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ABSTRACT

Two field investigations were carried out on the Experimental Farm of the Faculty of Agriculture and
Natural Resources at Aswan University in Aswan, Egypt, in the summer of 2021 and 2022. This study primary
goal is to determine whether foliar application of nano-silicon (control, 100, 200, and 300 mg/L) is effective in
mitigating heat stress during the eggplant growing season in the Aswan governorate and at three transplanting dates
(2 March, 15" March and 1% April) under high air temperature conditions in arid regions. The investigated
included the assessment of vegetative growth performance, yield, fruit quality the pigments of photosynthetic
(chlorophyll and carotenoids) and catalase enzyme activity. Results indicated that spraying of nano-silicon
topically at rate (300 mg/L) generally led to significant effects in all the studied characteristics. At the same
direction, 1% March transplantation showed a strong beneficial influence on every characteristic that was examined
compared to another transplanting date. Moreover, combination nano-silicon at (300 mg/L) with 1% March
transplantation produced significant increases in the majority of the measures examined. Nano-silicon at 300 mg/L
showed significant rises in the most studied characteristics at 15" March and 1 April compared to control. In
summarize up, the results indicate suggest the potential use of foliage spraying with nano-silicon particles as a
compound has a lot of potential benefits for the plant to improving eggplant growth performance and production
in arid regions and hot areas.
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INTRODUCTION

Eggplant (Solanum melongena L.) is a unique
vegetable that grows all over the world. It belongs to the
Solanaceae family and has a developed area of 1.86 million
hectares and a production capacity of 51.288 million tons.
According to FAO (2022) Egyptian production ranks third
globally in terms of recordkeeping, accounting for 2.8 % of
global production. Anthocyanin, which is abundant in
eggplant may act as a counter oxidative agent to eliminate
radicals Jing et al. (2015). Despite being a food for the warm
season heat damage is frequent in eggplant seedlings Sekara
et al. (2016). Both biotic and abiotic variables influence the
growth and yield parameters of eggplants Wang et al. (2014).

Transplanting date was found to have a significant
impact on plant output, eggplant quality and vegetative
growth Salmasi et al. (2006). In connection to collected solar
radiation throughout the crop season, the transplanting date
has an impact on plant canopy development which includes
plant growth the number of leaves per plant, leaf area and the
age of leaves. Improperly early or late transplanting dates
resulted in reductions in root and shoot growth Rinaldi and
Vonella (2006).

In many domains, nanomaterial "NMs" have proven
to be a useful solution to a number of creative and
environmental problems Ansari and Husain (2012).
Furthermore, compared to mass silicon, nano-silicon has a
larger surface area, more pronounced surface reactivity,
solubility and a variety of other broadly defined surface
features Qados and Moftah (2015). According to Wang et al.
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(2009) molecule size is specifically thought to be possibly the
most important factor influencing molecule grasp take-up and
transportation into plant cells.

Furthermore, nanoparticles work with plant cells to
facilitate the passage of different substances that regulate
some physiological cycles and plant digestion Giraldo et al.
(2014). Nanoparticles may accelerate seed germination and
increase plant metabolism Alghuthaymi et al. (2015). Nano-
particles, like silicon (Si) are well known for having positive
effects on the physiological processes and growth of plants.
Nanoparticles might lessen the biotic stress that plants
experience according to Yadav et al. (2014). According to
Teshome et al. (2020) climate changes have also led to
increased drought, salinity, and high temperatures to increase
losses in agricultural production. Because of all these issues
we now have to look for other ways to reduce the effects of
biotic stress and improve the quantity and quality of food that
is produced. Also, Wang et al. (2022) mentioned that silica
nanoparticles have been demonstrated to stimulate plant
growth and create plant tolerance against biotic stress. Si-NPs
improve supplement accessibility, stomatal conductance and
water uptake which stimulate the growth of photosynthesis.
Si-NPs also increase the uptake of Si which leads to the
articulation of OSNAC proteins which are known to regulate
pressure proline and sugar aggregation.

Elevated temperature is an outcome of global
warming as reported in the fourth assessment report of IPPC
(Intergovernmental Panel on Climate Change) which is the
most serious concern in achieving goals of food security
Hoegh-Guldberg and Bruno (2010). During different stages
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of plant growth and development, crop damages have been
observed to increase by 10-15% with every degree Celsius of
temperature change Upadhyaya et al. (2011). According to
Kumar et al. (2011) genotype treatment period and
temperature elevation (degrees) affect how much a high
temperature stress inhibits plant growth. Symptoms of sun
burn on plant leaves and fruit appear as burnt leaves,
blemished twigs dissipated and disfigured inflorescence
causing poor quality eggplant Goraya and Asthir (2016). High
temperature is detrimental to plant cell membranes, osmotic
balance amino acids and peptide concentrates Zinn et al.
(2010). Most plants have developed complex systems for
protection against damage some of these systems demand
external stimuli or an elicitor to make resistant systems fully
functional these may be plant hormones or their synthetic
analogues Hasanuzzaman et al. (2013). The aim of study is
study the effect of foliar applications of nanosilicon and
different date of transplanting on eggplant growth, yield and

quality.
MATERIALS AND METHODS

Locations and configuration of the experiments:

In the summer of 2021 and 2022 two field
experiments were carried out at the faculty of agriculture and
natural resources' experimental farm at Aswan University in
Aswan, Egypt. The site's coordinates are 23°59'56"N,
32°51"36"E, with an average elevation of 85 meters above sea
level. The purpose of this study was to look into the
production of eggplant cv. "Classic" grown in dry regions
with three transplanting date and four levels of silicon
nanoparticles. CV. of eggplant genotype. "Classic" was
acquired from the Ministry of Agriculture and Land
Reclamation's Vegetable Breeding Department at The
Agricultural Research Center's Horticulture Research
Institute. Before transplanting, random soil samples (0 - 30
cm depth) from different places of the planting field were
collected and some important chemical and physical
properties were analyzed according to Page et al. (1982) and
Jackson (1973). These properties are showed in Table (1).

On 1%, 15" March, and 1% April, seedlings (45day age)
were transplanted on one side of the ridge at distance 0.5 m

and 1.5 m width of the ridge respectively. This resulted in
5600 plants per feddan.

Table 1. Several of the experimental site's physical and
chemical characteristics for the two experiment
seasons (2021 and 2022)

" - Seasons

Property of soil 2021 2022

Physical attributes
(Clay %) 3.10 3.40
(Silt %) 0.00 0.00
(Sandy %) 96.90 96.60
(type texture) Sandy Sandy
Chemical attributes
1 soil's soluble cations: One extract of water
Cat++ 3.08 311
Mg++ 1.04 1.07
P+ 0.85 0.87
Na + 0.78 0.80
Soluble anions in one soil: one extract of water

COsz~ 0.00 0.00
HCOs3 721 7.26
Cl 3.60 3.69
SO4~ 0.43 0.46
pH "1:1 soil suspension" 7.55 7.60
EC "dS/cm" at 25°C 0.34 0.32
N available "mg/kg soil" 128.52 129.02
P available "mg/kg soil" 8.76 9.01
K available "mg/kg soil" 176.25 169.01

*The Department of Natural Resources at Aswan University's Faculty of
Agriculture and Natural Resources in Egypt conducted the analyses.

Under the conditions of the experimental site all
additional ~ agro-management  procedures including
fertilization, irrigation, weed control, pest and disease control,
and commercial eggplant production were carried out as
needed in accordance with the Egyptian Ministry of
Agriculture's recommendations.

Meteorological data:

The meteorological data of the pilot site during the
current study period are placed in Table (2) which shows the
climatic data of Aswan province according to the National
Oceanic and Atmospheric Administration (NOAA). The
highest temperature was 52°C in July and the lowest standard
temperature was -2.4°C in January.

Table 2. The maximum, minimum and average air temperatures per week during the two seasons of 2021and 2022

Month Jan Feb Mar Apr May Jun Jul Aug Year
Record high °C 354 38.6 441 46.2 48.6 50.7 52.0 490 52.0
Mean daily maximum °C 232 258 304 356 39.6 417 418 418 343
Daily mean °C 16.4 18.7 2238 281 321 345 352 351 27.1
Mean daily minimum °C 10.1 118 15.6 20.2 247 26.8 279 278 20.1
Record low °C 2.3 39 5.1 79 135 18.8 20.1 201 24
Average rainfall mm 0.1 0.0 0.5 0.3 0.1 00 00 0.0 20
Average rainy days (> 1 mm) 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 04
Average relative humidity (%) 41 33 25 20 18 17 19 22 264
Average dew point °C 14 0.1 0.0 0.6 23 32 58 7.3 35
Mean monthly sunshine hours 298.1 281.2 3215 316.3 346.9 363.3 3747 359.7 3,862.9

The design and methods of experimental
1. Nano-silicon treatment

The four concentrations of silicon nanoparticles that
were applied as "control, 100, 200, and 300 mg/L" were
sprayed four times; at 20, 35, 50 and 65 days after transplanting.
Distilled water was sprinkled on the control plants. Every foliar
spraying was done to thoroughly coat the entire plant's foliage
so that it would run off early in the morning.
Producing silica nanoparticles

To remove soil and contaminants the collected sugar

cane husks were first cleaned with tap water. They were then
dried in a broiler for twenty-four hours at sixty °C. Finally,
they were burned for six hours at six hundred °C in an electric
heater with no treatment. It was possible to synthesize silica
nanoparticles "SiNPs" according to the convention Ghorbani
et al. (2015). Formation of silica nano-particles Five grams of
extracted silica from sugar cane husks was dispersed in 500
milliliters of 0.5M NaOH solution and heated to 100 °C for
four hours while vigorously mixed to dissolve the silica and
create sodium silicate.
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2.Time of transplanting treatments

In order to investigate the effects of heat stress and
transplanting date on the quality and yield of eggplants,
seedlings were transplanted three times on 1% March, 15"
March and 1% April. Twelve treatments “three transplanting
date and four levels of silicon nanoparticle concentration™
were used in the experiment. A strip plots design with three
replications. Transplanted date treatments were arranged in
horizontal plots while foliar applications with nanoparticles
were assigned in vertical plots. Every sub-plot had three
ridges, each measuring 4 m in length and 1.50 m in breadth,
for a total plot size of 18 n?.
Collecting experimental data
1. Characteristics of vegetative growth and root system:

Following an 85-day after transplanting five plants per
from each replicate were selected at random for the purpose
of recording the following growth attributes: plant height
(cm), plant fresh weight (g), number of branches, root length
(cm) and root weight (g). Additionally, leaf dry weight (g)
was measured at 70° C in an electrical oven until the weight
remained consistent.
2. Yield and physical fruit characters

The fruits were harvested when they reached
consumer maturity twice a week during the harvesting season
for a total of twenty picking times. Average fruit weight (g),
number of fruit per plant, total fruit (kg/plant) and total yield
(ton/fed.) were calculated. Fruit length (cm), fruit diameter
(cm) and fruit shape index were calculated using the formula

below:

. Fruit length
Shape index = ———-&

3. Structure of chemicals:
A. The pigments that are photosynthetic

Following 75 days of transplanting, the amount of
chlorophyll a, b, total chlorophyll a + b and carotenoids in the
leaf was measured using a spectrocolorimeter starting with
the fifth leaf from the growing tip as per Lichtenthaler's (1987)
description.
B. Catalase activities:
1. Making the enzyme extract

Liquid N2 was used to finely grind 0.5 g of leaves,
which were subsequently homogenized in 5 ml of 100 mM
potassium phosphate buffer (pH 7.8) that contained 0.1 g of
polyvinyl pyrrolidone and 0.1 mM ethylendiamine tetraacetic
acid. After centrifuging the homogenate for 10 minutes at 4
°C at 18000 rpm, the supernatants were collected and used in
the catalase (CAT) and guaiacol peroxidase (POD) tests. The
enzyme activities were measured colorimetrically at 20 °C
using a Unico UV-2100 spectrophotometer. Units/mg protein
was used to express the particular activity. Utilizing a standard
curve made of bovine serum albumin, the Lowery et al.
(1951) method was used to estimate the protein concentration
in the enzyme extract.
2. Catalase measures (unit mg? protein?):

Enzyme activity followed Chance and Maehly's
(1995) technique. The catalase activity was measured using a
reaction solution that contained 0.1 mL of gum solution, pH
7,5.9 mM hydrogen peroxide and 50 mM phosphate buffer.
The sample was added to start the reaction and after 20
seconds the absorbance at 240 nm was measured. An
absorbance variation of 0.01 units/ min was indicative of one
unit of catalase enzyme activity.

Fruit diameter

C. Contents of the N, P, K and Si leaves:

The techniques outlined by Okalebo et al. (2002),
Pregl (1945), Murphy and Riley (1962) and APHA (1992)
were utilized to determine it in plant tissues.
4. Analyzing data with statistics

All of the gathered data was statistically assessed
using the MSTAT-C tool which Bricker (1991) created. After
data were subjected to analysis of variance procedures, means
were compared using the L. S. D. test at the 0.05 level of
probability in accordance with Snedecor and Cochroni
(1973).

RESULTS AND DISCUSSION

Characteristics of vegetative growth and root system

The data in Table 3 makes it clear that all plant growth
increased in the early transplanting dates, with the initial
transplanting date, or 1% March, showing a faster rate of
growth than the transplanting dates of 15" March and 1%
April, which correspond with rising temperatures. These
outcomes are consistent with Faiz et al. (2024). The optimum
time to transplant is on the 1% March since sunburned leaves
and dispersed twigs are a sign of sunburn on plant leaves in
late planting date Goraya and Asthir (2016). Plant cell
membranes, osmotic equilibrium and concentrations of
amino acids and peptides are all negatively impacted by high
temperatures Zinn et al. (2010). Heat stress accelerates
transpiration because it gives water molecules energy to
escape from the leaf surface; hence, fast water loss from the
plant surface causes the organ to become dehydrated Mazorra
et al. (2002). Moreover, heat stress inhibits eggplant plant
growth Li etal. (2011).

In (Table 3) the foliar spray of 300 mg/l nanosilicon
produced the highest significant mean value of the studied
vegetative growth characters, such as plant height, number of
branches per plant, fresh foliage, dry weights, root length and
root weight. The application of nanoparticles as biostimulants,
nanofertilizers can help to promote growth and it has been
highlighted as an essential strategy to control the negative
effects of abiotic stress. These results are demonstrated by
those obtained by Gonzalo Tortella (2023) on eggplant and
Eman et al. (2022) on tomatoes. These outcomes are
attributable to the fact that nanoparticles (NPs) can act as
miracle cures by targeting particular cellular organelles in
plants and releasing their content to improve overall plant
growth and the characteristics of (NPs) particles include pore
size, particle morphology, chemical properties, and
concentration Ma et al. (2010). Furthermore, nanoparticles
work with plant cells to facilitate the passage of different
substances that regulate some physiological cycles and plant
digestion Giraldo et al. (2014). The fresh and dry weight of
chickpea roots are enhanced by nanoparticles, according to
research by Farhana et al. (2022).

Significant variations were seen in all vegetative
development parameters when the quantities of nanosilicon
particles and transplanting time were analyzed in eggplant plant
studies. When compared to the control, 1% March eggplant
plants that were sprayed with 300 mgl™ nanosilicon showed the
highest significant mean values for all plant growth characters
in both growing seasons. However, the plants treated with a
different concentration of nanosilicon showed improved
growth characteristics when transplanted on 15" March and 1
April. These findings can be attributed to improve
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photosynthetic proficiency maintenance, which is further
enhanced by optimal stomatal conductance Jia et al. (2021).
SilicaNPs immediately affect plant growth, which makes them
highly promising for agriculture EI-Ashry (2022). According to
Zainab (2016) on tomatoes, the gene expression patterns linked

to exposure to N-SFi indicated that N-Si might play a role in the
plant's reaction to stress, indicating that N-Si could be helpful in
enhancing plants' stress tolerance. According to a review by
Wang et al. (2022) silica nanoparticles have been demonstrated
to support plant growth in the face of stress.

Table 3. Effect of transplanting dates and foliar application of nano-silicon particles on eggplant vegetative growth

characters and root system during summer seasons of 2021and 2022.
Plant height  plant fresh weight No. of plant dry Root length Root weight
Treatments (cm) @ branch/plant weight (g) cm g/plant
2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Transplanting date

1% March 8128 7920 4271 4238 7927 7230 5982 59.95 2749 2493 1459 1415
15" March 78.47 7575 4095 4053 7527 6.806 57.36 5732 2544 2314 1348 1292
1% April 6858 6620 3486 3463 5510 4652 4882 4898 2184 1950 1182 1146

L.S.d.0.05 0.90 1.49 4.96 2.7 0300 0320 0.69 0.39 0.38 0.38 3.3 2.2

Nano-Si particles "NSp" (mg/L)

Control 60.70 5805 2717 2696 5803 4832 3806 3813 2061 1784 1017 97.1
100 mg/L 72.10 69.82 3925 3894 6471 5824 5498 55.09 2425 2144 1269 1214
200 mg/L 8364 8069 4489 4457 7603 6729 6287 63.04 2652 2369 1422 1389
300 mg/L 8800 8629 4671 4624 8073 7531 6542 6540 2830 2712 1610 1563

L.S.d.0.05 1.00 1.82 34 7.6 0520 0690 048 1.07 065 080 53 4.3

(Transplanting date) X (NSp mg/L)

Control 6318 60.78 2866 2853 6227 5073 4015 4035 2305 2017 1121 1084
1 100mg/L  76.25 7404 4189 4147 7427 6717 58.67 5865 2636 2383 1380 1312
March ~ 200mg/L 9150 88.80 4824 4796 8927 8347 6756 6784 2859 2594 1537 1489
300mg/L  94.18 9315 5205 5157 9127 8783 72.90 7294 3194 29.78 1798 1774

Control 60.67 5805 2727 2704 5757 5110 3820 3824 2087 17.71 995 94.8
150 100mg/lL 7254 7019 4013 3974 6.787 6.143 56.21 5621 2535 2235 1315 1271
March 200mg/L  89.27 86.11 4795 4750 8637 7.647 67.16 6718 2761 2504 1451 1411
300mg/L 9140 8864 4845 4783 8927 8323 6786 6766 2791 2743 1630 153.6

Control 5825 5531 2559 2530 5427 4313 3585 3579 1790 1563 934 88.2
1 100mg/L  67.50 6524 3573 3563 5200 4613 50.05 5040 2105 1813 1111 1059
April 200mg/L  70.14 6717 3848 3825 5247 4193 53.89 5410 2337 2007 1279 1268
300mg/L 7841 7708 396.2 3932 6167 5487 5549 5562 2504 2414 1403 1378

L.S.d.0.05 1.00 1.99 9.9 55 0550 0.637 1.39 0.77 0.75 0.76 6.7 4.3

Yield and physical fruit characters

Tables (4 and 5) also indicates that transplanting date
exerted profound and significant effects on fruit length (cm),
fruit diameter (cm), average fruit weight (g), total fruit yield
(kg/plant) and total yield (ton/fed.) characters in both growing
seasons. Transplanting date significantly increase all yield and
physical fruit characters but the shape index significantly
increased in first season only and insignificantly increased in
the second season respectively. The optimal transplanting date
was on1% March as opposed to March 15" and 1% April when
high temperatures were experienced and decreased all yield and
physical fruit characters. Data in (Table 2) showed that after
February ends the temperature was rises quickly. According to
Li et al. (2011) heat stress reduces productivity and has an
impact on fruit quality and indicated that the ideal temperature
range for eggplant species is between 22 and 30 °C. Thus, the
transplanting date on 1% March is within the appropriate
temperature for the transplanting of eggplants which improves
yields and its components compared with the dates of 15"
March and 1% April when the temperature increased and the
yield declined. These results are consistent with what the Faiz
et al. (2024) found in eggplant yield when transplantation at 1%
March compared to the lowest yield at 1% Agpril.

Data in (Tables 4 and 5) showed that the spray with
nanosilicon levels improved and significantly effects on fruit
length, fruit diameter, shape index, average fruit weight
kg/plant and total fruit yield ton/fed. during both seasons. The
greatest dosage of 300 mg/L nanosilicon treatment
significantly increased all yield parameters. The current study
suggest that the increased of vegetative development
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parameters as previously reported (Table 3) may have
contributed to the increased eggplant fruit production with
spray by 300 mg/L nano-silicon compared to control.
Additionally, these increases might be related to the function
of nano-silicon in reducing heat stress effects. These results
are consistent with those of studies conducted by Eman et al.
(2022) on tomato and Avdeenko and Avdeenko (2022) on
eggplant enhancement of fruit quality by nano-silicon.
According to research by Marodin et al. (2014) nanoparticles
differ from their bulk form in that they are smaller (less than
100 nm) and have a larger surface area which allows them to
more readily enter plants and take part in their metabolisms.
Furthermore, the spraying plants which transplanted
in1* March,15" March and 1% April with the maximum
concentration of nano-silicon at (300 mg/L) led to a
significant increase in fruit length (cm), fruit diameter (cm),
average fruit weight (g), total fruit yield (kg/plant) and total
yield (ton/fed.) characters in both seasons comparing to
control. The best interaction was spraying with nano-silicon
(300 mg/L) on transplanting date at 1% March. These findings
are in harmony with those obtained by Helal et al. (2022) who
reported that Si nanoparticles were planted at normal sowing
dates and late sowing dates (heat stress) and that these
treatments significantly reduced the observed decline in yield
and the heat stress intensity index value at late sowing dates
as well as enhanced wheat yield quality. Accordingly, it is
possible that the increased fruit yield per plant, total fruit yield
per plant, and average fruit weight in this study are caused by
the nano silicon which is one of the elements that helps plants
become more resistant to heat stress Saber et al. (2021).
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Table 4. Effect of transplanting dates and foliar application of nano-silicon particles on eggplant physical fruit
characters during summer seasons of 2021and 2022.

Treatments Fruit length (cm) Fruit diameter (cm) Shape index
2021 2022 2021 2022 2021 2022
Transplanting date

1% March 16.20 15.66 2554 25.44 0.635 0.615
15" March 15.83 15.30 2498 2441 0.634 0.625
1% April 14.57 14.15 2345 22.55 0.621 0.629

L.S.d.0.05 0.13 0.62 0.69 0.56 0.004 n.s

Nano-Si particles "NSp" (mg/L)
Control 13.88 1333 23.04 2217 0.603 0.604
100 mg/L 15.36 14.69 24.27 2358 0.634 0.624
200 mg/L 16.28 1559 25.16 25.04 0.648 0.623
300 mg/L 16.62 16.47 26.17 25.74 0.636 0.640
L.S5.d.0.05 0.15 0.83 0.90 0.71 0.0038 0.0021
(Transplanting date) X (NSp mg/L)

Control 14.49 13.83 23.62 23.19 0.614 0.597
1 100 mg/L 15.89 15.39 2483 24.90 0.642 0.618
March 200 mg/L 16.89 16.03 26.09 26.18 0.649 0.612
300 mg/L 17.53 17.37 27.63 2747 0.636 0.632
Control 14.49 13.73 23.80 23.40 0.610 0.586
150 100 mg/L 1557 14.64 24.28 2325 0.642 0.632
March 200 mg/L 16.46 15.93 2531 25.10 0.651 0.635
300 mg/L 16.81 16.75 26.52 25.90 0.635 0.647
Control 12.66 12.44 21.69 19.93 0.585 0.628
1 100 mg/L 14.62 14.05 23.69 22.60 0.618 0.624
April 200 mg/L 15.48 14.82 24.08 2382 0.644 0.623
300 mg/L 1551 15.28 24.36 23.86 0.638 0.641

L.S.d.0.05 0.27 0.16 1.34 ns 0.009 n.s

Table 5. Effect of transplanting dates and foliar application of nano-silicon particles on eggplant yield characters during

summer seasons of 2021and 2022.

Treatments Average fruit weight (g) No. of fruit /plant Total fruit yield (kg/plant) Total yield ton/fed

2021 2022 2021 2022 2021 2022 2021 2022
Transplanting date
1 March 267.6 2913 1324 11.47 3.596 3.393 20.13 19.00
15 March 2485 266.2 12.69 11.03 3.206 2.955 17.81 16.55
1 April 218.3 2272 1150 9.86 2537 2.262 1421 12.67
L.S.d.0.05 214 8.91 0.226 0.373 0.0528 0.0755 0.386 0422
Nano-Si particles "NSp" (mg/L)
Control 2005 2198 10.72 8.87 2.197 1.947 1211 10.90
100 mg/L 2373 260.1 1231 10.26 2927 2.666 16.39 14.93
200 mg/L 255.9 269.7 1321 1152 3.392 3121 18.99 17.48
300 mg/L 2855 296.6 13.67 12.49 3.936 3.747 22.04 20.98
L.S.d.0.05 2.76 24.15 0.176 0.899 0.0532 0.0972 0.273 0.543
(Transplanting date) X (NSp mg/L)

Control 2104 2483 11.42 8.987 401 2219 13.45 1243
1% March 100 mg/L 2474 2789 12.89 10.77 3.189 2.991 17.86 16.75
200 mg/L 284.0 306.5 13.82 11.96 3.924 3.665 21.98 20.52
300 mg/L 3285 3314 14.82 14.17 4.867 4.696 27.26 26.30
Control 2114 2309 11.16 9.333 2.467 2.130 13.22 11.93
15" March 100 mg/L 242.8 266.6 125 10.39 3.034 2.759 16.99 15.45
200 mg/L 254.1 268.2 13.39 11.85 3402 3.179 19.05 17.80
300 mg/L 2855 299.2 13.74 12.55 3.921 3.754 21.96 21.02
Control 179.6 180.3 9.59 8.303 1.722 1.492 9.64 8.36
15 April 100 mg/L 2216 2348 1155 9.617 2.559 2.247 14.33 1259
200 mg/L 2295 2343 1241 10.74 2.848 2518 15.95 14.10
300 mg/L 242.6 250.1 12.44 10.76 3.019 2.790 16.90 15.62
L.S.d.0.05 4.28 4.31 0.452 0.747 0.1057 0.1511 0.773 0.844

Structure of chemicals:
A. The pigments those are photosynthetic

Data in Table 6 presents the effects of nano-silicon,
transplanting date along with their interaction on photosynthetic
characters as chlorophyll a, b, total chlorophyll (a+b) and
carotenoids (mg/g fresh weight) during both seasons.

Table 6 illustrates the impact of varying levels of
transplanting date on various eggplant photosynthetic
pigments during the 2021 and 2022.This includes
measurements chlorophyll a, b, total chlorophyll (a + b) and
carotenoids (mg/g fresh weight) content. The findings

indicate that the 1st March significantly enhanced all
photosynthetic pigments parameters in the first and second
season respectively. The findings aligned with those obtained
by Faiz et al. (2024) who reported that these stress-tolerant
eggplant genotypes in the first transplantation in March
showed maximal chlorophyll concentrations. It is well known
that plant chlorophyll pigment is essential to many metabolic
processes during abiotic stress. Evaluation of chlorophyll is
thought to be a helpful method for determining how
environmental conditions affect plants. Reduced growth low
stress tolerance and a fall in plant productivity are all strongly
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correlated with chlorophyll degradation Kalaji (2018).
According to Sami Hannachi et al. (2022) all eggplant
cultivars showed a trend toward a decrease in plant pigments
when exposed to heat stress. Carotenoids use their powerful
antioxidant capacity to play a critical role in inhibiting
photooxidation Tripathi et al. (2022). Depending on the
eggplant cultivar the degree of chloroplast impairment may
account for this. Chlorophyll content declines have been
linked to many stressors in numerous species including
tomato by Raja et al. (2020). Carotenoids' ability to defend the
body makes them more vulnerable to deterioration in stressful
situations which can lead to cellular damage and pigment
obstruction. Heat-induced generation of reactive oxygen
species (ROS) damages DNA and chlorophyll a and b
Sharma et al. (2012).

Additionally, spraying of nanosilicon concentration
boosted photosynthetic pigments. (300 mg/L) of nano-silicon
produced the greatest mean values for eggplant photosynthetic
pigments in both seasons including chlorophyll a, b, total
chlorophyll (a + b) and carotenoids (mg/g fresh weight). These
results are consistent with those of Saber Avestan et al. (2019),
who found that strawberry plants treated with 100 mg/L of
nano-silicon dioxide were better able to sustain the levels of
carotenoid and chlorophyll in their epicuticular tissues.

Similarly, Haghighi and Pessarakli (2013) showed that
mesophyll conductance a component of photosynthesis was
enhanced by nano Si particles. Because silica nanoparticles
directly affect plant growth they offer enormous agricultural
potential El-Ashry et al. (2022). According to Priyanka
Dhakate et al. (2022) silicon nanoforms are said to promote
photosynthetic rate enhancement.

Table 6 displays the interaction influences of
transplantation date and levels of nanosilicon concentration
NSp (mg/L) on various photosynthetic pigments
characteristics during both the 2021 and 2022 growth seasons.
All previously mentioned parameters exhibited significant
increases with the successive rise in transplanting date levels
at each concentration of nano-silicon levels. Particularly, the
combination of 1t March and 300 mg/L nano-silicon resulted
in the highest significant mean values for chlorophyll a, b,
total chlorophyll (a + b) and carotenoids (mg/g fresh weight)
then followed by the interaction of 300 mg/L nano-silicon
with 15" March then with 1% April compared to the control in
both seasons. In contrast, during both seasons the untreated
plants showed the lowest mean values. Haghighi and
Pessarakli (2013) have proposed that plants growing under
stressed situations may benefit from higher photosynthetic
rate, which is another benefit of nano-silicon.

Table 6. Effect of transplanting dates and foliar application of nano-silicon particles on eggplant pigments
photosynthetic during summer seasons of 2021and 2022,

Treatments Chlorophyll a Chlorophyllb  Total chlorophyll (a+b) Carotenoids mg/g fresh weight

2021 2022 2021 2022 2021 2022 2021 2022
Transplanting date
1 March 1.694 1.669 0.713 0.736 2.407 2.404 0.815 0.790
15 March 1.389 1.390 0.620 0.623 2.008 2012 0.744 0.719
1 April 1.174 1.137 0.454 0.493 1.627 1.630 0.675 0.640
L.S.d.0.05 0.071 0.065 0.027 0.031 0.091 0.076 0.037 0.029
Nano-Si particles "NSp"(mg/L)
Control 0.897 1.043 0.444 0.426 1.341 1.460 0.547 0.522
100 mg/L 1.265 1.250 0.581 0.597 1.846 1.840 0.660 0.636
200 mg/L 1.650 1542 0.634 0.700 2.284 2.240 0.848 0.817
300 mg/L 1.864 1.760 0.722 0.745 2.585 2.505 0.922 0.901
L.S.d.0.05 0.083 0.071 0.032 0.037 0.120 0.096 0.041 0.035
(Transplanting date) X (NSp mg/L)

Control 1.152 1.275 0.542 0.496 1.694 1771 0.593 0.568
1 100 mg/L 1.643 1.479 0.691 0.724 2334 2.203 0.714 0.682
March 200 mg/L 1.810 1.787 0.761 0.818 2571 2.605 0.915 0.885
300 mg/L 2172 2.135 0.858 0.904 3.030 3.039 1.036 1.061
Control 0.864 1.140 0.499 0.514 1.363 1.654 0.556 0.535
150 100 mg/L 1.302 1.249 0.601 0.596 1.903 1.845 0.659 0.638
March 200 mg/L 1.620 1.482 0.651 0.680 2271 2.162 0.858 0.830
300 mg/L 1.770 1.690 0.727 0.700 2.497 2.390 0.901 0.871
Control 0.676 0.716 0.292 0.267 0.968 0.983 0.492 0.464
18 100 mg/L 0.850 1.023 0.451 0471 1.301 1.494 0.608 0.587
April 200 mg/L 1521 1.357 0.491 0.603 2012 1.960 0.770 0.737
300 mg/L 1.650 1.455 0.580 0.631 2.230 2.086 0.829 0.772
L.S.d.0.05 0.096 0.084 0.051 0.067 0.132 0.105 0.073 0.054

B. Activity of catalase enzyme

The result in Table 7 displays reveal that the 1% April
(46.2 °C) led to significant increases in catalase enzyme (unit
mg* protein) in eggplant compared to another transplanting
date levels in 1% March and 15" March. These findings are
consistent with those of Faiz et al. (2024) who observed that
the catalase (CAT) enzyme activity on eggplant increased
considerably during the third transplanting orl® April.
According to Hira et al. (2020) when heat stress (45°C)
occurs in eggplant, catalase’s antioxidant activity increases in
all genotypes.

The primary effects of nanosilicon on the activity of

catalyze enzyme are shown in Table 7. The parameters cited
showed a considerable decrease in values in plants treated
with nanosilicon. The plants that were left untreated had the
highest value while the lowest were obtained from treatment
with 300 mg/L. These outcomes align with similar results
reported by Mahmoud and Sweaty (2020) showed that
"SiNPs" significantly enhanced tomato plant enzymatic
detoxification systems, with this effect being more obvious in
the roots than the shoots.

The findings in (Table 7) make it evident that the
parameters indicated were strongly impacted by the
application of silicon nanoparticle concentration with
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transplant date in both seasons. During both seasons, the
application of 300 mg/L and various transplanting date had
the lowest values when compared to the control treatments.
According to Gonzalo Tortella et al. (2023) nanosilicon has
been identified as a crucial instrument for managing the
negative consequences of abiotic stress. Tripathi et al. (2022)
found that the nanoparticles have also demonstrated the
capacity to be employed as inducers of the manufacture of
phytohormones  controlling plant  development and
metabolism under biotic stress and reactive oxygen species
(ROS) suppression in plants is summed up by their
transcriptional regulation of stress-related genes which
promotes plant growth and development. They primarily
mitigate the stress response by inducing the regulation of the
plant antioxidant systems and endogenous plant hormones.
Additionally, the chemical and morphological instruction of
leaves and roots is crucial for the uptake and translocation of
nanoparticles into the plant system, once inside the system the
nanoparticles can modify physiological, biochemical and
morphological characteristics to enhance the plant's ability to
withstand biotic stress Sun et al. (2021)

. Contents of the N, P, K, and Si leaves

Data presented in Table 7 cleared that the chemical
constituents of eggplant influenced by transplanting dates and
concentration of nano-silicon particles along with their
combinations during 2021 and 2022.

Based on Table 7 data findings the transplanting date
of 1% March produced the greatest mean values for the
chemical ingredients of eggplant such as N, P, K, and Si (%).
Showed the lowest significant mean values in both seasons
when compared to control plants.

Data illustrated in Table 7 there is a direct
proportionate link between the concentrations of nanosilicon

particularly at 300 mg/L during both seasons and the chemical
composition of leaves N, P, K and Si%. Spraying eggplant
with 300 mg/L of nanosilicon showed increased mean values
of N, P, K and Si% contents in their leaves during both
research seasons. As mentioned to studies by Tondey et al.
(2021) on potatoes nanotechnologies are very useful in
agriculture and can even increase plant nutrition.
Consequently to Mahmoud and Sweaty (2020) SiNPs raised
the amount of Si in tomato plants' roots and shoots. Moreover,
Sonali and Jeong (2014) demonstrated that silicon foliar
spraying has been demonstrated to improve plant leaf quality
and reduce nutritional imbalance in plants. Priyanka Dhakate
et al. (2022) reported that silicon nanoforms are said to
increase nutritional intake.

In order to, the combination of the transplanting date
levels and different nano-silicon particles concentration
brought about a significant increase in chemical composition
of leaves N, P, K and Si% content.

The combination of the highest concentrations of
nanosilicon particles at 300 mg/L with 1% March transplanting
eggplant brought about a significant increase leaf N, P, K and
Si content compared to unsprayed plants. Moreover, the
interaction between nanosilicon particles at 300 mg/L with
other transplanting date 15" March and 1% April present
positive increasing in leaf N, P, K and Si content compared to
control. These findings are consistent with research on sage
plants conducted by Mahmoud and Sweaty (2020) which
showed that the addition of (n-Si) improved the nutritional
value of potatoes after stress. According to Eman et al. (2022)
foliar treatment of nano-silicon under stress resulted in
significantly greater leaf mineral contents N, P, and K in
commercial tomato varieties.

Table 7. Effect of transplanting dates and foliar application of nano-silicon particles on eggplant catalase enzyme
activity and chemical characters during summer seasons of 2021and 2022.

Catalase (unit mg*protein)

N %

P % K% Si %

Treatments 2021 2022 2001 2002 2001 2022 2021 2021 2021 2022
Transplanting date
1 March 4757 49.30 2.598 2536 0.387 0.352 2728 2598 2508 2.446
15 March 54.43 55.39 2.340 2.276 0.329 0.311 2470 2340 2250 2.186
1 April 61.99 64.19 2119 2.001 0.301 0.276 2249 2120 2029 1911
L.S.d.0.05 1.37 1.33 0.091 0.087 0.028 0.026 0097 0092 0.09% 0.084
Nano-Si particles "NSp"(mg/L)
Control 71.04 7433 1.381 1.317 0.299 0.274 1511 1381 1291 1227
100 mg/L 57.38 62.22 2.378 2.246 0.313 0.288 2508 2378 2288 2.156
200 mg/L 50.80 50.89 2.727 2.644 0.348 0.318 2857 2727 2.637 2554
300 mg/L 39.43 37.73 2.923 2.877 0.395 0.372 3053 2924 2833 2787
L.S.d.0.05 1.45 141 0.111 0.098 0.032 0.028 0117 0112 0121 0117
(Transplanting date) X (NSp mg/L)
Control 63.85 70.77 1540 1.483 0.329 0.304 1670 1540 1450 1.393
1t 100 mg/L 51.94 54.37 2.580 2513 0.350 0.327 2710 2580 2490 2423
March 200 mg/L 44.07 4228 2.950 2.883 0.392 0.342 3080 2950 2860 2.793
300 mg/L 3041 29.75 3.320 3.263 0.477 0.435 3.450 3320 3230 3173
Control 70.25 74.26 1.380 1.323 0.291 0.266 1510 1380 1290 1.233
15t 100 mg/L 57.52 59.97 2.390 2.263 0.307 0.280 2520 2390 2300 2173
March 200 mg/L 50.63 49.74 2.750 2.703 0.337 0.324 2.880 2750 2660 2.613
300 mg/L 39.32 37.56 2.840 2813 0.381 0.374 2970 2840 2750 2723
Control 79.03 77.96 1.223 1.143 0.277 0.251 1353 1223 1133 1.053
1t 100 mg/L 62.67 72.30 2.163 1.960 0.284 0.258 2.293 2163 2073 1.870
April 200 mg/L 57.71 60.63 2.480 2.347 0.315 0.287 2610 2480 2390 2.257
300 mg/L 48.56 45.87 2.610 2.553 0.328 0.308 2.740 2613 2520 2463
L.S.d.0.05 153 1.47 0.121 0.117 0.046 0.042 0119 0114 0131 0.121
CONCLUSION eggplant plants grown in arid climates and hot areas.

According to this study, foliar spraying 300 mg/L of
nano-Si particles could improve the quality and production of

Additionally, when compared to other evaluated treatment 1%
March transplanting produced the highest production and
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quality, particularly when treated with nanasilicon particles at
a dose of 300 mg/L. Treatment with nano-Si particles also
reduced the effect of heat on the planting dates of 15" March
and 1% April and achieved a significant increase in production
and all other yield traits compared to the control. Before
recommending this combination for commercial use on a
broad scale, however, on-farm experiments with eggplant
producers should be conducted.

In brief, the results highlight the encouraging
possibilities of nanosilicon and stress the need to investigate
environmentally suitable substitutes for sustainable farming
methods in difficult settings.
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