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Attempts to use nanomaterials, including nanoparticles, to increase the productivity of
agricultural plants, resistance to stress factors, as mineral fertilizers, are giving real results. The impact
of nanoparticles on plants can be positive or negative, depending on what they are made of, how much
is used, and the environment. Nanoparticles can play an important role in plant growth stimulation
and protection.In a study, nanoparticles were sprayed on Golden Delicious apple trees flowers to see
how they affected the fruit. The results showed that nanoparticles can improve the productivity and
and quality of the apples. In this study, scientists looked at how tiny particles called nanoparticles
build up in the fruits of apple trees when they are sprayed with certain types of nanoparticles.The
experiments were conducted in the experimental field of the Scientific Research Institute of Fruit and
Tea Growing located in Zardabi settlement of Guba region (Republic of Azerbaijan) during the 2022-
2023 season. Trees were sprayed with solutions of 0.5g/l SiO, and Fe;O4 nanoparticles in deionized
water during the initial flowering period and 40 days after flowering. The effect of nanoparticles on
the fertilization of flowers, the number and chemical composition of fruits was studied. Diffusion and
accumulation of nanoparticles in apple fruits were investigated by TEM analysis and EPR method.
The results showed that nanoparticles have a significant effect on the productivity of the Golden
Delicious apple variety, the chemical composition of the fruits, and they can be collected in both the
peel and the flashy part part of the fruits.
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INTRODUCTION

Recent achievements of Science and technology allow efficient production of agricultural
products, as well as expansion of production potential and opportunities (Avestan,2019).In this
regard, the main priority direction for the further development of the agricultural sector is its large-
scale intensification(Rai, 2018). Nanotechnology and nanomaterials agriculture it is widely applied
in many fields. The application of nano-products in crop production instead of fertilizers ensures the
adaptation of the plant to unstable weather conditions and an increase in the productivity of almost
all food, as well as technical plants(Elmer, 2016).Due to their unusually small size, these
preparations have the maximum penetration ability into the leaves, stem sand root sof the plantin
Studies and observations have shown that nanomaterials increase the utilization of nutrients by
plants, reduce chemical contamination of the soil, minimize the possible negative effects of
fertilizers applied in excess of the norm, and reduce the frequency of fertilizer application (Laware,
2014).These nanoparticles have high impact efficiency, gradually dissolving.

MATERIAL AND METHODS

In the literature, the Golden Delicious variety is shown as a hybrid of the Grimes Golden and
Golden Reinette varieties. It was first found at the end of the 19th century in West Virginia, USA
(Figurel).
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Figure 1. Golden Delicious apple variety

The trees of the Golden Delicious variety are small, reaching 3 m in height. The first fruits
appear 2- 3 years after planting. In the first year, the fruits are weak, but in the second, the branches
harvest. 2-3 apples grow at one place on the branch. At the age of 6-7, it is possible to collect up to
17 kg of fruit from one tree. Golden Delicious apple trees are long-lived (Suleymanova, 2018).They
can live up to 30 years and bear fruit. The crown of the trees is round and dense. Apple trees need
pruning every year. The leaves are oval, wrinkled, and have long tips. The shade of the leaf plate is
light green. The apple tree blooms in white and pink. The branches fall down when bearing fruit.
Golden Delicious is a winter apple variety. The Golden Delicious apple variety is disease and cold
resistant. Harvest is the end of September. After harvesting, this variety can be stored for a long
time in warehouses. The fruit of this apple variety is medium-sized, round-conical. The stem is very
long, the bark is yellow-green, sparsely mottled. The pulp of the fruit of the Golden Delicious
variety is dense, slightly sour, juicy and pleasantly fragrant. The amount of sugar in fruits is 10-
13%. As the harvest approaches, apples turn golden yellow. If they grow on the sunny side, a blush
appears on the surface of the apple. This variety has some disadvantages: the trees are demanding
from growing conditions and care. In regions with high humidity, apple trees suffer from powdery
mildew, they are intolerant of drought, and if the temperature regime during storage is not observed,
the fruits may fade(Hasanov, 2010).

For two years of research work (2022-2023), an area of 40 m2 has been allocated for the
experiment at the Scientific Research Institute of Fruit and Tea Growing located in the Guba region
(Figure 2). The field is divided into three parts, each with three trees. The distance between the trees
is 140 m. | - area is called A option, 11- area is called B option, and I11- area is called C option.

Figure 2. Experimental field

In option A, SiO (silicon dioxide) nanoparticles with a size of 20 nm are given to the trees.
The nanoparticles are mixed in water and given in equal amounts to each of the three trees.
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Nanofertilizers were applied to the field twice a year: during the flowering period, 40 days after
flowering. Option B — control area; No nanoparticles are delivered to this area. In option C, Fe3O4
(magnetite) nanoparticles with a size of 20-30 nm are given to the trees. The nanoparticles are
mixed in water and given in equal amounts to each of the three trees. Nanofertilizer is applied to the
field twice a year: during the flowering period, 40 days after flowering (Ismayilova, 2022 ). The
scientific research work was carried out for 2 (two) years. The following analyzes were carried out:
- Nanoparticles used for research at Baku State University were passed through a sonar device. - In
terms of food safety of the product obtained as a result of the research works, it was examined at
Baku State University, Azerbaijan Medical University, Institute of Radiation Problems and
Scientific Research, Institute of Fruit and Tea Growing . Samples were taken to the Electron
Microscopy laboratory located at the Department of Histology at the Azerbaijan Medical
University. Samples taken from the bark and pulp of the apple plant were examined in the Electron
Microscopy laboratory under an electron and light microscope (Kuo, 2014) As a result of the
conducted analysis, it was determined that no pathological condition was observed in the cells of
the apple fruit. - As a result of the analysis carried out by the Electron Paramagnetic resonance
(EPR) method in the Electron Paramagnetic laboratory of the Institute of Radiation Problems of
ETN, it was confirmed that the magnetite (FesO4) nanoparticle did not penetrate into the peel, pulp
and seed of the apple fruit. - Mechanical and chemical analysis of fruits was carried out in the
Biochemical analysis laboratory at the Scientific Research Institute of Fruit and Tea Growing .

CONCLUSIONS AND DISCUSSION.

The research works were conducted in the research area located at the Institute of Fruit and Tea
Growing in Guba region in 2022-2023. In the tables given below, the results of phenological,
pomological and chemical analyzes of the Golden Delicious apple variety are shown in a
comparative form. Table 1 shows the phenological observations for 2 years.

Table 1.

Phenological observations of the Golden Delicious variety for 2022-2023

Phenological observation 2022 2023

Bud awakening 13.04.2022 05.04.2023
First flowering 19.04.2022 20.04.2023
Full bloom 25.04.2022 26.04.2023
End of flowering 05.05.2022 06.05.2023
Harvesting 19.09.2022 21.09.2023

If we compare the pomological observations given in Table 2, we will see that an increase in the number
and weight of the fruit was observed in 2023 compared to 2022.

Table 2.

Pomological observations on the Golden Delicious apple variety(19.09.2022/21.09.2023)

. . . The size of the
Area Ne Th? number of ripe We_lght of ripe circumference of Fruit height, cm
fruits number fruits, kg -
Tree Ne the fruit, cm
2022 2023 2022 2023 2022 2023 2022 2023

S1:Al 173 175 13.7 21.3 20 21 6 6.5
S1:A2 8 100 1.2 12.3 20 20.5 6.5 7
S1:A3 140 140 13.6 17.3 21 21 7 6.3
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S2:Al 3 53 0,4 6.5 20 20 6 6.2
S2:A2 60 60 7.4 7.4 21,5 20 6.2 6
S2:A3 12 70 15 8.6 20 21.3 6.5 6
S3:Al 126 128 10.4 15.8 21.2 21.5 6.5 6
S3:A2 17 145 1.9 17.9 21 20.2 6.5 6.3
S3:A3 91 89 8.9 11 21 21 6.5 6.5

If we compare the mechanical and chemical analysis indicators of the fruits given in Table 3, we will see that
in 2023, compared to 2022, an increase was observed in the amount of total sugar, the amount of soluble
matter, and the amount of acidity

Table 3.

Mechanical and chemical analysis indicators of fruits of apple varieties (Golden Delicious)
By wet weight, in %

- Sugar in % Soluble dry | Vitamin C, -

The Humidity 9 matter mg % Acidity

No | ame Sucrose Summa
of the Monosacharide
variety

N Q N Q N Q N Q N Q N N N &
& & & & & & & & & & & I I I

Areal,

1 | Treel, | 84,0|83.0| 9,39 |1080| 1,93 | 0.69 | 11,32 | 11.49 | 145 | 150 | 2,64 | 2.11 | 0,27 0.32
Fes O4
Areal,

2 | Tree2, | 84,0 | 810 9,90 |10.63 | 1,10 | 3.29 | 11,00 | 13.92 | 14,2 | 17.0 | 2,99 | 211 | 0,25 0.37
Fes O4
Areal,

3 | Tree3, | 84,0 | 78.0 | 10,54 | 10.84 | 0,84 | 1.04 | 11,38 | 11.84 | 140 | 13.4 | 299 | 299 | 0,23 0.48
Fes O4
Area2,

4 | Tree2, | 85,0 | 73.0 9,3 11.26 | 1,67 | 3.48 | 10,97 | 14.74 | 13,2 | 170 | 2,82 | 229 | 0,27 0.40
control
Area2,

5 | Tree3, | 850|830 | 965 | 965 | 1,03 | 288 | 118 | 1293 | 145 | 155 | 264 | 211 | 027 | 037
control
Area3,

6 | Treel, | 75,0 | 81.0 | 15,09 | 11.16 | 2,23 | 2.53 | 17,32 | 13.69 | 22,0 | 175 | 2,11 | 1.94 | 0,45 0.33
Si O2
Aera3,

7 | Tree2, | 82,0 | 80.0 | 11,88 | 11.97 | 1,84 | 0.16 | 13,72 | 12.13 | 15,6 | 17.0 | 1,76 | 2.29 | 0,30 0.40
Si O2
Aera3,

8 | Tree3, | 850 | 78.0 | 10,88 | 13.07 | 0,17 | 2.67 | 11,05 | 15.74 | 135 | 195 | 1,76 | 2.11 0,27 0.48
Si O2

CONCLUSION

In the area where magnetite (Fez O4) nanoparticles were applied, the number of ripe apple fruits
increased by 2.5 times. The number of ripe fruits increased twice in apple trees treated with silicon
dioxide (SiO2) nanoparticles. During the chemical analysis, the quality indicators were better
compared to the control
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MEYVO BITKILORININ MOHSULDARLIGININ VO KEYFIYYOTININ ARTIRILMASINDA
NANOHISSOCIKLORIN ROLU

. * . -
Lamiys Ismayilova ! , Ismat @hmoadov 2, Mirzo Musayev 3, Yevgeniya Xidirova °

Milli Aerokosmik Agentlik Ekologiya Institutu.
2 Baki Doviat Universiteti ‘
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Kond toesarriifat: bitkilarinin mahsuldarligini, otraf alomin stress amillorina davamliligini artirmaq tigiin
nanomateriallardan, o ciimladan nanohissaciklordan mineral giibra kimi istifads etmok son zamanlarda real
naticalor verir. Nanohissaciklor bitkilordo mohsuldarligin artiminin stimullagdirilmas: va bir sira gatin
atmosfer soraitino doziimli olmasinda miihiim rol oynaya bilor. Toacribalor gdstorir ki, nanohissaciklor
havadan, torpagdan vo sudan bitkiloro migrasiya eds bilir vo bir sira fizioloji proseslora tosir gostorir.
Nanohissaciklorin bitkilora tesiri onlarin torkibindon, konsentrasiyasindan, totbiq tisullarindan, straf muhit
soraitindon vo bitkilorin néviindan asili olarag hom musbat, ham do manfi ola bilor. Bu magalods gigak va
yarpaglarina SiO, vo Fe3O4 nanohissaciklori sopilon agaclarin meyvalorinds nanohissaciklorin toplanmas,
onlarin meyvolorin say1 va torkibino tosiri Oyronilmisdir. Intensiv bagciliqda istifada olunan, sonaye
becarilmasi liglin yararli vo yilksok mohsuldarliga malik olan bu nov agaclar tizarinds tacriibolor aparilmigdir.
Tocrubalor Quba rayonunun (Azorbaycan Respublikasi) Zordabi gosobasinds yerloson Meyvagilik va
Caycihiq Elmi-Todgiqat Institutunun tocriiba sahesinds 2022-2023 -cii illor mdvsiiminds aparilmsdr.
Beloki, tocriibads istifads edilocok 0,5 q SiO2 vo Fe;04 nanohissaciklorini sonatorda 15 dagige muddstinds
1litr distillo suyunda garigsdirildigdan sonra 7-8 saat orzinds istifado etmok lazimdir, ¢iinki nanohissaciklor
suda holl olmadigindan ¢iiokiintii verir vo tasir gabilliyyati asagi disiir. Alinan 0,5 g/l SiO2 vo FesOs
nanohissacikli mohlul agaclara tam ¢igokloma dévrinds vo ¢Gigoklomoadon 40 giin sonra  piiskiirtiilmisdiir.
Nanohissaciklorin ¢i¢aklorin mayalanmasina, meyvalorin sayma va kimyavi torkibins tasiri 0yronilmisdir.
Alma meyvalorinds nanohissaciklorin  diffuziyast vo toplanmasi TEM analizi vo EPR Usulu ilo
aragdirilmigdir. Noticalor gostorib ki, nanohissaciklor “Golden Delicious” alma sortunun mohsuldarligina,
meyvalorin kimyavi torkibino ohamiyyatli tesir gostorir vo onlar1 hom meyvalorin gabigda, ham do
meyvalarin atli hissasinds miqrasiyasi dyranmok mimkindr.
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Acar sozlar: nanohissaciklor, alma sortu “Golden Delicious, nanotexnologiya,mahsuldarliq

POJIb HAHOYACTMUI B ITIOBBILLEHUN YPO)KAjIHOCTH N KAYECTBA
IJ1I0JOBbIX PACTEHUU

*

Jlamus Ucmaiinnosa ! |, Mcmer Axmenos > , Mupsa Mycaes °, Esrenus Xuaupona >

'Hayuonanvnoe Aspokocmuueckoe Aeencmea Uncmumym Exonocus
2 Bakunckuti 20¢y0apcmeentoiti yHugepcumem
SUnemumym zenemuueckux pecypcos Munucmepemea Hayku u 06pazo8anus
Asepbatioxcarnckou Pecnyonuxu

Hcnonk3oBaHre HAHOMATEPUAIIOB, B TOM YHCIIe HAHOYACTHUII, B KAUECTBE MHUHEPAIBHBIX YAOOpEHUH /ISt
TOBBIIICHUST YPOXKAWHOCTH CEIbCKOXO3SIMCTBEHHBIX KYJIbTYP M MX YCTOMYHMBOCTH K CTPECCOBBIM (haKTOpam
OKPYIKaIOIIEH Cpejibl B TIOCIEIHES BPEMS AaJI0 pealibHbIC Pe3yiibTaThl. HaHOUACTHIBI MOT'YT UTPaTh BAKHYIO
pOIb B CTUMYJUPOBAHUM POCTA YPOXKAWHOCTH CEIbCKOXO3SMCTBEHHBIX KYJIBTYp M IOBBIIICHUH
YCTOWYMBOCTH PACTEHUH K CYpOBBIM aTMOC(EpPHBIM YCIOBHAM. OKCIEPHUMEHTHI ITOKa3bIBAIOT, YTO
HaHOYaCTUIIbI MOI'yT MHUI'PUPOBATh M3 BO314yXda, IIOYBbBI W BOABI B PACTCHHA W BJIMUATH Ha Pl
(1)I/I3I/IOHOFI/I‘IGCKI/IX IIpoOIECCOB. Bimsaue HAaHOYAaCTHUIl Ha paCTCHUA MOXET OBITH KaK ITOJIOKUTCIBbHBIM, TaK U
OTpULATCIIbHBIM B 3aBUCHUMOCTH OT HWX COCTaBa, KOHUCHTpaluKW, METOAOB IIPUMCHCHUS, YCJTOBI/Iﬁ
OKpy’Karollel cpeibl W BUJia pacTeHUi. B JaHHON craThe M3y4eHO HAKOIUIEHHME HAHOYACTUI] B IUIOAAX
JIEPEBbEB, I[BETKU M JIMCThS KOTOPBIX ObLIM omnpbickaHbl HaHo4acTtuiiamu SiO2 u Fe3Os, u ux BIUsSHUE HA
KOJIMYECTBO M cocTaB IUI0A0B. Ilockonbky copt siojmonu [onmmen Jlenmuiinec IIHPOKO HCIOIL3YETCS B
UHTCHCUBHOM CaJOBOACTBC, IPUIOACH JIA IIPOMBIINUICHHOTO BbIpalllMBaHUA W o6na11aeT BBICOKOH
MPOAYKTUBHOCTBIO, JKCIIEPHUMEHTHI MPOBOAWIINCH Ha AEPEBBSIX 3TOro copta. OMBITH MPOBOAWINCH HA
OIBITHOM TI0Jie HaydHo-ncciiemoBaTenbcKoro MHCTHTYTA TUIONOBOJCTBA M YaeBOZCTBA, PACIIONOKEHHOM B
noceske 3apmnabu ['younckoro paiiona (AsepOaiimkanckas Pecryonuka) B ce3oH 2022-2023 romos. Ilocie
cmemuBanus 0,5 r Hanouactun SiO; u FesOs B 1 1 AMCTHILIMPOBAaHHON BOIBI B TEUCHHE 15 MHHYT B
COHATOpE €ro CIIeAyeT WCIOIb30BaTh B T€UEHHE 7-8 YacoB, MOCKOJIbKY HAHOYACTHIIBI HE PACTBOPSIOTCS B
BOJIE, IO3TOMY BBINAAAIOT B 0CaJ0K ¥ 3((HEKTHBHOCTh CHUXKAETCS. Moay4yrin HaHodacTuibl SiO2 u FesOs B
koHmeHTparmu 0,5 r/71, pacTBOp ONPBHICKUBAIH JEPEBbsl BO BpeMs TOJHOTO IBeTeHHs u yepe3 40 nHel mocie
[BETEHHs. BBIIO M3ydeHo BIMsSHHWE HAHOYACTHUI[ Ha OIJIOAOTBOPEHHE IIBETKOB, KOIWYECTBO U XMMHYECKHIA
cocraB 1uonoB. Auddy3nro n HaKOIUIEHNE HAHOYACTHII B TUIO/IAX SOJIOHH MCCIeNoBaIH ¢ momorisio TEM-
ananmmsa u merofa OIIP. PesymbraTer mokaszany, 9TO HAHOYACTHIIB OKA3BIBAIOT 3HAYMTENFHOE BIMSHUE HA
MPOAYKTUBHOCTH copTa si6ok ["onmen Jlenniec, XuMHUYECKUi COCTAaB TUIOIOB M MOTYT HAKAIJTUBATHCS KaK B
KOXKype, TaK U B ITIOJOHOCHOM YacCTH IIJIOA0B

Kntouesvle cnosa. Hanouacmuywvl, copm  a6aox, "lonoen  [emuwec”, Hanomexuonozuu,
NPOOYKMUBHOCb
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