Sohrabi et al. Chem. Biol. Technol. Agric. (2022) 9:82 . . .
https://doi.org/10.1186/540538-022-00352-w C h emica I an d B 10 l Og ICa l

Technologies in Agriculture

RESEARCH Open Access

- ®)
Plant-based nano-fertilizer prepared sl

from Paulownia Tomentosa: fabrication,
characterization, and application on Ocimum
basilicum

Yousef Sohrabi"”, Firouzeh Sharifi Kalyani', Moslem Heydari?, Majed Yazdani®, Khalid M. Omer* and
Ali Reza Yousefi?

Abstract

Background: The use of hazardous and toxic chemical material has become limited by the green synthesis of nano-
particles (NPs) from plants and other living organisms. In the current study, a new nano-fertilizer was green synthe-
sized from Paulownia tomentosa leaves and then its effectiveness in alleviation of drought stress in Ocimum basilicum
was investigated. Five concentrations of nano-fertilizer (0, 50, 70, 90 and 110 ppm) at three irrigation regimes includ-
ing 100% of field capacity (IRF100), 75% of field capacity (IRF75), and 50% of field capacity (IRF50) were evaluated.
Nano-fertilizers were prepared using the green hydrothermal method.

Results: Based on TEM analyses nanoparticles sizes were 5-8 nm. The results of FTIR appearance indicated the main
distinctive peaks of the Paulownia-based nano-fertilizer (NFPs) in the spectrum. In addition, the nitrogen peaks in the
XPS spectra indicate that the prepared carbon dots NFPs are nitrogen-doped. Moreover, there are functional groups,
such as COOH or OH groups on the surface of Paulownia-based nano-fertilizer (NFPs). The results illustrated that
drought stress increased proline (73%), alcohol-soluble carbohydrates (78%), and malondialdehyde (41%) in compari-
son with normal irrigation; in contrast, soluble proteins (73%), Chlorophyll a (46%), Chlorophyll b (39%), Chlorophyll
total (42%), and carotenoid (77%) were reduced in the same condition. The O. basilicum biological yield was reduced
in moderate (12.40%) and severe (24.42%) drought stress in comparison with full irrigation conditions (IRF100).
Paulownia-based nano-fertilizer (NFPs) caused an increase in soluble proteins and photosynthetic pigments. Applica-
tion of NFP-90 reduced the production of proline and malondialdehyde, respectively, 51.8% and 30.8% compared to
non-application under severe stress conditions, which indicates alleviated the adverse effect of drought stress. The
highest biological yield of basil was obtained at a 110 ppm concentration of NFPs.

Conclusion: Overall, results showed that using NPs biosynthesized from Paulownia leaves could be an economically
and environmentally friendly method as a nano-fertilizer.
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Highlights

Plant-based nano-fertilizer prepared from Paulownia.

Nano-fertilizer prepared from Paulownia characterized by TEM, XPS, XRD, and FTIR.

Use of Nano-fertilizer prepared from Paulownia (NFPs) had a significant effect on O. basilicum.
The highest basil biological yield was obtained at NFP-110.

Keywords: Basil, Green synthesized, Paulownia, MDA, NPs, XPS
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Introduction

Feeding the growing world population, which is projected
to reach 9 billion by 2050 is the most important challenge
facing agriculture. Conventional agriculture or organic
farming practices cannot meet the growing demand for
food [1]. The use of different fertilizers in the agriculture
field is inevitable for enhancing and increasing crops.
However, the adverse effects of agro-chemical have faced
the environment and agriculture with major challenges
[1]. For example, the high consumption of nitrogen fer-
tilizers, has caused problems, such as surface water and
groundwater resources contamination due to nitrate
leaching [1]. In addition, the excessive use of fertilizers
not only imposes additional costs on the farmers, but is
also considered to be a barrier to sustainable agriculture
development and causes food elements imbalance, food

chain disturbances, and various environmental problems
[2]. Various solutions have been proposed to solve these
problems, including the use of nanotech. The use of ele-
ments at the nanoscale not only increases the efficiency
of nutrients for the plant but also reduces the use of ferti-
lizers due to the high surface-to-volume ratio [3-5].
Nanotechnology plays an important role in producing
agricultural products [6]. The NPs have high reactivity
levels because of specific surface area and due to their
small size and high surface/volume ratio. Because of the
unique properties of nanotech, their use in agriculture
has been very popular in recent years [3-5]. Nanotech-
based agrochemical can influence the absorption and
maintenance of nutrients and the physical and chemical
properties of the soil. In addition, these particles have a
high ability to absorb heavy metals and organic matter
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from the soil [7, 8]. For synthesizing NPs several dif-
ferent methods have been introduced [9, 10]. Because
of high energy consumption and non-degradable toxic
agents, their use is limited in bio-systems [9]. Therefore,
nanoparticle synthesis was shifted toward eco-friendly
methods, such as the green synthesis approach. Green
synthesis of NPs is achieved using important three
sources, such as autotrophs (plant and algae) [11], bac-
teria, and fungi [12, 13]. Due to easy availability and sim-
plicity, plant-mediated nanoparticles synthesis is gaining
significant momentum in interdisciplinary fields. There
are abundant phytoconstituents that act as stabilizing,
reducing, and capping compounds during NPs synthe-
sis [12, 14]. One of the ways to NPs green synthesis is by
mixing metal salts solution with the extract of plant parts
[14]. Different plant parts are utilized in green synthesis
including; leaf, root, flower, seeds, and, fruit [15].

The Paulownia Tomentosa an ornamental tree, with
low-demand water and fast-growing are native to China
and East Asia which includes nine species [16]. In addi-
tion, there are bred in North America, Australia, Europe,
and Japan [17]. Paulownia’s characteristics of rot resist-
ance, dimensional stability, and a very high ignition point
ensure the popularity of this timber in the world market
[18, 19]. This species has value for its small sawn timbers
that are in demand for specialty products. It is also used
to treat various diseases in China [20].

The adverse effects of taking chemical drugs have
increased the tendency toward the production, utiliza-
tion, and processing of plants that have medicinal prop-
erties. In recent years, the use of medicinal plants has
taken much attention [21]. The basil (Ocimum basilicum
L.) is an annual plant of the Lamiaceae family with rich
medicinal properties which the seed can easily reproduce
[22]. The O. basilicum has antioxidant, antimicrobial, and
analgesic properties, and is used in traditional medicine
to treat diseases, such as diabetes, fever, liver disease,
gastric ulcer, cardiovascular disease, digestive disorders,
arthritis, Nyctalopia, blood lipids, and Dyspnea [23, 24].
Basil contains sesquiterpenoids, monoterpenes, and fla-
vonoids [21, 25]. The content of basil’s secondary metab-
olites content is affected by environmental factors and
applied management practices. Environmental stress
(biotic and abiotic), limits the production and yield of
crops and also affects the content of secondary metabo-
lites and other compounds in plants [26, 27].

Drought stress is the most important abiotic stress that
decreases plants’ growth, yield, and production of plants
[28]. In recent decade temperature rise and changes in
rainfall patterns have increased the effects of drought
stress on agriculture in many parts of the world [29].
Understanding the response of plants to water deficit can
be very helpful in finding suitable solutions to improve
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plant tolerance to drought stress [30]. The aim of this
study is the investigate the possible effects of NFPs on the
physiology characteristics of O. basilicum under different
irrigation regimes.

Materials and methods

Materials

Metal salts (nitrate and chloride sources) were purchased
from Merck chemical Co. Sigma-Aldrich Co provided
Quinine sulfate (Quinine hemisulfate salt monohydrate)
and HCL The chemicals used throughout this work were
of analytical grade and were used as received. In addition,
doubly distilled, deionized Millipore water was utilized.

Fabrication of NFs prepared from Paulownia powder (NFP)
Paulownia tomentosa leaves which were planted in the
Agriculture College of Sulaymaniyah University, Iraq,
was used as a source of Paulownia leaves. The leaves
were collected in the fully grown stage (when the leaf
nitrogen content was measured at its highest level). The
leaves were cleaned and washed with distilled water sev-
eral times, then dried in the shade for 1 week. Using the
grinder, the dried leaves were powdered.

NEPs were composed of carbon nanodots and they
were prepared using the green hydrothermal method. In
summary, 0.1 g of Paulownia leaves powder was solved
with 10 mL distilled water, followed by 0.2 ml HCI
(0.5 M) was added to the solution. Then, the solution with
a Teflon-cowered was transferred to 185 °C autoclave for
20 h. Afterward, the solution was cooled down to room
temperature, followed by filtration, and centrifuged at
12,000 rpm for 30 min. The solution was then mixed with
chloroform to purify the NFs leaving the salts and ions in
an aqueous layer. The NFs in chloroform solution is then
heated slowly on the heater to remove all chloroform.
The solid Carbon dots (CDs) were then mixed with water
to form CDs dispersed in a water solution.

Physio-chemical characterization of NFs of Paulownia
powder (NFP)

The particle size was measured by the transmission
electron microscopy (TEM) model JEOL 2010 F. Fluo-
rescence emission measurements were recorded with
a Flurolog-3 fluorescence spectrophotometer (Horiba,
USA). UV-Vis absorption spectra were measured by
spectrophotometer (Cary 6000, Agilent, USA). To pre-
pare pellets of NFPs, ca. 2 mg of NFPs, 200 mg of spec-
troscopic grade KBr were combined. A Varian 640 FTIR
spectrophotometer (Palo Alto, CA, USA) was used with
a resolution of 4 cm™! and 64 scans per sample to record
IR spectra (4000—400 cm™'). Some bands shielded by
the extensive OH bending mode of bound water were
elucidated using an FTIR spectrometer (Palo Alto, CA,
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Table 1 Chemical and physical characteristics of the used soil
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Soil texture OrganicC(g kg”) pH Sand (%)

Silt (%)

Clay (%) N (%) EC(dsm™) K (ppm) P (ppm)

Clay sand 0.76 7.8 34 31

35 0.52 0.96 180 8.5
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Fig. 1 Soils moisture content curve

USA) armed with an evacuation line. In this regard, the
pellets were created with no KBr. To press NPs (about
4 mg), NFPs specimens in a standard tool, a pressure
of 98 kN cm ™2 was used to create pellets in diameter of
13 mm. High-resolution XPS spectra were recorded by
Kratos Analytical using Al Ka radiation as the excitation
source. In addition, XRD spectra were recorded by Ulti-
malV (Rigaku, Japan).

Planting and applying NFPs on O. basilicum

This study was conducted in the research greenhouse
of the Agriculture Faculty, Kurdistan University, Iran
(35.3219° N, 46.9862° E, 1,538 masl) in 2020. The basil
(Ocimumbasilicum) seeds “prepared from Agricultural
and Natural Resources Research and Education Center
of Kurdistan (ANRRECK)” were soaked first with
sodium hypochlorite for a few min and washed with
water). The soil was sterilized at 121 °C and 1.5 atmos-
pheres for 1 h after air drying (chemical and physical
characteristics of soil are shown in Table 1). Then, the
40 seeds of O. basilicum were planted in plastic pots
(25 x 15 x 25 cm). The pots were then moved to a
greenhouse with 26/18 °C temperature, 15/9 h a day/
night photoperiod with 60+ 10% relative humidity and
750 pumol m~2 s~! photosynthetic photon flux density.
After seedlings emergence and ensuring their complete
establishment, the plants were thinned in the 4-leaf
stage and kept eight plants per pot. Different concen-
trations of nano-fertilizers prepared from Paulownia
(NFP) including 0, 50, 70, 90, and 110 ppm (respec-
tively, abbreviation: NFP-0, NFP-50, NFP-70, NFP-90,
and NFP-110), were applied on O. basilicum which

were grown at the different irrigation regimes including
100%, 75%, 50% of field capacity (respectively, IRF100,
IRF75, and IRF50). The factorial experiments were per-
formed by a completely randomized design (CRD) with
three replications.

Spraying of NFPs was performed in two stages,
4 weeks (8-leaf stage) and 7 weeks (10-leaf stage) after
emergence. Irrigation treatments (IRF100, IRF75, and
IRF50) were applied from 4 weeks after emergence. To
apply different irrigation regimes, the pots’ soil mois-
ture curve was determined by a pressure plate (Fig. 1).

Then, the water potential of the soil and irrigation
time in different irrigation was determined by the
weighted method. The pots were weighed each day and
after the soil moisture potential of the pots reached the
desired treatment level, the pots were irrigated related
to that treatment. During the experiment, the irrigation
time of the pots varied at different levels of irrigation.
Before applying different irrigation treatments, all the
pots were irrigated uniformly.

Data collection on plant traits

To determine and measure basil’s physiological traits,
before harvesting the plant, mature leaf samples were
collected and immediately transferred to the labora-
tory by the nitrogen tank and placed in the freezer at
—40 °C until measuring time. Different physiological
traits were measured. Briefly, the proline content was
measured by the Bates et al. [31] method [31]. By Brad-
ford’s [32] method soluble proteins were recorded [32].
The Anthrone method was used to measure the soluble
leaf carbohydrates [33]. After preparing leaf samples and
different readings at different wavelengths, Chlorophyll
a, b, total, and carotenoid content were calculated using
Eqgs. 1-4 [34]:

Chla= (12.25 x A663)— (2.79 x A 646) (1)
Chlb=(21.21 x A646) — (5.1 x A663) )
Chlt = Chl, + Chy, 3)

Carotenoid = (1000 A 470) — (1.82 x Chl,) — (85.02 x Chy) /198
(4)

Malondialdehyde is the final product of the lipid
peroxidation membrane. Therefore, measurement of
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Fig. 2 Optical properties of NFP. A UV-Vis absorption spectrum, B excitation (black line), and fluorescence emission (blue line) spectra. For
collecting fluorescence emission spectra, the solution excited at 350 nm, for the collecting excitation spectra, the emission wavelength was 450 nm

malondialdehyde in plant’s leaves under drought stress
seems very necessary. Based on this, the content of O.
basilicum malondialdehyde leaves was measured by
Heath and Packer [35] method (Eq. 5) [35].

MDA = ((W 532nm/155) / 0.3 — (W 600nm/155) / 0.3)

(5)

The Biological yield was also measured by placing the

plants for 48 h in an oven at 75 °C and then weighed via a
digital balance with an accuracy of 0.01 g.

Statistical analysis

The data were analyzed with SAS software (version 9.4)
and SPSS (Version 16.0). The means were compared uti-
lizing the least significant difference test (LSD) and analy-
sis of variance (ANOVA) at the significance level of 0.05.

Result

Physio-chemical characterization NFPs

UV-Vis absorption spectra and fluorescence spectra
were used to investigate the optical properties of the
NFs. Figure 2 shows the UV-Vis spectrum peak of about
265 nm (Fig. 2a), and the fluorescence peak ca 445 nm
(Fig. 2b). The UV-Vis spectrum shows a typical 265 nm
absorption peak that assigns for m to m* transition of
C=C bonds in the graphene sheets [36]. The fluores-
cence emission peak at 445 nm (Fig. 2b, blue emission),
when excited at 350 nm. Thus, the NFPs are blue lumi-
nescent nanomaterials.

To obtain the size and shape of NFs, transmission elec-
tron microscope (TEM) images were used, as shown in
Fig. 3a. The nanoparticles were spherical with a size dis-
tribution between 5 and 8 nm, as shown in the histo-
gram (Fig. 3b). Crystal structure of the NFP was tested

using XRD spectrum (Fig. 3c). XRD spectra show a
broad peak at 22-25°, assigning for the amorphous gra-
phitic structure of carbon dots (Fig. 3c). The spectrum
showed a broad weak peak centered at about 240. FTIR
and XPS spectra were recorded to probe the chemical
functional groups on the surface of the NFs. Figure 3d
shows the FTIR spectrum of the NFs. Wide broad peaks
above 3000 cm™' and one sharp peak at 1600 cm™!
were recorded. To further know the chemical functional
groups on the surface of carbon dots NFs, high-resolu-
tion X-ray photoelectron spectroscopy (HR-XPS) was
performed. Broad absorption peak between 2700 and
3600 cm ™! is attributed to the stretching mode of O—H,
and at 2900 cm ™ to the C—H stretching. A small absorp-
tion peak at 1630 cm ™! assigns for C=C of the graphene
(37, 38].

By XPS analysis the survey and resolved spectra of
each identified element (Fig. 4). The survey spectra show
three major peaks corresponding to O 1 s (~530 eV), C
1s(~282¢V),and N 1 s (400 eV) (Fig. 4A). Resolved O
1 s spectra display three peaks centered at 529.31, 530.9,
and 531.52 eV corresponding to C-O, C=0, and O-H,
respectively [39], De convoluted C 1 s spectra (Fig. 4c)
show two peaks at 282.9, and 284.5, corresponding to
graphitic sp2 C=C, and C-O/C-OH, respectively [40].
The N 1 s spectra (Fig. 4d) show three peaks, at 398.1 eV,
which corresponds to C—N-C nitrogen atom, and the
second one 399.7.1 eV corresponds to N-H eV, and the
last one 400.9 corresponds to C=N [41]. The nitrogen
peaks in the XPS spectra indicate that the prepared car-
bon dots NFPs are nitrogen-doped. Moreover, there are
functional groups, such as COOH or OH groups on the
surface of NFPs.
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Effect of treatments on physiological traits of O. basilicum
Based on analysis of variance results, the proline con-
tents, soluble proteins, soluble carbohydrates, chlorophyll
a, chlorophyll b, total chlorophyll and malonedealdehyde
(MDL) of O. basilicum significantly affected (P<0.01)
by application of Paulownia-based nanofertilizers (NFP)
(Table 2).

The results illustrated that the maximum amount of
leaf proline was obtained in IRF50 (mg g~! FW), and
the lowest amount (0.11 mg g~' FW) was observed in
IRF100 (Fig. 5A). The application of NFPs reduced the
amount of proline in leaves. By increasing the concentra-
tion of NFPs the amount of leaf proline also decreased at
all irrigation levels (Fig. 5A), so that the lowest content
of proline was measured in the NFP-110 and IRF100
(Fig. 5A). The amount of proline produced in IRF75 and
IRF100 were in the same statistical group, at the same
level of fertilization, which indicates the positive effect
of NFPs on reducing the stress adverse effects on the
plant. As a result, the plant’s need to proline production
has decreased. The soluble proteins of O. basilicum were
affected by NFPs and irrigations levels (Table 2). The
results show that the highest amounts of soluble proteins

of the leaf were obtained under full irrigation conditions
(IRF100) and drought stress (IRF50) reduced the soluble
proteins of the leaf (Fig. 5B). The use of NFPs under both
IRF100 and IRF50 significantly increased the soluble pro-
tein (Fig. 5B).

With the occurrence of drought stress and increasing
its severity, the content of proline (Fig. 5A) and soluble
carbohydrates (Fig. 5B) increased, and in contrast amount
of soluble proteins decreased (Fig. 5B). Drought stress,
decreases vegetative growth and changes in plant mor-
phological structures and changes the pathway of synthe-
sis of secondary compounds and metabolites through the
formation of secondary oxidative stress [42]. Oxidative
stress leads to the production of reactive oxygen species
(ROSs). The plant reduces the produced ROSs through
antioxidant mechanisms (enzymatic and non-enzymatic)
[43, 44]. The accumulation of ROSs causes damage to
membrane lipids, nucleic acids, and proteins. Therefore,
one of the strategies to deal with the damage caused by
ROSs is osmotic regulation and the accumulation of com-
pounds, such as proline amino acids. Osmotic regulation
is one of the mechanisms for responding to environmen-
tal stresses, including drought stress, which, through the
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Table 2 Analysis of variance of physiological traits of O. basilicum as affected by NFPs application under different irrigation regimes

S.0V df Ms

PLN SP SCA SCW Chla Chlb TcChi CTD MDL BY
Irr 2 06033 44.003" 193287 177545 69.003"  33835° 98567 1.0968™ 066748 1541555
NFP 4 00658** 4750%* 860.73**  1383.98** 9.975%* 48419%  27.159%%  0.2199* 0.10041%*  1.248333**
IrxNFP 8  00139%* 063076 192.193* 14561162ns 14388*  1.76421** 575914** 0.21021* 0.05414*  0.037666 ns
Error 30 000283111 0.1040289  4.974400 20047754 03389511 04387178 0.9706867 0.07154889 0.00351333  0.03422222
a% - 1514 7.81 10.15 5.24 942 1241 8.56 4.72 475 8.00

" and **, significant at 5 and 1% probability levels, respectively

PLN Proline, SP Soluble proteins, SCA alcohol-soluble carbohydrates, SCW water-soluble carbohydrates in, Ch/ a Chlorophyll a, Chl b Chlorophyll b, T Chl Total

chlorophyll, CTD Carotenoid, MDL Malondialdehyde, and BY Biological yield

accumulation of soluble material inside the cells, main-
tains the cell turgor in the low potentials of the water. In
other words, it can be stated that during abiotic stresses
such as drought, organic molecules with low molecular
weight such as protein, proline, and soluble sugars in
the plant organs accumulate to perform osmotic regu-
lation [45]. Amino acids such as alanine, valine, threo-
nine, glycine, serine, and proline are osmotic protectors
[46, 47]. In drought stress, the proline amino acid acts
as an osmotic regulator and cell protector. The osmotic

adjustment process helps the plant grow under water-
shortage conditions and allows it to keep its stomata
open during stress for a longer time [22]. Proline amino
acid is a non-enzymatic antioxidant that by giving elec-
trons to ROSs and stabilizing them, reduces the damage
caused by them [22, 43, 48]. Hatami et al. [46] reported
that increasing proline amount and reducing soluble pro-
teins in drought stress might be due to decreased protein
levels or increased proteolytic activity, which leads to an
increase in the total nitrogen content and allows the plant
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for improving tolerate stress by osmotic adjustment [49].
Other studies have also reported increasing the proline
amount in the plant. The results showed that the NFPs
reduced leaf proline content, and by increasing the con-
centration of NFPs, the proline decreased at all irrigation
levels. On the other hand, the use of NFPs in both IRF100
and IRF50 conditions significantly increased the soluble
protein (Fig. 5).

The results showed that drought stress increased
water-soluble carbohydrates, so that the highest water-
soluble carbohydrate (39 mg g~') belonged to pots with
IRF50 (Fig. 5C). The use of NFPs significantly reduced
water-soluble carbohydrates (Fig. 5D). Figure 5d shows
that there was no significant difference between NFP-
70 and NFP-90. NFP-100 showed the lowest amount of
water-soluble carbohydrates (Fig. 5D). The soluble car-
bohydrates are osmotic regulators. The results indicated
that the content of soluble carbohydrates was increased
in drought stress conditions (Fig. 5C). Increased soluble
carbohydrates can enhance the ability of the plant cell to
absorb water in the plant under stress conditions [50, 51].
In addition, soluble sugars, as osmotic regulators, stabi-
lize cell membranes and preserve the cell turgor. A better
osmotic regulation occurs in plants that soluble sugars
accumulate in response to drought stress [50]. Increas-
ing the amount of soluble sugars such as glucose, fruc-
tose, and sucrose in plants under drought stress has been
shown in studies by Zandalinas et al. [52]. The highest
amount of alcohol-soluble carbohydrates was observed
in IRF50 (52.11 mg g~ ') and IRF75 (41.57 mg g},
respectively (Fig. 5E). This superiority was also observed
for plants under severe drought stress (IRF50) in fertiliza-
tion with NFP-90 and NFP-110 (Fig. 5E).

Different levels of irrigation, different levels of NEFPs,
and also the interaction of two factors significantly
affected (P<0.01) the malondialdehyde (MDL) content of
leaf (Table 2). The MDL levels are the indicator for indi-
cating lipid peroxidation of the membrane. However, at
all levels of NFPs application, the highest amount of MDL
was obtained in IRF50 (Fig. 5F). In IRF50, the highest
level of MDL belonged to the control (NFP-0). The appli-
cation of NFPs significantly reduced MDL. One of the
first structures damaged of plant cells is cell membrane
lipids in drought stress. Because drought stress, such as
other stresses, causes oxidative stress in plant cells and
the ROSs produced damage the cell membrane by the
membrane lipid peroxidation [53]. MDL is the ultimate
product of membrane lipids peroxidation, and its high
levels indicate a high level of damage to cell membranes
due to stress. Low levels of MDL indicate the plant’s
resistance to stress [54].

In this study, drought stress and increasing its sever-
ity significantly reduced the biological yield (Fig. 5G,

Page 9 of 13

H). Increasing damage to cell membranes, degradation
of chlorophyll pigments, reducing the synthesis of them
under drought stress, and the consequence of this which
lead to disruption of cell and cellular organelles activity,
reduced assimilation, photosynthesis, and energy pro-
duction of the plant can be reasons for the decrease of
O. basilicum biological yield. Reduced growth and yield
under limited irrigation conditions have been reported in
various plants [21-24]. Damalas [22], Reported that the
highest yield of O. basilicum was obtained under non-
stress conditions and drought stress reduced plant yield
[22].

Also, the photosynthetic pigments were affected by dif-
ferent irrigation regimes, various amounts of NFPs, and
interaction between these treatments (Table 2). The mean
comparison results showed that the highest chlorophyll
a, b, total, and carotenoid were obtained under full irriga-
tion conditions and drought stress significantly reduced
the chlorophyll content of leaf (Fig. 6). In this study, pho-
tosynthetic pigments of the O. basilicum such as chlo-
rophylls a, b, total, and carotenoids were reduced under
drought stress (Fig. 6). Photosynthetic pigments are sen-
sitive to reducing available water. Damalas [22] reported
that drought stress reduced the content of chlorophylls a
and b of O. basilicum and M. longifolia, respectively [22].
In another study, chlorophyll content decreased in T.
vulgaris under drought stress [55]. Reducing the content
of chlorophyll may be due to the imbalance of proteins
and increased activity of chlorophyll-degrading enzymes,
or may result from damage to the chloroplast due to the
production and increase of ROSs [42, 56]. By increas-
ing the amount of NFPs from 90 to 110 ppm, carotenoid
increased significantly in plants under stress than full
irrigation (Table 2, Fig. 6).

Figure 7 shows the loading plots of principal com-
ponents 1 and 2 based on the analysis of physiological
parameters of O. basilicum. Principal component 1 (PC1)
captured 77.7% and PC2 11.5% (Fig. 7). Therefore, the
cumulative percentage of PC1 and PC2 was 89.2%. Physi-
ological parameters such as Chl a, Chl b, total Chl, solu-
ble proteins contents, and biological yield were under the
same group (Fig. 7). In addition, MDL, proline, alcohol
soluble carbohydrates, and water-soluble carbohydrates
contents, were under the same group. The carotenoid
was placed in a separate group. Therefore, a positive cor-
relation has been found between Chl a, Chl b, total Chl,
and soluble proteins contents with biological yield. In
addition, a positive correlation has been found between
MDL, proline, alcohol-soluble carbohydrates, and water-
soluble carbohydrates contents, which has a negative cor-
relation with Chl a, Chl b, total Chl and soluble proteins
contents, and biological yield parameters. The results
showed that the membrane lipid peroxidation reduced
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chlorophyll content and biological yield and increasing
the MDA increased the production of proline, alcohol
soluble carbohydrates, and water-soluble carbohydrates.
This effect of NFPs can be due to increased synthesis
of soluble proteins and reduction of their decomposi-
tion due to the reduction of proteolytic activity. However,
the effect of NFPs on protein content has been varied in
different plants and doses [57-59]. In some cases, nano-
materials can create oxidative stress and produce ROSs
due to toxicity. This may affect the structure of cells and
the primary metabolites, such as protein, carbohydrates,
lipids, and secondary metabolites. The protein content
decreased due to the application of nano-fertilizers on H.
Vulgare under drought stress conditions [57, 58]. The use
of NFPs significantly reduced the membrane lipid per-
oxidation in drought stress conditions (Fig. 6) and conse-
quently reduced the adverse effects of stress. In another
study, the effect of nano-carbon compounds’ concentra-
tion was studied on physiological and biochemical char-
acteristics of Henbane (H. miger L.) in drought stress
conditions. The results showed that the use of NFPs
reduced the damage caused by drought stress. In fact,

the use of nano-carbon compounds may reduce oxidative
stress by increasing the production of protective com-
pounds and enzymatic and non-enzymatic antioxidants.
Ghorbanpour and Hatami (2015) reported that using car-
bon nanoparticles improves antioxidant activity, which
results in antioxidant defense from cells and proteins,
enzymes, RNA, and DNA against the ROSs and, finally,
reduces the effects of drought stress on the plant [60].
Based on the findings of this study, the application of
nano-fertilizer increased the content of chlorophyll and
carotenoids in O. basilicum and significantly reduced the
malondialdehyde under drought stress conditions. Agh-
dam et al. [61] reported that nanoparticles in increased
the content of photosynthetic pigments and plant yield of
L. Usitatissimum, and reduced the amount of hydrogen
peroxide and MDL under drought stress which was con-
sistent with the results of our study [61]. In other studies,
the use of nano-fertilizers increased the amount of chlo-
rophyll, photosynthesis, and eventually increased growth
under stress conditions [62]. In addition, the results of
this study showed that the use of nano-fertilizer caused
a significant decrease in water-soluble carbohydrates
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(Fig. 6). In addition, the application of NFPs and increas-
ing their concentration significantly reduced the amounts
of alcohol-soluble carbohydrates in plants under drought
stress (Fig. 6). Reducing the amount of soluble carbohy-
drates in the plant due to the use of NFPs under drought
stress conditions can be attributed to the role of NFPs in
providing the nutrients needed by the plant and improv-
ing the synthesis of soluble proteins. The soluble proteins
play an important role in increasing the absorption of
water due to osmotic adjustments, maintaining the struc-
ture of cell membranes, cellular organs, and maintaining
the structure of important macromolecules in plant life
[45]. These effects of NFPs improved the status of plants,
increased the synthesis of photosynthetic pigments, and
reduced the need to produce water and alcohol soluble
carbohydrates as well as the production and accumula-
tion of proline. However, an increase in the production
of enzymatic and non-enzymatic antioxidants result-
ing from the NFPs application may also be involved in
improving the plant condition and reducing the degrada-
tion of photosynthetic pigments.

As a result of the current study, the application of nano-
fertilizers and increasing their concentration significantly
increased the biological yield of O. basilicum (Fig. 7).
Nano-fertilizers are likely to reduce the damage to photo-
synthetic pigments or cell organelles such as chloroplast
and mitochondria (which contribute to the production of
energy) by supplying the nutrients needed to synthesize

proteins and antioxidant compounds that play a protec-
tive role. On the other hand, increasing the amount of
photosynthetic pigments also improves the photosynthe-
sis and assimilation in the basil plant and, consequently,
increases yield in this plant.

Conclusion and outlook

The current study deals with the green-synthesis of
nano-fertilizers using leaf extract of the Paulownia
trees. Different spectroscopic and microscopic tech-
niques confirmed the synthesized NPs. As mentioned
above, TEM results showed an average size of 5-8 nm
for NFPs, which indicated good results for Paulownia
nanoparticles and was consistent with the results of for-
mer studies. The results of FTIR appearance indicated
the main distinctive peaks of the NFPs in the spectrum.
In addition, the nitrogen peaks in the XPS spectra indi-
cate that the prepared carbon dots NFPs are nitrogen-
doped. Moreover, there are functional groups, such as
COOH or OH groups on the surface of NFPs.

In the present study, drought stress by increasing
oxidative stress increased the lipid peroxidation of the
membrane and reduced the content of chlorophylls
a, b and total, and through disturbance in the cell,
organelle activity and decreasing photosynthetic pig-
ments decreased the basil biological yield. Nano-fer-
tilizers increased the synthesis of soluble proteins and
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increased the content of chlorophyll and carotenoid
by supplying a part of the nutrients required by the
plant. Increasing the synthesis of soluble proteins act-
ing as osmotic regulators and protectors improved the
status of the plant under stress conditions. It reduced
the need to increase the amount of proline and soluble
carbohydrates in the plant. On the other hand, increas-
ing the production of photosynthetic pigments and
preventing their degradation improved photosynthesis
and assimilation, which led to increased plant growth
and yield. Therefore, the spraying of the plant by this
NEPs could modify some of the effects of drought
stress. It is concluded that this green-synthesis NFPs is
an easy, cheap, ecofriendly, and bio-stimulating media-
tor for agriculture purposes. The use of these NFPs for
other plants can be effective in modifying the effects of
drought stress and improving the yield of these plants,
which requires further research in this regard.
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