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Abstract

Recently, there has been interest in substituting ordinary mineral equivalents with nanoparticles (NPs), notably those
derived from micronutrients. This experiment was carried out during two progressive seasons of 2021 and 2022 on 45
years-old Manfalouty and Hejazy pomegranate cultivars grown in the research orchard and laboratories of Pomology
department, faculty of agriculture, Assiut university, Egypt. The aim of this study was to evaluate the effect of Nano
& conventional Zinc oxide and their comparative efficacy on fruit quality and marketable yield. Zinc Oxide
conventional and nanoparticle (ZnO NPs) with two concentrations of each other (15 and 25 ppm), two sources of Zinc
Oxide were sprayed twice (first: at full bloom and the second after a month from the first one). Results showed that
Nano Zinc at 15 and 25 ppm led to a significant improvement in almost studied characters (leaf area, fruit, arils and
rind weight, juice volume, TSS, TSS/ acid, reducing sugars and total acidity percentage in fruit juice).
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1. Introduction

One of the edible fruit crops and one of the most
important in terms of commerce is the
pomegranate (Punica granatum L.). It is a
Punicaceae fruit tree that is primarily grown in
subtropical and tropical climates (Adsule and
Patil, 1995; Naik and Chand, 2011). Consumed
either processed or fresh, pomegranate fruits offer
a good amount of antioxidant components and a
balanced cuisine for jams, jellies, syrups, and
juices (Legua et al., 2012). Pomegranate could
also be ingested in its refined state (Alighourchi et
al., 2008). Fruit quality and production can be
impacted by minerals both directly and indirectly
(Al-hadrawi and Al-janabi, 2020).

According to Dong et al. (2005), the most crucial
objective in agricultural systems is to use
fertilizers effectively to increase crop output.
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Nevertheless, it can be difficult to match fertilizer
supply to crop needs. Due to the ability of plant
leaf canopy to absorb nutrients, foliar spraying of
fertilizers has become a widespread practise for
feeding plants with nutrients (Weinbaum, 1988).
Several crops experience deficits of zinc (Zn), one
of the crucial and fundamental minerals for plants
(Swietlik, 1999; Marschner, 2012; Ojeda-Barrios
et al.,, 2014). Cell division, photosynthesis,
tryptophan synthesis, and membrane structure
preservation are all aided by it. Moreover, it serves
as a cofactor regulator for a certain protein's
synthesis. It is required for a number of enzymatic
processes, including those involving aldolases,
transphosphorylases,  dehydrogenases,  and
polymerases of RNA and DNA (Marschner,
2012).

Commercial chemical fertilizers have been
connected to a number of problems, such as loss
of biodiversity, eutrophication, soil acidification,
and groundwater and air pollution (Kourgialas et
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al., 2017). Hence, several initiatives to substitute
chemical fertilizers with biosynthesized and
environmentally friendly nano-fertilizers have
been made recently (Liu and Lal, 2015).
Pomegranate fruit output rose following a single
foliar spray of relatively tiny dosages of B or Zn
nano-fertilizers, according to Davarpanah et al.
(2016).

The main reason for this was that each tree
produced more fruits. The impact was not as great
with Zn as it was with B. The higher of the two
doses of fertilization produced fruit with
significantly better quality while other physical
characteristics of the fruit unaffected. These
improvements included 4.4-7.6% increases in
TSS, 9.5-29.1% decreases in TA, 20.6-46.1% and
increases in maturity index. Changes in total
sugars were comparatively minor.

Using biosynthesized nano-fertilizers is the most
cutting-edge and technologically sophisticated
method of providing crops with mineral nutrients.
Biosynthesized nano fertilizers may contribute to
sustainable development in agriculture. By
utilizing fewer resources, creating fewer wastes,
reducing nutrient losses, and releasing nutrients at
a rate that is appropriate for plant requirement, this
encourages sustainable agriculture as opposed to
conventional orchards.

Nano fertilizers and biosynthetic nano-fertilizers
differ slightly from one another in terms of their
application methods, mechanisms in the plant and
soil, recommended addition rates, and
environmental consequences (EI-Ghamry et al.,
2018).

A single foliar spray with relatively low amounts
of Zn nano-fertilizers (636 mg Znso4/ tree) was
ineffective on pomegranate physical fruit
characteristics, where there was an increases in
fruit yield, and this was mainly due to increases in
the number of fruits per tree. (Davarpanah et al.,
2016).

Also, the same researchers issued a significant
improvement in fruit quality, including 4.4-7.6%
increases in TSS, 9.5-29.1% decreases in TA,
20.6-46.1% increases in maturity index and 0.28—
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0.62 pH unit increases in juice pH, where changes
in total sugars was only minor. Also, they found
minor changes in total phenolic compounds,
whereas the antioxidant activity and total
anthocyanins were unaffected.

Alalaf et al. (2020) issued that foliar spraying with
chelated zinc fertilizer recorded a significant
increase in the seedling diameter and the zinc
content of the leaves, while there were no
significant differences between all the fertilizer
treatments, including the comparison treatment
with the leaves content of phosphorous and
potassium of seedlings of Citrus grandis grafted
onto the rootstock of Sour orange.

El-Hak et al. (2019) found that spraying grape
vines with 0.4 ppm nano-zinc increased
significantly leaf area and fresh weight compared
with the control, whilel.2 ppm nano-zinc
increased significantly total carbohydrate, leaf
concentration of Fe, No. of clusters, cluster weight
and yield. Also results showed that 0.4, 0.8 and
1.2 ppm of nano-zinc had a significant increase on
yield of flame seedless grapevine cultivar
compared with conventional fertilizer.

The aim of this study was to evaluate and compare
the effects of foliar spraying two pomegranate
cultivars with traditional and Nano zinc oxide.

2. Materials and methods

2.1. Experiment site
The current experiment was conducted during two

progressive seasons of 2021 and 2022 on
Manfalouty and Hejazy pomegranate cultivars
grown in the research orchard and laboratories of
Pomology department, faculty of agriculture,
Assiut, Egypt.

2.2.Plant Materials
Thirty healthy 45 years-old pomegranate trees of

the two studied cultivars (15 trees for each
cultivar, 3 trees/treatment) were chosen in a
complete randomized block design to execute the
following treatments:

1- Zinc oxide (conventional) at 15 ppm

2- Zinc oxide (conventional) at 25 ppm
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3- Zinc oxide (Nano) at 15 ppm

4- Zinc oxide (Nano) at 25 ppm

5- Control (water only)

Trees were sprayed using a Knapsack sprayer (20
L). A total volume of 5 lit. was sufficient for each
tree at maximum growth. A surfactant "liquid
soap” at 0.5 ml/L. was added to the spraying
solutions. The spraying compounds were added
two times: at full bloom (mid-May) and one
month later. Each treatment consisted of 3 trees
(experimental units or replicates). common
horticultural practices on orchard such as
(irrigation and fertilization) were done except
those dealt with zinc oxide.

2.3. Vegetative measurement

Leaf area (cm?): was measured by using the
following equation as mentioned by Ahmed and
Morsy (1999)

Leaf area (cm?) = 0.41 (Length of leaf x Width of
leaf) +1.83

2.4.Physical characteristics

1- Fruit, arils and rind weight (g): by using
sensitivity balance with 0.01g accuracy

2- Juice volume (ml): by using a measuring
cylinder

2.5.Chemical characters

1- Total soluble solids (TSS %): By using a hand
refractometer (ATAGO N-IE).

2- Total acidity (T.A) (expressed as % Citric
acid): according to A.O.A.C. (1984).

The total acidity was expressed as Citric acid

according to the following equation:

NaOH volume used in titrationxNaOH molarity+equivalent weight of Citric acid

Acidity (%) =

*100

1000xsample volume

Where:

Equivalent weight of Citric acid = 64

NaOH molarity = 0.1M

Sample Vol. =5 ml.

3- TSS/acid ratio was then calculated.

4- Reducing sugars (%): According to Lane and
Eynon procedure outlined in A.O.A.C.
(1985).

2.6. Statistical analysis
The study was designed as a randomized complete

block design (RCBD) (5 treatments x 2 cultivars)
with three replications for each treatment. The
treatments were placed in a subplot, whereas the
cultivars were placed in the whole plot. ANOVA
was performed using Proc Mixed of the SAS
software version 9.2 (SAS, 2008), and means were
compared using the revised L.S.D. test at the 5%
level of probability (Steel and Torrie, 1980).

3. Results
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3.1. Leaf area (cm?), fruit and arils weight (g):
Leaf area increased significantly compared to the

control (Table 1). Zinc oxide (Nano) at 25 ppm
recorded the highest values of leaf area (cm?) of
Manfalouty and Hejazy Pomegranate cultivars
(11.36, 12.25 and 12.22, 12.11 cm?) compared to
the check treatment which recorded the lowest
values (10.38, 10.41 and 9.79, 10.17 cm?) during
2021 and 2022 seasons, respectively.

Fruit weight take the same trend of leaf area and
increased significantly compared to the control
where Zinc oxide (Nano) at 25 ppm recorded the
highest values of leaf area (cm?) of Manfalouty
and Hejazy Pomegranate cultivars (403.1, 404.9
and 433.0, 408.0 g) compared to the check
treatment which recorded the lowest values
(315.9, 314.1 and 307.2, 313.3 g) during the two
seasons, respectively.

These results were concomitant with those found
by El-Hak El., et al., (2019) on Flame seedless
grapevine cultivar.
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Table 1. Effect of foliar application with conventional and Nano Zinc oxide on leaf area, fruit weight and arils weight
of Manfalouty and Hejazy Pomegranate trees during 2021 and 2022 seasons.

Treatments leaf area (cm2)* Fruit weight (g)** Arils weight (g)**
Manfalouty Hejazy Manfalouty Hejazy Manfalouty Hejazy
cultivars 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Zinc oxide
(conventional) at 15 1098 10.85 11.71 1051 369.8 382.6 4121 3647 2479 247.0 257.7 224.8
ppm
Zinc oxide
(conventional) at 25 11.14 10.49 1095 10.46 3814 370.2 4019 3825 2547 253.1 2712 261.8
ppm
fé"gp?;"de('\'ano)at 1126 1131 1045 11.21 3447 3736 3722 3708 2178 2397 2313 246.7
gén;p%(me (Nano)at 1435 1995 1222 1211 4031 4049 433 408 231 2568 2888 2647
Control (wateronly) 10.38 1041 9.79 10.17 3159 3141 307.2 3133 2057 2147 2019 208.2
L.S.D 0.05 051 003 061 023 231 444 532 508 1208 238 29.2 159
leaf area (cm2) Fruit weight (g)

14 500

L 400

10

3 300

6 20

4

) 100

0 0
Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control
(conventional) at (conventional)at  at 15 ppm at 25 ppm (water only) (conventional) at (conventional) at  at 15 ppm at 25 ppm (water anly)
15ppm 25ppm 15 ppm 25ppm

W leaf area (cm2)* Manfalouty 2021 mleaf area (cm2)* Manfalouty 2022 W Fruit weight (g)** Manfalouty 2021 m Fruit weight (g)** Manfalouty 2022

B leafarea (cm2)* Hejazy 2021 leaf area (cm2)* Hejazy 2022 W Fruit weight (g)** Hejazy 2021 Fruit weight (g)** Hejazy 2022

Arils weight (g)
350
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0
Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control
(conventional) at (conventional) at  at 15 ppm at 25 ppm (water only)
15 ppm 25ppm

W Arils weight (g)** Manfalouty 2021 m Arils weight (g)** Manfalouty 2022

m Arils weight (g)** Hejazy 2021 Avrils weight (g)** Hejazy 2022

Figure 1. Effect of foliar application with conventional and Nano Zinc oxide on leaf area, fruit weight and arils weight of Manfalouty
and Hejazy Pomegranate trees during 2021 and 2022 seasons.
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Arils  weight also increased significantly
compared to the control. Zinc oxide
(conventional) at 25 ppm and Zinc oxide (Nano)
at 25 ppm recorded the highest values of arils
weight (g) of Manfalouty Pomegranate cultivar
(254.7 and 256.8 g) compared to the check
treatment which recorded the lowest values (205.7
and 2147 g) during the two seasons,
respectively.For the same respect, spraying Zinc
oxide (Nano) at 25 ppm recorded the highest value
for Hejazy cultivar (288.8, 264.7 g) compared to
the check treatment which gave the lowest values
(201.9, 208.2 @) during the two seasons,
respectively. Otherwise, Davarpanah et al. (2016)
found non-significant impact on fruit physical
properties.

3.2.Rind weight (g), juice volume (ml) and TSS
%
Data( i?w table (2) indicated that rind weight
increased significantly compared to the control.
Zinc oxide (Nano) at 25 ppm and Zinc oxide
(Nano) at 15 ppm recorded the highest values of
rind weight (g) of Manfalouty Pomegranate
cultivar (172.1 and 148.1 g) compared to the

check treatment which recorded the lowest values
(110.2 and 148.1 g) during the two seasons,
respectively.

For the same respect, spraying Zinc oxide
(conventional) at 15 ppm and Zinc oxide (Nano)
at 25 ppm recorded the highest values for Hejazy
cultivar (154.4, 143.3 g) compared to the check
treatment which gave the lowest values (105.3,
105.1 g) during the two seasons, respectively.
Juice volume take the same trend of arils weight,
as it increased significantly compared to the
control. Zinc oxide (conventional) at 25 ppm and
Zinc oxide (Nano) at 25 ppm recorded the highest
values of juice volume (ml) of Manfalouty
Pomegranate cultivar (213.6 and 215.0 ml)
compared to the check treatment which recorded
the lowest values (154.5 and 158.3 ml) during the
two seasons, respectively.

For the same respect, spraying Zinc oxide (Nano)
at 25 ppm recorded the highest values for Hejazy
cultivar (236.9 and 217.4 ml) compared to the
check treatment which gave the lowest values
(155.5 and 107.6 ml) during the two seasons,
respectively.

Table 2. Effect of foliar application with conventional and Nano Zinc oxide on rind weight, juice volume and TSS of
Manfalouty and Hejazy Pomegranate trees during 2021 and 2022 seasons.

Treatments Rind weight (g) Juice volume (ml) TSS (%)
Manfalouty Hejazy Manfalouty Hejazy Manfalouty Hejazy

cultivars 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Zinc oxide
(conventional) at15 1219 1356 1544 139.9 1968 190.7 2127 1885 17.16 17.13 17.00 17.11
ppm
Zinc oxide
(conventional)at25 1267 117.1 130.7 1207 213.6 197.6 220.6 197.6 17.02 1712 1711 17.3
ppm
fé”;p?:'de (Nano)at 1069 1339 1409 1241 1613 1880 1895 1915 1698 17.09 1713 17.12
gé”;p%"de (Nano)at 1051 1481 1442 1433 1877 2150 2369 2174 1711 1711 17.10 17.09
Control (wateronly) 1102 99.4 1053 1051 1545 1583 1555 107.6 1673 1671 16.73 17.00
L.S.D 0.05 103 152 246 143 57 198 317 613 023 037 023 006

Likewise, TSS increased significantly compared
to the control. spraying Zinc oxide (conventional)
at 15 ppm recorded the highest values for
Manfalouty cultivar (17.16 and 17.13 %)
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compared to the check treatment which gave the
lowest values (16.73 and 16.71 %) during the two
seasons, respectively. Where spraying Zinc oxide
(Nano) at 15 ppm and Zinc oxide (conventional)
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at 25 ppm recorded the highest values for Hejazy (16.73 and 17.00 %) during the two seasons,
cultivar (17.13 % for each treatment) compared to respectively. This finding matches the result
the check treatment which gave the lowest values reported by Davarpanah et al. (2016),
Rind weight (g) Juice volume (ml)
200 250
150 200
150
100
100
50 50
0 0
Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control
(conventional) at (conventional) at  at 15 ppm at 25 ppm (water only) (conventional) at (conventional) at  at 15 ppm at 25 ppm (water only)
15 ppm 25 ppm 15 ppm 25ppm
m Rind weight (g) Manfalouty 2021 m Rind weight (g) Manfalouty 2022 o Juice volume (ml) Manfalouty 2021 m Juice volume (ml) Manfalouty 2022
M Rind weight (g) Hejazy 2021 Rind weight (g) Hejazy 2022 M Juice volume (ml) Hejazy 2021 Juice volume (ml) Hejazy 2022
TSS (%)
17.2
171
17
16.9
16.8
16.7
16.6
16.5
16.4
Zinc oxide Zinc oxide Zinc oxide Zinc oxide Control
(conventional) at(conventional) at  (Nano) at 15 (Nano) at 25 (water only)
15ppm 25 ppm ppm ppm

W TSS (%) Manfalouty 2021 m 7SS (%) Manfalouty 2022

W TSS (%) Hejazy 2021 TSS (%) Hejazy 2022

Figure 2. Effect of foliar application with conventional and Nano Zinc oxide on rind weight, juice volume and TSS of Manfalouty and
Hejazy Pomegranate trees during 2021 and 2022 seasons.

3.3. Acidity (%), TSS/acid and reducing sugars TSS/acid take the same trend of acidity, whereas

(%) o it increased significantly compared to the control,
Data in (Table 3) showed that acidity decreased where Zinc oxide (Nano) at 15 ppm recorded the

significantly compared to the control. Zinc oxide highest values of Manfalouty and Hejazy

(Nano) at 15 ppm recorded the lowest values of Pomegranate cultivars (47.17, 40.69 and 39.84,
Manfalouty and Hejazy Pomegranate cultivars 37.22) compared to the check treatment which
(0.36, 0.42 and 0.43, 0.46 %) compared to the recorded the lowest values (31.57, 29.84 and
check treatment which recorded the highest values 29.88, 28.81) during 2021 and 2022 seasons,

(0.53, 0.56 and 0.56, 0.59 %) during 2021 and
2022 seasons, respectively. This finding matches
the result reported by Davarpanah et al. (2016),

respectively.
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Table 3. Effect of foliar application with conventional and Nano Zinc oxide on acidity, TSS/ acid and reducing sugars
of Manfalouty and Hejazy Pomegranate trees during 2021 and 2022 seasons.

Treatments Acidity (%) TSS/ acid Reducing sugars (%)
Manfalouty Hejazy Manfalouty Hejazy Manfalouty Hejazy

cultivars 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Zinc oxide
(conventional) at 15 040 045 044 047 4290 38.07 3864 3640 10.13 10.11 10.04 10.10
ppm
Zinc oxide
(conventional) at 25 0.39 0.44 0.45 0.48 43.64 3891 3802 3569 1005 10.10 10.10 10.11
ppm
fé“gp?:‘"de (Nano)at a5 042 043 046 4717 4069 39.84 37.22 1003 1009 1011 10.3
gé“gp?;"de (Nano)at a5 43 044 049 4503 3979 3886 3488 1010 1010 1012 10.09

Control (wateronly) 053 056 056 059 3157 29.84 2988 2881 956 955 956 9.70
L.S.D 0.05 021 0412 010 011 1121 827 871 724 042 057 042 0.33
The values shown are means of Three replicates (3 samples/ each replicate).

- - o L]
Acidity (%) TSS/ acid
0.7 50
06 40
05
0.4 30
03 20
0.2
01 10
0 0
Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Contral Zinc oxide Zincoxide  Zinc oxide (Nano)Zinc oxide (Nano) Control
(conventional) at (conventional) at  at 15 ppm at 25 ppm (wateronly) (conventional) at (conventional) at  at 15 ppm at 25 ppm (water only)
15ppm 25ppm 15ppm 25ppm
m Acidity (%) Manfalouty 2021 m Acidity (%) Manfalouty 2022 B TS5/ acid Manfalouty 2021 m TSS/ acid Manfalouty 2022
W Acidity (%) Hejazy 2021 Acidity (%) Hejazy 2022 W TSS/ acid Hejazy 2021 TSS/ acid Hejazy 2022
Reducing sugars (%)
10.2
10
9.8
9.6
9.2
Zinc oxide Zinc oxide Zinc oxide Zinc oxide Control
(conventional) at(conventional) at  (Mano) at 15 (Nano) at 25 (water only)
15ppm 25ppm ppm ppm

B Reducing sugars (%) Manfalouty 2021 m Reducing sugars (%) Manfalouty 2022

B Reducing sugars (%) Hejazy 2021 Reducing sugars (%) Hejazy 2022

Figure 3. Effect of foliar application with conventional and Nano Zinc oxide on acidity, TSS/ acid and reducing sugars of Manfalouty and
Hejazy Pomegranate trees during 2021 and 2022 seasons.
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This finding matches the result reported by
Davarpanah et al. (2016),

Reducing sugars, also, increased significantly
compared to the control. Zinc oxide
(conventional) at 15 ppm recorded the highest
values for Manfalouty Pomegranate cultivar
(10.13 and 10.11 %) compared to the check
treatment which recorded the lowest values (9.56
and 9.55 %) during the two seasons, respectively.
For the same respect, spraying Zinc oxide (Nano)
at 25 ppm and Zinc oxide (Nano) at 15 ppm
recorded the highest values for Hejazy cultivar
(10.12 and 10.13 %) compared to the check
treatment which gave the lowest values (9.56 and
9.70 %) during the two seasons, respectively.

4. Discussion

Reactivity, uncommon surface area, and size of
zinc nanoparticulate particles promote zinc
solubility, diffusion, and accessibility to plants,
making zinc fertilizers new nanomaterials that can
be employed to construct plant components
(Subramanian et al., 2015; Mosanna and
Behrozyar, 2015). Zinc is one of the important
nutrients for plants, and many crops frequently
lack it (Swietlik, 1999; Marschner, 2012; Ojeda-
Barrios et al., 2014). In addition, several enzymes,
including transphosphorylases, dehydrogenases,
isomerases, and aldolases, often need a specific
guantity of Zn in the cellular environment to work.
The manufacture of tryptophan, DNA and RNA
polymerases, membrane structure maintenance,
cell division, and photosynthesis are all processes
that tryptophan is engaged in. Zn is also a
regulatory co-factor in protein biosynthesis
(Marschner,  2012). According to past
observations, zinc foliar sprays have increased the
productivity and number of fruits on pomegranate
trees.

During the creation and blossoming of fruit buds,
zinc functions in the synthesis of tryptophan, an
auxin precursor, and the transfer of metabolites to
the site of bud growth or to the bud itself
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(Swietlik, 1999; Usenik and Stampar, 2002),
(Day, 1994; Ryugo, 1988).

Increases in TSS in apple fruits fertilized with Zn
have previously been connected to Zn's effects on
carbohydrate  synthesis and  translocation
(Yogeratnam and Greenham, 1982). Whereas Zn's
effects on total sugars can be linked to its function
in starch and nucleic acid metabolism as well as
the activity of numerous enzymes engaged in
these biochemical steps, B's effects on total sugars
can be related to B's roles in sugar transport and
carbohydrate metabolism (Alloway, 2008),
(Hansch and Mendel, 2009).

5. Conclusion

It could be concluded that Nano Zinc at 15 and 25
ppm led to a significant improvement in almost
studied characters (leaf area, fruit, arils and rind
weight, juice volume, TSS, TSS/ acid, reducing
sugars and total acidity percentage in fruit juice).
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