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EFFECTS OF NANOTECHNOLOGY LIQUID
FERTILIZERS ON THE PLANT GROWTH AND YIELD
OF CUCUMBER (Cucumis sativus L.)

Melek Ekinci, Atilla Dursun, Ertan Yildirim, Fazilet Parlakova
Atatiirk University

Abstract. Various fertilizers are used in order to increase the yield and quality of the cul-
tivated vegetables. Therefore, products obtained from different sources can be used as fer-
tilizer. Fertilizers produced with nanotechnology are one of them. Fertilizers derived from
nanotechnology have started to attract attention in agriculture nowadays. This study was
undertaken to determine the effects of nanotechnology liquid fertilizer on the plant growth
and yield of cucumber (Cucumis sativus L.). The experiment was carried out in the De-
partment of Horticulture at Ataturk University under unheated greenhouse conditions in
Erzurum, Turkey, in 2011-2012. The doses of 2.0, 3.0 and 4.0 L ha' of Nanonat and Fer-
banat were used as fertilizer source. The plant leaves were sprayed with Nanonat and Fer-
banat suspension until becoming wet at ten day intervals for three times during plant
growth. The results showed that the fertilizer treatments significantly improved the yield
compared to control. According to the average of years the highest yield (149.17 t ha™")
occurred in Ferbanat 4.0 L ha™ application. As a result, this study suggested that the foliar
applications of liquid fertilizer could improve the plant growth and yield of cucumbers.
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INTRODUCTION

The increasing world population has led to increases in food production. To increase
food production it is necessary to use the different technologies in agriculture.
Nanotechnology can be used as an alternative technology in a wide scientific area.
Nanotechnology has been described as relating to materials, systems and processes
which operate at a scale of 100 nanometres or less [Mousavi and Rezai 2011, Srilatha
2011, Ditta 2012]. Nanotechnology provides a lot of benefit in the area of pollution
sensing and prevention, by exploiting novel properties of nanomaterials [Baruah and
Dutta 2009, Srilatha 2011].
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Nowadays, nanotechnology has been used in many agricultural fields such as pro-
duction, processing, storing, packaging and transport of agricultural products [Mousavi
and Rezai 2011, Ditta 2012]. Fertilizer derived from nanotechnology has started to
attract attention in agriculture. Nanotechnology can have a profound impact on energy,
the economy and environment, by improving fertilizer products [DeRosa et al. 2010].
Nanofertilizer can be encapsulated inside nanomaterials, coated with a thin protective
polymer film, or delivered as particles or emulsions of nanoscale dimensions [DeRosa
et al. 2010].

Ferbanat and nanonat liquid fertilizer have been obtained from nanotechnology.
Ferbanat liquid fertilizer has natural elements as a new generation biostimulator against
stress and soil microorganisms through obtained and produced in organic materials.
Ferbanat contains micro humates, amino acids, vitamin, natural biological substances,
micro elements and soil microfloras as agricultural useful values to increase vitality of
products, activities of life and activities of the plant root zones [Ferbanat 2013]. Addi-
tionally, it has been described that nanonat is a vitamin and mineral source for agricul-
tural products to induce chemical dressing using as 30-50% with biological nitrogen,
phosphorus, potassium, calcium, magnesium and the elements in it [Nanonat 2013].

There are insufficient studies on fertilizers produced with nanotechnology, although
we know it has significant impact in agricultural production. The aim of this study was
to determine that the effects of nanotechnology liquid fertilizers on the plant growth and
yield of cucumber (Cucumis sativus L.).

MATERIALS AND METHODS

Plant and fertilizer materials. Cucumber (Cucumis sativus L. cv. A-21F;) was
used as the plant material. Ferbanat and Nanonat liquid fertilizers were used in this
study as fertilizer source. Ferbanat contains micro humates, amino acids, vitamin, natu-
ral biological substances, micro elements and soil microfloras [Ferbanat 2013]. Addi-
tionally, it has been described that nanonat is a vitamin and mineral store for agricul-
tural products [Nanonat 2013].

0,2.0,3.0 and 4.0 L ha™' doses of Nanonat and Ferbanat were made up with distilled
water. Treatments used in the study are: Control (none treatment), F1: 2.0 L ha™,
F2:3.0Lha’',F3:40Lhal,N1:2.0 Lha',N2: 3.0 L ha”,N3: 4.0 L ha',

Growth conditions and treatments. The study was carried out in the Department
of Horticulture at Ataturk University under unheated greenhouse conditions in Erzurum
(40°31°N; 40°54° E), Turkey, in 2011 and 2012. Cucumber (cv. A-21F,) plants were
grown under natural light conditions, approximate day/night temperatures of 27/14°C
and 75% relative humidity during the span of the experiment. The experiment was con-
ducted based on a completely randomized design with three replicates. Seeds were sown
in 45-celled seedling trays filled with peat.

The soil in the experimental area had 35.6% sand, 48.2% silt and 16.2% clay. Some
of chemical properties of the soils were as follows: organic matter 8.0 g kg™, soil
pH 7.15, plant available P 6.2 mg kg, exchangeable K 0.78 g kg™ and total N 0.5 g kg™
The basic fertilizers were applied in each plot at the rates 250 kg N ha” as ammonium
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nitrate, 110 kg P ha™ as triple super phosphate and 180 kg K ha as potassium sulphate
before planting.

About 35 day-seedlings were transplanted to experimental areal at 50 x 50 cm row
spacing distances in the second week of May in both years. Plants from each treatment
were sprayed with each suspension of fertilizers until getting wet at ten days interval
three times during plant growth, beginning two weeks after transplanting. The study
was terminated in the second week of October in both years.

The effect of fertilizer treatments on the total yield and yield of per plant in cucum-
ber was evaluated. Furthermore, the growth promoting effects of fertilizer treatments
were determined for the average fruit weight, fruit weight per plant, plant length, fruit
diameter and length, total soluble solid (TSS) and dry matter of cucumber fruits.

Chlorophyll reading value; a portable chlorophyll meter (SPAD-502; Konica Mi-
nolta Sensing, Inc., Japan) was used to measure leaf greenness. SPAD-502 chlorophyll
meter estimates total chlorophyll amounts in leaves in a non-destructive method [Neu-
feld et al. 2006]. For each plant, measurements were taken at four locations on each
leaf, two on each side of the midrib on all fully expanded leaves [Khan et al. 2003].

Data analysis. All data was subjected to Duncan’s multiple range tests using SPSS
statistical software.

RESULTS AND DISCUSSION

The effect of nanotechnology liquid fertilizer on total yield is shown in Fig. 1 and
Table 1, yield per plant, average fruit weight, fruit diameter, fruit length, TSS, dry mat-
ter, plant length, and chlorophyll reading value cucumber are presented in Table 1.

Nanotechnology liquid fertilizers significantly (p < 0.001, p < 0.01 and p < 0.05) af-
fected the total yield, yield of per plant, fruit weight, fruit length and dry matter statisti-
cally. While the highest yield (135.30 t ha™") and yield per plant (5.43 kg plant™) were
obtained from Ferbanat 3.0 L ha" application in the first year, the highest yield
(171.75t ha™) and yield per plant (6.87 kg plant’) were determined in Ferbanat
4.0 L ha in the second year. The lowest yield was obtained from the control in both
years (tab. 1). According to the average of years the highest yield (149.17 t ha) was
occurred in Ferbanat 4.0 L ha application (fig. 1).

The effect of nanotechnology liquid fertilizer on the average fruit weight, diameter,
fruit length, TSS, plant length and chlorophyll reading value have changed by year,
although the highest values of these parameters were obtained from plants applied with
treatments. The lowest values of these parameters were recorded in the control (tab. 1).
We observed the highest average fruit weight (149.01 g) and fruit length (16.87 cm)
from Nanonat 4.0 L ha™, the highest fruit diameter (37.15 mm) from Ferbanat 3.0 L ha™,
the highest TSS (4.11%) from Nanonat 3.0 L ha, the highest dry matter (2.31%) and
chlorophyll content (44.90) from Ferbanat 4.0 L ha' and the highest plant length
(465.50 cm) from Ferbanat 2.0 L ha™ applications. The result of this study showed that
nanotechnology liquid fertilizer (Ferbanat and Nanonat) treatment increased the parame-
ters of plant yield and growth compared to the control in cucumber.
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Fig. 1. The effect of nanotechnology liquid fertilizer on yield of cucumber. Mean values in bars
followed by a different letters differ significantly at p < 0.001 for average years.
(Ferbanat: F1 — 2.0 L ha”', F2 — 3.0 L ha", F3 — 4.0 L ha™', Nanonat: N1 — 2.0 L ha™,
N2-3.0Lha',N3-4.0Lha")

There are insufficient studies on fertilizers produced with nanotechnology, although
nowadays it is known to have a significant impact in agricultural production. It was
reported that Ferbanat applications as foliar can be increased 25-45% in the number of
tomato fruit and flowers [Ferbanat 2013]. Previous studies reported that 3.0 L ha™ doses
of Nanonat and Ferbanat applications have improved the yield, plant growth and quality
of tomatoes [Ekinci et al. 2012]. Ferbanat application with a sprinkler and drip irrigation
system have increased development root of the plant and the number of buds and weight
of cucumber plant [Ferbanat 2013]. It was determined that Ferbanat application in-
creased yield in potatoes with 35-40% and in cabbages with 38-42% [Ferbanat 2013].
In another study it was shown that nano-preparation coated nitrogen fertilizer increased
the yield of rice and nitrogen absorption amount of rice (35.2% and 42% respectively).

Moreover, previous studies reported that the effects of applications on leaf chloro-
phyll and dry weight of rice were not significant [Wang et al. 2001]. In a study that
examined the effects of nanomaterials on pepper germination, it was determined that the
activation time of a 1 hour treatment (water treated with nanomaterial) promoted pepper
germination [Wu et al. 2012]. Nitrogen, which is one of the most important nutrients in
agricultural production, might be given only very few parts to plant and soil need, al-
though it has been reported that the use of very small nanofertilizer particles is more
effective than this rate [DeRosa et al. 2010].

This effect is also provided with other plant nutrients. The nutrients which are avail-
able for the plant can be encapsulated in nanomaterials (nanotubes or nanoporous mate-
rials), coated with thin protective polymer film or added as particles or emulsions of
nanoscale [DeRosa et al. 2010, Srilatha 2011, Ditta 2012]. As a result of this study it
can be expressed that the fertilizer used in this study showed this effect and becomes
available for cucumber plants.
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CONCLUSSION

The changing climate, sustainable use of natural resources, environmental factors,
urbanization, accumulation of pesticides and over use fertilizers are the most important
problems of modern agriculture. New techniques and methods have been used in order
to avoid the detrimental effects of these factors. The nanomaterial is one of the new
technologies that into almost all areas of our lives and being to be used in agriculture
production. The researchers indicate many of the potential benefits of nanotechnology.
This study has identified that fertilizers can have important effective on the plant growth
and yield of cucumber.
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WPLYW PLYNNYCH NAWOZOW UZYSKANYCH ZA POMOCA
NANOTECHNOLOGII NA WZROST I PLONOWANIE OGORKA
(Cucumis sativus L.)

Streszczenie. W celu zwigkszenia plonowania oraz jako$ci uprawianych warzyw uzywa
si¢ roznych nawozow. Jako nawozy moga wigc by¢ stosowane produkty uzyskane z roz-
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nych zrodel, w tym réwniez nawozy produkowane metoda nanotechnologii. Obecnie na-
wozy te zaczgly by¢ zauwazane w rolnictwie. Niniejsze badania podjeto w celu okreslenia
wplywu plynnego nawozu uzyskanego dzigki nanotechnologii na wzrost oraz plonowanie
ogorka (Cucumis sativus L.). Doswiadczenie przeprowadzono w latach 2011-2012 na
Wydziale Ogrodnictwa Uniwersytetu Ataturk w warunkach niecogrzewanej szklarni
w Erzurum w Turcji. Jako zrodta nawozu uzyto dawek 2,0, 3,0 oraz 4,0 L-ha' Nanonatu
i Ferbanatu. Podczas wzrostu liscie ro$lin trzy razy spryskiwano zawiesing Nanonatu
i Ferbanatu do momentu, gdy stawaty si¢ mokre. Uzyskane wyniki dowiodly, ze zabiegi
z uzyciem nawozow polepszyly plon w pordwnaniu z kontrolg. Wedlug $redniej z lat,
najwiekszy plon (149,17 t-ha™) otrzymano po zastosowaniu Ferbanatu w ilosci 4,0 L-ha™.
Niniejsze badania sugeruja, ze dolistne zastosowanie ptynnego nawozu moze poprawic
wzrost 1 plon ogorkow.

Stowa kluczowe: nawoz, ogorek, owoce, zawartos¢ chlorofilu, sucha masa, plon
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