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Abstract

Background and Objective: Nanotechnology is a new multidisciplinary division that can have an extensive possible effect on agriculture
via orchestrating the slow and stable release of nutrients and consequently reducing the lack of nutrients and improving the nutrient use
efficiency. So, this study aimed to measure the effect of nano fertilizers especially Phosphorus nano-fertilizer on peanut productivity.
Materials and Methods: Incomplete randomized block design, two field experiments were set up at the experimental farm of National
Research Centre, Al-Nubaria district, Al-Behaira Governorate, Egypt, in two summer seasons of 2019 and 2020. The treatments were
(control, one dose of 100 ppm, one dose of 200 ppm, two doses of 100 ppm and two doses of 200 ppm). Results: The results indicated
that the full recommended rate of conventional fertilizer and Phosphorus nano-fertilizer enhanced all the studied growth parameters
measured at mid-season except for root length. Regarding the chemical composition of leaves and seeds, the addition of Phosphorus
nano-fertilizer tended toincrease N, P,Na, Ca, Mnand Znin peanut leaves. However, K, Mg, Fe and Cu were not affected by the treatments.
In seeds, only P and Mn were increased by Phosphorus nano-fertilizer. Conclusion: At the end of the experiment, all the studied
parameters were enhanced by the full recommended rate of conventional fertilizer and Phosphorus nano-fertilizer. Application of
Phosphorus nano-fertilizer at 200 ppm either once at 30 Days After Sowing (DAS) or twice at 30 and 60 DAS resulted in a significant
increase in pod yield, seed yield and oil yield compared to the control treatment.
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INTRODUCTION

Nanotechnology is a modern scientific way that aims at
the use of nanometer-scale materials in different fields such
as medicine and agriculture?. Also, nanotechnology is
considered a progressive field of science being applied
widely in a lot of scientific fields and playing a vital role in
agriculture®*. As about 40-60% of the total production of
world food relies on fertilizers®, plant nutrition is important for
agricultural production as well as crop quality. So, enhancing
plant nutrition could lead to more productivity and more
quality crops. Concerning the importance of the element
Phosphorus to crop growth, Phosphorus plays an important
role in promoting nodulation of roots in leguminous crops,
enhancing nitrogen fixation operation, as well as increasing
nutrient-use efficiency®’. Itis the least available macronutrient
for plant uptake in many types of soils, especially in alkaline
soils with high contents of Ca** where Phosphorus fixation
takes place where low soil available Phosphorus is a great
obstacle to the growth and development of leguminous
crops®. Also, its release from Phosphorus fertilizers is slow?, as
well as its global reserves, are being diminished at a high rate
and it is expected that, by the year 2050, soil Phosphorus
reserve will fade away'°.

To avoid such problems, the foliar application is an
alternative way'"'2and is considered one of the most suitable
ways for sustainable agriculture to increase production and
decrease pollutionin groundwater, dealing with the problems
of soil effects and interactions on fertilizers such as fixation
and leaching because it uses tiny amounts of the fertilizers as
well as reduces the risk of eutrophication and consequently
improve plant growth'',

Phosphorus nano-fertilizer could play a vital role to
make Phosphorus and other nutrients more available to the
crops and consequently reduce the misusing of chemical
fertilizers'. Also, improving the efficiency of nutrient could be
achieved by increasing the contact of fertilizer with plant
surfaces leading to an increase in uptake via increasing the
contact of fertilizer with plant surfaces that could be
accomplished by minimizing particle size, which increase the
number of particles per unit weight and specific surface
area’.

From the above-mentioned benefits of Phosphorus,
the main objective of this study was to investigate the effect
of foliar application of nano-Phosphorus fertilizer on the
productivity and the quality of peanut crops under conditions
of newly reclaimed sandy soil.
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MATERIALS AND METHODS

Study area of the experiment: Two Field experiments were
set up at the experimental farm of National Research Centre,
(latitude 30°30'1.4'N, longitude 30°19'10.9'E), Al-Nubaria
district, Al-Behaira Governorate, Egypt during the first of May,
in the two summer seasons of 2019 and 2020 to investigate
the role of foliar application of Phosphorus nano-fertilizer in
growth and seed yield as well as seed quality of groundnut
grown in sandy soil.

Materials: All the chemicals used for synthesis were of
analytical grade. Ammonium molybdate and citric acid were
obtained from Sigma-Aldrich Chemical Company. Ammonium
hydroxide was supplied from ElI-Naser Company.

Preparation of hydroxyapatite'®: CaCl,-2H,O (5.8 g) was
dissolved in 100 mL of Double-Distilled Water (dd-H,0) to
form solution A. 9.12 g of Na;P0O,-12H,0 and 0.36 g of NaOH
were dissolved in another 100 mL of ddH,0 to form solution
B. solution A was then added into solution B drop by drop
under constant stirring at room temperature until a white
precipitate is obtained. The white precipitate was collected
using a centrifuge at 5000 rpm and the supernatant was
accordingly discarded. The washing and centrifugation steps
were repeated at least 3 times to ensure the complete removal
of a byproduct. The white precipitate was dried in an oven at
70°Cfor 72 hrs and ground to a fine powder.

Characterizations: The morphological of nanomaterials were
demonstrated by using TEM model JEM-1230, Japan, operated
at 120 kV, with a maximum magnification of 600X 103 and a
resolution until 0.2 nm. A drop of an aqueous dispersion of the
nanomaterials was placed on a carbon-coated coppergrid and
allowed to dry in the air before characterization. The XRD
patterns were carried out on a Diano X-ray diffractometer
using CuKa radiation source energized at 45 kV and a Philips
X-ray diffractometer (PW 1930 generator, PW 1820
goniometer) with CuKa radiation source (A =0.15418 nm). The
basal spacing (dL) was calculated from the (001) reflection via
Bragg’s equation.

The soil samples (0-30 depth) were analyzed according to
the method described by Cottenie et a/'® (Table 1).

In both seasons, seeds of peanut (Arachis hypogaea L.)
variety c.v. Gize 6 were inoculated with unique rhizobium
bacteria inoculants and sown in 1st May, in both seasons.
The nitrogen fertilizer was applied at a rate of 30 kg
N/fad as ammonium sulfate (20.6 percent N) in 2 equivalent
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Table 1: Some physical and chemical properties of the soil

Particle size distribution

pH EC oM CaCo, Texture
1:2.5 dSm™ % % Sand% Silt% Clay% Class

7.76 1.26 0.84 2.98 75.7 53 18.28 Sandy loam
Cations (meq L) Anions (meq L)

Na* K* Ca*t Mg+t CO3— HCO;~ Cl- SO, ~—~
3.62 141 3.52 1.48 0.38 3.81 1.82 344
Available macronutrients (mg/100 g soil) Available micronutrients (mg kg™')

N P K Fe Zn Mn Cu

15.33 3.98 16.52 11.61 0.09 5.89 0.011

EC: Electrical conductivity and OM: Organic matter

parts, the 15 at sowing and the 2" 30 days later. In the 1+
and 2" seasons, groundnut was harvested on September, 15%
and 25" September, respectively. The plot area was 10.5 m?,
with 5 rows (3.5X3 m, 60 cm between rows and 20 cm
inside rows) and a complete randomized block pattern with
three replications.

Phosphorus nano-fertilizer foliar application treatments
were (control, one dose of 100 ppm, one dose of 200 ppm,
two doses of 100 ppm and two doses of 200 ppm), where the
1st dose at the vegetative stage (30 days after sowing) and
the 2nd dose at pod development period (60 days after
sowing). Control treatment foliar with water. Plant samples
were taken randomly at vegetative growth, 75 days after
sowing, to measure plant height, plant fresh weight, root
length, root circumference and total chlorophyll.

At harvest, ten guarded plants were sampled to
determine yield and its components, including the number of
pods per plant, the number of seeds per plant, the pod yield
per plant (g), the seed yield per plant (g) and the weight of
100 seeds per plant (g). To measure seed yield ha™, the whole
plot was harvested and the pods were air-dried. The yields of
oil and protein per hectare were estimated.

Chemical analysis: Chemical analysis of seed and leaves was
carried out using Chapman and Pratt's methods®. N percent
was multiplied by 6.25 to get the protein content. AOAC?' was
used to assess seed oil content.

Statistical analysis: Data were statistically analyzed according
to Lawal? using R version 4.0.2%,

RESULTS

Phosphorus nano-fertilizer characterization: The result of
Fig. 1aillustrated the morphological structure of the prepared
nanoparticles. It can be demonstrated that the prepared
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nanomaterials with particles size less than 50 nm. While Fig. b
represented the XRD diffraction pattern of hydroxyapatite
Cas(PO,);(0OH) = 42% (P,0s). It has shown the sharp peak at
26 = 25.9° which indicates the formation of hydroxyapatite
in pure form with a good crystallization and growth
preference on the (002) crystal plane. Also, it exposed plans at
(112), (300) and (202) corresponding to 26 at 32.07°,33.1°
and 34°, respectively.

Effect of Phosphorus nano-fertilizer on growth parameters
of peanut: Table 2, the addition of Phosphorus nano-fertilizer
as foliar application caused a significant increase in plant
height, shoot fresh weight, shoot dry weight, root
circumference, total chlorophyll and P uptake while root
length was not affected by these treatments.

Table 2 is the treatment of (one dose of 200 ppm)
Phosphorus nano-fertilizer surpassed the other treatments in
shoot fresh weight (162.0 g), total chlorophyll content in
leaves (67.3 SPAD) and Phosphorus uptake (17.98 mg/plant),
while, the treatment of (one dose of 100 ppm) gave the
highest values of plant height (55.0 cm), shoot dry weight
(105.3 g), then the others treatments, except for root
circumference where the maximum increase (28.3 cm) was
at the treatment of 2 doses of 200 ppm than others
treatments. There were no significant differences between
the 2 treatments of (one dose of 100 ppm and one dose of
200 ppm) in plant height, shoot fresh weight (g), shoot dry
weight (g) and root length (cm) traits, as well as, non-
significant  differences between the 2 treatments of
(two doses of 100 ppm and two doses of 200 ppm) in plant
height (cm), shoot fresh weight (g), shoot dry weight (g), root
length (cm), total chlorophyll content in leaves and P uptake
(mg/plant), as the same trend. There were non-significant
differences between the 2 treatments of (one dose of
100 ppm and the control treatments) in root length and root
circumference and non-significant effect between (one dose
of 100 ppm, one dose of 200 ppm and two doses of 200 ppm)
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Fig. 1(a-b): (a) TEM and (b) XRD pattern of phosphorus nano-fertilizer

Table 2: Effect of phosphorus nano-fertilizer application on growth parameters of peanut under sandy soil conditions

Phosphorus Plant height Shoot fresh Shoot dry Root circumference Root length Total chlorophyll P uptake
nano-fertilizer (cm) weight (g) weight (g) (cm) (cm) SPAD mg/plant
Control 48.0¢ 132.7¢ 88.3° 25.0¢ 18.3° 45,04 481¢
One dose 100 ppm 55.0° 160.0° 105.32 25.0¢ 18.0° 54.7° 9.21°
One dose 200 ppm 52.7% 162.0° 101.32 26.7° 17.3° 67.3° 17.98°
Two doses 100 ppm 48.0¢ 145.3° 87.0° 26.0° 18.7° 50.0¢ 16.92°
Two doses 200 ppm 49,7b¢ 145.3° 87.3° 28.3° 17.0° 50.0¢ 19.10°

Combined analysis of two seasons of 2019 and 2020, means with super scripted same letters are non significantly different and SPAD: Soil plant analysis development

Table 3: Effect of phosphorus nano-fertilizer application on seed yield and its components of peanut grown on sandy soil

Phosphorus Number of Number of Pod yield Seed yield Oil yield Protein yield
nano-fertilizer pods/plant seeds/plant Shilling (%) (tha™) (tha™) Qil (%) (tha™) (tha™)
Control 26.0¢ 37.0¢ 22.6¢ 245¢ 1.89¢ 53.2° 1.22° 0.39%¢
One dose 100 ppm 28.7¢ 53.3¢ 39.6° 4.32° 261° 50.7¢ 1.32° 0.52°
One dose 200 ppm 39.7° 60.0° 30.8° 479 332 55.3® 1.84° 0.722
Two doses 100 ppm 423 68.3 25.7¢d 461° 3422 54.7% 1.87° 0.73?
Two doses 200 ppm 44.0° 68.3° 26.3¢ 3.90° 3.40° 56.5° 1.922 0.78

Combined analysis of two seasons of 2019 and 2020, means with super scripted same letters are non significantly different

of Phosphorus nano-fertilizer treatments on Phosphorus
uptake (mg/plant). This may be due to that the 2nd dose of
Phosphorus nano-fertilizer was applied 15 days before sample
taking and maybe its effect did not take place.

Effect of Phosphorus nano-fertilizer on seed yield and its
components of Peanut: Table 3 revealed that foliar
application of Phosphorus nano-fertilizer significantly
enhanced the number of pods/plant, number of seeds/plant,
pod yield ha=!, seed yield ha™', seed oil content, oil yield ha™!
and protein yield ha™". The increase in the above-mentioned
parameters was gradual with the treatments. Shilling percent
tended to significantly decrease after the treatment of
one dose of 100 ppm, meaning that empty pods were
decreased due to the application of Phosphorus nano-
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fertilizer. The maximum number of pods/plant (44.0), number
of seeds/plant (68.3), pod vyield (4.79 tha™"), seed yield
(342 t ha’'), seed oil content (56.5 %), oil yield
(1.92 t ha=") and protein yield (0.78 t ha~") were produced by
the treatment of 2 doses of 200 ppm with no significant
difference with the treatment 2 doses of 100 ppm.

There were no significant differences among the
treatments (One dose of 200 ppm, two doses of 100 ppm
and two doses of 200 ppm) concerning pod yield ha=',
seed yield ha™, oil percentage, oil yield ha=! and protein
yield ha=! as depicted in Fig. 2-3.

Theimprovement of seed yield was almost 37 and 77%as
compared to the control treatment when applying one dose
of 100 ppm or any treatment of the other 3 treatments
(One dose of 200 ppm, two doses of 100 ppm and two doses
of 200 ppm).
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Effect of Phosphorus nano-fertilizer on the chemical
composition of peanut leaves and seeds: Foliar application
of Phosphorus nano-fertilizer has a significant effect on N,
P, Na, Ca, Mn and Zn in leaves while K, Fe and Cu
were not significantly affected (Table 4). The treatment
(two-dose of 200 ppm) of Phosphorus nano-fertilizer gave the
highest values of N (4.01%), P (0.42%), K (2.3%), Na (2.7%), Fe
(120.7 ppm), Mn (154.3 ppm) and Cu (6.3 ppm) in leaves
with non-significant with the other treatments compared to
control.

[t was clear that Phosphorus nano-fertilizer foliar
application enhanced the chemical composition of leavesand
this may be due to the synergistic effect of Phosphorus
nano-fertilizer on the conventional fertilizer for better nutrient
absorption by the crop which leads to optimal peanut growth.
In seeds, all the above-mentioned elements were not
significantly affected except for P and Mn. The treatment

407 @ Seed yield (t ha™)

M Oil yield (tha™)

One dose 100

Control

One dose 200

(two- dose of 200 ppm) of Phosphorus nano-fertilizer gave
the highest values of N (4.20%), P (0.047%), K (0.52%), Mn
(10.0 ppm) and Cu (18.7 ppm) in seeds with non-significant
with the other treatments compared to control.

Both P (0.047%) and Mn (10.0 ppm) were significantly
increased due to the foliar application of (two doses of
200 ppm) Phosphorus nano-fertilizer. As Pincreased in leaves,
re translocation takes place and P in seeds was improved
(Table 5).

As depicted from Fig. 4 seed yield was significantly
correlated to Phosphorus in seeds (0.89) whereas nitrogen in
seedswas notstrongly correlated to seed yield (0.52). The high
correlation between P and seed yield reflects the important
role of Phosphorus nano-fertilizer in improving seed yield as
Phosphorusis the store of energy in plants. However, nitrogen
in seeds was less important to seed yield since nitrogen is
more related to protein content (quality) than yield (quantity).

Two doses 100 Two doses 200

Nano P (ppm)

Fig. 2: Response of peanut seed yield and oil yield to phosphorus nano-fertilizer

1.0 q

0.8 4
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Two doses 100 Two doses 200

Nano P (ppm)

Fig. 3: Response of peanut protein yield to phosphorus nano-fertilizer
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Fig. 4: Relationship between phosphorus and nitrogen in seeds and seed yield

*Significant at 0.05, ***Significant at 0.001

Tables 4: Effect of phosphorus nano-fertilizer application on some macro (%) and micro (ppm) nutrients content in peanut shoot grown on sandy soil

Phosphorus N P K* Na* Ca* Mg? Fe Mn Zn Cu
nano-fertilizer (%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) ppm
Control 3.55 0.24° 1.97° 1.93° 1.67° 0.70° 74.0° 66.0° 39.7° 5.0°
One dose of 100 ppm 3.50 0412 1.90° 2.3%® 2.1° 0.722 96.3 170.78 30.3%® 4.7°
One dose of 200 ppm 3.8® 0.34% 2.03? 2.5%® 1.8 0.67° 106.7° 153.0% 26.7° 5.32
Two doses of 100 ppm 3.7%® 0.36° 1.9 2.3 1.9% 0.722 112.7° 115.3b¢ 32.0%® 4.7°
Two doses of 200 ppm 4.01° 0.42° 2.3° 2.7° 1.9% 0.68° 120.7° 154.3% 33.0® 6.3°
Combined analysis of two seasons of 2019 and 2020, superscripted alphabets represent the significant test between the treatments by Duncan test

Tables 5: Effect of phosphorus nano-fertilizer application on some macro (%) and micro (ppm) nutrients content in seeds of peanut grown on sandy soil
Phosphorus N P K* Na* Ca?* Mg Fe Mn Zn Cu
nano-fertilizer (%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) ppm
Control 3.76° 0.021¢ 0.51° 0.15° 0.14° 0.212 14.7° 5.3b¢ 37.7° 6.0°
One dose of 100 ppm 3.93° 0.029° 0.51° 0.15° 0.13° 0.21° 14.3° 5.0 36.7° 15.7°
One dose of 200 ppm 4.06° 0.0452 0.522 0.14° 0.132 0.21° 14.7° 8.0 40.7° 15.0°
Two doses of 100 ppm 3.90° 0.0412 0.48° 0.15° 0.13° 0.20° 14.0° 6.0 37.7° 6.3
Two doses of 200 ppm 4.20° 0.047° 0.52° 0.14° 0.132 0.20° 14.0° 10.0° 40.3° 18.7¢

Combined analysis of two seasons of 2019 and 2020, superscripted alphabets represent the significant test between the treatments by Duncan test

DISCUSSION

As shown in the above results, the maximum response of
Phosphorus nano-fertilizer was achieved by the treatment of
one dose of 200 ppm in most of the measured parameters.
Many studies on the effect of P application on soybean and
other crop species' development, photosynthesis, nitrogen
fixation and yield have been published?*%¢,

Phosphorus (P) is the second mostimportant nutrient for
optimal plant growth, after nitrogen, since it is an essential
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component of energy transport molecules such as ATP, ADP
(adenine triphosphate), phospholipids and sugar-phosphate
and it plays an important role in processes such as
photosynthesis, respiration and DNA biosynthesis?. The
availability of P has a significant impact on plant productivity
parameters such as root and shoot weight, plant vigour,
disease tolerance, number of reproductive buds, yield and
efficiency®. P in synthetic fertilizers, on the other hand, is
poorly available due to its slow release time and high soil
fixation. According to a recent report, Nano-fertilizers (NFs) will
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steadily supply P for up to 40-50 days after application, while
conventional P synthetic fertilizers deliver all nutrients within
8-10 days. As a result, it's been proposed that using NFs or
slow-release materials could improve the Nutrient Usage
Efficiency (NUE) of P in a variety of field crops. In addition to
contributing to a high NUE, a biosafe nano fertilizer that is a
source of P was found to dramatically increase fresh and dry
biomass, increase fruit production and boost quality by several
times®. Similarly, using Nano-Sized Hydroxyapatite (nHA) in
a soybean crop improved growth and resulted in a seed
yield that was 20.4 percent greater than when using
synthetic P fertilizer. Soliman et a/?’, who discovered a
substantial increase in the growth and antioxidant content of
Adansonia digitata L. plants treated with nHA foliar treatment.

It seems that the role of Phosphorus nano-fertilizer at the
vegetative stage of peanut was a synergistic effect on the
recommended conventional fertilizer for better absorption of
nutrients and thereby resulting in optimal growth. Liu and
Lal*® reported similar results in soybeans, observing an
average growth rate of 11.4 cm week 21 for soybeans under
nano-Phosphorus treatment and 8.6 cm week 21 for normal
Phosphorus treatment in the first 12 weeks, compared to
5.1and 4.8 cm week 21 for controls, respectively. There was a
small improvement in soybean growth when the plants were
treated with non-Phosphorus fertilizer (N and K) instead of
only tap water, but these two control treatments showed very
low growth. As a result, P becomes the restricting and
indispensable nutrient for healthy soybean and other legume
development, relying solely on external inputs. Plants could
pick up P nutrients in nanoparticle formulation and
nanoparticles could be used as an efficient P nutrient supply
as conventional soluble P fertilizers. Phosphorus appliedin the
form of NFs can be a good alternative, particularly in smart
agriculture, because it has a long-term slow-release material
that can minimize P leaching into groundwater while also
improving crop productivity and quality.

In conclusion, from the results, optimized peanutyield can
be obtained by any of the treatments, one dose of 200 ppm or
two doses of 100 ppm, or two doses of 200 ppm. Jyothi and
Hebsur®® mentioned that Phosphorus nano-fertilizerincreased
the growth rate of soybean by 33%which is reflected in the
seed yield of peanuts. Also, Hagab et a/*? revealed similar
results where using nano zeolite Phosphorus significantly
increased peanut yield components, the weight of seeds and
oil percent. The results also showed that the application of
nano zeolite Phosphorus at a rate of 75% gave yield
parameters significantly higher than those obtained by the
application of conventional fertilizer at a rate of 100%.
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In the case of leguminous plants, it has been shown
that adding Phosphorus to plants growing in low soils
improves nodulation and biomass vyield significantly by
Magadlela et a/** and Pérez-Fernandez et a/**. When P is
scarce, nodules may serve as a P drain, which is then
compensated by increased biological nitrogen fixation®.

Needing Phosphorus fertilizer for both nodulation and
nitrogen fixation, plants that are actually on nitrogen fixation
will require more Phosphorus than those that uptake
combined nitrogen®. P availability is closely linked to
nodulation, N, fixation and plant efficiency373334,

The high correlation between P, nutrients content and
seed yield reflects the important role of Phosphorus nano-
fertilizer in improving seed yield as Phosphorus is the store of
energy in plants. Hagab et a/3? stated similar results where the
highest significant increase in nutrient content (N, P, K) was
achieved by using nano zeolite Phosphorus. The nano zeolite
Phosphorus levels at the rate of 100 % significantly increase
straw and seeds by 2.4,4.0,0.2, 0.3, 1.1 and 1.3% for N, P and
K contents, respectively. This might be due to the nano form
of zeolite particles that increased dissolution rate. Moreover,
thefiner size of nano zeolite Phosphorus enhanced the degree
of contact between zeolite and soil, which caused a greater
rate of dissolution. The slow release of N, P and K fertilizers
provide a constant supply of nutrients to plants foralong time
and decreases the leaching of these nutrientsin the soil, which
led to increasing the efficiency of nutrients by plants.

CONCLUSION

It could be concluded from this study that Phosphorus
nano-fertilizer as a foliar application has evident benefits to
enhance the growth, as well asincrease seed yield, oil content
and the chemical composition of peanut as the crop grown
under new land conditions. The study indicated the maximum
response of Phosphorus nano-fertilizer as a foliar application
at the vegetative stage of peanuts. In addition, it has a
synergistic effect on the recommended conventional fertilizer
for better absorption of nutrients for optimal growth and a
high correlation between P and seed yield, which reflects the
important role of Phosphorus nano-fertilizerinimproving seed
yield of peanut.

SIGNIFICANCE STATEMENT

This study discovered Phosphorus nano fertilizer
enhancement the peanut productivity and quality traits in
sandy soil. So, it can be beneficial for researchers and farmers
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to use Phosphorus nano fertilizer instead of chemical fertilizer
to improve the growth and productivity of various crops
grown under sandy soil conditions.
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