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Abstract

The article discusses the latest scientific innovations in the field of synthesis of nanomaterials, nanofertilizers
and their impact on agricultural crops, and also compares the results with the work carried out in this area. It was
shown that a nanomaterial - a nanotube with high quality and high structural parameters was synthesized from the
gas phase by chemical deposition in the laboratory. The positive effect of the obtained nanotubes on the development
of "Gobustan" soft wheat variety was studied and the reasons for the development trend were analyzed. A device has
been developed for the production of magnesite nanoparticles (Fe,O4), which are used as nanofertilizers in agricul-
ture, increase the productivity of plants, increase the amount of chlorophyll and carbohydrates in plants and are used
in various fields of science. The second part of the article examines the effect of nanoparticles on the development of
plants (wheat). It was found that nanoparticles of silicon and silicon oxide in a certain concentration affect the pores
of the root system of a plant, promote plant growth, and have a positive effect on its productivity. The obtained re-
sults confirm the vitality of use of nanomaterials in agriculture and make the use of such materials important for the
future development of the agricultural sector.
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Nanomateriallarin, nanogiibralorin alinmasi va kond tasarriifati
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Xiilasa

Mogqalodo nanomateriallarin, nanogiibrolorin sintez edilmosi vo onlarin kond tosorriifati bitkilorino tosiri
barado son elmi yeniliklor aragdirilmig, alinan noticolor bu sahodo aparilan islorlo miiqayiso edilmisdir. Alinan
nanoborularin “Qobustan” yumsaq bugda sortunun inkisafina miisbot tosiri aragdirilmis vo inkisaf tendensiyasinin
sobablori tahlil edilmisdir. Kond tesarriifatinda nanogiibra kimi istifade edilon, bitkinin mshsuldarligini yiiksaldon,
bitkids xlorofil vo karbohidratin miqdarini artiran, hom do elmin miixtolif sahosinds totbiqini tapan maqnetit (Fe,O,4)
nanohissaciyin almmasi {glin qurgu hazirlanmisdir. Nanohissaciklorin bitkilorin (taxilin) inkisafina tesiri
arasdirlmigdir.  Miioyyon olunmusdur ki, silisium vo silisium oksid nanohissociklori miioyyon edilmis
konsentrasiyada bitkinin kok sistemindo olan gozciiklors tosir edorok bitkinin inkigafini asanlasdirir, onun
mohasuldarlifina miisbot tosir edir.

Acar sozlor: nanomaterial, nanogiibra, kimyovi ¢okdiirma, maqnetit, nanohissacik.
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AHHOTAIUSA

B cratbe paccmaTpuBarOTCS MOCIIEAHNE HaydHBIE MHHOBAIMK B 00JIACTH CHHTE3a HAHOMAaTEepHAJIOB W HAHO-
ymnoOpeHnii, X BIHMSHUE HAa CENBbCKOXO3SHCTBEHHBIE KYJIBTYPHI, a TaKKe CPABHHUBAIOTCS Pe3yJbTAaTHI C PabOTaMH,
MPOBOUMBIMH B 3TO# oOyacTu. V3yueHO MOJIOKUTEIbHOE BIMSHUEC MOJIYYCHHBIX HAHOTPYOOK Ha pa3BUTHE COpTa
MSTKOU TineHuIb! «['00ycTany U MpoaHaTH3UPOBAHBI IPUYHHBI TCHACHIIUH pa3BuTHs. Pa3paboTaHo ycTpOHCTBO st
pou3BoJicTBa HaHouacTul MarHetuta (Fe204), koTopble UCTIONB3YIOTCS B KadecTBe HAHOYAOOPEHUH B CEIbCKOM
XO3SUCTBE, MOBBIIIAIOT MPOAYKTUBHOCTh PACTCHUI, YBEINYHMBAIOT KOJMYECTBO XJIOPO(PHIIIA U YITICBOIOB B pacTe-
HUSX W UCTOJB3YIOTCSA B Pa3iMYHBIX 00JacTsx Hayku. Mcciemyercss BiAMSHHE HAHOYACTHI[ HAa Pa3BUTHE PACTCHHUI
(mmenuirspr). OOHAPYKEHO, YTO HAHOYACTHIILI KPEMHUS U OKCHJIA KPEMHUS B OTPEICICHHON KOHIICHTPAIIUN BIHUSIIOT
Ha TIOPBI KOPHEBOHM CHCTEMBI PACTECHHS, CIIOCOOCTBYIOT POCTY PACTEHHS M TOJIOKUTEIHFHO BIMSIOT HA €T0 MPOIYK-
THBHOCTb.

KiaroueBblie ciioBa: HaHOMaTepHual, HaHOY,HO6peHI/I$I, XUMHYCCKOC OCAXKJACHUC, MAIrHCTUT, HAHOYACTHIIBI.
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Introduction

Nanotechnology is the production of na-
nomaterials, creation of nanostructures on their
basis, and methods of manipulating nanoob-
jects. Currently, nanomaterials are widely used
in physics, chemistry, biology, agriculture, en-
gineering, and medicine. The main reason for
the interest in nanomaterials is that the particle
size of a substance has significantly decreased
compared to the critical size, which led to a
significant change in their properties. The crit-
ical particle size ranges from 1 nanometer to
100 nanometers for many substances, while
changes in their properties occur abruptly. Ma-
terials are also called nanomaterials because
this measurement, in which the measurement
effects are observed, is in the nano order. It
was found that the main properties and stabil-
ity of nanomaterials directly depend on the
method of their production. In the process of
obtaining nanoparticles, it is necessary to take
into account their high reactivity and instabil-
ity. When these conditions are not taken into
account, they lose their basic properties and
become aggregated by interacting with the en-
vironment. The production of nanostructures is
based on two concepts. One of those is the bot-
tom-up concept (condensation; combination of
atoms, ions, molecules) and the other is the
top-down concept. The bottom-up concept
means creating an ordered structure by com-
bining individual atoms. This can be done as a
result of self-assembly or some sequence of
catalytic chemical reactions. Such processes
are very common in biological systems and are
almost natural for the survival of living things.
For example, biological catalysts called en-
zymes assemble amino acids in such a se-
quence that they form living tissue. The con-
cept of "top-down" implies the creation of
nanostructures with a gradual decrease in the

size of a macro object or a macro-size struc-
ture. The methods used to obtain nanostruc-
tures are conventionally divided into chemical
(nanoparticles are obtained by chemical reac-
tions) and physical (obtained by a physical
process) methods. Bottom-up technology per-
mits to assemble nano-sized objects from indi-
vidual atoms and molecules. Condensation is
often used in this technology. Nanostructures;
carbon nanotubes, fullertenes, nanoclusters can
also be obtained by condensation. This tech-
nology is called epitaxy. Epitaxy means the
sequential accumulation of another crystal on
one crystal.

Technology of the production of nano-
materials and nanofertilizers.

Carbon nanotubes are cylindrical struc-
tures several microns long formed by bending
one or more layers of graphite. The carbon at-
oms on the pipe surface are at the top of the
regular hexagon, and the end is connected to
the regular hexagon. Carbon nanotubes are
formed by the chemical conversion of carbon
at high temperatures. Depending on the syn-
thesis method, it is possible to obtain single-
layer, double-layer, multi-layer, etc. nano-
tubes. In the laboratory, carbon nanotubes with
high quality and high structural parameters
were synthesized by the method of chemical
vapor deposition (CVD) (Figure 1).

Aerosol chemical deposition was used to
synthesize carbon nanotubes. CVD - the sys-
tem consists of a horizontal quartz reactor (2 m
long and 45 mm in diameter), covered with an
electric furnace 35 cm long. This method is
based on spraying the solution into a reactor in
the form of an aerosol and decomposing it at
high temperatures. Carbohydrate liquids were
used as a solution. The starting material ranges
from 40 to 60 ml. Productivity 2.0 - 2.5 g/h,
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depending on the experimental conditions and
the volume of raw materials. As a result of the
development of the laboratory system, the
productivity was 20.0 g/h.

T - oy <
Figure 1 — SEM description of carbon nanotubes

A mixture of organic solvents such as
cyclohexane, alcohol, acetone, benzene with
ferrosen was used, and Ar/H, gas was used as
the transport gas. The system is isolated from
air and filled with argon gas. A high-frequency
ultrasound device was used to obtain the aero-
sol. After reaching the required temperature,
the aerosol is introduced into the system at a
speed of 850 sm’/min. H2 gas is introduced
into the system during synthesis. After the
deposition and cooling process, synthesized
carbon nanotubes are obtained from equipment
pipes without the use of special chemical
methods. This method was used to grow multi-
layer carbon nanotubes with a diameter of 10-
85 nm and a small percentage of 0.85-1.14 nm
[1-3].

The main part of the device for the pro-
duction of most nanomaterials is the reactor.
The most important device in the reactor is the
plasmatron. The principle of operation of any
plasmatron is the same: an electric arc occurs
between a solid material cathode and an inten-
sively cooled anode. The working medium

ionizes it, releasing it from the electric arc, and
plasma, the fourth state of matter, is obtained
at the output of the plasmatron. In this case,
ordinary air, alcohol vapors, water, etc., can be
used as a working medium. Copper with an
inner hole diameter of 1.9 mm was used as the
anode. Water or ordinary antifreeze is used as
a coolant. An electromagnetic coil is placed
along the nozzle to stabilize the plasma flow
and prevent erosion of the anode. A tungsten
rod with a diameter of 4 mm is taken as the
cathode (the rod used as the anode material is
pushed through). A working fluid under a
pressure of 1.5 atmospheres is used to cool the
cathode. A household electric heater with a
power of 4.5 kW can be used as a ballast resis-
tor [4].

It should be noted that when the arc is
ignited, you need to touch the cathode to the
anode and quickly fix at a distance of 3 mm.
The block diagram of the device is shown in

Figure 2.
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1.  Anode 6.  Tungsten cathode
2. Cathode holder cover 7. Thread holder
3. Cathode holder 8. Stabilization support
4. Intermediate layer 9. Anode block
5. Screw 10. Cathode block body

Figure 2 — Block diagram of a device for the synthesis
of nanoparticles and nanostructures

Magnetite nanoparticle (Fe;O4) and its
production technology: Fe;O4 nanoparticles
have magnetic-physical properties and are
mostly black in color. It is currently used in
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the production of nanomaterials, electrical en-
gineering, pharmaceuticals, national security
systems, information technology, biotechnolo-
gy, and agriculture.

Fe;041s used in agriculture as a nanofer-
tilizer, which increases the productivity of
plants, increases the amount of chlorophyll
and carbohydrates in the plant. It also affects
humic acids and soil pH. Magnetic nanoparti-
cles in small concentrations increase the plant's
resistance, make it resistant to cold and thirst,
act as a cofactor of enzymes (resistant to high
temperatures), and participate in the formation
of intermediate metabolites [5].

There are many methods for synthesiz-
ing magnetite nanoparticles, the most common
of which is the chemical method. In this meth-
od, 6 grams of FeCl;.6H,O and 3 grams of
FeS0O4.7H,0 are mixed in 100 ml of an aque-
ous solution. Next, 25% ammonium hydroxide
(NH40OH) is added to the mixture and stirred
again at 500 ° C for 2 hours. The resulting so-
lution is placed in a centrifuge and rotated at
60 rpm. In this case, the aqueous solution is
separated, and only magnetite nanoparticles
remain. It was found that the size of magnetite
nanoparticles is in the order of 10-20 nm. In
the research also used 20 nm silicon and sili-
con oxide nanoparticles and magnetite nano-
particles with magnetic-physical properties.

Nanoparticles and their effect on plant
growth

A reliable food supply is one of the main
conditions for the economic and social stabil-
ity of any country. Consequently, to meet the
population's demand for food and industrial
raw materials at the current level, it is neces-
sary to increase agricultural productivity. A
positive solution to this issue has always been
relevant for the agricultural sector at all times.

Increasing the yield of agricultural crops
and improving the quality of products primari-
ly depends on the study of the interaction be-
tween fertilizers, soil and plants in the process
of mineral nutrition, taking into account their
biological properties, protecting soil fertility
and determining the optimal rates of fertilizers
for the return of nutrients taken from the soil,
the use of scientifically based fertilization sys-
tems [6].

The area shown in Figure 3 was select-
ed as the study area and was divided into six
equal portions, each 12.5 m long and 3.6 m
wide, of which 3 portions were used as the

study area.

Saigrs £t i A

Figure 3 — The area selected for the study

That is, the studies were carried out on
plots with an area of 45 m” each. In each study
field, 1.15 kg of Gobustan soft wheat seeds
were sown. The seeds are first washed with
plain water, then with distilled water and dried
on filter paper. Then the seeds were divided
into 3 parts and mixed with water, adding a 20
nm silicon nanoparticle (Si) to the first part
and a silicon dioxide (SiO,) nanoparticle to the
second part, in which 10 mg, 50 mg and 100
mg nanoparticles are added to 100 ml of water.

Watering was carried out after sowing.
Watering after sowing is called sprinkler wa-
tering. Unlike other methods, spraying should
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be carried out by strip or furrow method. [7].
Furrow irrigation is also used to flush saline
soils. Germination occurs 13-27 days after
sowing. [8]. In our case, germination was
observed after 13-21 days (Fig. 4).
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Figure 4 — Wheat germination phase

It was found that even if the soil mois-
ture is not normal, there are no difficulties in
the germination of such plants. Table 1 shows
the measured wheat root lengths for November
and December.

Table 1 — The measured wheat root lengths for
November and December.

Area Root length (sm)
November December
Ordinary 5 7
Si 6,7 11,5
Si0, 8 12,9

As can be seen from the Table 1, the
length of root of wheat treated with nanoparti-
cles of silicon and silicon dioxide and meas-
ured within two months were longer than the
root of ordinary wheat. As can be seen, silicon
dioxide has a better effect on the development
of the wheat root. In the experiment, silicon
and silicon oxide nanoparticles in 3 different
concentrations were given to each field sepa-
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rately. At the same time, it was found that the
increase in the concentration of nanoparticles
does not increase the development of the root
system of the plant, which is associated with
the lagging of root growth. It is known that
nanoparticles acting on root pores expand
them. As a result, water and nutrients can more
easily enter the plant from the expanded part.
When the concentration of nanoparticles is
high, the nanoparticles can fill the pores and
cause clogging. Thus, it is difficult for the
plant to absorb water and nutrients.

In our experiments, we also used mag-
netite nanoparticles and nanotubes 30-50 nm
in size. Magnetite nanoparticle behaves in the
same way as nanofertilizer, and increases plant
productivity by increasing the amount of chlo-
rophyll in the plant, as well as carbohydrates,
affecting the height of the plant. At low con-
centrations, a magnetite nanoparticle plays a
key role, increases the plant's resistance,
makes it resistant to cold and thirst, acts as a
cofactor of enzymes (resistant to high tempera-
tures), and participates in the formation of in-
termediate metabolites. Experiments have
shown that nanotubes have a significant effect
on the growth rate and height of plants com-
pared to nanoparticles. Experiments on wheat
have led to the conclusion that a single-walled
nanotube in an aqueous solution increases its
height by 20% compared to the usual case.

Conclusion

A new device for the production of na-
noparticles and nanostructures has been devel-
oped. Due to the new device it is possible to
obtain nanoparticles of any metal, as well as
nanotubes and nanostructures of a certain di-
ameter, as well as to control their size. It was
found that nanoparticles of silicon and silicon
oxide at a certain optimal concentration, acting
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on the pores in the root system of the plant, particles exceeds 100 mg / I, it negatively af-
expand them, facilitating the transfer of water  fects the crops and weakens their develop-
and nutrients into the plant and causes its de- ment.

velopment. When the concentration of nano-
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