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Abstract

The current experiment was performed on Asparagus officinalis L. (Mary Washington 500 W cultivar) of the family
Asparagaceae, during the two successive growing seasons 2017 and 2018 to display the effect of ZnO nanoparticles on
Asparagus officinalis L. plant by using some morphological, histological and biochemical parameters. Seeds were soaked in
different concentrations of ZnO nanoparticles (0.0, 0.5, 1, 3, 5, 10, 30, 50, 100 and 500 ppm) for 48h, in addition to Zn acetate
Bulk (40 ppm) treatment and untreated control for comparison. The obtained results indicated that ZnO NPs treatment at the
concentration of 500 ppm showed the highest values of all studied morphological characters of Asparagus plant with the
exception of rootlength. Inaddition, asignificantincrease in catalase enzyme activity was observed when using a concentration
of 500 ppm compared to the other treatments. The concentration of 3 ppm led to the highest stimulation effect for both types
of flavonoids (Rutin and Myricetin) and the highest Naringenincontent and total flavonoids were detected when 5 ppm of
ZnO NPs was used. With regard to the effect of Nano-Zinc on the anatomical features of the asparagus plant, it was found
that there was a clear effect on the anatomical characteristics of the plant (root and stem) treated with a concentration of 500

ppm of ZnO NPs compared to plant treated with Zinc acetate at 40 ppm and untreated control plant.
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Introduction

Asparagus (Asparagus officinalis L.)plant belongs
to the Aspargaceae family. It is a perennial plant, with a
rhizome, bulb, or corm, rarely shrub by or tree-like
(Chenxingand Xujiemei, 2000). Asparagus reproducesby
rhizomes and seeds, but the seed germination rate is very
low. Asparagusisoneofthe promising horticultural crops
in Egypt (Hassan, 2001). Asparagus officinalis L. is a
highly prized economically important vegetable crop.
Marketsinsome Asian, African, European and American
countries demand a large quantity from fresh green, purple
and white spears. Its young shoots are used as a spring
vegetable. Asparagus is one of the most nutritionally well-
balanced vegetables in existence, which is high in folic
acid, thiamin, vitamin B6 and a good source of potassium.
It represents sources of rutin, a drug that strengthens the
capillary wall and an excellent source of folacin, vitamin
B, which helps in the duplication of cells for growth and
repair of the body and in blood cell reproduction in the
bone marrow. It contains glutathione which is one of the
most potent anticarcinogens and antioxidants found within

the body. Asparagus has no fat, no cholesterol and low in
sodium (Hassan, 2001). Asparagus officinalis L. is the
most economically important asparagus whichisa highly
prized dioeciously vegetable crop (Stajner et al., 2002).
One novel (Sarsasapogenin O) and seven known steroids
were isolated from the roots of Asparagus officinalis.
All the compounds were evaluated for their in vitro
cytotoxicactivity against variety types of cancer cell lines
(Huang et al., 2008). Wang et al., (2003) reported that
thedistribution of rutinand protodioscin withinthe shoots
was found to vary by location, with the tissue closest to
the rhizome found to be a rich source of protodioscin, at
an average level of 0.025% tissue fresh weight in the
three tested lines, while the upper youngest shoot tissue
contained the highest amount of rutin at levels of 0.03-
0.06% tissue fresh weight. The analysis of individual
flavonoids by HPLC-DAD-MS has allowed the
determination of eight naturally occurring flavonol
derivatives in several genotypes of Triguero Asparagus.
Those compounds included mono-, di- and tri-glycosides
of three flavonols, that is, quercetin, isorhamnetin and
kaempferol. The detailed analysis of the flavonoid profiles
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revealed significant differences among the distinct
genotypes. Rutin is acitrus flavonoid glycoside, which is
a low molecular weight polyphenolic compound. There
are various physiological functions of rutin and related
flavonoids in the human body and other species, including
plants. Rutin is one of the best natural antioxidants and is
also called vitamin P, which is widely distributed in
vegetables, fruits and medicinal herbs such as Asparagus.
Rutin has various pharmacological activities such as
antibacterial, antiprotozoal, antitumor, anti-inflammatory,
antiallergic, antiviral, cytoprotective, vasoactive,
hypolipidaemic, antiplatelet, antispasmodic and
antihypertensive as mentioned by Pateland Patel (2019).

There are large numbers of problems face agricultural
researcherssuchasstagnationincrop yields, lownutrient
use efficiency, declining soil organic matter, multi-nutrient
deficiencies, climate change, shrinking arable land and
water availability so they need a novel technology to found
anew and cheap approach to solve these problems such
as nanotechnology to detect and deliver the correct
quantity of nutrients and pesticides that promote
productivity while ensuring environmental safety and
higher useefficiencyas pointed by Pradhanetal., (2017).

There are many types of nanoparticles such as ZnO
nanoparticles and Nano carbon, Nano cobalt and Nano
copper have a stimulatory effect. ZnO nanoparticles
(NPs) have a positive role in seedling treated by 1.5 ppm
compared with control and biomass accumulation
increased in the ZnO nanoparticles treated seedlings as
in chickpea (Cicerarietinum L. var. HC-1), Burman et
al., 2013. Also, ZnO NPs treatment caused a significant
increase inshoot and root growth, biomass accumulation
with higher values of height (16.8%), leaf area (30.3%),
total biomass production (59.5%), root dry biomass
(112.5%), stem dry biomass (76%) and root length
(24.4%). Zn acts as a cofactor for auxin production and
improves cell division and elongation, influence on the
reactivity of indole acetic acid in pepper plant. ZnO NPs
might be involved in the biosynthesis of cytokinins and
gibberellins; as well as on the induction of the greater
activity ofantioxidant enzymes (Méndez-Arguelloetal.,
2016). There were significant increases in superoxide
dismutase (SOD, 267.8%)andperoxidase (POX,174.5%)
enzymes activity, whereas decreased catalase (CAT,
83.2%) activity compared with control of
Gossypiumhirsutum L. plant (Priyanka and
Venkatachalam, 2016). ZnO nanoparticles cause some
anatomical alteration. ZnO nanoparticles cause some
anatomical alteration like the cortical cells were highly
vacuolatedand collapsed, whilethe vascular cylinderwas
shrunk. The main structure of roots damaged at higher
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concentrations in Mungbean (Vignaradiata) and Gram
(Cicerarietinum) plants (Mahajan et al., 2011).

The target of this study is to show the effect of ZnO
nanoparticles on Asparagus officinalis L. plant by using
some morphological, histological and biochemical
parameters.

Materials and Methods
Plant material

The current experiment was performed on
Asparagus officinalis L. (Mary Washington 500 W
cultivar) of the Asparagaceae family. Seeds were
procured from Agricultural Research Center (Vegetable
Research Institute), Dokki, Giza, Egypt.

Pot experiment

A pot experiment was carried out in the Faculty of
Agriculture, Cairo University, Giza, Egypt, during thetwo
successive growing seasons 2017 and 2018. Seeds were
soaked in different concentrations of ZnO nanoparticles
(0.0,0.5,1, 3,5, 10, 30,50, 100 and 500 ppm) in addition
to Zn acetate Bulk (40.0 ppm) for 48 h. Treated seeds
were sown in pots (40 cm diameter) filled with light loamy
Soil.

Germination rate in each treatment was determined
30 days after cultivation according to ISTA, 1999.

Germination rate = No. of germinated seeds/No. of
planted seeds

Seedling length (cm) measured from the top of the
shoot let to the top of the root 45 days after cultivation

Seed Vigor Index (SVI) = Germination % x Seedling
length

The following measurements were recorded five
months after the start of the experiment:

1. Plant height (cm) measured from the base of the
root system up to the uppermost point of the plant.

2. Number of main stem internodes.
3. Number of lateralbranches/plant.
4. Root length/plant (cm).

5. Fresh and dry weights of vegetative growth/plant
(g) were measured at the end of the experiment. Fresh
weights were recorded and then dry weights were
carried out by packing the samples in a perforated paper
— bags and dried in an oven at 70°C for 48 hours till
constant weights were reached.

6. Dry weight / Fresh weight ratio
Statistical analysis
The Completely Randomized Block Design (CRBD)
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was followed. The experiment included three replicates
each one represented by 3pots, each one contained 5
seeds.Data were subjected to appropriate statistical and
conventional methods of analysis of variance according
to Snedecor and Cochran, 1989. Designed computer
program (Microsoft Excel 2007) was used. The mean
differences were compared by a least significant
difference test (LSD) at P < 0.05.

Anatomical study

Theanatomical structure of Asparagus plantrootand
stem for each of ZnO NPs at 500 ppm, Zn acetate at 40
ppmand untreated control treatments werestudied. Micro
technique practices were carried out at the laboratory of
Agric. Bot. Dept. Faculty of Agric., Cairo University,
during the second season. Materials were killed and fixed
for at least 48 hours in F.A.A. solution, dehydrated and
then embedded in paraffin wax (Sass, 1951). Sections
that were cut on a rotary microtome at a thickness of 15-
20 microns were stained with crystal violet/ erythrosine
before mounting in Canada balsam. Slides wereexamined
microscopically and photomicrographed.

Catalase enzyme activity determination

The method includes the measured decrease in
absorbance of the test sample by the induced
decomposition of H,0, in the presence of the catalase
enzyme. This rate is recorded by measuring the reduction
in absorbance during 3 minutes at 240 nm in 1.5 ml of
reaction mixture consisting of 13.2 mp H,O, in 50 mp
phosphate buffer pH 7 and 0.1 ml of the sample as control
mixture containingthesamebuffersolution (Aebi, 1984).

Flavonoids determination by HPLC for invivo
plants

One gram of Asparagus plant has been extracted
with 10 ml ethanol 80%, soaked in brown bottle for 2hours
atroomtemperature, thensonicatedusinga KQ-200VDE
ultrasonicbath (Kunshan Ultrasonic InstrumentCo. Ltd.,
Kunshan City, Jiangsu Province, China) with the output
power 200 W for 10 min, the volume was adjusted up to
50 ml with 80% ethanol, then filtered through Whatman
filter paper 42 (125 mm).

HPLC conditions

Aglient 1260 Infinity HPLC series (Aglient, USA)
equipped with quaternary pump, a Zorbax Eclipse Plus
C18 column 150 mm x 4.6 mmi.d., (Aglient Technology,
USA), operated at 30°C, Eluent methanol, H,0 with 0.5%
H,PO,, 50:50 with flow rate 1 ml/min, the injected
volume was 20 pl. Detection: UV. Detector set at 210
nm, (Schneider, 2014).
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Results and Discussion
Seed germination rate

Data presented in table 1 showed the germination
rate after soaking Asparagus seeds in different
concentrations of Zinc Oxide nanoparticles inadditionto
Zinc acetate Bulk (40 ppm) and untreated control.
Different survival ratios were observed by applying
different concentrations of ZnO nanoparticles (0.0 to 500
ppm) as wellas Zinc acetate Bulkat 40 ppm in comparison
with untreated control treatment.

Table 1: Seed germination rate and seedling growth parameters
of Asparagus officinalis L. plant treated with different
concentrations of ZnO NPs.

ZnO NPs | Germination| Seedling len- |Seedling Vigor
Conc. rate(%o) gth (cm)(%) | Index (SVI)
ppm 1stS | 2MdS | 1tS | 2MdS 1sts | 2MS

0.0 155 | 145 | 3.2 3.0 496 | 435
0.5 17.7 | 16.8| 3.5 3.2 62.0 | 538

1 20.0 | 185 | 35 3.3 700 | 611

3 20.0 | 19.2 | 36 3.3 720 | 634

5 222 | 215 | 3.8 3.7 84.4 | 79.6

10 28.8 | 27.2 | 4.0 3.9 | 1152 | 106.1

30 311 | 296 | 4.1 3.9 | 1275 | 1154

50 31.1 | 304 | 45 4.3 | 140.0 | 130.7
100 333 | 31.8| 53 46 | 1765 | 146.3
500 378 | 353 | 55 5.2 | 2079 | 183.6
Zn acetate | 37.7 | 345 | 3.8 3.5 | 1433 | 120.8
LSD (0.05)| 2.45 | 1.81 | 0.21 | 0.23 | 10.48 | 5.99

The germination rate results recorded 30-days after
planting revealed that there were significant differences
between most treatments under study. ZnO NPs
treatment at the concentration of 500 ppm showed the
highest germination rate (143.9 and 143.4% over the
control) in the 1% and 2" seasons, respectively, without
significant differences with Zinc acetate Bulkat 40 ppm
(143.2 and 137.9% over the control) compared to the
other treatments, then 100 ppm ranked the second (114.8
and 119.3% over the control) and 30 and 50 ppm ranked
the third (100.6, 100.6% and 104.1, 109.7% over the
control), in both seasons, respectively, while the
germination rate of 0.5ppm was the lowest one of ZnO
NPs treatments (14.2 and 15.9% over the control). There
were significant differences in germination rate between
all Zn treatments and untreated control except for ZnO
NPs at 0.5 ppm in the 1% season. These concluded results
were in harmony with Afrayeem and Chaurasia (2017)
inchilli; Awasthietal., (2017) in wheat; Hajraand Mondal
(2017) in Cicerarietinum; Solankiand Laura (2018) in
wheat. Raskarand Laware (2014) used Zinc Oxide
nanoparticles as photocatalyst and water decompos-



9326

erandlowering Zinc Oxide concentration improved cell
division in onion.

However, the effect of Zinc Oxide nanoparticleson
Asparagus germination could be due to the generation of
active anions that had an indirect role in accumulating
water, increasing oxygen consumption and accelerating
electron transport which essential for rapid germination.
Shankramma et al., 2016 mentioned that Fe,O, NPs in
the range of 50-200 mgL ™ increased the germination
percentage up to 97 % at 200 mgL ™ in tomato. (Munir et
al., 2018) found Zinc Oxide nanoparticles have an
effective transfer and penetration rate of wheat plant
cells.

Several workers have reported that zinc seed
treatment induces a set of biochemical changes in the
seeds, required to start the germination process, such as
dormancy, hydrolysis or inhibitory metabolism, syrupand
enzymeactivationas Harrisetal., 2007 and Kantabathini
et al., 2018 were indicated. It was also observed that
Vighamungo L. seeds soaked in ZnO nanoparticles for
8 hours at concentrations 5to 25 mg/100 ml, resulted ina
significantly improved germination ratio of 111.3%.
Moreover, Madbouly, 2018 observed that the low
concentration of biosynthesized NPs acts as a new
ecofriendly plant growth regulator. On the other hand,
Adhikari et al., (2015) mentioned that Zinc Oxide
nanoparticles don’t lead to any change in seed osmotic
potential during the growing season. Dogarogluand Kéleli
(2019) mentioned that barley (Hordeumvulgare L.) seeds
treated by different concentrations of TiO, and ZnO
Nanoparticles (0, 5, 10, 20, 40 and 80 mg/kg showed
non-significant effect on germination at all the
concentrations of ZnO and TiO, due to ZnO gave higher
toxicity against barley that led to generate ROS as stress
mechanism in plant cells, so that seedling gave different
behaviours according to the concentration and that
required defense mechanismthrough antioxidant; i.e.the
retardation in growth in some concentrations.

Seedling growth parameters
Seedling length (cm)

Dataintable 1 clarified seedling length 45-days after
cultivation of Asparagus seeds treated with ZnO NPs in
addition to Zn acetate Bulk and untreated control
treatments. The results indicated that ZnO NPs at lower
concentrations reduced seedling growth, while at higher
concentrations promoted seedling growth. The
differences were significant between all treatments and
untreated control with the exception of ZnO NPs at 0.5
ppm in the 2" season. The use of highest Nano-Zinc
concentration (500 ppm) yielded the longest seedlings
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(5.5 and 5.2 cm) with an increase percentage of 71.9
and 73.3 % more than the control in the first and second
seasons, respectively. While the use of lowest Nano-Zinc
concentration (0.5 ppm) resulted in the shortest seedling
length of 3.5 and 3.2 cm with an increase percentage of
9.4 and 6.7% related to the control in both seasons,
respectively. By comparing the length of seedlings
obtained as a result of ZnO NPs treatment at the highest
concentration (500 ppm) with the treatment of Zn acetate
Bulk, it was found that the first treatment exceeded the
second by 44.7 and 48.6% in both seasons, respectively.
Theseresultsare consistentwith Afrayeemand Chaurasia
(2017) in chili who indicated that ZnO NPs at lower
concentration reduced seedling growth, but at higher
concentration promoted seedling growth. Also, Solanki
and Laura (2018) in wheat stated that the highest shoot
androot length was observed with the application of ZnO
NPs at a concentration of 500 ppm and the lowest was
observed with the control. Hao et al., 2016 mentioned
that Fe,O,NPs at a concentration of 5 mg/Lto 50 mg/
Lpromoted the elongation of rice seedlings at low
concentration because it acted as a co catalytic for
oxidationandbioavailability ofiron moleculestothe seed
radicals. Al-Harbi et al., (2019) mentioned that ZnO NPs
at concentrations of 500 and 2000 mg/L in Viciafaba
(Fabeaceae) had significant effect on mitotic division of
meristematic root tips.

Contrary to these results, Prasad et al., (2012) in
groundnut reported that ZnO NPs at lower concentration
increased the root and shoot length and confirmed his
point of view by Zn as an only metal represented in all
six enzyme classes (oxidoreductases, transferases,
hydrolases, lyases, isomerases and ligases), inadditional
ZnO NPs hadalarge surface make them more effective
in the reaction. Such increase in the growth of corn plant
at lower concentration could be ascribed to higher
precursor activity of Zn, especially ZnO NPs in auxin
production (Kobayashi and Mizutani, 2013). Burman et
al., (2013) indicated that chickpea (Cicerarietinum L.
var. HC-1) seedlings treated by foliar application of ZnO
nanoparticles (1.5 ppm aqueous solution) hada positive
effect on biomass accumulation compared with control.

Seedling Vigor Index (SVI)

The seedling vigor index gives a clear picture of the
effectiveness of the treatment in affecting the strength
of seedlings’ growth and, consequently, on the strength
of growth of the resulting plants. Results in table 1 stated
that there were clear differences between all Zn
treatments and Zn- free treatment. SVI value was the
highest (207.9 and 183.6) by using ZnO NPs at 500 ppm
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in comparison with the control (49.6 and 43.5) and Zn
acetate Bulk (143.3 and 120.8) in both seasons,
respectively. Increasing the concentration of Nano-Zn
increased the SVI value. Nano-Zinc treatment at the
lowest concentration (0.5 ppm) gave the lowest SVI value
(62.0 and 53.8). These results were corresponding with
the results of Yilmaz (1997), Solanki and Laura, (2018)
and Younes et al., (2020) because of accelerating vital
metabolic system which is required for seedling growth.
Abdel Latef et al., (2020) and Itroutwar et al., (2020)
mentioned that ZnONPs concentrations (5, 10, 25, 50,
100and 200 mg/L) improved Seedling Vigor Index (SVI)
of Rice (Oryza sativa L.) due toZnONPs increased the
level of indole acetic acid in roots, which led to increase
in the growth rate and also refer to high concentrations
have vital roles in physiological process during seed
germination and early seedling growth. Otherwise,
Gowayed and Kadasa (2015) found that increasing of
ZnONPs dose decreased Seedling Vigor Index (SVI) in
Faba bean due to the mitotic inhibition of seedling cells.

Plant growth parameters

Data in table 2 clarified the plant growth parameters
represented in plant height (cm), No. of main stem in
ternodes, No. of branches/plant, plant fresh weight (g),
plant dry weight (g), dry weight/fresh weight % and
average root length (cm) of Asparagus plant grown at
different concentrations of ZnO NPs.

Plant height (cm)

Table 2 showed plant height (cm) at different
concentrations of ZnO NPs. The use of ZnO NPs in its
different concentrations led to a gradual increase in plant
height compared to the non-treated control. All the
concentrations of ZnO NPs results were significant
related to the untreated control except for Zn-Nano at
0.5 ppm in the 1% season. The treatment of ZnO NPs at
a concentration of 500 ppm resulted in the maximum
height of the plant (118.8 and 99.0 cm) with an increase
of 71.4 and 63.6% compared to the untreated control
plants in both seasons, respectively. While, the use of
ZnO NPs with a concentration of 0.5 ppm resulted in the
lowest plant height (72.1 and 63.3 cm), with an increase
of 4.0 and 4.6% compared to the control in both seasons,
respectively. On the other hand, the use of Zn acetate
Bulk with a concentration of 40 ppm resulted in a
significant increase in plant height of 58.2 and 48.8%
compared to the untreated control plants in both seasons,
respectively, although this increase was insignificant
compared to the highest concentration (500 ppm) of
ZnONPs. Zinc oxide (100 ppm) causes an increase in
growth parameters of carrot such as plant height (cm)
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as mentioned by Elizabeth et al., (2017) and Mahdieh et
al., (2018) in pinto bean.

No. of main stem internodes

Table 2 showed the number of main stem internodes
at different concentrations of ZnO NPs. These results
clarified that the more concentrations the more number
of main stem internodes. Most treatments were
significant when compared with Zn-free treatment. The
highest concentration (500 ppm) of ZnO NPs showed
the highest significant No. of main stem internodes (83.5
and 77.3%) over untreated control plants in both seasons,
respectively. There was a significant difference in No.
of main stem internodes between the highest
concentration (500 ppm) of ZnO NPs and Zn acetate
Bulk as the latter recorded 46.6 and 64.4% over untreated
control plantin both seasons, respectively. Similarresults
mentioned by Mahdieh et al., (2018) ZnO nanoparticles
at concentration of 0.10% and 0.15% improved
vegetative characteristicsinpintobean(suchasinternode
numbers).

No. of branches/plant

The same behavior for number of branches/plant
table, 2 was followed, as the use of high concentrations
of ZnO NPs resulted in the highest number ofbranches
per plant compared to the low concentrations. The use
of ZnO NPs at a concentration of 500 ppm doubledthe
number of branches per plant as measured by untreated
control in both seasons. The increase percentage in
number of branches was the lowest (19.6 and 15.0%)
when the plants treated with the minimum concentration
(0.5 ppm) of ZnO NPs compared to untreated control in
both seasons, respectively. Branches No depends on type
of nanoparticles that conformed by Younes and Nassef
(2015) who observed that Silver nanoparticles (20-40
ppm) reduced branches no. per plant in tomato
(Solanumlycopersicom, Mill.).

Fresh and dry weights/plant (g)

Regarding fresh and dry weights of Asparagus plant
table 2, both increased with increasing concentration of
ZnO NPs. ZnO NPs at 500 ppm had the highest fresh
and dry weights of (57.20, 47.12g) and (20.02, 16.12 g),
as the increase percentages were (199.6, 188.2%) and
(331.5,323.1%), compared with untreated control inboth
seasons, respectively. However, the lowest fresh and dry
weightswere observedinthe control plant (19.09, 16.359g)
and (4.64, 3.81g) inboth seasons, respectively. All Nano-
Zn concentrations significantly increased than untreated
control except for plant dry weight at 0.5 ppm of Nano-
Zn in the 2" season. Fresh and dry weights of plants
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treated with ZnO NPs at 500 ppm was (43.4, 40.5%)
and (67.8, 84.9%) higher than Zn acetate Bulk (40 ppm).
Similar results have found by Dhoke et al., (2013) in
Vigna radiate and Solanki and Laura (2018)
inTriticumaestivum.Pérez Velasco et al., (2020) noticed
that Tomato plants treated with ZnO-NP significantly
increased dry weight. Moreover, the dry and fresh weights
of Anthemisgilanica seedlings’ root at concentrations
of 4and 6 g L™ of SiO, NPs significantly increased as
mentioned by Ahmadi et al., (2020). This result may be
due to enhancement the accumulation of water in fresh
biomass under such level of Nano metal oxide application.
Moreover, ZnO NPs have different rate of permeability
through cell wall.

Dry weight/Fresh weight ratio

Data on dry weight/fresh weight ratio of Asparagus
plantare shown intable 2. This ratio is greatly influenced
by ZnO NPs at higher doses than Zn acetate Bulk.
However, at the highest dose (500 ppm), ZnO NPs hada
pronounced effect on plant DW/FW ratio as the increase
percentages reached 17.1 and 31.5% in ZnO NPs over
Zn acetate Bulk in the 1% and 2™ season, respectively.
Moreover, the increase percentages reached 44.0 and
46.8% in ZnO NPs over untreated control plant in the 1*
and 2" season, respectively. On the other hand, the lowest
dose of ZnO NPs (0.5 ppm) obtained 6.2 and 6.9% of
DW/FW ratio over the control in both seasons,
respectively. Most ratios were significant related to the
untreated control.

Root length (cm)

Root length data table 2 clearly revealed that ZnO
NPs have an adverse effect on root elongation of
Asparagus plant. Incomparisonwith control, the average
root length was correlated with the concentration of ZnO
NPs, as the root length increased with increasing Nano-
Zn dose up to the concentration of 5 ppm (the highest
root length) after that the values gradually decreased up
to the concentration of 500 ppm, similar to Hendel et al.,
(2019) results who observed that AUNPs nanoparticle
atcerta in dose caused inhibition at root tip meristematic
zone division and that led to decrease in root elongation.
Thehighestincrease percentages were 145.7 and 125.6%
when the plants were treated with 5 ppm of ZnO NPs
related to untreated control plants in both seasons,
respectively. As well as, ZnO NPs at the concentration
of 5ppm surpassed Zn acetate Bulk by the values of 71.2
and 61.7% in both seasons, respectively. An almost a
similar result was reported by Yang and Watts (2005)
who stated that ZnO nanoparticles have an inducer effect
on plant growth in tomato at concentrations ranged
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between (0.0 to 1000 mg/kg) due to increase the soil
enzymes activity such as phytase, acid phosphatase and
alkaline phosphatase that enhanced solubility and native
phosphorous nutrientmobilization in the rhizosphere as
mentioned by Raliya et al., (2015). Zinc oxide (100 ppm)
causes an increase in growth parameters of carrot such
as root length (cm) and increase in cell permeability as
mentioned by Elizabeth et al., (2017).

ZnONPs (25 ppm) cause a marked increase in root
length (cm) (Sofy et al., 2017in wheat) and (Dhoke et
al., 2013in Vignaradiata).

On the other hand, there is a negative correlation
between copper nanoparticles and seedling root
elongation as reported by Adhikari et al., (2015) in Zea
mays L.

Wang et al., (2018) recorded that the ZnO NP
treatmentssignificantly inhibitedtomatorootgrowthand
Rajput et al., (2018) mentioned that CuO NPs reduced
the growth of onion root tip and showed that root treated
with 80 mg L™ CuO NPs inhibited growth and stopped
growth completely after 72 h exposure and also indicated
that, when nanoparticles began to accumulate led to
reduction in plant growth parameters as feedback
inhibition. Mushinskiyand Aminov (2019) describedthat
effect of Fe, Cu and Mo NPs for the Solanumtube-
résum mode on plant varies depending on their sensitivity,
as well as physicochemical features of the nanomaterials
under study. Mahmoud et al., (2019) in Red Radish and
Pérez Velasco et al., (2020) in Tomato concluded that
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the previous increasing percentages in the mentioned
morphological traits led to suppose that there is a positive
correlation between agronomic traits as plant height and
dry weight.

Anatomical study

In light of the positive impact of zinc nanoparticles
on the above-mentioned vegetative growth characteristics
of Asparagus plant, it was found worthy to conduct an
anatomical study on the plant in order to clarify the effect
of zinc nanoparticles on the anatomical structure of the
plant, which was directly the reason for improving the
vegetative growth attributes of the plant.

Root anatomy

Table 3 and Fig. 1A, B, C show the anatomical
parameters of cross-sections in the Asparagus plant root,
3 months old, in plants treated with ZnO NPs at a
concentration of 500 ppm compared to the plant root
treated with Zinc acetate at a concentration of 40 ppm,
as well as untreated control plant.

By comparing the roots of Asparagus plants treated
with Zinc acetate (40 ppm) with untreated control plants
Fig. 1, A and B, it had been found an increase in the
diameter of root in the first treatment from the second
one and this increase is attributed also to the increase in
the thickness of the different tissues of the treated plant
roots than the untreated ones where the increase rates
reached 50, 63 and 56% for each of the epidermis
thickness, cortex thickness and diameter of the vascular
cylinder on Straight. The increase in the thickness of the

Table 3: Anatomical parametersof Asparagus officinalisroot affectedby different  COrtex in the Zinc acetate-treated plant

concentrationsof ZnO nanoparticles.

roots is attributed to the increase in the

thickness of both the exodermis (150%),

Rogt Con- | Zn | £% | Zn | £% | £% the number of its layers (50%), the average
anatomical trol | ace-| to 0] to | to .
thickness of the exoderms cells (67%), the
parameters (Untre-| tate | Con-| NPs| Con-| Zn . .
ated) | (40 | trol | (500| trol | ace- mesodermis (50%), the average thickness
of the mesodermis cells (108%) and the
ppm) ppm) tate o

Epidermis thickness (um) 10 | 15 | 50 | 20 | 100] 33 | endodermis(67%), comparedtountreated
Cortex thickness (Hm): 270 | 440 | 63 | 610| 126] 39 | control. The increase in the diameter of
Exodermis (suberified cells) thick. | 30 | 75 | 150 | 75 | 150| o | the vascular cylinder in the treated plants
No. of exodermis layers 5 3 50| 2 | 100] 33|18 attrlbuted' to the increase in t_he
Average exodermis cell thickness 15 25 67 | 25| 67| O metaxylem diameter (283%) and pith
Oval Mesodermis thickness 210 | 315 | 50 | 480| 129| 52 diameter (40%), compared to the

No. of mesodermis layers 18 12 | -33| 15| -17| 25 untreated control.
Average mesodermis cell thickness| 12 25 | 108 | 30 | 150| 20 On the other hand, by comparing the
Endodermis thickness 30 50 67 | 55| 83| 10 | rootsof Asparagus plantstreated withZnO
Vascular cylinder diameter (um) 135 | 210 | 56 | 285| 111| 36 | NPs at a concentration of 500 ppm with
No. of xylem arms 10 10 0 | 14| 40| 40 | untreated control plants Fig. 1, A andC,
Average metaxylem diameter (um) 6 23 | 283 | 30 | 400| 30 | the results showed an increase in the
Pith diameter (um) 75 105 | 40 | 150| 100| 43 | diameterofthetreated roots by 110% over
Root diameter (um) 720 |1145| 59 | 1515/ 110| 32 | the untreated control, due to the increase



9330

S.F. Desoukey et al.

AN o
S 3A ) S ALY
et R W VIR A
%z "")'. . h \'.\"Q\A v

e o - s 1785
AN A

T h .
S n 1 ‘
5 < .._—--':\ o | F
] T X
oy Y -
.- e
me
5] . £ .
o ATH )
pa
ST
v
':.‘ - ¢ b ¥ AN
. o~ VA | 2
e % o "
sy B Y
C by N ‘ aidh 4 \ "
e Tear -t et
‘\h A ey e |

Figure (1): Transverse sections of the median portion of Asparagus officinalisroot (A-C) and stem (D-F) affected by different
concentrations of ZnO nanoparticles show the different anatomical parameters. (A and D) Control, (B and E) Zn acetate
at40 ppm, and (C and F) ZnO NPs at 500 ppm Details: Epidermis (ep), Cortex (co), Pith (pi), Large vascular bundle (lvb),
Small vascular bundle (svb), Metaxylem (mx), Protoxylem (px), Sclerenchyma (scl), Parenchyma (par), Chlorenchyma
(chl), Phloem (ph), Endodermis (en), Pericycle (per), Exodermis (exo), Mesodermis (mes).

in the thickness of the different tissues of the treated
plant roots, where the increase rate reached 100, 126
and 111% for each of the thicknesses epidermis, cortex
and diameter of the vascular cylinder, respectively.

The increase in the thickness of the cortex in the
plants treated with ZnONPs is due to the increase in the
thickness of each of the exodermis (150%), the number
of its layers (100%), the average thickness of the
exodermis cells (67%), the mesodermis (129%), the
average thickness of the mesodermis cells (150%) and
the endodermis (83%), compared tothe untreated control.
Also, the increase in the diameter of the vascular cylinder
in plants treated with ZnONPs is due to the increase in
both the number of xylem arms (40%), the average
diameter of metaxylem (400%) and the diameter of the
pith (100%), compared to untreated control plants.

When comparing the roots of plants treated with ZnO
NPs with the roots of plants treated with Zinc acetate
Fig. 1 B and C, it had been found an increase in the root
diameter in the first treatment by 32% over the second
one and this increase is attributed to the increase inthe
thickness of the different tissues of the root in the first
case from the second one, where the increase rate

reached 33, 39 and 36% for each of the thicknesses of
epidermis, cortex and diameter of the vascular cylinder,
respectively. The increase in the diameter of the cortex
in the roots of plants treated with ZnO NPs from related
to Zinc acetate treatment is due to the increase in
thickness of both the mesodermis (52%), the average
thickness of the mesodermis cells (20%) and the
endodermis (10%). As for the increase in the diameter
of the vascular cylinder, it is attributed to the increase in
the number of xylem arms (40%), average metaxylem
diameter (30%) and pith diameter (43%) in the roots of
the first treatment from the second ones.

Stem anatomy

Table 4 and Fig. 1D, E, F illustrate measurements
and numbers of the anatomical parameters of cross-
sections of Asparagus plant stem, 3-month-old treated
with ZnO NPs at a concentration of 500 ppm compared
to Zinc acetate at a concentration of 40 ppm as well as
the root of untreated control plant.

With regard to the treatment of Zinc acetate at a
concentration of 40 ppm compared to the untreated control
Fig. 1D and E, an increase in the root diameter of the
first treatment was observed by 119% compared to the
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second treatment. This increase is due to a clear increase
inthe thickness of differenttissues, the average thickness
of their cellsand the number of their layers. This increase
was represented by the thickness of the epidermis (100%),
the cortex (33%), the thickness of the fibrous sheath
(67%), the diameter of the ground tissue (133%), the
number of its layers (40%) and the average thickness of
the ground tissue cells (67%). It was also noted an
increase in the number of vascular bundles for the stems
of plants treated with Zinc acetate amounted to 82%
higher than untreated control. Similarly, the dimensions
of vascular bundles increased as the percentage of the
increase reached 20 and 40% in the length and width of
large bundles and 33 and 44% in the length and width of
small bundles on straight. This increase is due to the
increase in the thickness of the vascular tissues, where
the increase reached 8 and 67% in xylem and phloem for
large bundles, respectively and 27% in xylem for small
bundles without an increase in the thickness of the
phloem. Also, the increase in the mean diameters of
metaxylem vessels reached 25 and 67% in the large and
small bundles, respectively, in the stems of plants treated
with Zinc acetate compared to the stems of untreated
control plants.

Table4: Anatomical parametersofAsparagus officinalisstem affected by differen

cocentrations of ZnO nanoparticles.
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By comparing the diameter of Asparagus plant stem
treated with ZnO NPs with the untreated control stem
diameter Fig. 1D and F, it was found that the first treatment
increased the diameter of the stem of the plant by 226%
compared to the second treatment (untreated control)
and this was attributed to the increase in the thickness of
both the epidermis (200%) and the cortex (100%) and
the number of its layers (100%), the thickness of the
fibrous sheath (100%) and the number of its layers (33%),
the diameter of the ground tissue (251%), the number of
its layers (50%) and the average thickness of the ground
tissue cells (133%). It was also noticed that there is an
increase in the number of vascular bundles by 136% in
the stems of plants treated with ZnO NPs than the
untreated control. Vascular tissues were also affected
positively in Nano treated-plants than untreated ones, as
the length and width of large vascular bundles increased
by 60 and 80%, respectively, as a result of an increase in
the thickness of xylem and phloem by 50 and 100%,
respectively and the average diameter of the metaxylem
vessels by 50%. In small vascular bundles, the length
and width of the bundles increased by 33 and 56%,
respectively, as a result of an increase in the thickness of
the tissues of xylem and phloem by 50 and 47%,

¢ respectively and the average diameter of
the metaxylem vessels by 100%.

By comparing the effect of each of

Stem Con-| Zn| % | Zn |+% | =%

anatomical trol |ace-l to | o to | to | the ZnO NPs at a concentration of 500
parameters (Unt-| tate | Con-| NPs|Con-| zn | PPM and Zinc acetate at a concentration
rea- | (40 | trol | (500 trol | ace- of 40 ppm onthe anatomical composition
ted) | ppm) ppm) tate | Of the stems of Asparagus plant Fig. 1E
Epidermis thickness (im) 10 1 20 | 1001 30 | 2001 50 | and F, it was found that there was a
Cortex thickness (Lm) 30 | 40 | 33 | 60 | 100| 50 | noticeable increase in the diameter of the
No. of cortex layers 2 2 0 4 | 100] 100 | stem of the Asparagus plant in the first
Fibrous sheath thickness (um) 30 | 50 | 67 | 60 | 100| 20 | treatment, whichwas49% higherthanthe
No. of fibrous sheath layers 3 3 0 4 | 33 | 33 | second treatment. This increase in
Ground tissue diameter (um) 450 | 1050| 133 | 1580 251 | 51 | diameter is due to the increase in both the
No. of ground tissue layers 30 | 42 | 40 | 45 | 50 | 7 | thickness of the epidermis (50%), the
Average ground tissue cell thick. (um)| 15 | 25 | 67 | 35 | 133| 40 | cortex (50%), the number of its layers
No. of vascular bundles 22 | 40 | 82 | 52 | 136] 30 | (100%),thethicknessofthe fibroussheath
Large vascular bundle length (um) 75 | 90 | 20 [ 120 | 60 | 33 | (20%), the number of its layers (33%), the
Large vascular bundle width (um) 75 | 105 40 | 135 | 80 | 29 | ground tissue diameter (51%) and the
Xylem tissue thickness (um) 60 | 65 8 90 | 50 | 39 | number of its layers (7%), the average
Phloem tissue thickness (um) 15 | 25 | 67 | 30 | 100| 20 | cellsthicknessofthegroundtissue (40%)
Average metaxylem diameter (um) 40 | 50 | 25 | 60 | 50 | 20 | in the first treatment compared to the
Small vascular bundle length (um) 45 | 60 | 33| 60 | 33| 0 | secondone.As for the effect of ZnO NPs
Small vascular bundle width(um) 45 | 65 | 44 | 70 | 56 | 8 | onthevasculartissuesof Asparagusstem
Xylem tissue thickness (um) 30 | 38| 27 | 45 | 50 | 18 | compared to Zinc acetate, it was found
Phloem tissue thickness (um) 15 | 15 0 | 22 | 47 | 47 | that there was an increase in the number
Average metaxylem diameter (pm) 15 | 25 | 67 | 30 | 100| 20 | ofvascular bundlesamountingto 30% and

Stem diameter (pm) 565 | 1235| 119 | 1840| 226| 49 | the dimensions of vascular bundles
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amounted to 33 and 29% in the length and width of large
bundles, respectively and 8% in the width of small bundles.
An increase in the thickness of xylemand phloem tissues
of 39 and 20% in the largebundles and 18 and 47% in the
small bundles, was obtained respectively. The treatment
of ZnO NPs increased the average diameter of the
metaxylem vessels by 20% in both large and small
bundles. The above mentioned results that given by Rajput
et al., 2018 on spring barley clarified similar effect of
copper oxide nanoparticles, It caused an increase in
metaxylem area. Also, Tirani et al., (2019) observed the
vascular expansion and cell wall thickening of the
collenchyma and parenchyma cells in root of tobacco
plant. Mahajan et al., (2011) in Mung (Vignaradiata)
and Gram (Cicerarietinum) observed that the low
concentration of ZnONPs caused a degree of stimulation
for different tissues as histological parameters. On the
other hand, the high concentration (2000 ppm) caused an
inhibition in root and shoot as the cortical cells were highly
vacuolated and collapsed, while vascular cylinder was
shrunk. In longitudinal section of cucumber root, the
vascular cylinder also shrank at high ZnO NPs
concentration (1000 mg L™), that observed by
Moghaddasi et al., (2017) and confirmed by Debnath et
al., (2020) that ZnO nanoparticles at a higher
concentration caused a reduction in mitotic index of
Allium cepa root tip and was similar with Hendel et al.,
(2019) whoexplained that AUNPs nanoparticle treatments
in Arabidopsis thaliana L. caused a change in root
histological zone such as a decrease in root meristematic
zone, enhancement of root hairs formation and an increase
in radial cell dimension of cortex cell as well as CuO
nanoparticles that stimulated a hairy root cell proliferation
through affecting on IAA distribution as found in wheat
by Adams et al., (2017).

Menesy et al., (2018) indicated that the histological
effect depends on the type and concentration of
nanoparticles forexample; Silicananoparticles (80 ppm)
had effects on the root anatomy of Pimpinellaanisum
L. causing an increase of root epidermis thickness and
cortex thickness nevertheless, caused a decrease in
vascular cylinder thickness compared with the control.

Silica nanoparticles are absorbed into the plants and
then interacted with polyphenols in cell walls of xylem
and affected lignin deposition and biosynthesis. In Tobacco
plant treated with (Fe,O,) nanoparticles (5 nm), all
concentrations, especially 30 mgL™ led to damage
epidermal cells, thickened cell walls in the vascular tissues
(mainly xylem), the impaired shape of the cells, reduced
number of cortical cell layers, vacuolated root cortex and
have an advantage for osmolalities storage in stress

S.F. Desoukey et al.

condition like salinity and draught (Alkhatibetal., 2019).
Hajraand Mondal (2017) stated that Cicerarietinum
treated with ZnO nanoparticles showed interruption in
root formation and never grew more than 0.93 cm.
Caldelas et al., (2020) reported that ZnO caused damage
inthe epidermis dueto loss of turgor, protoplasm shrinkage,
accumulation of electrondense granules in the vacuoles
and increased aerenchyma formation. Fe,O, (6 mgL?)
and MgO nanoparticles concentrations led to are
markable increase in all measurements and counts
recorded on the histological features of the Pobulus alba
L. stem; thickness of the epidermis, cortex, vascular
tissues and pith as well as xylem vessels diameters. The
recorded increase percentages in stem diameter and
cortex were 30.62 and 51.73 %by (Fathy et al., 2019).
(Moghanlooetal., 2019) pointed that silicon nanoparticle
give different effect in Astragalusfridaeled to decrease
xylem diameter in root and stem diameter consider as
growth suppressor at high dose. There are obvious
alteration in vascular tissue especially xylem root and
basal stem in Capsicumannuum treated by Selenium
nanoparticles 30 ppm cause inhibition in xylem
differentiation as described by Koranietal., (2020). SiO,
NPs cause increase in Stele diameter, xylem vessels,
phloemareaand metaxylemnumberin Anthemisgilanica
root at concentration 2, 4 and 6 g L™ as found by Ahmadi
et al., (2020).

Catalase activity of Asparagus officinalis plant under
the influence of different concentrations of ZnO NPs

(Ulg)

Data in table 5 elucidates catalase activity (U/g) of
Asparagus plant as affected by different concentrations
of ZnO NPs. Significant increases were found in the
activity of catalase enzyme in all treatments under study

Table 5: Catalase activity (U/g) inAsparagus plants treated
with different concentrations of ZnO NPs.

ZnO NPs Conc. Catalase activity (U/g)
(ppm) 1st Season 2nd Season
Control 0.82 +0.01 0.77 £ 0.02

0.5 1.37 £ 0.02 1.31+0.01

1 1.51+0.01 1.43 +0.02

3 1.60 +0.02 1.53+0.01

5 1.74 £ 0.03 1.69 +0.03

10 1.74 £ 0.04 1.69 +0.02

30 1.80+0.01 1.76 £ 0.01

50 1.94 +0.02 1.88 +0.02

100 1.94 +0.03 1.90 £ 0.03

500 4.74 £0.01 4.21 £0.03

Zn acetate 1.44 + 0.06 1.38+ 0.04
LSD (0.05) 0.04 0.03




Impact of Zinc Oxide Nanoparticles on Asparagus officinalis plant

in relation to untreated control treatment. The highest
significant increases were at 500 ppm (4.74 and 4.21 U/
g) of ZnO NPs in comparison with Zn free -control
treatment (0.82 and 0.77 U/g) in the 1% and 2" season,
respectively. The increase percentages were 478.0 and
446.8% related to the control in both seasons,
respectively.

On the other hand, it was found that the increase
values of catalase enzyme activity amounted to 229.2
and 205.1% in both seasons, respectively when the highest
concentration of Nano-zinc (500 ppm) compared with
Zn acetate Bulk at a concentration of 40 ppm. Also, there
were increases of 75.6 and 79.2% higher than untreated
control when using Zn acetate Bulk at a concentration of
40 ppm in both seasons, respectively. The results showed
that there were significant differences among most Nano-
Zinc concentrations in both seasons.

Previous mentioned results refer to Zinc Oxide
nanoparticles had a direct role in increasing enzymatic
antioxidants such as catalase as observed by Lee etal.,
(2013) who evaluated catalase activity after treatments
of 1, 000 and 2, 000 mg/L of ZnO NPs. CAT enzyme
activity was increased at all treatment concentrations in
Fagopyrumesculentum L. as a defense mechanism
against nanoparticles stress due to the formation of
reactive oxygen species as noticed by Moharrami et al.,
(2017); Josué et al., (2018); Abbasi et al., (2019) and
Mosavat et al., (2019). ZnO nanoparticles used as
growth stimulator led to highly significant increase in
catalase activity at 5 ppm reach to 478% similar to its
significant effect in increasing superoxide dismutase
(267.8%) and peroxidase (174.5%) in Gossypiumbhi-
rsutum L. plant at concentrations (0, 25, 50, 75, 100 and

200 mg I") as described by Priyanka and
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Also, Samart et al., (2017) referred to antioxidant
enzymes involved in the defense mechanism against the
toxicity of ZnO nanoparticles and decrease the harmful
effects on photosynthetic pigments in plant cells. Faizan
et al., (2020) concluded that reducing the toxic effect of
Cd by ZnONPs (50 mg L™) in tomato led to oxidative
stress by increasing hydrogen peroxide (H,0,) levels
resulted in a decline in cell viability through stimulating
activity of the antioxidant system.

HPLC results for different flavonoids in Asparagus
plants treated with different concentrations of ZnO
NPs

HPLCanalysis of Asparagus plant revealed that there
are six components of flavonoids (Rutin, Myricetin,
Quercetin, Naringenin, Kaempferol and Apigenin). They
have been identified according to retention times as an
additional reference. Data in table 6 gave an idea about
different flavonoids content in Asparagus plants treated
by different concentrations of ZnO NPs as well as Zn
acetate Bulk and untreated control Fig. 2a, b, c, d. The
highest content of Rutin (188.56 mg/100g FW) was
recorded at the concentration of 3 ppm ZnO NPs followed
by Zn acetate Bulkat40 ppm (140.60 mg/100g FW), then
Nano-Zn at 0.5 ppm (118.76 mg/100g FW) and 5 ppm
(109.60 mg/100g FW) while, 1 ppm of ZnO NPs gave
the lowest content of Rutin (31.3 mg/100g FW) compared
to Zn-free treatment (53.20 mg/100g FW) and all the
other treatments. Regarding Myricetin content, the
highest one was recorded at 3 ppm of Nano-Zinc (151.15
mg/100g FW), followed by the two concentrations 30
and Zn acetate Bulk at 40 ppm of 108.67 and 94.10mg/
100g FW, respectively, then 5 ppm of Nano-Zn (69.52mg/
100g FW). The concentration, 1 ppm, had also the last

Table 6: HPLC results for different flavonoids inAsparagus plants

treated by different concentrations of ZnO NPs.

Venkatachalam (2016) and Wang et al., (2018)

who stated that high concentration of ZnO NPs |Flavonoids| Rutin | Myri- | Quer-| Narin-| Kaem-| Api-| Total
led to an increase in catalase activity because of | ZnO NPs| mg/ | cetinn| cetin | genin | pferol| genin| flavonoids
enhancement the transcription of genes related to Conc. |100g| mg | mg/ | mg/ | mg/ | mg/| mg/
antioxidant capacity and suggesting thatZnONPs [ (ppm) | 100g | 100g | 100g | 100g | 100g | 100g| 100g
could enhance the defense response by increasing FW | FW | FW | FW | FW | FW | FW
activities of antioxidant enzymes. Lopez-Vargaset | _Control | 53.20| 14.94 | ND | ND |53.38] ND | 121.52
al., (2018) mentioned that Cu nanoparticles (50, 05 |118.76] 42.04] ND | 1.50 | 81.60) ND | 243.90
125, 250, 500 mg L™, diameter 50 nm) appliedin 1 31.30) 763 | ND | ND |49.75] ND | 88.68
tomato caused an increase in catalase activity. 3 |18856/151.15 ND | ND | ND | ND | 339.71
) 5 109.60| 69.52 | ND |155.00|118.11 ND 452.23
ROS at low or _moder_ate concen_tratlons can 10 70201 4528 | ND 15681 15813 ND | 23042
act as secgndary signal in many b|<_)molecular 30 97901108671 ND T ND | 070 ND | 20727
processes in _cel_ls, toleran(_:e stimulation to both 50 61901 ND | ND | ND | 143 197671 261.00
_blotlc and abiotic stresses in plapts _and led to an 100 78501 61.98 | ND 15732 | ND | ND | 197.80
increase level of enzymatlc antl_OX|dant system 500 70221 4463| ND | ND | ND | ND | 12385
response to ROS aspointed by Adisaetal., (2019). [, cetate[ 14060] 9410 | ND | ND |11942 ND | 354.12
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Fig. 2: HPLC chromatograph results for different flavonoids
in Asparagus plants.

(a) Untreated control (b) Treated by Zn acetate (40ppm)

(c) Treatedby ZnO NPs (3ppm) (d) Treated by ZnO NPs (5ppm)

place in Myricetin content (7.63 mg/100g FW) when
compared with untreated control (14.94 mg/100g FW)
and the other Nano-Zn concentrations. The other

S.F. Desoukey et al.

flavonoids types did not appear in most ZnO NPs
concentrations.

From previous results it could be concluded that the
concentration of 1ppm ZnO NPs had the lowest
stimulation effect for Rutin and Myricetin, but 3 ppm led
to the highest stimulation effect for both types of
flavonoids. In general, the concentration of 3 ppm ZnO
NPs ranked first in Rutin (188.56 mg/100g FW) and
Myricetin content (151.15 mg/100g FW), while ranked
third in total flavonoids content (339.71 mg/100g FW)
and the concentration 5 ppm came in the fourth rank in
Rutin (109.60 mg/100g FW) and Myricetin content (69.52
mg/100g FW), while ranked first in Naringenin (155.00
mg/100g FW) as well as total flavonoids content (452.23
mg/100g FW) and second in Kaempferol content (118.11
mg/100g FW). Moreover, the concentration of 50 ppm
ZnO NPs ranked first in Apigenin content (197.67 mg/
100g FW) and fourth in total flavonoids content (261.00
mg/100g FW), while the concentration of 0.5 ppm ZnO
NPs ranked third in the content of Rutin (118.76 mg/
100g FW) and Kaempferol content (81.60 mg/100g FW)
andfifth intotal flavonoids content (243.90 mg/100g FW).
On the other hand, Zn acetate Bulk ranked second in
Rutin (140.60 mg/100g FW) as well as total flavonoids
content (354.12 mg/100g FW) while ranked third in
Myricetin (94.10 mg/100g FW) and first in Kaempferol
content (119.42 mg/100g FW).

The previous observation indicated that ZnONP plays
as a flavonoid elicitor at certain concentrations (Wei and
Guo, 2014) who mentioned that Zn-binding at a flavonoid
structure makes zinc has a stimulator effect at a certain
physiological condition. Cobalt NPs cause an increase in
total flavonoids at high concentrations (2000 and 4000
ppm) as pointed by Jahani et al., (2019) so, the current
study led to explain the effect of nanoparticles on
metabolite depending on the type due to its different
pathways. The type of eliciting flavonoids differs
according to the type of used nanoparticle for example;
Singh et al., (2018) mentioned that CuO nanoparticles
significantly enhanced flavonoids content in
Withaniasomnifera L. Dunal in shoot and root after 20
days of treatment (23.076mg/gQuercetin).

The recorded results refer to Rutin, the most
importantflavonoidfractionin Asparagus; itrepresented
0.015 to 0.45% of fresh weight of 12 hybrid lines of
Asparagus according to the genotype as described by
Al-Snafi(2015)and Fanetal.,(2015). Thetotal flavonoids
content in A. gilanica seedlings that were treated with
2,4and 6g L of SiO, NPs were 1.10, 1.21 and 1.69-
fold greater than that of the control seedlings because
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the stimulation effect of polyphenols biosynthesis pathway
in spite of its reduction at a high concentration as pointed
out by Ahmadi et al., (2020).

Conclusion

It could be concluded from the current study that,
ZnO NPs at 500 ppm achieved the best results of
morphological characters of Asparagus officinalis plants
such as; germination rate, seedlings length, SVI value,
plant height, number of main stem inter nodes, No. of
branches, plant fresh weight, plant dry weight and DW/
FW over the untreated control. The histological
parameters of root and stem resulted from treating the
plants with the concentration of ZnO NPs (500 ppm)
supportedthe morphological characters. The biochemical
parameters clarified an increase in catalase activity at
the highest concentration of Nano-Zn (500 ppm) as an
antioxidant defense mechanism led to increasing
secondary metabolite production. The highest total
flavonoid content as well as Naringenincontent was
attained ata concentration of 5 ppm. The highest contents
of Rutin and Myricetin were recorded at a concentration
of 3 ppm Nano-Zinc. ZnO NPs are used as ecofriendly
growth stimulator and secondary metabolite elicitor at 3
and 5 ppm, especially Rutin as a type of flavonoids.

References

Abbasi, B.H., A. Zahir, W. Ahmad, M. Nadeem, N. Giglioli-
Guivarc’h and C. Hano (2019). Biogenic zinc oxide
nanoparticles-enhanced biosynthesis of lignans and
neolignans in cell suspension cultures of Linum
usitatissimum L. Artificial cells, nanomedicine and
biotechnology, 47(1): pp.1367-1373.

Abdel Latef, A., M. Abu Alhmad and K. Abdel fattah (2016).
The Possible Roles of Priming with ZnO Nanoparticles in
Mitigation of Salinity Stress in Lupine (Lupinustermis)
Plants. J. Plant Growth Regul., 10: 1-12.

Adams, J., M. Wright, H. Wagner, J. Valiente, D. Britt and A.
Anderson (2017). Cu from dissolution of CuO
nanoparticles signals changes in root morphology. Plant
physiology and biochemistry, 110: pp.108-117.

Adhikari, T., S. Kundu and A.S. Rao (2015). Zinc delivery to
plants through seed coating with nano-zinc oxide
particles. Journal of Plant Nutrition, 39(1): pp.136-146.

Adisa, 1.0.,V.L.R.Pullagurala, J.R. Peralta-Videa, C.O. Dimkpa,
W.H.Elmer,J.L. Gardea-Torresdeyand J.C. White (2019).
Recentadvancesinnano-enabledfertilizersand pesticides:
acritical review of mechanisms of action. Environmental
Science: Nano, 6(7): pp.2002-2030.

Aebi, H. (1984). Catalase in vitro. In Methods in enzymology,
105: pp. 121-126). Academic Pres.

Afrayeem, S.M. and A.K. Chaurasia (2017). Effect of zinc oxide

9335

nanoparticles on seed germinationand seed vigourin chilli
(Capsicum annuum L.). Journal of Pharmacognosy and
Phytochemistry, 6(5): pp.1564-1566.

Ahmadi, N., H. Hassanpour, M. Hekmatand M. Ghanbarzadeh
(2020). Effectof SiO2 nanoparticles on phytochemical and
anatomical alterations in Anthemisgilanica. Iranian
Journal of Plant Physiology, 10: 3223-3231.

Al-Harbi, H.F.A., E. Abdelhaliem and N.M. Araf (2019).
Modulatory effect of zincoxide nanoparticles on gamma
radiation-induced genotoxicity in Viciafaba Fabeaceae.
Genetics and Molecular Research, 18:1-17.

Alkhatib, R., B. Alkhatib, N. Abdo, A.E. Laithand R. Creamer
(2019). Physio-biochemical and ultrastructural impact of
(Fe,0,) nanoparticles on tobacco. BMC plant biology,
19(1): pp.1-12.

Al-Snafi, A.E. (2015). The pharmacological importance of
asparagus officinalis-Areview. Journal of Pharmaceutical
Biology, 5(2):93-98.

Awasthi, A., S. Bansal, L.K. Jangir, G. Awasthi, K.K. Awasthi
and K. Awasthi (2017). Effect of ZnO nanoparticles on
germination of Triticum  aestivum seeds. In
Macromolecular Symposia, 376(1): p. 1700043.

Burman, U., M. Sainiand P. Kumar (2013). Effect ofzinc oxide
nanoparticles on growth and antioxidant system of
chickpea seedlings. Toxicological & Environmental
Chemistry, 95(4): pp.605-612.

Caldelas, C., F.Poitrasson, J. Viersand J.L. Araus (2020). Stable
Zn isotopes reveal the uptake and toxicity of zinc oxide 2
engineered nanomaterials in Phragmitesaustralis.
bioRxiv10:.1-34.

Chenxingi, L.S. and M.T. Xujiemei (2000). Liliaceae, flora of
China, 24:73-263.

Debnath, P., A. Mondal, K. Sen, D. Mishra and N.K. Mondal
(2020). Genotoxicity study of nano AI203, TiO2 and ZnO
along with UV-B exposure: An Allium cepa root tip
assay. Science of The Total Environment, 713: p.136592.

Dhoke, S.K., P. Mahajan, R. Kamble and A. Khanna (2013).
Effect of nanoparticles suspension on the growth of mung
(Vigna radiata) seedlings by foliar spray
method. Nanotechnology development, 3: 1-5.

Dogaroglu, Z.G. and N. Kaoleli (2019). TiO2 and ZnO
Nanoparticles Toxicity in Barley (Hordeumvulgare L.).
CSAWAC, 45: 1/7.

Elizabath, A., V.Bahadur, P.Misra, V.M. Prasad and T. Thomas
(2017). Effect of different concentrations of iron oxide and
zinc oxide nanoparticles on growth and yield of carrot
(Daucus carota L.). Journal of Pharmacognosy and
Phytochemistry, 6(4): pp.1266-1269.

Faizan, M., A. Faraz, A.R. Mirand S. Hayat (2020). Role of Zinc
Oxide Nanoparticles in Countering Negative Effects
Generated by Cadmium in Lycopersicon esculentum.
Journal of Plant Growth Regulation, pp.1-15.

Fan,R.,F.Yuan,N.Wang,Y.GaoandY.Huang (2015). Extraction



9336

and analysis of antioxidant compounds from the residues
of Asparagus officinalis L. Journal of food science and
technology, 52(5):pp.2690-2700.

Fathy, H.M.,S.A. Shaabanand L.S. Taha (2019). Application of
some Nanoparticles on in vitro growth of Populusalba L.
plant under salinity stress.Current Science International,
8:47-61.

Gowayed, S. and N. Kadasa (2015). Influence of Zinc Oxide
Nanoparticles on Cadmium Toxicity on Germination of
Faba Bean (Vicia faba L.). Journal of Plant Production
Sciences, 4(1): pp.21-26.

Hajra, A. and N.K. Mondal (2017). Effects of ZnO and TiO2
nanoparticles on germination, biochemical and
morphoanatomical attributes of Cicer arietinum L. Energy,
Ecology and Environment, 2(4): pp.277-288.

Hao, Y., Z. Zhang, Y. Ruil, J. Ren, T. Hou, S. Wul, M. Rui, F.
Jiang and L. Liu (2016). Effect of Different Nanoparticles
on Seed Germination and Seedling Growth in Rice. 2nd
Annual International Conference on Advanced Material
Engineering. 166-173.

Harris, D., A. Rashid, G. Miraj, M. Arifand H. Shah (2007). ‘On-
farm’seed priming with zinc sulphate solution -A cost-
effective way to increase the maize yields of resource-
poor farmers. Field Crops Research, 102(2): pp.119-127.

Hassan, N.A. (2001). Growth, Yield, Spear Quality and Some
Genetical and Character of six Asparagus officinalis L.
Cultivars. Department of Vegetable Crops Faculty of
Agriculture. Cairo University. 137p.

Hendel, A., M. Zubko, D. Str6z and E. Kurczy “nska (2019).
Effectof Nanoparticles Surface Charge onthe Arabidopsis
thaliana L. Roots Developmentand Their Movement into
the Root Cells and Protoplasts. Int. J. Mol. Sci., 20: 2-22.

Huang, X.F., Y.Y.Linand L.Y. Kong (2008). Steroids from the
roots of Asparagus officinalis and their cytotoxic
activity. Journal of Integrative Plant Biology, 50(6):
pp.717-722.

ISTA (1999). Handbook of Vigor Test Methods. (eds J.H.
Hampton and D. TeKrony). International Seed Testing
Association, Bassersdorf, Switzerland.

Itroutwar, P.D., K. Govindaraju, S. Tamilselvan, M. Kannan, K.
Raja and K.S. Subramanian (2020). Seaweed-based
biogenic ZnO nanoparticles for improving agro-
morphological characteristics of rice (Oryza sativa
L.). Journal of Plant Growth Regulation, pp.1-12.

Jahani, M., R.A. Khavari-Nejad, H. Mahmoodzadeh and S.
Saadatmand (2019). Effects of foliar application of cobalt
oxide nanoparticles on growth, photosynthetic pigments,
oxidative indicators, non-enzymatic antioxidants and
compatible osmolytes in canola (Brassica napus L.). Acta
Biologica Cracoviensia s. Botanica, pp.29-42.

Josué, 1., I. Josué, Garcia-LoOpez, Francisco, Zavala-Garcia,
Emilio, Olivares-Saenz, H. Ricardo, Lira-Saldivar, Enrique,
DiazBarriga-Castro, A. Norma, Ruiz-Torres, Edith Ramos-

S.F. Desoukey et al.

Cortez, Rigoberto VVazquez-Alvarado and Guillermo Nifio-
Medina (2018). Zinc Oxide Nanoparticles Boosts Phenolic
Compounds and Antioxidant Activity of Capsicum
annuum L. during Germination. Agronomy, 8: 215; 2; 13.

Kantabathini, V.P., B. Mallula and S.P.G. Udayar (2018). The
Effect of Zinc Oxide Nanoparticles (ZnO NPs) on
Vignamungo L. Seedling Growth and Antioxidant Activity,
Nanoscience and Nanotechnology-Asia Volume 10,
Number 2, pp. 117-122(6).

Kobayashi, Y.and S. Mizutani (2013). Studies on the wilting
treatment of corn plant: The influence of the artificial auxin
control in nodes on the behavior of rooting. Proceedings
of the Crop Science Society of Japan, 39: 213-220.

Korani, S., A. Iranbakhsh, M. Ebadi, A. Majd and Z.O. Ardebili
(2020). Selenium nanoparticles induced variations in
growth, morphology, anatomy, biochemistry, gene
expression and epigenetic DNA methylation in Capsicum
annuum; an in vitro study. Environmental Pollution,
p.114727.

Lee, S., S. Kim, S. Kim and I. Lee (2013). Assessment of
phytotoxicity of ZnO NPs ona medicinal plant, Fagopyrum
esculentum. Environmental Science and Pollution
Research, 20(2):pp.848-854.

Lopez-Vargas, E.R., H. Ortega-Ortiz, G.Cadenas-Pliego, K. de
Alba Romenus, M. Cabrera de la Fuente, A. Benavides-
Mendoza and A. Juérez-Maldonado (2018). Foliar
application of copper nanoparticles increases the fruit
quality and the content of bioactive compounds in
tomatoes. Applied Sciences, 8(7):p.1020.

Madbouly, A.K. (2018). Nanoparticles as novel plant growth
promoters. Novel Researchin Microbiology Journal, 2(4):
pp.1-4.

Mabhajan, P., S.K. Dhoke and A.S. Khanna (2011). Effect of
Nano-ZnO Particle Suspension on Growth of Mung
(Vignaradiata) and Gram (Cicerarietinum) Seedlings Using
Plant Agar Method. Journal of Nanotechnology, 7: P.

Mahdieh, M., M.R. Sangi, F. Bamdad and A. Ghanem (2018).
Effect of seed and foliar application of nano-zinc oxide,
zinc chelate and zinc sulphate rates on yield and growth
of pinto bean (Phaseolus vulgaris) cultivars. Journal of
Plant Nutrition, 41(18): pp.2401-2412.

Mahmoud, AW.M., S.M. Abdelaziz, M.M. EI-Mogy and E.A.
Abdeldaym (2019). Effect of foliar ZnO and FeO
nanoparticlesapplication ongrowth and nutritional quality
of red radish and assessment of their accumulation on
human health. Agriculture (Pol 'nohospodarstvo), 65(1):
pp.16-29.

Méndez-Arguello, B., I. Vera-Reyes, E. Mendoza-Mendoza,
L.A. Garcia-Cerda, B.A. Puente-Urbinaand R.H.L. Saldivar
(2016). Growth promotion of Capsicum annuum plants by
zinc oxide nanoparticles. Nova Scientia, 8(17): pp.140-
156.

Menesy, F.A., M.M. Khalfallah, N. Rashed and A.K. Maaty



Impact of Zinc Oxide Nanoparticles on Asparagus officinalis plant

(2018). Response of Pimpinella anisum L. Plant For
Graphite and Silica Nanoparticles. Journal of Sustainable
Agricultural Sciences, 44(1): pp.1-10.

Moghaddasi, S., A. Fotovat, F. Karimzadeh, H.R. Khazaei, R.
Khorassani and A. Lakzian (2017). Effects of coated and
non-coated ZnO nano particles on cucumber seedlings
grown in gel chamber. Archives of Agronomy and Soil
Science, 63(8):pp.1108-1120.

Moghanloo, M., A. Iranbakhsh, M. Ebadi, T.N. Satariand Z.O.
Ardebili (2019). Seed priming with cold plasma and
supplementation of culture medium with silicon
nanoparticle modified growth, physiology and anatomy
in Astragalus fridae as an endangered species. Acta
Physiologiae Plantarum, 41(4): p.54.

Moharrami, F., B. Hosseini, A. Sharafi and M. Farjaminezhad
(2017). Enhanced production of hyoscyamine and
scopolamine from genetically transformed root culture of
Hyoscyamus reticulatus L. elicited by iron oxide
nanoparticles. In Vitro Cellular & Developmental
Biology-Plant, 53(2): pp.104-111.

Mosavat, N., P. Golkar, M. Yousefifard and R. Javed (2019).
Modulation of callus growth and secondary metabolites
in different Thymus species and Zataria multiflora
micropropagated under ZnO nanoparticles stress.
Biotechnology and applied biochemistry, 66(3): pp.316-
322.

Munir, T., M. Rizwan, M. Kashif, A. Shahzad, S. Ali, N. Amin, R.
Zahid, M.F.E. Alam and M. Imran (2018). Effect Of Zinc
Oxide Nanoparticles On The Growth and Zn Uptake In
Wheat (Triticumaestivum L.) By Seed Priming Method.
Digest Journal of Nanomaterials and Biostructures, 13:
315-323.

Mushinskiy, A.A.and E.V.Aminova (2019). Effect of iron, copper
and molybdenum nanoparticles on morphometric
parameters of Solanum tuberosum L. plants. In 10P
Conference Series: Earth and Environmental Science,
341(1): p.012195. IOP Publishing.

Patel, K. and D.K. Patel (2019). The beneficial role of rutin, a
naturally occurring flavonoid in health promotion and
disease prevention: a systematic review and update.
In Bioactive Food as Dietary Interventions for Arthritis
and Related Inflammatory Diseases (pp. 457-479).

Pérez Velasco, E.A., R. Betancourt Galindo, L.A. Valdez Aguilar,
J.A. Gonzélez Fuentes, B.A. Puente Urbina, S.A. Lozano
Morales and S. Sanchez Valdés (2020). Effects of the
Morphology, Surface Modification and Application
Methods of ZnO-NPs on the Growth and Biomass of
Tomato Plants. Molecules, 25(6): p.1282.

Pradhan, S., S. Bahadur and S. Pradhan (2017). Role Of Nano
Technology In Agriculture. Contemporary Research in
India, 7(4):1-3

Prasad, T.N.V.K.V., P. Sudhakar, Y. Sreenivasulu, P. Latha, V.

Munaswamy, K.R. Reddy, T.S. Sreeprasad, P.R. Sajanlal
and T. Pradeep (2012). Effect of nanoscale zinc oxide

9337

particles on the germination, growth and yield of
peanut. Journal of plant nutrition, 35(6): pp.905-927.

Priyanka, N. and P. Venkatachalam (2016). Biofabricated zinc
oxide nanoparticles coated with phycomolecules as novel
micronutrient catalysts for stimulating plant growth of
cotton. Advances in natural sciences: nanoscience and
Nanotechnology, 7(4): p.045018.

Rajput, V.D., T. Minkina, S. Suskova, S. Mandzhieva, V.
Tsitsuashvili, V.Chapliginand A. Fedorenko (2018). Effects
of copper nanoparticles (CuO NPs) on crop plants: a mini
review. Bio. Nano Science, 8(1): pp.36-42.

Raliya, R., R. Nair, S. Chavalmane, W.N. Wang and P. Biswas
(2015). Mechanistic evaluation of translocation and
physiological impact of titanium dioxide and zinc oxide
nanoparticles on the tomato (Solanum lycopersicum L.)
plant. Metallomics, 7(12):pp.1584-1594.

Raskar, S.V. and S.L. Laware (2014). Effect of zinc oxide
nanoparticles on cytology and seed germination in
onion. Int. J. Curr. Microbiol. App. Sci., 3(2): pp.467-473.

Samart, S., S. Chutipaijitand N. Phakamas (2017). Evaluating
the effect of zinc oxide nanoparticles on the physiological
responses of nine non-photoperiod sesitive rice
cultivars. Materials Today: Proceedings, 4(5): pp.6430-
6435.

Sass, J.S. (1951). Botanical Microtechnique.Professor of Botany
lowastate collage. Second Edition. The lowa State Collece.
Press building, Ames, lowa. pp.228.

Schneider, S. (2014). Quality Analysis of virgin olive oils —
parts 6. Aglient Technologies Application note,
publication number 5991.

Shankramma, K., S. Yallappa, M.B. Shivannaand J. Manjanna
(2016). Fe,O, magnetic nanoparticles to enhance S.
lycopersicum (tomato) plant growth and their
biomineralization. Applied Nanoscience,6(7): pp.983-990.

Singh, O.S.,N.C. Pant, L. Laishram, M. Tewari, R. Dhoundiyal,
K.Joshiand C. Pandey (2018). Effect of CuO nanoparticles
on polyphenols content and antioxidant activity in
Ashwagandha (Withania somnifera L. Dunal). J.
Pharmacogn. Phytochem, 7: pp.3433-3439.

Snedecor, G.W.and W.G. Cochran (1989). Statistical Methods,
Eighth Edition, lowa State University press. 507 p.

Sofy,M.R., M.A. Sharafand A.l. Nowwar (2017). Biochemical
changes in plant growth in response to Zn nanoparticles.
International Journal of Innovative Science, Engineering
& Technology, 4: 125-146.

Solanki, P.and J.S. Laura (2018). Effect of ZnO nanoparticles
on seed germination and seedling growth in wheat
(Triticumaestivum). Journal of Pharmacognosy and
Phytochemistry, 7(5):2048-2052.

Stajner, N., B. Bohanecand B. Javornik (2002). Genetic variability
of economically important Asparagus species as revealed
by genome size analysis and rDNA ITS polymorphisms.
Plant Science, 162(6): pp.931-937.



9338

Tirani, M.M., M.M. Haghjou and A. Ismaili (2019). Hydroponic
grown tobacco plants respond to zinc oxide nanoparticles
and bulk exposures by morphological, physiological and
anatomical adjustments. Functional Plant Biology, 46(4):
pp.360-375.

Wang, M., Y. Tadmor, Q.L. Wu, C.K. Chin, S.A. Garrison and
J.E. Simon (2003). Quantification of protodioscinand rutin
in asparagus shoots by LC/MS and HPLC methods.
Journal of agricultural and food chemistry, 51(21):
pp.6132-6136.

Wang, X.P.,Q.Q. Li, Z.M. Peiand S.C. Wang (2018). Effects of
zinc oxide nanoparticles on the growth, photosynthetic
traitsand antioxidative enzymes intomato plants. Biologia
plantarum, 62(4):pp.801-808.

Wei, Y. and M. Guo (2014). Zinc-binding sites on selected
flavonoids. Biological trace element research, 161(2):
pp.223-230.

S.F. Desoukey et al.

Yang, L.and D.J. Watts (2005). Particle surface characteristics
may play an important role in phytotoxicity of alumina
nanoparticles. Toxicology letters, 158(2): pp.122-132.

Yilmaz, A., H. Ekiz, B. Torun, |. Gultekin, S. Karanlik and S.A.
Bagci (1997). Effect of different zinc application methods
on grain yield and zinc concentration in wheat grown on
zinc-deficient calcareous soils in Central Anatolia. Journal
of Plant Nutrition, 20: 461-471.

Younes, N.A. and D.M. Nassef (2015). Effect of silver
nanoparticles on salt tolerancy of tomato transplants
(Solanum lycopersicom L. Mill.). Assiut. J. Agric Sci., 46:
pp.76-85.

Younes,N.A.,H.S. Hassan, M.F. Elkady, A.M. Hamed and M.F.
Dawood (2020). Impact of synthesized metal oxide
nanomaterials on seedlings production ofthree Solanaceae
crops. Heliyon,6(1): p.e03188.



