zawily
et.al.[53] and Panda et al. [60] who observed that
the highest concentration of nano potassium
increase total fruit weight and total fruit number of
cucumber plants and fruit weight and total yield of
tomato.

As for the effect of nano iron oxide, data
show that green bean plants sprayed with 9 ml/lof
nano iron oxide scored the highest pod length, pod
diameter, pod fresh and dry weight as well as total
yield per feddan in both seasons. As for pod number
per plant, the foliar application with 6 ml/land 9ml/I
of nano iron oxide scored the highest value in the
first and the second seasons. Similar result was
obtained by Sheykhbaglou et al. [61] and Abdel-
Salam [54] who found that nano iron oxide had a
positive effect on increasing pod dry weight of
soybean plants and pod number per plant of faba
bean.

Concerning the interaction between both
elements’ foliar application, data revealed that the
foliar application with 2ml/l, 4ml/l and 8 ml/l of
nano potassium combined with 9ml/l of nano iron
oxide scored the highest pod length in both seasons.
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As for pod number per plant, it was found that
spraying green bean plants with 8 ml/l of nano
potassium combined with éml/l and 9 ml/l of nano
iron oxide gave the highest pod number per plant
during the two successive seasons. Regarding pod
diameter, data revealed that all concentrations of
nano potassium combined with 3 ml/l of nano iron
oxide led to the lowest pod diameter in both
Seasons.

As for pod fresh and dry weight, it could be
concluded that plants sprayed with 4ml/I and 8ml/I
of nano potassium combined with 6 ml/l of nano
iron oxide and all concentrations of nano potassium
combined with 9 ml/l of nano iron oxide yielded the
highest pod fresh and total yield per feddan, while
the interaction among 4ml/l and 8 ml/l of nano
potassium combined with 9 ml/l of nano iron oxide
scored the highest pod dry weight in both seasons.
This result might be referred to the effect of nano
potassium that increase enzymes activity of
photosynthesis and chlorophyll content [62] which
enhance the photosynthesis process , also its
important role in the translocation of the output of
the photosynthesis process and carbohydrates from
leaves to different storage organs and fruits which
reflect on pod yield and its components [63].From
another point the simulative effect of nano
potassium might be referred to its role on enhancing
the physiological process in plant such as enzymatic
and vital reactions and regulating hormones
production [64].As for nano iron oxide, its positive
effect on pod yield might be attributed to its role in
synthesis of plant hormones, vital process and
biosynthesis of chlorophyll [59] , which reflect on
plant growth characters as presented in Table (3)
which lead to an increase on total yield.

Nutritional value.

As for nutritional value in green pods, data
presented in Table (4) show that spraying green
bean plants with 8 ml/I of nano potassium and 9 ml/l
of nano iron oxide scored the highest percentage of
protein and total soluble solids in both seasons. As
for fiber percentage in green pods, data illustrated
that plants sprayed with 4 ml/l of nano potassium
and 9 ml/l of nano iron oxide led to the lowest
percentage during the two successive seasons.
Concerning the interaction between both elements, it
was observed that the combination between 8 ml/I
and 4 ml/l of nano potassium and 9 ml/I of nano iron
oxide scored the highest protein percentage in the
first and the second season respectively.

On the other side, data show that 8 ml/l of nano
potassium combined with 9 ml/l of nano iron oxide
yielded the lowest fiber percentage in green pods in
both seasons. Regarding total soluble solids
percentage, the interaction among 4 mi/land 8 ml/I
of nano potassium as well as 9 ml/l of nano iron
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oxidegave the highest percentage in both seasons.
This result agrees with that obtained by Delfani et
al.[13] who found that black eyed pea sprayed with
nano iron oxide scored the highest protein
percentage in seeds.

The effect of nano fertilizers on enhancing
the nutritional value of green pods might be referred
to its physical characters and properties, whereas
nano fertilizers have a good penetration cause they
have low particles size (below 100 nm) which are
lower than stomata size of leaves and gave the
opportunity to penetrate and gave more chance of
use efficiency than traditional fertilizer and increase
the metabolic process which reflect on chemical
constituents[65].Also, potassium has an important
catalytic role in protein synthesis and all enzymes
which play a critical role on regulating all growth
process [66]. From another point potassium has a
considerable role in the translocation of
carbohydrates from leaves to storage organs (fruits)
which led to an accumulation of sugars and increase
the T.S.S. percentage [67].As for the effect of
simulative effect of nano iron oxide on chemical
constituents of green pods, it might be referred to
the necessary role of iron on enhancing the
formation and the symbiotic relation which reflect
on enhancing the fixation of nitrogen [68].
Nitrogenase enzyme is the main factor which play
an important role in the conversion of atmospheric
nitrogen to ammonia through two essential
components which are composed from iron protein
which is reduced then outfit molybdenum-iron
protein with electrons that contain the catalytic site
[69].

As for potassium percentage and iron
concentration in green beanpods, data tabulated in
Table (5) show that plants sprayed with 8ml/I of nano
potassium and 9 ml/l of nano iron oxide scored the
highest percentage and concentration of both
elements in green pods during the two successive
seasons. On the other hand, data illustrated that the
combination between 8 ml/l of nano potassium and 9
ml/l of nano iron oxide led to the highest percentage
of potassium and iron concentration in green pods in
the first and the second seasons. Similar finding was
obtained by Abd EI-Azeim et al. [70] who found that
the highest concentration of nano potassium foliar
application scored the highest percentage of
potassium content in potato tubers. Also, Ruiet al.
[55] who found that peanut plants treated with high
concentration of nano iron oxide scored the highest
concentration of iron in roots and shoots. Previous
study show that nano elements have the opportunity
to translocate and penetrate to different plant organs
as a result of their nano size which is lower than plant
stomata and pore size of cells which lead to the
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accumulation of different nano elements in plant
organs.

Conclusion.

It could be concluded that the successful formation of
potassium and iron oxide nanoparticles inside the
PVA and PVP networks, respectively via gamma
irradiation according to the data obtained from
HRTEM, UV-vis spectroscopy, and FTIR, PVA and
PVP act as good stabilizers which control the growth
and crystalline phase formation of potassium and iron
oxide nanoparticles. From another side, the foliar
application with 8 ml/l and 9ml/l of nano potassium
and nano iron oxide respectively have a positive
effect on growth characters which reflect on pod
yield and its chemical constituents.
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