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Abstract: TiO; thin films were fabricated using reactive direct current magnetron sputtering for the possible utilization as visible
and/or IR-light photodetectors. The structure, chemical composition, morphology, optical and 1-V characteristics were examined.
X-ray diffraction inferred the existence of body centered tetragonal anatase crystallographic phase oriented around (101) plain.
The chemical compositional analysis via EDAX indicated TiO..1 stoichiometry. Nanoparticle morphology that is uniformly
distributed were observed by SEM investigations. High transmittance over the visible and near spectral ranges with optical band
gap of 3.29 eV were observed for the TiO; thin films. The generated light current values at 1 V bias voltage were 0.251, 0.160
and 0.149 pA/cm? for illumination with light of 440, 540 and 730 nm, respectively. The reported TiO; based photodetector has
good sensitivity comparable with the previously published works which infers that it may be used in environmental sensing
applications.

Keywords: TiO; thin films; structural propertis ;morphology; optical characteristics; photodetector

1. Introduction

Now a days monitoring the environment requires a
broad-range of photodetectors from the ultraviolet (UV) to
the infrared (IR) [1,2]. For example, detection of pollution
mainly depends on UV spectroscopy, where the detectors
measure the absorption lines strength for these pollutants
such as ozone, nitrous oxides, and sulfur dioxide.
Fluorescence spectroscopy capable of detecting very small
amounts of pollutants such as sulfur oxides, benzene, xylene
and toluene, which can be measured at a parts-per-billion
level [3]. To monitor solid particulates in water and air,
more straightforward techniques are utilized. In this case,
the quantity of scattered light via the particles gives a
measure for levels of pollution. In many cases ample light is
available, so photodetectors may be utilized, taking
advantage of their fast response times and robustness [4].

As a semiconductor titanium dioxide (TiO,) is
characterized by a wide band gap (> 3.0 eV), low cost, high
stability and photo-active properties. Therefore, it has
received a significant interest and it has found numerous
applications in various fields such as solar cells [5], energy
storage [6], photocatalytic, antioxidant and antibacterial
applications [7,8], photodetectors [9], etc.

In the field of photodetectors TiO, based
photodetectors have common view over photodetectors
including better control, good sensing properties, enhanced
catalytic activity, self-sufficiency, better communication
proficiencies, response speed and high sensitivity with low
cost user-friendly [10]. Therefore, TiO, based
photodetectors have become an important semiconductor
device because of their applicability in different day-to-day
life appliances like environmental monitoring, compact
smoke detectors, optical communication, imaging, remote
control, chemical analysis and disk players [10-14].
However, there is remaining a challenging task which is the
fabrication of a very thin TiO, based photodetector device
[15]. Therefore, in this work the TiO, thin films with
thickness of 230 nm were prepared using direct current (dc)
reactive magnetron sputtering as visible and/or IR-light
photodetectors. Moreover, the crystal structure, morphology
and optical characteristic of the films were investigated.

2. Experimental

TiO2 thin films were deposited using dc reactive
magnetron sputtering from metallic Ti target. The
preparation was achieved on FTO, glass and Si (100)
substrates which were previously heated to 200°C.

* Corresponding author E-mail: abo_95@yahoo.com
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Deposition was started after reaching a base pressure of 3.1
x 107 mbar. Ar and O, of 75 and 25 sccm, respectively,
were used for the deposition of the films. The deposition
was achieved at constant power of 100 W. The working
pressure was 1.2 x 102 mbar. The film thickness was fixed
to 230 nm by controlling the deposition time.

ZEISS scanning electron microscope (SEM) was used
to examine the surface morphology. The chemical
composition of the films was estimated from the energy
dispersive analysis of X-ray (EDAX) unit which is attached
to the SEM. The crystallographic identification was
achieved using X-ray diffraction (XRD) model Bruker D8
ADVANCE diffractometer. The PEAK UV-Vis-NIR
spectrophotometer (model C-7200) was utilized to measure
transmittance (T) and the reflectance (R) of the films.

The characteristics of the TiO, photodetector on FTO
substrates were conducted on CHIG60E electrochemical
workstation. The I-V measurements were carried out in the
voltage range from -1 to +1 V. 100 mW/cm? xenon lamp
was utilized as simulated light source, in which
glass/FTO/TIO, presents the photoelectrode. Silver paste
was used to make the electrodes on two sides of the
photodetector. The effect of monochromatic light
wavelength on the performance the deposited photodetector
was investigated with 440, 540 and 730 nm wavelengths.
The light reproducibility was assessed via on/off chopped
current measurements with time. The measurements were
done at atmospheric conditions and at room temperature.

3. Results and discussions
3.1 EDAX, XRD, SEM and optical examinations

Fig. 1 shows EDAX spectrum of sputtered film on Si
(100) substrate. Oxygen and titanium peaks are existing
together with silicon and small carbon peaks. The silicon
peak comes from the Si (100) substrate and the carbon peak
comes from the contamination of the film's surface by the
hydrocarbons after sputtering or during the EDAX
measurement. The estimated Ti and O atomic percentage
ratios are 31.76 at.% and 68.24 at.%, respectively. Thus, the
obtained stoichiometry is TiO21. The excess oxygen in the
film may be physically trapped, chemically bonded and/or
adsorbed on the surface [16].
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Fig. 1: Typical EDAX spectra of TiO2 thin film deposited on Si
(100) substrate.

Fig. 2 displays the XRD pattern of the sputtered TiO>
thin film on glass substrate. The pattern of pure TiO;
displays several crystalline peaks which are indexed to body
centered tetragonal anatase crystallographic phase (COD:
01-089-4921). The phase is highly oriented around (101)
plain. The crystallite size (L) is calculated from the Scherrer
equation using (101) peak.

KA

L= LcosO @

where A (nm) is the wavelength of the XRD radiation, f is
the full width at half maximum of peaks (101) in radian
located and K is the shape factor which is usually taken as
about 1. The obtained L value is found to be 18.3 nm.
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Fig. 2: XRD pattern of TiOz thin film deposited on glass substrate.

Fig. 3 presents the surface morphology of the TiO;
film displayed from SEM. The film exhibits quite
homogeneous and uniform nanoparticles morphology. The
diameters of nanoparticles are in the range 10-36 nm.
Besides to nanoparticles there are small pinholes-like
nanodefects. Similar morphology was reported previously
for titanium oxynitride films prepared by dc reactive
magnetron sputtering [18].

Fig. 3: SEM image of TiO2 thin film deposited on Si (100)
substrate.

The optical reflectance and transmittance of TiO, film
on glass substrate as functions of wavelength are presented
in Fig. 4. The transmittance of TiO; is high over the entire
visible and near infrared ranges. Some interference fringes

© 2025 Sohag University
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are observed in both transmittance and reflectance due to
the difference in refractive index between TiO; and air, and
TiO2 and glass. The existence of the interference fringes
infers the good quality of the films.

The absorption coefficient (a) of TiO2 film is
calculated from the reflectance and transmittance spectra
and thickness (d) of the film via the equation:

= in (£5)
a=7"n{7
The optical band gap (Eg) is obtained by proposing
allowed indirect transition from Tauc's formula:

@)

(ahv)z = A(hv — E,) @)

where Vv is to the frequency of the incident light and A

1

is a constant. Fig. 4b presents the (@hv)2 versus hv plot
with the linear fit to a straight line. The Eg value is obtained
through the extrapolation of the linear part to intercept with
hv axis. The obtained Eg value is 3.29 eV which is very near
to the value 3.2 of bulk anatase [19]. However, it is lower
than the values 3.32-374 eV of TiO; prepared by reactive dc
magnetron sputtering at various working pressures [20].
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Fig. 4: Optical reflectance and transmittance as a function of

wavelength (a), and (ahv)z versus hv plot (b) for TiO2 thin film
deposited on glass substrate.

3.2 The Photodetector Electrochemical characterization

The response of the deposited FTO/TiO, photodetector
at different wavelengths of 440, 540 and 730 nm is
presented in Fig. 5. Both the dark current (Ipr) and light
current (Ipn) increase with bias potential. This is agreement
with the reported results for TiO, photoelectrodes [21]. It is
observed that the generated dark current density (lo) at +1 V

has a very low value of 0.046 pA/cm?, concerned to the
original charges of FTO/TiO, semiconductor. The generated
Ion values at 1 V bias voltage are 0.251, 0.160 and
0.149 pA/cm? for illuminated light with 440, 540 and 730
nm, respectively. It is observed that the photodetector
responded strongly to the different light wavelengths.
During light irradiation electron and hole pairs are photo-
produced. Thus, the decrease in lpn values with increasing
wavelength is attributed to the disparity in the capability of
the incident photons to generate charge carriers. This infers
that the photodetector is capable to respond to various light
regions with various sensitivities. The FTO/TiO;
photodetector has the highest sensitivity in the visible
region.
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Fig. 5: The response of the deposited FTO/TiO2 photodetector at
different wavelengths.

Fig. 6 displays multiple photo-switching cycles at a
bias potential of 1 V. It is observed that the elevation time is
almost the same as the decay time. This infers that
photogenerated carriers in FTO/TiO photodetector are fast
in both generatio n and recombination which confirms the
fast charge transport rate. The response speed is a
substantial property for the photodetector, which indicates
how fast the high- and low-current states can be changed.
The response times (fall and rise times) are set as times
needed for the current to increase from 10% to 90% or
decrease from 90% to 10% of the highest value after on/off
cycling. The time of response is almost 6 s. Table 1 shows a
comparison between the sum of the devices previously
published and the TiO based photodetector reported in this
work. The FTO/TiO,, presented in this work, exhibits
higher  sensitivity  (len/lor) compared  with  other
photodetectors.

https://jsfw.journals.ekb.eg/
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Abstract: The present investigation aims to monitor and mapping the spatiotemporal air quality over Sohag Governorate, Egypt.
To do so, remote sensing data sets products from the google earth engine (GEE) were integrated with GIS for mapping the major
air pollutants. The annually satellite image data of Sentinel-5P for four major pollutants viz., sulfur dioxide (SO2), nitrogen
dioxide (NOy), ozone (Os3) and carbon mono (CO) for six years from 2019 to 2024. In the studied period, the CO concentrations
varied from 28 to 32 ppm whereas, for O3, NO2 and SO, ranged from 195 to 209, 101 to 140 and 52 to 490 ppb, respectively.
The obtained results suggested that the area under study is suffer from low air quality, which affected both environment and the

public health.
Keywords: GEE; GIS; air pollutants; remote sensi

1. Introduction

The major environmental problems facing many cities
are air pollution due to increased population, traffic,
industry, and agricultural biomass burning events, and
natural sources of particulate matter, such as dust and sand
events and anthropogenic fuel consumption in transportation
and industrial activities [1]. Additionally, high
concentrations of many air pollutants can cause serious
health problems such as pulmonary and cardiovascular
diseases [2]. Egypt is one of the developing countries that
face challenges in terms of air pollution [1,3-5]. The most
common air pollutants include, but not limited to particulate
matter (PM2.5, PM10), sulfur dioxide (SO2), nitrogen
dioxide (NO2), ozone (Os), methan (CH,4), formaldhyde
(CH20) and carbon mono and dioxide (CO, CO,) [6].

Recently, there has been growing interest in the use of
satellite-based remote sensing has emerged as a powerful
tool for air quality assessment and monitoring. Remote
sensing techniques allow for the collection of data on air
pollution over both spatial and temporal patterns, which can
provide a more comprehensive understanding of air quality
than traditional monitoring methods [7]. This approach has
been used in several studies to monitor air pollution in urban
areas around the world, including Cairo [1]. The
tropospheric monitoring instrument (Sentinel-5P
TROPOMI) was utilized for technical purposes to estimate
anthropogenic emissions and design air pollution abatement
strategies. Atmospheric compounds such as NO2, SO, CO,
and CHO, which are historically and currently being
released in large amounts in industrial and urban areas, are

of particular interest [8]. Google earth engine (GEE) is a
free web-based computing platform developed by Google to
facilitate geographical information processing [9]. This
cloud-based platform controls an “application programming
interface” (API) and a related “interactive development
environment” (IDE) that support the algorithms, rapid
modeling, and visualization [10]. The Google Earth Engine
is also the most widely used platform for handling very
large repositories of spectral satellite images and other
environmental et al., 2023). The use of GEE for various
remote sensing applications such as wetland delineation
[11-12], LULC extraction [13-15], and crop mapping [16-
19] has become prevalent in recent years. Additionally,
GEE utilized for air quality monitoring and assessment [20-
23]. Therefore, the main objective of the present
investigation is to monitor the spatio-temporal analysis of
air quality over Sohag Governorate, Egypt in six ssucssive
years viz., 2019, 2020, 2021, 2022, 2023 and 2024 by
integrating google earth engine (GEE) and GIS. This
provides a more detailed and accurate picture of air quality
in the study area, which can help to improve public health
and environmental outcomes.

2. Experimental

Study site

The study area covers a part (alluvial plain) of Sohag
governorate, Egypt which extending from the northern edge
of Qena Governorate at latitude 26° 07" N to the southern
edge of Assiut Governorate at latitude 26°57" N. It is
bounded between longitudes 31°20’ and 32°14' E (Fig. 1).
The study area belongs to the arid region of North Africa,

* Corresponding author E-mail: a_mustafa32@agr.sohag.edu.eq

Print ISSN 3062-5513  Online ISSN 3062-5521


mailto:a_mustafa32@agr.sohag.edu.eg

Journal of sustainable food, water energy and environ

which is generally characterized by hot summer and mild
winter with low rainfall. Air temperature ranges between
36.5°C (summer) and 15.5°C (Winter), relative humidity
ranges between 51% and 61% (Winter), 33% and 41%
(Spring), and 35% and 42% (Summer). Rainfall is generally
rare and randomly precipitated over the area.

According to the study of Selmy et al. [24], Sohag
Governorate mainly includes four classes of different land-
uses viz., urban areas (12.3%), water bodies (3.4%),
cultivated soils (60.7%) and bare soils (23.6%) as described
in table (1).

Table 1: The description of different land-uses of the study
area.

Land-
uses/Classes
Waterbodies

Description

Nile River, canals, drainage patterns and waste
water treatment plants.
Eastern and Western parts of Nile Valley.

Desert lands

Cultivated
lands
Urban areas

Cultivated lands in the Nile Valley and Lands
under reclamation.
Urban and rural residential, services,
commercial, industrial, and roads.

Collect data

In current study, the annually satellite image data of
Sentinel-5P for four major pollutants viz., sulfur dioxide
(SOy), nitrogen dioxide (NO>), ozone (Os) and carbon mono
(CO) products from the GEE. European Space Agency
datasets obtained from the Copernicus Sentinel-5 Precursor
satellite mission were used as initial data on the content of
various pollutants in the atmosphere.
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The Sentinel-5 mission consists of a high-resolution
spectrometer system that operates within the ultraviolet to
shortwave infrared range, utilizing seven distinct spectral
bands: UV-1 (270-300 nm), UV-2 (300-370 nm), VIS
(370-500 nm), NIR-1 (685-710 nm), NIR-2 (745-773 nm),
SWIR-1 (1590-1675 nm), and SWIR-3 (2305-2385 nm).
The instrument will be hosted on the MetOp-SG A satellite.
To simplify the procedure for obtaining data from the
Copernicus Sentinel-5 Precursor satellite (simplification of
data processing of netCDF files), the Google Earth Engine
(GEE) was used to calculate annual average concentrations
of SOz, NO2, O3, CHs, CH,0 and CO. Comprising a cloud-
based computing platform for analyzing and processing
large-scale geospatial data, GEE provides a powerful and
flexible environment for working with a wide range of
remote-sensing, satellite, and other geospatial datasets,
including Sentinel-5 Precursor data. One of the key
advantages of using GEE for geospatial analysis consists in
its ability to efficiently process and analyze huge amounts
of data without the need for expensive computing
equipment or software. GEE also offers a collaborative
environment for sharing data, code, and analysis results with
others. The “Sentinel-5P L3” collection was used to
estimate the concentration of pollutants (for example, for
nitrogendioxide. Image Collection
(COPERNICUS/S5P/OFFL/L3_NOy)). For the collection,
various methods of filtering (obtaining average annual and
monthly values) and data processing (cropping along the
boundaries of the studied area) and further analysis of the
resulting raster values of pollutants were used. The
categories and corresponding concentrations for the studied
pollutants are shown in the table (2) as elaborated by EPA,
2009[25].

Fig. 1: Location map of the studied area
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Table 2: The categories and corresponding concentrations
for the studied pollutants

CO O3 SO NO:2 category
(ppm) (ppb) (ppb) (ppb)

0-4.4 0-54 0-35 0-53 Good
45-9.4 55-70 36-75 54-100 Moderate
9.5-124 71-85 76-185 101-360 Unhealthy

for
sensitive
group
12.5-15.4 86-105 186-304 361-649 Unhealthy
15.5-30.4 | 106-200 305-604 650-1249 Very
unhealthy
30.5-50.4 | 201-604 | 605-1004 | 1250-2049 | Hazardous

3. Results and discussion:

3.1. Carbon monoxide (CO) concentrations:

Addressing the challenge of CO emission into the
atmosphere, through incomplete combustion of compounds
such as gasoline, natural gas, oil, coal, and wood in addition
to traffic emissions, industrial production, and biomass
burning [26]. In the studied period, the CO concentrations
varied from 28 to 32 ppm. It was an increase in CO
concentrations during 2021 and 2024, whereas, nearly
constant concentrations were observed from 2019 until 2022
(figure 2 and table 3). High CO concentration is normally
related to locality and population density [27]. In addition,
the high CO concentration may be due to the anthropogenic
activities as well as the emissions from vehicles and where
many power plants and industries are located [28]. The
highest concentrations of CO were found around the big
cities, main roads and in the south part of the studied area.
According to WHO, the CO levels could be described as
very unhealthy to hazardous effects.

Table 3: Annual maximum and minimum concentrations of
major air pollutants over the study area

Year (e{0) O3 NO2 SO
(ppm) (ppb) (ppb) (ppb)

2019 29-31 195-197 104-119 63-438
2020 30-31 201-202 101-118 81-490
2021 30-32 201-203 101-118 64-428
2022 28-29 204-206 107-129 60-416
2023 29-30 201-203 114-137 52-441
2024 30-32 200-209 111-140 57-445

3.2. Ozone (O3) concentrations:

Ozone is a major greenhouse gas; thus, it plays an
important role in both weather and climate, and its impact
varies from global to regional scales [29]. While it
represents only 0.0012% of the atmospheric composition,
ozone acts as an absorber for the energetic particle from the
solar ultraviolet radiation (UV), protecting the earth from
harmful radiation [30], which has a harmful effect on human
health particularly on the skin [31]. The observed increase
in UV radiation at the earth’s surface has been due to the

decrease of amount of ozone at the stratospheric
atmospheric layer [32], which is caused by photochemical
losses related to anthropogenic reasons [33-34].

Ozone production results from the photochemical
reaction of two primary pollutants viz., NOx (NO and NO3)
and hydrocarbons from industry, traffic, vegetation, and
biomassburning. During the night, ozone is destroyed by
NO emitted by local sources and by deposition to the
ground.

In the current investigation, the O3 concentrations
during the studied period (table 3 and figure 3) ranged from
195 to 209 ppb. The extremely high concentrations of O3 in
the ambient urban air of the study area as might be
anticipated. According to WHO, the levels of 03
concentration are described as very unhealthy to hazardous
categories.

3.3. Nitrogen oxide (NOz) concentrations:

NO; is a toxic air pollutant that causes severe health
impacts and premature death, and it is responsible for tens
of deaths annually in Cairo, making it a major health risk in
urban and industrial areas. The concentrations of NO;
ranged from 101 to 140 ppb (figure 3), which means that the
NO; levels varied between unhealthy for sensitive groups.
The presence of this pollutant is closely linked to
transportation emissions and heating demands this result
aligns with the observation of Hereher et al. [1], which
explains its higher concentrations in densely populated areas
with high population density. The amount of NO; in the
atmosphere is linked to several emission sources, such as
vehicular emissions and natural sources. The highest
concentrations were observed nearby the bigger cities such
as Tema, Tahta, Gyhena, Sohag and Alminshah.

3.4. Sulfur dioxide (SO2) concentrations:

SO; gas concentrations in the study area's troposphere,
it is primarily associated with industrial and power
generation facilities and population density. This pattern is
particularly noticeable where significant textile, smelting,
chemical, petroleum industries, and electricity generation
plants are located. These industrial operations
predominantly utilize high sulfur heavy fuel, resulting in the
emission of SO, and making the region a prominent hotspot
for SO, emissions [22].

While the majority of SO, concentration is attributed to
emissions from specific industrial activities in the study
area, surprisingly, some residential areas also experience
relatively high levels of SO,. The reason behind these
unusually high concentrations of SO, in the new urban
communities is primarily the extensive use of diesel-fueled
trucks for constructing new asphalt roads and carrying out
construction activities [22]. Accordingly, the annual
concentrations of SO, during the studied period ranged from
52 to 490 ppb which indicated that the categories varied
from moderate to unhealthy as shown in figure (5). As

© 2025 Sohag University
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appears in figure (5), the highest concentration of SO, were
found around the bigger cities in the study area and heavy
populated area.
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Fig. 3: The distribution of Oz in the study area for the period 2019 to 2024.
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Fig. 5: The distribution of SO in the study area for the period 2019 to 2024.
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4. Conclusion

Air pollution represents one of the major
environmental stressors with serious implications on human
health and ecosystem balance. Recently remote sensing
imageries as an alternative cost and time-effective method
compared with regular monitoring techniques were used for
provision of appropriate data concerning air quality over
large areas. In this context, Sentinel-5P satellite provides
high-resolution images of atmospheric pollutants including
nitrogen dioxide (NO>), ozone (O3), carbon monoxide (CO)
and sulfur dioxide (SO2). The obtained results showed high
variation in the concentration of CO, Oz, NO; and SO, in
the study area due to the primary sources of air pollution in
the study area including basically industry, urbanization and
transportation. Furthermore, the results demonstrated that
the study area is subjected to high emissions of air
pollutants primarily due to industry and traffic.
Additionally, the uncontrolled urban expansion of the urban
centers causes frequent air pollution issues. The results
revealed the excellence of satellites in detection of air
pollutants in the study area due to almost daily global
coverage. Additionally, the satellite data provides superior
spatial distribution of the aerosols, which is considered
difficult to measure from ground observations especially
during storm events. Furthermore, there is a lack of ground
measurements as it is not feasible to put a dense ground
monitoring network to assess and monitor surface air
quality. Even Though, air pollutants measurements using
satellite data have some uncertainty, but satellite data can
serve as surrogate to measure the surface level of air quality.
Therefore, it is crucial to understand the uncertainties
associated with satellite data. We highly recommend that
users must pay attention to the quality flags and density of
the data for a specific region.
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Effect of climate change on Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae), the new pest has been detected in Egypt

Hany Ahmed Fouad and Abdelalem Saad Soliman Desoky

Plant Protection Department, Faculty of Agriculture, Sohag University, Egypt.

Received: 8 Jan. 2025, Revised: 22 Jan. 2025, Accepted: 4 Feb. 2025 Published online: 1 Apr. 2025

Abstract: The fall armyworm (FAW) is of tropical-subtropical origin and defined as one of the most destructive agricultural
pests globally, including Egypt. This study aims to effect of temperature factor on the biological cycle and generations of
Spodoptera frugiperda under laboratory conditions. The highest mortality occurred when the caterpillars were kept at 32°C in the
F2 generation. In general, among the temperatures tested, 24 °C and 28 °C promoted the greatest number of days in incubation.
The average duration of insect development in days was inversely proportional to the increase in temperature. Understanding the
climate factors are necessary to clarify the possible influences of global climate change, including warming on this species, in
addition to evaluating the adaptation of insects over generations.

Keywords: Spodoptera frugiperda; climate change; global worming

1. Introduction

The fall armyworm (FAW), Spodoptera frugiperda (J.
E. Smith, 1797), known as an important agricultural pest
around the world, including Egypt. It is indigenous to the
tropical-subtropical regions in the Western Hemisphere,
although its distribution has expanded over large parts of
America, Africa, Asia and Oceania in the last few years.
Global climate change may significantly impact the
geographic distribution of biodiversity, alter biodiversity,
and affect interactions between species and ecosystems [1].
Temperature is one of the abiotic factors that exerts great
influence on insect biology and this factor can affect the
duration of the life cycle, population density, size and
genetic composition, the extent of host plant exploitation, as
well as local and geographic distribution linked to
colonization and extinction [2].

insects are ectotherms, exhibiting a high degree of
sensitivity to ambient temperature in their physiological
processes. Several pieces of evidence indicate that not only
higher temperatures, but also greater climate variability can
have a significant effect on organisms and ecosystems [3].
Species present individual responses to temperature, carbon
dioxide concentration, and other environmental factors,
thus, climate change may affect the temporal and spatial
association between species that interact at different trophic
levels [4].

Several efforts have reported that temperature directly
or indirectly influences the geographic distribution,
phenology and natural enemies of the FAW, and thus may
affect the damage to crops, e.g., the increased
developmental rate accelerates the intake of crops at higher
temperatures. Under some extreme temperatures, the FAW

is likely to regulate various genes expression in response to
environmental changes, which causes a wider viability and
possibility of invasion threat. Therefore, this paper seeks to
review and critically consider the variations of
developmental indicators, the relationships between the
FAW and its natural enemies and the temperature tolerance
throughout its developmental stage at varying levels of
heat/cold stress.

Based on this, the study of adaptation to certain
thermal conditions is relevant to discussions about the effect
of global warming on the distribution and abundance of
ectothermic animals [5]. Climate change can affect
herbivorous insects directly, through impacts on their
physiology and behavior, or indirectly, where insects
respond to climate-induced changes mediated by other
factors, such as the host plant [2]. Thus, considering the
importance of temperature for insect development and the
possible increase in the occurrence of S. frugiperda in
soybeans, this study aimed to evaluate the influence of
different temperatures on the biological aspects of this
insect over four generations.

2. Material and methods

The experiments were carried out in the laboratory of
Entomology, Plant Protection Department, Faculty of
Agriculture, Sohag University, Egypt. The maize plants
offered to the insects were sown in five-liter pots, with five
plants per pot putted in a growth room with a 14-hour
photoperiod, temperature of 28 °C and relative humidity of
65 %.

Insect biology was performed in a B.O.D. rearing
chamber at different temperatures (24°C, 28°C, 32°C and
36°C), throughout the insect biology period, to represent the

* Corresponding author E-mail: abdelalem2011@gmail.com

Print ISSN 3062-5513  Online ISSN 3062-5521


mailto:abdelalem2011@gmail.com

Journal of sustainable food, water energy and en_

daily oscillation, with humidity of 70 £ 10% and a 14-h
photophase. Second-instar S. frugiperda larvae from the
mass rearing in the laboratory, reared from hatching on
maize leaves and at their respective temperatures, were
individualized in paraffin cups with plastic lids. The larvae
were evaluated daily, observing mortality and development
time of each stage. The food was replaced daily.

After reaching the pupal stage, these were separated by
sex and, immediately after emergence, the adults were
placed in individual cages made of PVC tubes, 20 cm high
by 10 cm in diameter [6]. For oviposition and egg
collection, the cage was lined internally with A4 paper,
which was removed whenever egg laying was observed.
The individualized couples were kept at the same
temperature to ensure continuity of generations. The cages
with the adult couples were observed daily, replacing the
food and recording mortality in each replicate.

For the biology of the insects, considering the larval
stage to the pupal stage, and for the evaluation of adult
longevity, a completely randomized design with 60
replicates was used. The response variables considered in
this study were: caterpillar mortality (%) and development
time (days).

Statistical analysis

Mortality and development time were analyzed using
analysis of variance (ANOVA) with Tukey mean tests at a
5% probability level using the SAS-Statistical Analysis
System, version 9.2 (2009) statistical program [7].

3. Results and discussions

Under the conditions of global climate change,
including warming, the distribution range of S. frugiperda is
expected to significantly increase [8-9]. In general, the
different temperatures affected the biological aspects of S.
frugiperda. The analysis of variance (ANOVA) (p>0.05)
indicated differences in the percentage of mortality
according to the treatments (Table 1). The highest mortality
occurred when the caterpillars were kept at 32°C in the F2
generation.

At this same temperature, when the generations were
compared, an increase in mortality was observed. In the FO
generation, significant difference was observed in mortality
in insects kept at the different temperatures adopted. At a
temperature of 24°C, the highest mortality was also
observed in the F1 and F2 generation.

Table 2 shows the incubation and development period
of insects at different temperatures, from the egg to
hatching, which did not present variability between the data
for the application of the average test. In general, among the
temperatures tested, 24 °C and 28 °C promoted the greatest
number of days in incubation.

The larval development time of the insects were
influenced by the temperatures (Table 2). The average
duration of insect development in days was inversely
proportional to the increase in temperature, with the longest
duration observed at 24°C and the shortest duration at 36°C
(F0). This fact was also observed in the F1, F2 and F3
generations at temperatures of 24°C and 33°C. At a
temperature of 33°C, a difference was observed between the
generations, with the longest development time in the FO
generation. Ali et al. [10] reported the development rate of
larvae at temperatures ranging between 21 and 33 oC to
increase linearly and, therefore, regarded the temperature
range between 21 and 33 °C to be suitable for S. frugiperda
development.

In the pupal stage, the average duration, in days,
within the FO and F1 generations was longer at the
temperature of 24°C, with no difference in the F2 and F3
generations at the temperatures of 25°C, 28°C and 32°C.
Within the temperatures of 24°C, 28°C and 32°C in (F0) a
greater number of days in the pupal stage, with no
significant difference, was observed when compared to the
other generations. The S. frugiperda pupal development
time 8.25 days (32 oC), which is in a similar range (6.6 days
at 32 oC) to that reported by Busato et al. [11]. Under future
climate scenarios, it is observed a reduction in the time to
complete the life cycle, as representative scenarios become
stronger relative to reference period [12].

Table 1: Percentage of mortality (+S.E.) of Spodoptera frugiperda reared on maize leaves
subjected to different temperatures, for four generations, there were no survivors.

Generation Temperature F value P value L.S.D
24 °C 28 °C 32°C 36 °C
FO 20.91+0.32 | 16.3840.05 | 24.14+0.29 | 29.29+0.02 603.25 <.0001 1.0026
F1 31.63+0.61 | 26.45+0.28 | 32.13+0.40 - 48.87 0.0002 1.954
F2 31.46+0.02 | 28.18+0.64 | 50.79+1.28 - 219.55 <.0001 3.578
F3 28.26+£0.91 | 24.90+0.57 | 43.49+1.14 - 119.67 <.0001 3.9298
F value 64.84 410.01 175.84
P value <.0001 <.0001 <.0001
L.S.D 2.8204 1.1865 4.04
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Table 2.: The mean development time (days +S.E.) of different life stages of Spodoptera frugiperda
subjected to different temperatures, for four generations The different among averages in a row or
column by the Tukey test at a 5% probability level, there were no survivors.

Egg
Generation Temperature F value P value L.S.D
24 °C 28°C 32°C 36 °C
FO 2.33+0.33 2.00+0 1.67+£0.33 1.33+0.33 2.22 0.16 1.3074
F1 2.33+0.33 2.00+0 1.67+0.33 - 1.50 0.30 1.1809
F2 2.67+0.33 2.00+0 1.67+0.33 - 3.50 0.1 1.1809
F3 3.00+0.58 2.67+0.33 2.00+0.58 - 1.00 0.42 2.2093
F value 0.61 4.00 0.17
P value 0.6265 0.0519 0.9159
L.S.D 1.8489 0.7548 1.8489
Larva
FO 20.22+0.45 | 18.67+0.66 | 16.19+0.48 | 12.71x0.27 45.48 <.0001 2.1992
F1 18.63+0.31 | 16.46+0.12 | 12.88+0.35 - 107.72 <.0001 1.2154
F2 17.47+£0.22 | 15.26+0.27 14.97+0 - 45.81 0.0002 0.8748
F3 19.73+0.17 | 16.33+0.31 | 14.99+0.53 - 43.87 0.0003 1.6005
F value 16.21 13.00 11.90
P value 0.0009 0.002 0.003
L.S.D 1.3779 1.7946 1.8058
Pupa
FO 9.25+0.12 8.26+0.20 8.25+0.11 7.48+0.08 2791 0.0001 0.6218
F1 9.13+0.22 8.14+0.15 8.21+0.21 - 8.22 0.019 0.8392
F2 8.76+0.30 7.99+0.07 8.07+0.07 - 5.45 0.04 0.7836
F3 8.83+0.09 7.76+0.22 7.96+0.25 - 8.06 0.02 0.8723
F value 1.39 1.57 0.57
P value 0.3144 0.2711 0.6511
L.S.D 0.9017 0.7749 0.7989

4. Conclusion

The fall armyworm is an important agricultural pest of
various crops; therefore, areliable method is needed to
predict its occurrence in the field. Temperature-dependent
development and thermal biology parameters are commonly
used methods for simulating insect phenology. Considering
the results obtained, it can be suggested that changes in
temperature may cause negative effects on populations of S.
frugiperda, which may reduce its incidence in the field.
However, additional studies on the temperature-insect/plant
interaction are necessary to clarify the possible influences of
global climate change, including warming on this species, in
addition to evaluating the adaptation of insects over
generations.
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Abstract: One of the major challenges in reducing the risk of cyanobacteria to environmental health is employing safe and
effective techniques to treat and remove their cells from water sources. Nano-materials such as copper oxide nanoparticles (CuO
NPs) have drawn a lot of interest as a sustainable way to inactivate microorganisms and adsorb contaminants in wastewater
because of their catalytic activity, low cost and low cytotoxicity. Herein, we investigated the inhibitory effects of undoped and
cobalt-doped copper oxide nanoparticles (Co-CuO NPs) on Microcystis aeruginosa, a common toxic cyanobacterium found in
water sources. The results showed that both undoped and Co-doped CuO NPs inactivated M. aeruginosa growth, with doped NPs
having a higher effectiveness (100%) than undoped ones (99%) at 25 mg/L. According to regression Probit analysis, the medium
effective concentrations (EC50) of these NPs varied with exposure time, reaching their lowest values (0.8 and 0.3 mg/L,
respectively) at 96 hours and their greatest values (5.6 and 4.6 mg/L, respectively) at 24 hours. Additionally, the results showed
that these NPs can concurrently adsorb microcystin (MC) toxins that are released into the medium upon cell lysis. Since
nanoparticles are firmly bound to the surfaces of cyanobacterial cells, they settle as flocs and are easily eliminated with the
sludge. Therefore, both undoped and doped CuO NPs could be employed as coagulants in drinking water treatment plants to

remove microcystin toxins and cyanobacterial cells at the same time.
Keywords: Microcystis aeruginosa; microcystin; coagulant; Nano-CuO.

1. Introduction

In recent decades, the growing frequency of nutrient
enrichment in water bodies, especially nitrogen and
phosphorus, coupled with climate change has made
cyanobacteria bloom a major environmental concern
worldwide [1-3]. One of the most common toxic
cyanobacteria species, M. aeruginosa outgrows under
eutrophic water bodies and forms harmful blooms, and thus
represents a serious threat to the aquatic ecosystem, fishery,
tourism industry, and drinking water sources through
production of potent toxins called microcystins (MCs) [4-5].

Many strategies including physical, chemical and
biological methods have been proposed to control or remove
cyanobacterial blooms from water bodies [6-7]. However,
physical methods are expensive and time-consuming [8],
while biological methods using microorganisms are not
specific for killing cyanobacteria but also can destroy other
beneficial algae. Additionally, chemical inactivation of
cyanobacterial cells (e.g., by CuSO4, as well as Cu2+-based
algaecide) is efficient strategy for mitigation of
cyanobacteria bloom and widely applied in lakes and
reservoirs [9]. However, it affects the integrity of the
cyanobacterial cells causing massive cell lysis and release of
microcystin toxin in the water, which are hard to be

removed by conventional treatment processes [10-11].
Therefore, it is necessary to look for a cost-effective and
efficient cyanobacterial inactivator without secondary
pollution and toxin release in the natural environment.

Recently, previous investigations have shown that
some nanoparticles could efficiently inactivate the growth
of algae and cyanobacteria [12-15]. However, the
mechanism of all these studies was based on the damage of
algae cells, which would induce the release of intracellular
compounds including toxins and other substances serves as
precursors for disinfection byproducts [16]. Therefore, the
ideal inactivating chemical for algae cells should boost the
efficiency of algae removal while avoiding cell damage.
Among metal oxide nanoparticles, CuO NPs have garnered
special attention because of their unique physical and
chemical characteristics, as well as their antibacterial,
antioxidant, and antifungal qualities, which have allowed
them to be used in a wide range of biomedical, industrial,
agricultural, electronic, and environmental applications [17-
18]. In fact, CuO nanoparticles biosynthesized from plant
extracts have advantages over those that are chemically
synthesized because the bioactive metabolites in the extracts
(such as phenols, flavonoids, carboxylic acids, terpenoids,
and tannins) can influence the physico-chemical properties,
stability, and toxicity of the nanoparticles, as well as
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enhance their affectivity and biocompatibility [19- 21].
Therefore, the present study aimed to investigate the ability
of biosynthesized CuO and Co-doped CuO nanoparticles to
inactivate the growth of M. aeruginosa and eliminate
microcystin toxins.

2. Materials and Methods
2.1 Culturing of Microcystis aeruginosa

Microcystis aeruginosa used in the experiments was
obtained from from culture collection at Department of
Botany & Microbiology, Sohag University, Egypt. This
cyanobacterium was originally isolated from freshwater
fishpond and found to produce three MC variants (MC-LR,
-RR, -YR), with cell quota of 160,140 and 58 pg cell-1,
respectively [22]. M. aeruginosa was grown in BG-11
medium at 25°C under cool white fluorescent lights at an
intensity of 50 umol m—2 s—1 (14h light/10h dark) for 14
days (i.e., the exponential growth phase). The cells were
harvested at exponential stage (cell density=2.1 x107 cells
mL—1) and centrifuged at 6000 x g for 15 min.

2.2 CuO nanoparticles

Both undoped and doped nanoparticles used in our
adsorption experiments were obtained from Biophysics
laboratory, Physics department, Sohag University. These
nanoparticles were previously biosynthesized using
sugarcane juice [23] and characterized by the following
features. CuO and 9% Co-doped CuO nanoparticles are
composed of roughly spherical particles with average size of
9.3 and 13nm, respectively. The X-ray diffraction (XRD)
pattern of these biosynthesized nanoparticles showed their
highly crystalline structure with average crystallite size of
11.8 and 8.3 nm, respectively.

FTIR spectra for ZnO NPs showed broadband at
~3409, 2079, 1632, and 694 cm-1, corresponding to
vibration hydroxyl group O-H, the isothiocyanate stretching
C=0, stretching amide group, C=N, and characteristic ZnO
stretching, respectively .FTIR spectra for CuO and Co-
doped CuO nanoparticles showed broadband at 3290, 1639,
1060, and 586 cm-1, corresponding to hydroxyl group O-H,
C=0 stretch group, O-C=0, and bending vibration =C-H,
respectively. Stock solution of CuO and Co-doped CuO
nanoparticles was prepared in deionized water, and
dispersed by sonication for 45 min at 40 Hz, using Probe
sonicator (Q-500, Qsonica, USA). From the stock solution,
working solutions were made in BG-11 medium for cell
removal experiments.

2.3 Growth inhibition of Microcystis aeruginosa by
nanopatrticles

This experiment was conducted in 1000 ml- beakers
containing BG-11 medium (pHS8, close to that of the natural
freshwater), exponentially growing cells of M. aeruginosa
(initial cell density= 1x107 cells/mL) and different

concentrations of either CuO or Co-doped CuO
nanoparticles (5,10, 20 and 25 mg/L). Beakers containing
only BG-11 medium and M. aeruginosa cells but without
nanoparticles were used as controls. Both control and
treated cultures were incubated for 96 hours at the same
conditions as described above in Culturing of Microcystis
aeruginosa section, while stirred by a magnetic stirrer at 250
rpm to simulate turbulence in natural water bodies. Cell
densities were counted every 24 h using hemocytometer
under light microscope. The algae growth inhibition rate
(%) was calculated according to the following equation
I Co— G
Growth Inhibition(%) = C—o x 100

where CO and Ct are the cell number (cells/mL) at 0 h
and t h, respectively. The inactivation efficiencies were
evaluated as medium effective concentration (EC50), which
was determined using Probit regression analysis in Excel
software.

To study the potential release of microcystin toxin into
the medium under the effect of CuO nanoparticles, an
aliquot of control and treated cultures was aseptically drawn
every 24 hours. The samples were filtered via GF/C filters,
and microcystin concentrations were then determined
directly in the filtrate using ELISA Kkits (Abraxis,
Warminster, PA, USA) according to Carmichael and An et.
al. [24]

2.4 Statistical analysis

The differences in  removal percentages of
cyanobacterial cells and microcytsin concentrations between
treated and control groups were estimated by One-way
Analysis of Variance (ANOVA) (P < 0.05) using SPSS 22.0
(SPSS Inc., USA). All Data were expressed as average +
standard deviation.

3. Results and discussions

The results of the present study shown in Fig.1A and
B, showed that the growth inhibition rate of M. aeruginosa
increased gradually with increasing the concentrations of
either pure CuO NPs or Co-doped CuO NPs, and with the
exposure time as well. Undoped CuO NPs exhibited highest
inhibition rate (99%) at a concentration of 25 mg L-1 after
96 hours, with lowest inhibition rate (46%) obtained at a
concentration of 5mg/L after 24 hours (Fig.1A). In
comparison, Co-doped CuO NPs showed stronger growth
inhibition against M. aeruginosa (Fig. 1B). The two highest
concentrations (20 and 25 mg L-1) of Co-doped CuO NPs
caused complete growth inhibition (100%), while the lowest
inhibition rate (51%) was recorded after 24 hours.

These results agree with those of previous studies
demonstrating that nano-copper carbon composite and CuO
NPs could have severe inhibitory effects against microalgae
and cyanobacteria [13, 25- 26].
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Fig. 1: Microcystis aeruginosa growth inhibition by CuO

NPs (a) and Co-doped CuO NPs) at different concentrations
for 96 hours.
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Fig. 2: Micrographs of M. aeruginosa cells in control
cultures (A) and treated cultures with with 20 mg/L CuO
NPs (B and C)

These studies attributed the inhibitory effect of these
NPs to the mechanical action of CuO NPs, which aggregate
on algal cell wall and damages cell membranes. This could
be the inactivation mechanism of M. aeruginosa in our
study, where NP aggregates were observed on the sheath
and cells of this cyanobacterium (Fig. 2).

NPs adsorption is caused by electrostatic interaction
between positively charged NPs and negatively charged
surfaces of algal cells [27]. It is typical for M. aeruginosa
[8,15, 28] and many other species of microalgae [29- 30] to
exhibit this response to metallic nanoparticles.

Additionally, the linear regression of Probit analysis showed
strong correlation between growth inhibition rate and the

concentrations of either undoped or Co-doped CuO NPs
(R2= 0.956-1). We also used the dose-response probit
model to determine the median inhibitory concentration
(IC50) for translating experimental findings into ecological
context [31]. Based on the linear regression of Probit
analysis. The results indicated that Co-doped CuO NPs
exhibited higher efficiency on cyanobacterial growth
inhibition with low 1C50 values (0.3-4.6 mg/L) compared to
undoped CuO NPs that showed higher IC50 values (0.8-5.6
mg/L). Also, the results revealed that 1C50 values varied
significantly (P<0.05) with the exposure time of M.
aeruginoa to NPs. The highest the exposure time the lowest
the IC50 (Table 1).

Tablel: EC50 values estimated by Probit analysis for CuO
Nps and Co-doped CuO NPs against Microcystis aeruginosa
growth

Exposure 1Cs0 Regression Equation R?
time (hour) (mg/L)
CuO NPs
24 5.63+1.1 y=1719x + 3.7106 | 0.9812
48 4.540.7 y = 1.7526x + 3.8574 | 0.8962
72 2.3104 y =1.7198x +4.3968 | 0.9721
96 0.8+0.2 y =1.0697x +5.1075 | 0.8942
Co-doped CuO NPs

24 4.6+1.2 | y=19882x+3.6812 | 0.9562
48 2.840.5 y = 1.6528x +4.2549 | 0.9953
72 1.340.3 y = 1.3786x + 4.8533 1
96 0.3+0.1 y =1.0492x +5.5313 1

The higher anti-cyanobacterial efficiency of Co-doped
CuO NPs than undoped ones agree with the findings of
earlier studies, is consistent with previous studies showing
that co-doped CuO NPs exhibited better antibacterial
activity than undoped ones [32- 33]. Those authors
explained this by the fact that cobalt doping regulates the
bandgap of CuO nanoparticles, increases surface area,
reduces agglomeration, increases magnetism and enhances
catalytic activity.

In addition to inactivation of cyanobacterial growth,
both undoped and Co-doped CuO NPs showed a decrease in
microcystin concentrations released into the culture medium
upon cell lysis caused by these nanoparticles. As shown in
Fig.3A, during the first 24 hours of the experiment, MC
concentrations in the medium of CuO NP-treated cultures
rose above those released in control cultures. Thereafter,
they began to progressively decline over the course of the
remaining experiment until they reached undatable levels
for the highest two NP concentrations within 72 hours.
Similarly, in M. aeruginosa cultures treated with Co-doped
CuO NPs, MC concentrations increased throughout the first
24 hours and then gradually decreased. However, Co-doped
CuO NPs showed a greater reduction in extracellular MCs
than undoped ones, at 72 hours, MCs vanished entirely for
all NP concentrations (Fig. 3B). These results indicate that
undoped and Co-doped CuO NPs not only inactivated the

© 2025 Sohag University

J. Sustain. Food Water Energy Environ. 1 (2025) 18-22.



Journal of sustainable food, water energy and en\_

cyanobacterial growth and caused cell lysis of M.
aeruginosa, but also may be able to degrade or adsorb MC
toxins released into the medium upon cell rupture. These
findings corroborate those of earlier studies, demonstraing
that CuO NPs and other nano-compoistes act as excellent
photocatalytic and adsorption materials for the effective
removal of cyanobacterial cells and MC toxins in practical
applications [8, 15]. However, further in situ studies are
needed to employ photocatalysis by undoped and doped
CuO NPs to enhance the removal of algae in the coagulation
phase in drinking water treatment plants.
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Fig. 3.: Effect of CuO NPs (a) and Co-doped CuO NPs (b)
on microcystin concentrations released into the medium of
Microcystis aeruginosa cultures for 96 hours.

4. Conclusion

In conclusion, our study clearly demonstrated a
significant inhibitory effect of undoped and Co-doped CuO
biosynthesized nanoparticles on the growth of Microcystis
aeruginosa, with removal efficiency of 99-100% at a dose of
25 mg/L, respectively. This indicates that undoped CuO
NPs are more effective for inactivation of cyanobacterial
cells than Co-doped CuO NPs. Meanwhile, both undoped
and doped NPs were also able to adsorb and remove MC
toxins released upon cell lysis into medium. Because of
their strong electrostatic attraction to the surfaces of
cyanobacterial cells, these NPs will form nanoparticles-
cyanobacteria -flocs, which settle in the sedimentation tank
and are then easily removed with the sludge. Therefore, the
study suggests using undoped and Co-doped CuO NPs as
coagulants for simultaneous removal of cyanobacterial cells
and microcystin toxins in drinking water treatment plants.
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Abstract: Bold Basal Media was used to culture the unicellular microalga Cosmarium sp. under carefully monitored conditions.
In order to aid in microalga culture and extract useful compounds, we looked into biochemical characterizations applying
nonmetals. Although the vast majority is cognizant of how harmful metal nanoparticles may be for microalgae, nanotechnology
has a significant effect on a lot of other living organisms. The aim of this research is to evaluate the effects of zinc oxides and
zinc oxide nannoparticles on Cosmarium sp. growth and induce resistance in order to improve the manufacture of high-value
microalgae products. Zinc oxides and zinc oxide nannoparticles were added during its growth, with concentrations ranging from
0 to 300 mg/l. Studies comparing the effects of zinc oxide nanoparticles have shown that the treated cells accumulated more
lipids and biomass than the non-exposed cells. The polymer's chloroform extract for Cosmarium sp. exposed to nannoparticles
yielded eighteen distinct biodegradable chemicals, according to the results of GC/ MS analysis. Acetic acid, 2-methylpropyl ester
(isobutyl acetate), Heptanol acid, nonanoic acid, and Heptanol acid were the main compounds found. Isobutyl acetyl citrate had
the highest molecular weight of 402 and was the most prevalent compound with a total percentage of 29 and molecular weight of
116.08. Cosmarium sp. is capable of producing polyhydroxyalkanoate, which is about to be used extensively as a bioplastic, at
different levels from zinc oxide nanoparticles.

Keywords: Cosmarium sp growth; Zinc oxides nanoparticles; Lipid content; growth rate; Poly hydroxyalkanoate

biological function of diverse species [7]. Reactive oxygen
species (ROS) have been linked to nanoparticle toxicity to
microalgae [8]. Oxidative stress-causing nanoparticles may
encourage the growth of algae and the buildup of secondary
metabolites [9]. The use of zinc oxide nanoparticles in this
work to enhance Cosmarium sp. growth at various zinc
oxide nanoparticle concentrations was an attractive

1. Introduction

In response to environmental stress, microalgae
developed a variety of active compounds that they were
biochemically and physiologically  separated [1].
Cosmarium sp. is a freshwater alga that belong to the
division of Chlorophyta [2]. An alga is a third-generation

biofuel feedstock that is playing an increasingly major part
in the global marketplace for renewable energy [3]. Because
of its rapidly growing, high linear accumulation, and
potential to engage in action to promote carbon neutralizing
and microalgae production to reduce greenhouse gas
emissions and air pollutants, the creation of biodiesel from
plankton has been successful. Due to their capacity to
convert nearly all food stock into biomass, microalgae can
be thought of as the primary feedstock for the manufacture
of biodiesel. Instead of utilizing energy for growth and
development, their bodies have the ability to convert and
store it so Microalga can be viewed as the main feedstock
for biodiesel production [4-5]. Algae have 200 times more
biomass per hectare than land-based crops [6]. A significant
food source strong in vitamins, minerals, and proteins are
microalgae, which in some areas have concentrations higher
than those of conventional vegetable and animal protein
sources. Metal and metal oxide nanoparticles are greater to
their original state when it comes to enhancing the

approach. Protein, carbohydrate, and lipid contents, growth
rate, biomass concentration, pigment concentration, and
other factors were evaluated in order to assess how well
metal nanoparticles worked in the process of producing
high-value goods like polyhydroxyalkanoate from
Cosmarium sp.

2. Material and Methods
2.1 Purification and Growth of Cosmarium

Cosmarium sp. was isolated by a streak-plate method
from the waste water plant in Sohag, Egypt. Solid and liquid
Bold Basel Medium are used to grow the culture, and a
light/dark (length of 20°C al2:12 h, with a cool white
fluorescent illumination of Philips TL 40W and 140 pumol
photons/m?/s for about 15 days) incubator is used. Until
Chlorophyta isolated single species, each species was grown
in the same previous condition [10]. Cosmarium sp. was

* Corresponding author E-mail: Asmaabakr2011@yahoo.com
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grown in a medium containing metal oxide and metal oxide
nannoparticles. The effect of zinc oxide and zinc oxide
nannoparticles was evaluated by measuring the growth of
the microorganism in each media using a different
concentration range of 0-300 mg/I.

2.2 Metal Nanoparticle Synthesis and Characterization
of Metal Nano Particles

The nanostructures of ZnO are synthesized using
chemical vapor deposition (CVD) system, where Zn
granules are placed in alumina boat in the center of the
tubular furnace at temperature of 900°C for 40 minutes.
prior to the experiment an evacuation is carried out for the
purpose of reducing the unwanted gas-phase reactions and
improving the nanostructure uniformity. Argon and oxygen
gases are allowed to flow with rates of 200 sccm and 20
sccm for the purpose of furnace purification and
nanostructure growth. At the end of the experiment, the
tubular furnace is cooled down to room temperature. The
nanostructures' crystallographic structure was analyzed
using X-ray diffractometry (Bruker D8 ADVANCE
diffractometer) using Cu-Ka radiation (A = 1.54056 A). The
size of the crystallite was determined using Debye-
Scherrer’s formula.

2.3 Determination of Specific Growth Rate

The Cosmarium sp. (p) specific growth rate has been
determined using the following formula.

H:Ln (Nt/ No)/Tt-To

where Nt and NO represent the concentration of dry cell
weight (g L?) at the beginning (To) and end (T:) of the log
phase, respectively.[11].

2.4 Determination of Biomass Concentration

The following formula was used to determine the
biomass (g L) of Cosmarium sp. cultivated in the presence
of metal nanoparticles by measuring the optical density of
samples at 600 nm (OD600) using UV-Vis
spectrophotometers.

2.5 Chlorophyll-a Estimation

Centrifuged algae cells isolated overnight with 80%
acetone were used to assess the chlorophyll concentration
[12]. The extract was centrifuged for five minutes at 3000 x
g, and a spectrophotometer was used to measure the amount
of chlorophyll in the supernatant using the following
equation.

Chl (mg/L) = 8.02 x OD663 + 20.21 x OD645
2.6 Carotenoids Estimation

After centrifuging, algae cells were treated with 60% w/w
KOH. Ethyl ether was used to extract the mixture after it
had been homogenized and heated to 40°C for 40 minutes

[13]. The optical density was measured at 444 nm after the
solvent was evaporated and then resuspended in acetone.
The following formula was used to compute total
carotenoids. Total carotenoids were calculated using the
below equation.

Ct (mg/L) = 4.32 x OD444 — 0.0439
2.7 Determination of Total Lipids

Algal cells were collected by centrifugation, and they
were then dried for lipid content analysis. A one-step
extraction process had been used to remove the lipids [14].
Dried algal cells that were ultrasonic and chloroform were
mixed with distilled water and methanol (2:1). After 30
minutes at 30°C in a water bath, the mixture was filtered
through Whatman No. 1 filter paper. The layer of chloro-
purified chloroform was transferred to a different tube
holding the NaCl solution after being continuously
evaporated to weight in a smoking cap at 60°C. The
following formula was used to get the total dry weight lipid
content.

Content of lipids (%) = (mz - mg)/m; x 100 where mO
represents the weight of the new screw cap tube when it is
empty, m1 represents the weight of the dried algal cells, and
m2 represents the weight of the new screw cap tube
containing the dried lipids. Equation (g L™ d%) was used to
calculate lipid productivity.

Biomass productivity x
productivity.

Lipid content equals lipid

2.8 Gas Chromatography Mass Spectroscopy (GCMS)

Using an Agilent 5975 GC/MSD system, a gas
chromatograph mass spectroscopy equipment was used to
analyze the polyhydroxyalkanoate that was isolated from
Cosmorium sp. column temperature was first maintained at
35 for 1.0 minute, then programmed to 20 at a rate of 25 /
minute with holding time 1.0 minute, and finally at a rate of
10 / minute with holding time 2.0 minute. The column oven
temperature was set to 60°C. The capillary column
measured 30 m _ 0.25 mm (1.0um film thickness).

2.9 Statistical Analysis

Using SPSS Statistics 21, mean and deviation from the
mean data have been calculated for experiments conducted
in triplicate. Three replicates (n = 3) of the data were
analyzed using a single-way ANOVA, with p < 0.05 being
considered statistically significant.

3. Results

The corresponding figure (Fig.1) shows results of
XRD of the thin films deposited by CVD technique.
Clearly, the nucleated species produced polycrystalline
phases of Zn and ZnO (JCPDS files card no. 9008522 for
Zn and 2107059 for ZnO). The relative peak integrated
Intensity (RPII) of the mixed phases are calculated using

© 2025 Sohag University
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equations:
I
RPIl,, = — 2=
IZn +IZnO
IZnO
RPIlz,0 = 7 1
ZnO +'Zn

That are resulted 69% for Zn and 31% for ZnO,
confirming the main prominent of Zn phase. In this work
the bi-structure of Zn/ZnO are intentionally synthesized by
using short deposition time that are beneficial for water
disinfection compared with the single phase of ZnO.
Previously, it was reported that the existence of different
phases in the structure prevent the electron-hole pair
recombination hence enhancing the catalytic performance.
Crystallite size (D) is calculated using Debye—Scherer
formula:

0941
~ B Cosb,

where B is FWHM and A is the wavelength of X-ray. The
calculated crystallite size was 38.6 nm that confirms the
granules size within the limits of nanometer. To inquire into
how zinc oxide and zinc oxide nanoparticles behave
differently into growth of Cosmarium sp. For seven days,
Cosmarium sp. was grown in the presence of zinc oxide and
zinc oxide nanoparticles. The growth rate of Cosmarium sp.
that were tested and cultured in a solution of of zinc oxide
and zinc oxide nanoparticles was determined and shown at
figure2,3. The metal oxide and metal oxide nanoparticle
concentrations that have been used were 0.0, 50, 100, 150,
200, 250, and 300 mg/L. The test organism was grown in
the various concentrations for seven days. The results
showed that, although the average rate of growth increased
with increasing zinc oxide concentrations (p=0.05), it
declined significantly with arising zinc oxide nanoparticle
concentrations up to 300 mg/l (Figure 3). Biomass and
chlorophyll-a content was assessed when they were
cultivated with zinc oxide nanoparticles (fig. 4-7). Zinc
oxides' has an inhibitory effects whereas zinc oxide
nanoparticles' has an enhancing effects on microalgae. The
values of biomass concentration also increased highly
significantly up to the level of 250 mgl from metal oxides
nanoparticles then they gradually up to the level of 300 mg/I
ZnO nannoparticles, (p=0.05), above which a marked
reduction in the values of biomass and chlorophyll-a content
yield was reached. Biomass concentration had positive
correlations with Specific growth rate of cosmarium sp.
exposed to ZnO nannoparticles (r=0.681-0.989, p= 0.002-
0.05), and Chl-a concentrations (r=0.603-0.777, p=0.038-
0.045). Fig. 8,9. showed that once metal oxide nanoparticles
were found, the lipid content in Cosmarium sp. increased.
The chloroform extract of the polymer yielded eighteen
distinct biodegradable chemicals, as indicated by the GCMS
results of analysis. The most common compounds found

were acetic acid, 2-methylpropyl ester (isobutyl acetate),
which had a total percentage of 29 and a molecular weight
of 116.08; other compounds included heptanoic acid, which
had a percentage of 15, and nonanoic acid, which had a
percentage of 11. The compound tributyl acetyl citrate had
the highest molecular weight, which was recorded at 402.
According to this research, Cosmarium sp. was able to
synthesize PHAs, or polyhydroxyalkanoate. PHAs were first
widely used in medicine in the 1970s. Thus, in 1974, the
first biodegradable Vicryl surgical suture material made of
chemically manufactured polymers was introduced to the
pharmaceutical industry. A wide range of products (such as
biodegradable surgical staples, screws, plates, pins, and
cords; bioresorbable suture material and skin staples; wound
and burn dressings; membranes for periodontal guided
regeneration; surgical mesh endoprostheses; patches for
surgical repair of intestinal and pericardial defects; mesh
plugs for coloproctological applications and hernioplasty;
vascular prosthetic implants; coronary stents; mesh tubes for
nerve regeneration,; artificial heart valves, and other medical
devices) are either in use or in the process of being
developed.

PHAs also bring characteristics as directed
distribution, farther activity, less toxicity, and enhanced
stability to new dosage forms utilized in pharmaceutics.
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Fig. 1: XRD of Zno thin films.
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4. Discussion

The growth rate and biomass content of Cosmarium
sp. were affected by concentrations of zinc metal oxides and
metal oxide nannoparticles. The study revealed that zinc
oxide nanoparticles on microalga had an expanding effect
and that rate of growth, biomass, and biochemical
characteristics of tested alga produced in the presence of
metal oxide had inhibitory effects. The values of biomass
concentration increased greatly up to 250 mg/l from metal
oxide nanoparticles, then slightly dropped up to 300 mg/l
ZnO nanoparticles, (p=0.05), after which a considerable
decline in biomass production was observed. These results
are in agreement with investigations[16], the microalgal
cells were subjected to several concentrations of aqueous
solutions containing zinc metal for a period of 15 days in
order to assess growth inhibition [17].These concentrations
of chlorophyll an also increased significantly up to the level
of 250 mg/l from metal oxide nannoparticles, then reduced
marginally up to the level of 300 mg/l ZnO nannoparticles,
(p=0.05), above which a significant reduction in biomass
yield values was seen. This is also strongly connected with
Cosmarium growth rate (r=0.9), the degree in the reduction
of growth and photosynthesis was much more pronounced
than in metabolic rate (carbohydrate and protein
metabolism) in most cases of Cosmarium that were treated
with zinc oxides and zinc oxides nannaparticles. There were
significant variations in concentration of chlorophyll under
the effect of zinc oxides nannoparticles. (p<0.05). This is
compatible with Navarro, E.; et al.2008 that showed the
adsorption of NPs on the surface of algal cells results in a
shading effect that affects algal photosynthesis. The shading
effect caused by NPs affects the light, pigment and other
conditions necessary for photosynthesis, weakening the
algae absorption of light and thereby inhibiting the
photosynthesis process [18-20].Reduced amounts of copper
nanocarboxylates (20 to 40 mg L) and selenium
nanocarboxylates (0.07 to 0.2 mg L) were added, and this
promoted the growth of Chlorella and an increase in
biomass in addition to the microalgae's chlorophyll
content..The lipid content of algal biomass is presented in
Figure 5. lipid content was observed increased on the 13th
day ZnO nannoparticles exposed and control cultures,
respectively It was interesting to note that the total lipid
content in MNPS was 0.74 mg L while it was just 0.15 mg
L in the control group. Another remarkable finding is an
increase in microalgae lipid content, which has had a
beneficial effect on Cosmarium sp. biomass and lipid
content of 0.76 mg L. High lipid yield and biomass
productivity are critical for the viability of mass-culturing
microalgae for the manufacture of biodiesel [21]. When
carbon nanotubes, Fe;Os nanoparticles, and MgO
nanoparticles were present in Scenedesmus obliquus, both
the neutral and total lipid concentrations increased [22]. The
chloroform extract of the polymer yielded eighteen distinct
biodegradable chemicals, as indicated by the GCMS
analytical findings for Cosmarium sp. (Table 1). The

melting peak of PHA was found to be 3350C and the total
weight loss within this temperature range was 95%. The
crystallinity of the PHA had been determined for standard
PHB in previous reported [23].

5. Conclusion

The applications of metal nanoparticles to increase
Cosmarium sp. metal resistance and increase the production
of high-value byproducts like biomass, cellular pigments,
and lipid from microalgae was assessed in this work. The
extracted polymer was identified as PHA by GCMS
analysis. The isolated PHA's thermal and mechanical
properties were identical to those of regular PHA. As PHA
producers, Cosmarium sp. has the added advantage of
recycling waste carbon dioxide, a greenhouse gas, into
plastics that are safe for the environment by employing solar
energy. As a result, it's fair to assert that Cosmarium sp. can
be used to produce PHA on a wider scale.
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Abstract: Climate change and global warming are of great concern to agriculture worldwide and are among the most discussed
issues in today’s society. Climate parameters such as increased temperatures, rising atmospheric CO, levels, and changing
precipitation patterns have significant impacts on agricultural production and on agricultural insect pests. Changes in climate can
affect insect pests in several ways. As a result, there is a serious risk of crop economic losses, as well as a challenge to human
food security. As a major driver of pest population dynamics, climate change will require adaptive management strategies to deal
with the changing status of pests. Several priorities can be identified for future research on the effects of climatic changes on
agricultural insect pests. The popoulation abundance of the two-spotted spider mite, Tetranychus urticae infesting Phaseolus
vulgaris L plants in upper Egypt was studied during spring plantations of 2015 and 2016 season. The obtained results showed
that, the spider mite population fluctuated in its density during the whole season of both studied years with a peak number
occurrence the end of season (May 30), when plant age was 90 day-olds when temperature and relative humidity were in
moderate levels. Also, the current study showed that, Phaseolus vulgaris L plants severely affected by the pest in addition to the
few numbers of predators were observed during this season. The temperature and relative humidity, in addition to the plant age
probably play an important role in the infestation other than the biotic factors (predators). Accordingly, further studies are
required to set up and confirm the main factors affecting the population of this pest. This study is useful for determining the
timing of the control program for the two-spotted spider mite, Tetranychus urticae infesting Phaseolus vulgaris L plants during
spring plantations.

Keywords: Tetranychus urticae ;Phaseolus vulgaris L plants ;spring plantations; temperature; relative humidity

second only to cereals as a food source for humans and
animals [4].

1. Introduction

Phaseolus wvulgaris L. which commonly known in
Egypt as Phasolia is a member of Fabaceae (Papilionaceae)
family. It is known as Common, Snap, Kidney, French or
Haricot beans [1-3] The Kidney beanis a tender annual,
cultivated as a food crop in many parts of the world
including the temperate, sub-tropical and tropical zones.

One of the most important pests in commercial crops
worldwide is the polyphagous, two-spotted spider mite,
Tetranychus urticae Koch. This mite is able to alter the
physiological processes of plants, reducing the area of
photosynthetic activity and causing the abscission of leaves

in severe infestations [5].
It plays an important role in human nutrition as a

cheap source for protein, carbohydrates, vitamins and The cost of damages caused by this pest in crops such

minerals and is considered one of the most important
vegetable crops cultivated in Egypt for exportation and for
local market as well.

The immature pods of these beans are also an
important food source in many locations around the world,
where they are known as green beans, snap beans, French
beans or string beans. They are important foods in most
tropical and subtropical countries of the world and they are

as beans, citrus, cotton, avocado, apples, pears, plums, and
many other horticultural and ornamental crops are estimated
at over USD$ 4500 per hectare. Such costs correspond to
30% of the total cost of pesticides in crops of ornamental
flowers. This constitutes a spending of almost 62% of the
global market value on T. urticae Koch control based on
data of 2008 [6]. The main tools used to control this pest are
chemically synthesized acaricides.
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Abou El-Saad [7] studied the numerical density of
phytophagous mites (i. e. Tetranychus urticae Koch, (Acari:
Tetranychidae) inhabiting common bean, Phaseolus vulgaris
L. The data indicated that T. urticae Koch and T.
cucurbitacearum (Sayed) infested Phaseolus vulgaris L
Sarwar [8] studied the population density of the two-spotted
spider mite, Tetranychus urticae Koch (Tetranychidae), on
Phaseolus vulgaris L. which was the pest of agricultural
crops that could potentially be controlled by the predatory
mite.

Basha et al. [9] obtained the two- spotted spider mite,
Tetranychus urticae Koch. (Tetranychidae) on common
been Phaseolus vulgaris were conducted during 2016 and
2017 seasons at Kom-Hamada district, Beheira governorate,
Egypt. The spider mite occurred in relatively few numbers
of 1.60 & 0.84 individuals per leaf at the late February of
both seasons, respectively and the populations increased and
reached the highest density of 18.20 and 20.60 individuals
per leaf. Basha et al. [9] found the initial incidence of the
spider mite occurred in relatively few numbers of 1.60 &
0.84 individuals per leaf. Temperature appeared to be the
most environmental factor affecting population build-up of
this pest on the investigated crop at Kom-Hamada district,
Beheira governorate, Egypt.

Allam [10] investigated three acaricides Indo 50% EC;
Challenger 36% SC and Ortus 5% SC for controlling the
phytophagous mites, Tetranychus urticae Koch at Gharbia
Governorate on kidney bean plants. Ammar et al. [11]
evaluated the efficiency of Abamectin against Tetranychus
urticae (Koch) infesting green bean (Phaseolus vulgaris) on
the autumn. Abou-Zaid et al. [12] studied that the bio
pesticide Abamectin1.8 EC.+ mineral oil Cable against the
eggs, immature and adults of Tetranychus urticae Koch
(Acari: Tetranychidae) infesting two cultivars of both P.
vulgaris (Hama and Bolista) under net house conditions at
Beheira Governorate. Therefore, the current study was
carried out to show the effect of weather factors, plant age
and plant levels on the population density of the mite pest
on cucumber plants during spring plantation.

2. Materials and Methods

The present study was conducted at the experimental
farm of the Faculty of Agriculture (Al-Kawamil city),
Sohag University during two successive spring seasons of
2015 and 2016. An area of about quarter feddan (1050 m2)
was divided into 100 plots (each was 3x3.5m). The spring
plantations were sown on March 1 of both years. Normal
agricultural practices free from pesticides treatment were
followed. Sampling started two weeks after planting data,
and continued fortnightly until harvest. Nine cucumber
leaves from five randomized chosen plots of different sides
with three replicates at three plant levels (top, middle and
bottom) were taken fortnightly  leaves were put in tightly
closed paper bags labeled with necessary informations, then
translocated into the laboratory for examination by using

stereoscopic  binocular microscope of 40-100 times
magnification force. The number of Tetranychus urticae
motile stages were counted and recorded. Temperature (°C),
(max. and min.) and relative humidity (%) max and min
were obtained from the meteorological station of the
experimental farm of the Faculty of Agriculture, Sohag
University. Simple correlation co-efficient (r) was
calculated in order to study the effect of weather factors,
plant age and plant levels on the population density of the
two-spotted spider mite, Tetranychus urticae motile stages
on cucumber plants during the spring planations of both
years (2015 and 2016).

3. Results and discussions

In general, the current study showed that the number
of days from the date of cucumber planting to harvest took
about 90 days in spring plantations during the two studied
years (2015 and 2016) in Al-Kawamil city, Sohag
Governorate. The population fluctuations of T. urticae
motile stages are presented in Table (1). The first
appearance of the mite was recorded on March 16th, when
plant age was 16 day-olds. The mite density begins with
relatively high abundance 28.26 individuals / 9 plant leaves
(2015) and 32.4 individuals / 9 leaves (2016), then increased
gradually by the end of (March 30) was recorded 32.7
individuals (2015) and 38.9 individuals (2016), when max.
and min. of both temperature and relative humidity were 25,
14°C; 38, 22 %R.H. (2015) and 25, 11°C and 55,15 % R.H.
(2016), respectively. Then, the population of the pest
fluctuated in high density until the end of the season. (May
30) in both years, with an average number of 81.96
individuals / 9 plant leaves of max .and min. of both
temperature and relative humidity were 32 and 19 °C; 36
and 15% R.H. (2015 season), respectively. In 2016 season,
the number was 86.6 individuals / 9 plant leaves at 35 and
35and 19 °C; 45 and 10 % R.H.

Data in Table (2) showed the correlations (r) between
the pest population recovered from the three plant levels of
P. vulgaris in spring plantations of 2015 and 2016 seasons
with (max. and min.) temperature and relative humidity.
Highly significant positive correlations were recorded
between the pest population on the three plant levels (top ,
middle and bottom ) and (max.and min) temperature, where
r =0.956 , 0.959 ,0.957 ,0.969 ,0.972 ,0.970 during spring
plantations of 2015 season , respectively .Whereas the
relationship with R.H.% ,were highly significant negative
with max. R.H. (r = -0.962,-0.959, 0.961) on the three plant
levels, and negative significant ones with min. R.H.(r = -
0.720, -0.727, -0.722) on the three plant levels of spring
plantations of , 2016 season ,respectively. The same trend of
results was also found with few differences in 2016 spring
season.
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Sampling date Mean No. of Temp. (°C) R.H. (%)
mites /9leaves Max. Min. Max. Min

March 15 96.7 25 12 50 18

March 30 123.9 25 14 38 22

2015 April 15 150.65 24 11 45 13
April 30 171.4 36 21 42 8

May 15 201.7 35 18 34 7

May30 280.9 32 19 36 15

March 15 120.96 23 11 48 19

March 30 132.9 25 11 55 15

G April 15 149.1 32 16 35 11
April 30 1745 35 17 24 6

May 15 211.2 43 26 12 4

May30 286.8 35 19 45 10

Table 1: Population fluctuations of T. urticae motile stages on P. vulgaris plant in spring plantations of 2015 and
2016 seasons:

e  Temp. Max. = Temperature Maximum and Temp. Min. = Temperature Minimum
. R.H. Max. = Relative humidity Maximum and R.H. Min. = Relative humidity Minimum

No. of mite /9 leaves
Factors 2015 2016
Top leaves il =l Top leaves el Bottom leaves
leaves leaves leaves
Temp. Max. 0.956** 0.959** 0.957** 0.967** 0.940** 0.949**
Temp. Min. 0.969** 0.972** 0.970** 0.997** 0.986** 0.990**
R.H. Max. -0.962** -0.959** -0.961** -0.830** -0.778* -0.794**
R.H. Min. -0.720* -0.727* -0.722* -0.882** -0.837** -0.851**

Table 2: Simple correlations coefficient (r) between number of T. urticae (motile stages) on three P. vulgaris plant levels and the
temperature, relative humidity during two growing spring seasons 2015 and 2016.

** Correlation is highly significant at the 0.05 level.
* Correlation is significant at the 0.01 level.
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The spider mite T. urticae showed non-significant
positive correlation with average temperature and a non-
significant negative correlation with average relative
humidity by Ammar and Abolmaaty [13] during two
successive seasons on 2015 and 2016at cucumber crop. Our
result was similar with Rinkikumari and Shukla [14] were
reached to the spider mite showed non-significant negative
correlation with average temperature and a non-significant
positive correlation with average relative humidity. In poly
house, throughout the crop season the distribution of T.
urticae was higher on top strata followed by middle strata
and bottom strata which studied the population dynamics of
two spotted red spider mite, T. urticae.

From the study, it can be conculated that the two-
spotted spider mite, T. urticae is a very crucial pest infesting
P. vulgaris plants in Egypt. The present results showed that
the pest started to infest early age plants (15 day-old).
Temperature and relative humidity, as well as plant age,
may play an important role in infection other than biotic
factors (predators). Accordingly, further studies are required
to prepare and confirm the main factors affecting the
population of this pest. It is recommended to control weeds
before planting both in and around the fields as they are the
main source of infestation, and we can benefit from this
study by determining the timing of the control program for
the two-spotted spider mite infesting P. vulgaris plants
during this period.
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