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ABSTRACT

Nanotechnology can put advents for increasing yields to support agricultural sector and decreasing
environmental risks. Also, natural plant extracts can stimulate the performance of plants grown on salt affected
soil. A little is known about the joint effects of external application of moringa extract plus foliar spraying with
Nanoparticles on garlic plants grown on saline soil. So, a field research work was executed aiming at assessing
the influence of the external applications of moringa extract [ with (30 ml L) and without foliar spray, as main
plots], copper oxide Nanoparticles (CuO NPs) as sub plots at different rates i.e, 0.0, 1.0 and 2.0 ng L and
magnetite iron oxide Nanoparticles (FesOs NPs) as sub-sub plots at different rates i.e, 0.0, 2.0 and 4.0 ng L on
the performance of garlic plants grown on saline soil at two periods (100 and 180 days from planting). The
findings indicate that the garlic plants grown on saline soil with foliar application of moringa extract had the
best performance compared to the corresponding garlic plants grown without external application of moringa
extract. On the other hand, the plant improvement increased as the rate of NPs increased. Generally, the best
performance was recorded when garlic plants were sprayed in combination with moringa extract (30 ml L?),
CuO NPs (2.0 ng L) and magnetite FesOs NPs (4.0 ng L) compared to other combined treatments. Generally,
it can be concluded that studied substances acted to mitigate the influences of salinity stress of soil on garlic
plants.
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INTRODUCTION

Soil salinity is one of the biggest factors limiting
plant performance in the agriculture sector especially in arid
and semiarid regions such as Egypt, where saline soils
represent about 30 % of the total cultivated area of Egypt
(FAO 2005). Currently, it is known that the salinity of soil
has a harmful influence on plants growth performance and
crops yield through raising the production of reactive oxygen
species (ROS) responsible for damage of plant cells
(Othman, 2021).

A little reports show that moringa leaf extract is
involved in salt-stress tolerance (Howladar, 2014; Merwad,
2017 and Hassan et al., 2020). Moringa (Moringa oleifera)
belongs to Moringnance family and it is rich in vitamins e.g.,
V.A and V.C and nutrients e.g., iron, calcium and
antioxidants e.g., phenolics (Matthew, 2016). Also, it
possesses a sufficient quantity of cytokinins (Biswas et al.,
2016). Even though knowledge about the high content of
moringa of mineral, sugars, amino acids, antioxidant and
phytohormones, but scanty reports are available discussing
the amelioration of salt stress by moringa extracts. For
example, Abdel Latef et al., (2017) reported that foliar
application of moringa leaf extract could mitigate the
harmful influence of salinity on fenugreek plants.

Nanotechnology monitors aleading agricultural
controlling process, especially by its miniature dimension
(Shalaby et al., 2016).The ambition of Nanoparticles in
agriculture is to reduce the amount of spread chemicals,
minimize nutrient losses in fertilization and increased yield
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through pest and nutrient management. Nanotechnology is a
brilliant solution to many common issues in the agricultural
field in Egypt including the urgent need to reduce synthetic
fertilization, where many research works have confirmed
that Nanoparticles have a special attributes that do not exist
in their conventional counterparts (Helaly et al., 2014;
Dewdar et al., 2018 and Sofy et al., 2021).

Garlic (Allium sativum L.) plants are one of the most
important vegetable bulbs and spice crops in Egypt. After
onion, it is the 2 most widely used cultivated bulb crop in
Egypt (Samy and El-Zohiri, 2021). It is used for local
consumption and exportation, where it has a high medical
value (EI-Shal et al., 2021). Its total cultivated area in Egypt
according to FAO, (2019) reached 15503 ha with total
production exceeding 318800 tons.

Therefore, this investigation aims to evaluate the
effect of moringa extract and nanoparticles on improving the
performance growth, yield and quality of garlic plants grown
on saline soil.

MATERIALS AND METHODS

A field research work was executed in a private
farm located in El-Serw area, Damietta Governorate, Egypt
during two successive seasons of 2017/2018 and 2018/2019
aiming at assessing the influence of the external applications
of moringa extract [ with (at rate of 30 ml L) and without
foliar spray, as main plots], copper oxide Nanoparticles
(CuO NPs) as sub plots at different rates i.e, 0.0, 1.0 and 2.0
ng L and magnetite iron oxide Nanoparticles ( FesOs NPs)
as sub-sub plots at different rates i.e, 0.0, 2.0 and 4.0 ng L*
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on the performance of garlic plants grown on saline soil at
two periods (100 and 180 days from planting).
1. Soil Sampling:

The analyses of initial soil sample (taken at depth of
0-25 cm) were done before execution of the current research
work according to Dane and Topp (2020) and Sparks et al.
(2020), where Table 1 shows the initial soil attributes.
Table 1. Characteristics of the initial soil.

Mechanical analysis  Values Chemical properties Values
Sand,% 19.87 Organic matter,% 1.99
Silt % 3261 CaCOs, % 1.75
Clay,% 4752 ECw, dS m? 5.85

Texture is class clay pH (1:2.5 soil suspension)  7.90
2. Garlic Cloves Used in Cultivation:

Garlic cloves (Cv. Balady) were obtained from the
Ministry of Agri. and Soil Rec (MASR), where it is a local
cultivar grown in Egypt for its strong aroma which the
mature cloves have white covering scale.

3. Substances Studied:
Moringa extract.

Young leaves and branches of moringa were taken
from young full-grown trees. Moringa extraction was executed
according to Yasmeen, (2011), by grinding leaves and
branches with a pinch of water (1.0 L 10.0 kg* fresh material)
using an extraction machine. After sieving through cheesecloth
the extract was centrifuged for 15 min at 8000 x rpm.

Chemical composition of natural extract of moringa
is shown in Table 2.

Table 2. Chemical composition of natural extract of moringa.

Components Values
Super oxide dismutase (SOD)  (IU min ! 1932
Peroxidase (POD) mg ! 22.30
Catalase (CAT) protein) 6.950
Total soluble protein (mg g 1) 1.40
Total phenolic contents (mg g * GAE) 8.00
Ascorbic acid (m moleg ) 0.40
N,% 2.10
P.% 0.25
K,% 1.98
Ca,% 215
Mg,% 0.01
Fe, mg kg! 600

Counears

Nanoparticles.

Copper oxide and magnetite FesOs Nanoparticles
were obtained from National Research Center, Egypt.

Physicochemical properties of copper oxide and
magnetite FesO4 Nanoparticles were characterized via TEM
imaging Figs 1 and 2.

The images of the synthesized copper oxide
Nanoparticles reveal a spherical shape and an average
particle size of 12.9 to 29.0 nm (Figl), while the images of
the synthesized magnetite FesOs Nanoparticles reveal a
spherical shape and an average particle size of 12.5 to 17.5
nm (Fig 2).

Fig 3 shows the X-ray diffraction (XRD) pattern of
copper oxide and magnetite Fes04 Nanoparticles.

— - = —

Fig. 1. TEM imaging of the prepared copper oxide
Nanoparticles revealed a spherical shape of the
particles, with an average size of 12.9-29.0 nm
(inset shgws electron diffraction pattern).

Flg 2. TEM |mag|ng of the prepared magnetite Fe2Os
nanoparticles revealed a spherical shape of the
particles, with an average size of 12.1-17.5 nm
(inset shows electron diffraction pattern).
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4. Experimental Design and Cultivation:

The trial was allocated in a spilt split-plot design with
three replicates. Prior to sowing were split into the individual
cloves, where the cloves were exposed to running water for 18
hours before planting. Main plots were pre-irrigated one day
before sowing and cloves were sown, where the cloves were
sorted to select the largest cloves (uniform and healthy cloves).
Garlic cloves were manually planted on one side of the ridges
at a distance of 10 cm apart on September 1% during both
studied seasons. The experimental area was 86.4 m2 consisted
of eighteen ridges; each was 0.8 m in width and 6.0 m in
length. Each sub subplot contained three ridges, where each
ridge was divided into 3 replicates.

5. Fertilization:

Fertilization process was done according to MASR.
A month before sowing cloves, organic fertilizer was added
at rate of 10.0 ton fed™ as well as calcium superphosphate
(15.5% P,0s) was added before planting at rate of 400 kg
fed™. N and K fertilizers were added during plant life period,
where ammonium sulphate (20.5% N) was added at rate of
800 Kg fed, while potassium sulphate (48% K:O) was
applied at the rate of 100 kg fed. Other traditional
agricultural practices for garlic production were done
according to MASR. After a period of 45 days from sowing,
the external application of moringa extract and nanoparticles
as a combined treatments was done with repeating three
times with 3 weeks intervals.

6. Irrigation and Harvesting:

Irrigation process was done as garlic plants required
using Nile River. Harvesting was done at maturity of bulbs
(after 180 days from sowing).

7. Measurements.

At a period of 100 days from planting, five garlic
plants from each sub sub-plot were taken for measuring the
following parameters;

- Growth criteria expressed in No. of leaves plant?, fresh
and dry weights (g plant?).

- Chlorophyll content (SPAD, reading value).

- Super Oxidase Dismutase (SOD, U min™t g* FW) was
determined using methods described by Alici and Arabaci,
(2016).

- Malondialdehyde (MDA, nmol MDA g FW) was
analyzed using method of Heath and Packer (1968).

Also, five garlic plants from each sub sub-plot were
taken when bulbs of garlic plants reached to the proper maturing
stage (after 180 days from sowing) for measuring the physical
bulb attributes i.e., bulb diameter (cm), neck diameter (cm),
bulbing ratio (BR) and No. of cloves bulb™, where BR ~ was

measured as the following formula according to Mann (1952);
Neck diameter (cm)

Bulb diameter {cm)

Bulb yield and marketable yield (ton ha) were
measured. Also quality traits of bulbs i.e., dry matter(%)
vitamin C (mg 100g?), crude protein (%) , carbohydrates
(%) were determined according to AOAC, (2000),while
pungency (purvate content mmolmlt) was estimated
according to Anthon and Barrett (2003).

8. Statistical Analysis.

It was executed depending on Gomez and Gomez,
(1984), using CoStat (Version 6.303, CoHort, USA, 1998
2004)].

RESULTS AND DISCUSSION

1. Performance of Garlic Plants at Period of 100 Days:
Growth criteria and chlorophyll content:

Data of Table 3 show the individual influence of
foliar applications of moringa extract, CuO NPs and
magnetite Fe;O3 NPs at various rates as well as their
interactions on growth criteria of garlic plants grown on
saline soil expressed in No. of leaves plant?, fresh and dry
weights (g plant®) and chlorophyll content (SPAD, reading
value) at period of 100 days from planting during two
seasons (2017/2018 and 2018/2019).

Individual effect:

Data of the same Table show that the garlic plants
grown on saline soil with foliar application of moringa
extract had the highest values of No. of leaves plant?, fresh
and dry weights (g plant®) and chlorophyll content (SPAD,
reading value) compared to the corresponding garlic plants
grown without external application of moringa extract. The
same trend was found in both studied seasons.

The positive effect of moringa extract treatment
under salinity circumstances may be attributed to its contents
of enzymatic and non- enzymatic antioxidants in addition to
its high content of nutrients (as shown in Table 2 ), thus, it
can be said that external application of moringa extract had
an effective role in alleviating the salt stress-induced
damages in garlic plants, where moringa extract application
conferred the capacity to improve the garlic plant’s growth
performance, and stress tolerance under salinity
circumstances. Our results are in harmony with those of
Hegazi et al., (2016) who studied moringa leaf extract
application to achieving sustainable horticulture production
and declared that performance of garlic plants was enhanced
by moringa foliar application. Beside, Mohamed et al.,
(2019) found that growth of garlic plants was increased with
moringa foliar application.

Regarding foliar application of copper oxide NPs,
the data of the same Table illustrate that the values of No.
of leaves plant?, fresh and dry weights (g plant?) and
chlorophyll content (SPAD, reading value) increased as
rate of copper oxide NPs increased, where the external
application of copper oxide NPs at rate of 2.0 ng L™ was
superior treatment followed by copper oxide NPs at rate of
1.0 ng L%, while the plants grown without copper oxide
NPs (at rate of 0.0 ng L) possessed the less values of all
aforementioned traits. The same trend was found in the
both studied seasons. The vital effect of copper element on
garlic plant performance may be attributed to that it
activated some enzymes in garlic plants which are involved
in lignin synthesis in addition to its importance in several
enzyme systems. Also, it is known that Cu required in
plant metabolism of carbohydrates and proteins (Yruela,
2005).

Concerning foliar application of magnetite FesOs
NPs, the data of the same Table illustrate that the values of
No. of leaves plant?, fresh and dry weights (g plant) and
chlorophyll content (SPAD, reading value) increased as rate
of magnetite FesO. NPs increased, where the external
application of magnetite FesO4 NPs at rate of 4.0 ng L™ was
superior treatment followed by magnetite FesO4 NPs at rate
of 2.0 ng L%, while the plants grown without magnetite
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FesO4 NPs (at rate of 0.0 ng L) possessed the less values of
all aforementioned traits. The same trend was found in both
studied seasons. The vital effect of iron element on garlic
plant performance attributed to that it plays critical role in
metabolic processes e.g., respiration, DNA synthesis and
photosynthesis, where it is involved in the chlorophyll
synthesis in addition to its importance for the maintenance
of chloroplast structure and function (Rout and Sahoo,
2015).

The superiority of Nanoparticles may be due to that
Nano-fertilizers was more advantageous comparing with the
conventional chemical fertilizers because Nanoparticles can
triple the effectiveness of both Cu and Fe elements, thus
reducing the requirement of Cu and Fe mineral fertilizers.
Also, it can be said that Nanoparticles can increase the
resistance of garlic plants to salinity in addition to being less

hazardous to the environment (Suresh et al., 2016 and
Shankramma et al., 2016).
Interaction effect:

Data elucidate that the highest values of No. of leaves
plant?, fresh and dry weights (g plant®) and chlorophyll
content (SPAD, reading value) for garlic plants grown on salt
affected soil during both seasons were recorded when garlic
plants were sprayed, in combination, with moringa extract (30
ml L), CuO NPs at rate of 2.0 ng L and magnetite FesO4
NPs at rate of 40 ng L*  compared to other combined
treatments. Generally, it can be noticed that studied substances
acted to mitigate the influences of salinity stress of soil on
garlic plant through reducing responses of garlic grown to the
stress.. These results come in accordance with Hegazi et al.,
(2016); Suresh et al., (2016) ; Shankramma et al., (2016) and
Mohamed et al., (2019).

Table 3. Impact of moringa extract and nanoparticles on growth performance of garlic plants at period of 100 days
from planting during seasons of 2017/2018 and 2018/2019.

Plant height,cm  No. of leaves plant® Freshweight, g plant® Dry weight, g plant® Chlorophyll, SPAD

Treatments lst 2nd 1st 2nd 1st 2nd lst 2nd 1st 2nd
Moringa extract (main factor)
Without (control) 68.67b  70.00b  6.37b 7850  7134b 7285bh  17.03b  17.34b 3427b 3544b
Moringa extract 76.24a  7787a  9.07a 10.8la 77.40a 79.35a  1853a  18.89a 36.95a 38.36a
LSD at 5% 011 0.08 207 112 0.05 0.13 0.02 0.04 0.06 0.38
Copper nanoparticle levels ( sub main)
0.0 ng L* (control) 7020c  7159c  6.72b 8170  7250c  73.98¢c 17.30c  1763c  34.73c  35.95c
10ngL? 7282b  7427b  7.8% 972a 7477b 7658  17.87b  1819p 35.80b 37.12b
20 ngL? 7434a  7594a  856a 1011a 7584a 77.75a  18.18a  1853a 36.3la 37.63a
LSD at 5% 0.57 0.13 0.82 1.02 0.15 0.15 0.14 0.13 0.07 0.28
Iron nanoparticle levels ( sub-sub main)
0.0 ng L (control) 7130c 7271c 7.22b 872a  7334c 7516c  1751c  17.85c 3510c 36.41b
20 ngL? 725% 7409 7.78ab 944a  7458b 76.22b  1783b  1814b 35.71b 37.13a
40 ngL? 7348a 75.00a 817a 983a 7520a 7693a  180la 1836a 36.02a 37.16a
LSD at 5% 0.64 0.22 0.75 N.S 0.23 0.23 0.15 0.18 0.11 0.36
Interaction
= 00ngFeL! 67.85lmn 69.15n  5.00k 567h  6947n 7065m 16480 16.80m 33.060  34.25i
—~ o5 20ngFeL! 65720 66.84q 533k 633gh 69.73n 71.06m 1659  1697Im 3341n 34.76hi
2 2O 40ngFel! 6653n0 67.70p 567ijk 7.00fgh 70.02n  70.86m  16.69n0 17.02kim 33.67n  34.33i
§ o 00ngFe Lt 6733mn 686lo 6.00hk 7.67¢h 7059m 72211 16.84mno 17.17kim 33.95m 35.31gh
=z o = 20 ngFeL? 69.13klI 70.38m 6.67gk 8.6cg7 7171 7343k 17.15kim 17.41lijk 3458k 35.91fg
§ —O  40ngFelL! 7014jk 71551  7.00f 9.00bg 7246k  74.06]  17.36jkl  17.63hij  34.86] 35.88fg
-‘g o, 00ngFeL! 6819Im 6942n 6.67gk 800dh  71.221 7328k 17.0llmn 17.31jkl 34.23] 3550gh
oS 20ngFel?! 71.12ij 7261k 7.33ei 90bgd 73.10j  74.65i 17.50ijk 17.74ghi 35.19i 36.38ef
~NO 40ngFeL! 7197hi 7371 767dh  933af  73.76i  7546h  17.68hij 18.00fgh 35.50h  36.62¢f
= 00ngFelL! 7282gh 74451 800cg 967af 7459h 7638y 17.86ghi 18.16efg 35.79g 37.24de
. o5 20ngFeL! 7377fy 7532h 800cy 10.00ae 7530y 76.80y 18.01lfgh 18.25¢f  36.08f 37.55cd
8 ©O 40ngFel! 7448¢f 7605y 833bg 1033 75.89f  78.09f 18.18efg 18.55de  36.35ef 37.58cd
S = 00ngFeL! 7544de 76.72f 867bf 1067ad 76.77e 7878  18.34def 18.74d  36.62e 37.79cd
s o5 20ngFel® 7698cd 7871d 933ad 11.00abc 7816e  80.27d 18.68ocd 1896cd 37.21c 38.71ab
£ <O 40ngFel! 77.92bc 79.66c 9.67abc 11.33abc  78.91b  80.73bc  18.87bc  19.23bc  37.56b  39.09ab
§ o, 00ngFelL' 76.15d 7790b 9.00ae 10.67ad 77.40d 79.65d 1852cde 189lcd 36.93d 38.40bc
oS 20ngFeL! 7880ab 80.67b 10.00ab 11.67ab 79.45b  81.12b  19.07ab 19.54ab 37.82b 39.45a
~NO 40ngFel! 7982a 8133 1067a 1200a 80.13a 8237a  19.27a  19.69a 38.7a 39.46a
LSD at 5% 157 0.53 N.S N.S 0.56 0.58 0.39 0.43 0.28 0.87

Antioxidants:

Regarding garlic plant's self-production from Super
Oxidase Dismutase (SOD, U min? g*! FW) and
Malondialdehyde (MDA, nmol MDA g FW), the data of
Table 4 show that salinity stress of soil (control treatment)
led to raising SOD and MDA contents in garlic leaves at
period of 100 days from planting, where the cultivation
without any external applications caused an increase of
garlic self-production from SOD and MDA to scavenge the
free radicals or ROS and increase garlic tolerance to
salinity stress.our results are in harmony with Abdel Latef et

al. (2017) who reported that salinity stress boosted the
contents of proline, MDA, the activity of catalase (CAT) and
ascorbate peroxidase (APX).

Data in Table 4 illustrate that garlic plants grown
without exogenous application of moringa extract contained
SOD and MDA higher than garlic plants grown with
exogenous application of moringa extract. Data of the same
Table indicate that the garlic plants treated with CuO NPs at
both studied rates produced SOD and MDA less than garlic
plants grown without application of CuO NPs, where the
lowest values of SOD and MDA were recorded with
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treatment of 2.0 ng Lt CuO NPs. Also, the data of the same
Table show that the garlic plants treated with magnetite
FesO4 NPs at both studied rates produced SOD and MDA
less than garlic plants grown without application of
magnetite FesO4 NPs, where the lowest values of SOD and
MDA were recorded with treatment of 4.0 ng L™ magnetite
FesO4 NPs.
Table 4. Impact of moringa extract and nanoparticles
on antioxidants in leaves of garlic plants at

period of 80 days from planting during
seasons of 2017/2018 and 2018/2019.

Super oxidase dismutase MDA (hmol

Treatments (Umin?g?FW) MDA g1 FW)
1st 2nd 1st 2nd
Moringa extract (main factor)
Without (control) 95.34a 97.20a 495a 5.06a
Moringa extract 90.68b 92.65b 418h 429
LSD at 5% 0.05 0.02 007 007
Copper nanoparticle levels (sub main)
0.0 ng L* (control) 94.5% 96.49% 4.86a 4.98a
1.0ngL? 92.65b 94.45b 449 4.58b
20 ngL? 91.79¢ 93.84c  4.36c 4.46¢c
LSD at 5% 0.16 0.16 005 0.5
Iron nanoparticle levels (sub-sub main)
0.0 ng L (control) 93.88a 96.10a  4.7la 4.83a
20 ngL? 92.82b 9452b  453b 4.63b
40 ngL? 92.34c 94.16¢c 446c 4.56¢
LSD at 5% 0.27 0.28 004 0.04
Interaction
o+ 00ngFel! 97.46a 99.20a  5.18a 5.29a
_ & S 20ngFel? 96.8%ab  9848b  5.14ab 5.27ab
E ° O 40 ngFeL? 96.43bc 98.38b  5.07bc 5.19hc
§ =5 00ngFeL! 95.88cd 98.02bc  5.00cd 5.12cd
= o 5 20ngFe Lt 94.79f 95.89d  4.8%f 4.99ef
2 —© 40ngFel! 94.33fg 9646d  4.83fg 4.92fg
§ o, 00ngFeL! 95.26de 9750c  4.96de 5.09de
o S 20ngFel! 93.75gh 9596d  4.78gh 4.89gh
~N O 4ongFel! 93.32hi 9490e  4.72hi 481hi
o= 00ngFeL? 9278 9519  4.65i] 4.78ij
_ o 3520ngFel? 9223k  9376fg 4595k 4.69k
8 ° O 40 ngFel! 91.77kl 93.91f 454k  4.66k
¥ o= 00ngFeL! 91.17Im 93129 4351 446l
S o 5 20ngFel? 90.14no  9227h  397n 4.05n
£ — O 40ngFel?! 89.600p 90.93i  3.87no 3.95n0
§ o 00ngFeL! 90.74no 9358fg  4.13m 4.25m
o S 20ngFel? 89.09pq 90.77i  3.8lop 3.8%
~N O 40ngFel! 88.60q 90.36i 3.76p 3.860
LSD at 5% 0.67 0.68 010 0.10

Generally, it can be noticed that moringa extract and
studied nanoparticles have a beneficial role on reducing
garlic plant's requirements from SOD and MDA self-
production. The role of moringa extract in increasing the
resistance of the garlic plants to salinity and declining garlic
plant's self-production from SOD and MDA maybe
attributed to its contents of enzymatic and non- enzymatic
antioxidants (as shown in Table 2 ), thus reducing garlic
plant's requirements from SOD and MDA self-production
under salinity circumstances (Hassan et al., 2020). While
The role of NPs in increasing the resistance of the garlic
plants to salinity and declining garlic plant's self-production
from SOD and MDA maybe attributed to their role in
boosting nutrient absorption and use efficiency under salinity
conditions (Li et al., 2013; Tantawy et al., 2014 and
Shankramma et al., 2016).

2. Yield and Bulb Traits at Period of 180 Days (Harvest):

Data of Tables 5,6 and 7 show the individual
impact of foliar applications of moringa extract, CuO
NPs and magnetite Fe,O3 NPs at various rates as well
as their interactions on physical bulb attributes i.e., bulb
diameter (cm), neck diameter (cm), bulbing ratio (BR),
No. of cloves bulb™* and bulb yield and marketable yield
(ton ha?) as well as quality traits of bulbs i.e., dry
matter(%) vitamin C (mg 100g™?), crude protein (%) ,
carbohydrates (%) at maturity stage of garlic bulbs (180
days from planting) during two seasons (2017/2018 and
2018/2019).

Individual effect:

Data of the same Table show that the garlic plants
grown on saline soil with foliar application of moringa
extract had the highest values of all aforementioned yield
characteristics and quality traits at harvest stage compared
to the corresponding garlic plants grown without external
application of moringa extract. The same trend was found
in both studied seasons. The same trend was found in both
studied seasons. It can be said that enhancement of garlic
growth parameters (Table 3) as a result of external
exogenous application of moringa positively reflected on
garlic bulbs yield and its physical and quality traits, where
the benefits of moringa extract were mentioned above.
Similar results were obtained by Hegazi et al., (2016) and
Mohamed et al., (2019).

Regarding foliar application of copper oxide NPs,
the data of the same Table illustrate that the values of all
aforementioned yield characteristics and quality traits at
harvest stage increased as rate of copper oxide NPs
increased, where the external application of copper oxide
NPs at rate of 2.0 ng L was superior treatment followed
by copper oxide NPs at rate of 1.0 ng L, while the plants
grown without copper oxide NPs (at rate of 0.0 ng L™Y)
possessed the less values of all aforementioned yield
characteristics and quality traits at harvest stage. The
same trend was found in both studied seasons. it can be
said that the performance of garlic plants after 180 days
from sowing looked just like that at period of 100 days
from sowing The vital role of copper oxide NPs on
growth performance of garlic plant positively reflected on
garlic bulbs yield and its physical and quality traits,
where the benefits of copper oxide NPs were discussed
above.

Concerning foliar application of magnetite FesO.
NPs, the data of the same Table illustrate that the values
of all aforementioned yield characteristics and quality
traits at harvest stage increased as rate of magnetite FesO4
NPs increased, where the external application of
magnetite FesO4 NPs at rate of 4.0 ng L was superior
treatment followed by magnetite FesO4 NPs at rate of 2.0
ng L, while the plants grown without magnetite FesOx4
NPs (at rate of 0.0 ng L) possessed the less values of all
aforementioned yield characteristics and quality traits at
harvest stage. The same trend was found in both studied
seasons. The vital role of magnetite FesO4 NPs on growth
performance of garlic plant positively reflected on garlic
bulbs yield and its physical and quality traits, where the
benefits of magnetite Fes04 NPs were mentioned above.
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Table 5. Impact of moringa extract and nanoparticles on physical parameters of garlic bulb during seasons of
2017/2018 and 2018/2019.
Average bulb weight, g Bulb diameter, cm  Neck diameter,cm  Bulbing ratio  No. of cloves bulb?
st

Treatments

1 2nd 1st 2nd 1st 2nd 1st 2nd 15t 2nd
Moringa extract (main factor)
Without (control) 42.69b 4356b  4.99 5.08b 1.17b 119 0235b 0.235b 19.30b 22.04b
Moringa extract 46.11a 4704a 55la 5.62a 1.35a 138a 0.256a 0.246a 25.26a 29.41la
LSD at 5% 0.07 0.08 0.13 0.03 0.03 0.03 0005 0.001 1.59 1.24
Copper nanoparticle levels ( sub main)
0.0 ng L* (control) 43.26¢ 4427c  5.08b 5.19¢ 121a 123b 0237b 0237b 20.00c 23.17b
10ngL? 44.66b 4560b  5.29a 5.40b 1.28b 13la 0242a 0242a 22.8% 26.39%
20 ngL? 45.28a 46.03a 5.38a 547a 1.30c 133 0242a 0243a 2394a 276la
LSD at 5% 0.32 0.33 0.10 0.05 0.02 0.02 0.003 0.001 0.93 1.53
Iron nanoparticle levels ( sub-sub main)
0.0 ng L (control) 43.78b 44680  5.15b 5.25b 1.22b 124b 0236b 0.237c  21.06b 24.28b
20 ngL?t 44.52a 45452  5.27a 5.38a 1.27a 130a 0241ab 0241b 2256a 26.17a
40 ngL? 44.90a 4578a 5.32a 543a 129 132a 0243a 0243a 23222 26.72a
LSD at 5% 0.43 0.44 0.09 0.05 0.02 0.02 0.004  0.002 1.10 1.03
Interaction

00ngFeL® 41120  4194m 475  4.89m 110i  113g 0231fg 0232j 1700k  18.00I
20ngFeL® 416lno  4286lm 48l  491lm 112i  114g 0233efg 0232ij 17.67jk 19.33KI
40ngFel® 4194mno  42.99KIm 4.86i  4.91hkl 114i 1159 0235d-g 0.234h 18.33ijk 20.00jKl
00ngFeLT 4232lmn  4328Fm 492hi 50%L-m  115hi 1.17fg 0.234d-g 0.233hi 19.00h-k 20.67jk
20ngFel? 4307kl  4363h-k 506fg 51hk5  120gh 1.22ef 0237c-g 0237g 20.00g 23.67hi
40ngFeLl 4346k  4450g§ 5.12f 5g425  122fg 125de 0.2380-f 0.238f 20.33Fj 24.00ghi
00ngFeLT 42.76kim 43611 4.99gh  50i-19 113 1169 02269 0228k 19.67gk 22.00ij
20ngFel? 4376ik  4459fi 518ef 527  124fg 126de 0240af 023%f 20.67fi 25.00fgh
40ngFel! 44.16hij 44.69e-h 524  520e-h  1.26ef 127de 0.241af 0240e  21.00fi 25.67e-h

CulL?

CulL?

Without (control)

20ng|{10ng|00ng |20 ng|10ng | 0.0ng
Cult

<, 00ngFe Lt 4458ghi 4556d-g 532d  5.4d-g3 127def 1.30cd 0.239b-f 0.23%f 21.67e-h 26.33efgy
= S  20ngFel?! 44.92fgh 4582def 5.36cd  5.def48 130cde 1.33bc 0.242a-f 0.242d 22.33d-g 27.33def
< O 40ngFel! 453%fg 46.48cde 5.39cd  5.5cde2 132cd  1.35bc 0.245a-d 0.244c  23.00def 28.00cde
3 =+, 00ngFe L? 4576def 4653b-e 543cd  552b-e 133c  1.35bc 0.244a-e 0.244c  24.00cde 29.00bcd
S o5 20ngFel 4649%cd 47.79abc 557ab  5.68abc 138ab  14la 0.248abc 0.248b 26.67abc 30.33abc
£ O 40ngFel! 46.85abc 47.88ab 561a 5.78ab 1.40ab 144a 0249ab 0249 27.33ab 30.67ab
§ <, 00ngFe L? 46.12cde 47.18ad 550bc  5.57ad 135bc  1.36a 0.245a-d 0.244cd 25.00bcd 29.67a-d
S  20ngFel? 47.25ab 480la 5.65a 5.80a 1l4la 1452 0.249ab 0249  28.00a 31.33ab
O  40ngFeL® 47.60a 48.12a 5.71a 5.81a 143a  146a 0250a 0.25la  29.33a 32.00a
LSD at 5% 1.06 0.21 0.13 0.05 0.05 0.52 N.S 0.001 271 252
Table 6. Impact of moringa extract and nanoparticles on yield of garlic plants during seasons of 2017/2018 and 2018/2019.
i -1 i -1
Treatments Etulb yield, ton ha - 1IS\T/IarketabIe yield, tor; rﬂa
Moringa extract (main factor)
Without (control) 15.71b 16.03b 13.74b 14.05b
Moringa extract 16.97a 17.31a 14.66a 14.98a
LSD at 5% 0.03 0.03 0.01 0.05
Copper nanoparticle levels ( sub main)
0.0 ng L™ (control) 15.92¢c 16.29¢c 13.90c 14.19¢
10ngL? 16.43b 16.78b 14.28b 14.62b
20 ngL?! 16.66a 16.94a 14.42a 14.73a
LSD at 5% 0.12 0.13 0.03 0.04
Iron nanoparticle levels ( sub-sub main)
0.0 ng Lt (control) 16.11b 16.44b 14.04c 14.34c
20 ngL? 16.38a 16.72a 14.21b 14.54h
40 ng Lt 16.52a 16.85a 14.35a 14.67a
LSD at 5% 0.16 0.16 0.05 0.04
Interaction
00ngFelL? 15.130 15439 13.321 13.48l
= 00ngCulL? 20ngFel? 15.31n0 15.77fy 13411 13.72k
= 40ng Fe L 15.43mno 15.82fg 1353k 13.80k
S 00ngFe LT 15.57Imn 15.93f 13.64] 13.97]
= 10ngCul? 20ngFelL? 15.85kI 16.05ef 13.84i 14.13i
3 40ngFel? 15.99jk 16.38de 13.96h 14.33h
£ 00ngFeL? 15.74kIm 16.05¢f 1373 14.09i
= 20ngCulL? 20ngFe L 16.10ijk 16.41de 14.08g 14.469
40ngFel? 16.25hij 16.44de 14.169 14.49fg
00ngFeLT 16.41ghi 16.76cd 14.28f 14.58f
g 00ngCul? 20ngFelL? 16.53fgh 16.86¢c 14.3% 14.74e
Y 40ngFel? 16.70efg 17.11bc 14.49de 14.84d
% 00ngFeL? 16.84def 17.12bc 1458d 14.93cd
s, 10ngCul? 20ngFel? 17.11bcd 17.59a 14.77¢c 15.17b
£ 40ngFel? 17.24abc 17.62a 14.88b 15.18b
S 00ngFelL? 16.97cde 17.36ab 14.69c 14.98¢c
2 20 ng CulL? 20ngFelL? 17.39%ab 17.67a 14.78bc 15.03c
40ngFel? 17.52a 17.71a 15.08a 15.35a
LSD at 5% 0.39 0.40 0.11 0.11
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Interaction effect:

Data elucidate that the highest values of values of
all aforementioned yield characteristics and quality traits at
harvest stage for garlic plants grown on salt affected soil
during both seasons were recorded when garlic plants
were sprayed, in combination, with moringa extract (30
gL™), CuO NPs at rate of 2.0 ng L™ and magnetite FesO4
NPs at rate of 4.0 ng L compared to other combined

Table 7.
2017/2018 and 2018/2019.

treatments, where all studied substances acted to mitigate
the influences of salinity stress of soil on garlic plant
through reducing responses of garlic grown to the stress
and this positively reflected on garlic bulbs yield and its
physical and quality traits. Our results are in agreement
with those of Hegazi et al., (2016); Suresh et al., (2016);
Shankramma et al., (2016) and Mohamed et al., (2019).

Impact of moringa extract and nanoparticles on quality parameters of garlic bulb during seasons of

D.M, Vitamin C, Protein, Carbohydrates,  Pungency (purvate
Treatments % mg/100g % % content tmol.ml™)
1st 2nd 1st 2nd 15t 2nd 15t 2nd 1st 2nd
Moringa extract (main factor)
Without (control) 2779  2834b 1376b  1406b 1199 1220b  25.07b 2556b  11.44b 11.69b
Moringa extract 29.25a 29.82a 15.76a 16.09a 1395a 14.23a 26.72a 2726a 13.08a 13.33a
LSD at 5% 0.61 0.19 0.20 0.09 0.01 0.03 0.04 0.17 0.11 0.01
Copper nanoparticle levels ( sub main)
0.0 ng L* (control) 2800b  2855c 14.19c  1450c 12.34c 12.58c 25.34c 2583c 11.72c 11.98c
10ngL? 2866a 29.20b 1487b 15.18p 1311b 1335b  26.02b 2651b  12.36b 1261b
20 ngL? 2890a 2949a 1521a 1555a 1346a 13.72a  26.33a 269la 12.70a 1294a
LSD at 5% 034 0.27 0.10 0.01 0.03 0.03 0.05 0.23 0.12 0.02
Iron nanoparticle levels ( sub-sub main)
0.0 ng L (control) 2824b  2880b 1442c  14.72c 1262c 12.85¢ 25.58¢c 26.08b  1197c 12.18c
20 ngL? 2857a  29.14a 1482b 1513b 13.04b 1327b  25.96b 265la 12.32b  12.58b
40 ngL? 28.76a  29.30a 15.04a 1538a 1325a 1352a 26.16a 26.65a 1250a 12.77a
LSD at 5% 0.26 0.28 0.15 0.05 0.04 0.04 0.08 0.25 0.12 0.04
Interaction
= 00ngFeL® 2702k 2764h 1304m  1333r  11.21r  11.45r 24.26n 2481m  10.74n  10.97r
= o5 20ngFelL! 2724jk 2792gh 13.18lm 1348q 1141q 11.68q 245Im  25.10lm 10.93mn 11.18q
£ SO 40ngFel! 2749ijk 2801fgh 13.35kim 13.67p 1158p 11.81p 24.70lm  25.18kim 11.08lm 11.35p
§ = 00ngFeL® 27.63nk 28.13fgh 1354jklI 13830 11.750 11.980 24851  2529kim 11.20lm  11.450
= o5 20ngFelL?! 28ghi02 2858d-g 1391ifj 1420m 1216m 12.35m 2529 25.76ijk  11.62jk 11.84m
_§ — O  40ngFelL! 281fgh7 28.65def 14.10hi 14451 12381 12601 25.47ij 25.95hij  11.83ij 12.10l
-‘g‘ o+ 00ngFe Lt 27.82hij 2850efg 13.70jk 1397n  11.95n 12.12n 2506k  25.63jkl 1138kl 11.62n
oS 20ngFel! 2825fgh 28.69def 14.32h 1459k 1259k 1277k 25.67hi  26.08gj 12.02hi 12.26k
O 40ngFel! 2847efg 28.93cde 14.70g  15.03j 12.84j 13.08] 2586gh  26.28f§ 12.17gh  12.46j
= 00ngFeL® 2858efg 29.07cde 14.93fg 15251  13.06i 13.26i 26.00fy 26.3%-h 12.33fg 12.60i
s o= 20ngFe Lt 2874def 29.26cd 15.24ef 1556h  1329h 13.48h 26.19f  26.67efy 1254ef 12.82h
8 SO 40ngFel! 2893cde 29.42bc 1542de 1569y 13499 13.77g 2641e  26.80def 12.69de 12.93g
% o+, 00ngFe Lt 29.10b-e 295lbc 1555de 15.86f  13.75f 14.06f 2657de  26.96de 12.87d  13.11f
S o5 20ngFel® 2945abc 30.04ab 15.94bc  16.28d  14.17d  14.38d 2687c  27.41bcd 1323c 1349
£ <O 40ngFel! 2960ab 3027a 16.18a 1649c 1442c  14.71c  27.08b  27.70abc 13.43bc  13.69c
§ o+, 00ngFe Lt 29.29a-d 29.96ab 15.74cd 16.09e  1397e 1425¢  26.75cd  27.37cd 1327c  13.33e
oS 20ngFel! 29.73ab 30.34a 1632a 1669 14.60b 14.94b  27.23ab 2808a 1358ab 13.8%b
O 40ngFelL! 2987a 305la 16492 16.92a 14.8la 1517a  27.43a  27.99b 1377a  14.09
LSD at 5% 0.63 0.70 0.37 0.12 0.10 0.10 0.20 0.61 0.30 0.10
CONCLUSION Anthon, A. and Barrett, D. (2003). Modified method for

According to the obtained results, spraying garlic’
Balady variety’ plants grown on salt affected soil with moringa
extract (30 ml L), CuO NPs (2.0 ng L) and magnetite FesO4
NPs (4.0 ng L) as combined treatment is the best treatment
that could be recommended to improve bulb quality of garlic
plants and obtain the highest yield under salinity conditions.

Generally, it can be concluded that moringa extract
and Nanoparticls represent an attractive tool under salinity
condition for sustainable crop management programs, where
these substances acted to mitigate the influences of salinity
stress of soil on garlic plants.
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