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ABSTRACT

Nanoparticles (NPs), especially from micronutri-
ents, are recently motivated for replacing their com-
mon mineral counterparts. To evaluate their com-
parative efficacy, this investigation was conducted
to estimate the impact of foliar application of zinc
through different sources on productivity, fruit qual-
ity and improve marketable fruit of “Wonderful” pom-
egranate trees. The field experiment was performed
during two seasons (2017 and 2018) on seven -
year old pomegranate trees “Wonderful” cv., culti-
vated in a private “Hegazi” farm located at 57 km.
from Cairo on the road to Alex., Egypt. Four sources
of zinc named “Zinc Sulphate, Zinc mannitol com-
plex, Bio-Nano zinc (Bio Zn NPs) and Zinc Oxide
nanoparticle (ZnO NPs) with four rates from each
other were sprayed twice (the first before one week
from full bloom and the second after a month from
the first). So the experiment included seventeen
treatments in a sample study spread in a random-
ized complete block design by five replicates. Re-
sults explicated that the greatest significant values
of fruit set% were recorded by Bio Nano Zinc (Bio
Zn NPs) treatments especially (400 ppm Bio-Nano
Zinc (Bio Zn NPs)). Spraying with (3000, 4000 ppm
Zn mannitol complex) and (300, 400 ppm Bio-Nano
Zinc (Bio Zn NPs)) showed significantly the greatest
values of productivity, improves marketable fruits
and fruit quality of “Wonderful” pomegranate trees.
So it could be recommended by spraying “Wonder-
ful” pomegranate trees by 3000 ppm Zinc mannitol

complex or 300 ppm Bio-Nano zinc (Bio Zn NPs).
Another important point is that the application of Bio
Zn NPs fertilizer at around 10% from the commer-
cial dose of zinc sulphate resulted in the same re-
sults without any change in the productivity, further
researches are needed to study a further low level
of Zinc Oxide nanoparticle (ZnO NPs) below (100
ppm Zinc Oxide nanoparticle (ZnO NPs)) which may
be improving yield and fruit quality.

Keywords: Foliar Application, Pomegranate, Yield,
Zinc sulphate, Zinc mannitol complex, Bio Nano
zinc, Zinc Oxide nanopatrticle

INTRODUCTION

Pomegranate (Punica granatum L.) is a fruit
shrub well adapted to arid & semi-arid zones, where
the winter is cold and the summer is long, hot and
dry. In Egypt, pomegranate cultivated areas
reached about 35983.9 Hectares (85676 feddans)
with fruit production of 381426 metric tons, accord-
ing to (M.A.L.R.R. 2016).

Frequency of shortages of micronutrients into
fruit trees have increased due to ultra-high density
cropping in recent years, micronutrients leaching,
increased purity of mineral fertilizers, soil erosion,
use of marginal land (high pH and EC) for the pro-
duction of crops and the climate change due to
warm and dry weather may be another consequen-
tial reason for the disorders (Zia et al 2006).
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Zinc (Zn) deficiency is known in calcareous soils
of arid & semi-arid zones, where pomegranate
orchards are extensive. Zn is important for the nor-
mal and healthful growth of plants, humans and an-
imals. It plays the main role in numerous key plant
physiological pathways related to the formation of
sugar and photosynthesis, protein and hormone
synthesis, production of seeds and resistance to
diseases (Bayvordi 2006). Zinc is needed for the
synthesis of the amino acid tryptophan which is a
precursor of IAA. (Jamali et al 2011). So, zinc defi-
ciency reduced growth and yield of plants (Hafeez
et al 2013). In traditional farming practices, Zn is ap-
plied as zinc Sulphate (ZnSO4) or EDTA-Zn through
soil or foliar application.

Mannitol is mixed with the zinc element pene-
trating the tissues of plants easily. Zn-mannitol-
complex was considered as one of the most sepa-
rated leaf fertilizers, it is easily absorbed by stomata
with less energy consuming than other fertilizers
such as amino acids. Mannitol helps stomata to ab-
sorb most of the fertilizer solution unlike other ferti-
lizers and Mannitol is considered as a diffuser be-
cause of its capability to absorb water.

Many problems from commercial chemical ferti-
lizers have been noticed like groundwater and at-
mospheric pollution, eutrophication, soil acidifica-
tion, decreased soil fertility and biodiversity loss
(Kourgialas et al 2017). Therefore, recently, there
has been numerous effort to replace chemical ferti-
lizers with environmentally friendly nano-fertilizers
and biosynthesized nano-fertilizers (Liu and Lal
2015). One nanometer (nm) means10- parts of a
meter or one billionth. Nanotechnology, using nano-
particles (NPs), presents new plant nutrition ap-
proaches (Liu and Lal 2015). Nano-fertilizers at a
scale (1-100 nm) greatly increase the points of in-
fluence due to their small size, in turn, micronutrient
interplay and absorption in crop fertilization could be
improved (Singh et al 2017). Nano-fertilizer foliar
applications have confirmed that they are more ef-
fective compared to conventional fertilizers because
they're provide plant nutrients in a controlled and
gradual way, and also needs less quantities than
conventional fertilizers (Davarpanah et al 2016 and
Kah et al 2018). Nanotechnology will enable us
make very high-quality, very fast and low-cost prod-
ucts (Liu et al 2003). Nanotechnology has many
uses in plant breeding, biotechnology genetics, dis-
ease control, and fertilizer technology, etc. How-
ever, presently there is a limited understanding
about using this new technology on human health
and safety risks. Controlled implementation of the
new technology will open chances for improving

new materials and methods to improve our capabil-
ity to develop more efficiently, more sensitive and
reliable analytical systems (Jha et al 2011).

Biosynthesized Nano-fertilizers are up to date
and most technically progressed method of fertiliz-
ing mineral nutrients to crops. The application of bi-
osynthesized Nano fertilizers in agricultural maybe
lead to sustainable development. Therefore, this
leads to the sustainable agriculture by putting the
least inputs and generating the least wastes, reduc-
ing nutrient losses, and release nutrients at a valid
rate for plant need compared to traditional orchards.
There are slight differences between Nano fertiliz-
ers and Nano-fertilizers biosynthesized depending
on their methods of application, mechanisms in the
plant and soil, application methods, optimum rates
of addition and their impact on the environment
(ElI-Ghamry et al 2018). Therefore, this study was
carried out to compare the efficacy of the application
of foliar Zn by Nano-fertilizers and conventional fer-
tilizers on productivity, which improves marketable
fruits and fruit quality of “Wonderful” pomegranate
trees.

MATERIALS AND METHODS

The present investigation was carried out in two
consecutive seasons (2017 and 2018) on seven
year- old pomegranate trees “Wonderful” cv.,
planted at 3x 5m under drip irrigation system, at a
private “Hegazi” farm located at 57 km. from Cairo
on the road to Alex., Egypt. The orchard soil texture
was sandy loam, the soil and water were analyzed
according to (Wilde et al 1979) as presented in
Table (1) and Table (2). To investigate this experi-
ment, eighty-five trees were selected as mostly uni-
form in vigorous growth, healthy, fruitful, no visual
nutrient deficiency symptoms and were subjected to
the same agriculture practices adopted in the farm
program. Four sources of zinc named “Zinc Sul-
phate, Zinc Mannitol Complex, Bio-Nano Zinc (Bio
Zn NPs) and Zinc Oxide nanoparticle (ZnO NPs)
with four rates from each other were sprayed in ad-
dition to the control treatment. So the experiment in-
cluded seventeen treatments and was laid out in a
sample study in a randomized complete block de-
sign with five replicates and each replicate was il-
lustrated by one tree. Selected trees were sprayed
twice (the first before one week from full bloom and
the second after a month from the first) by the aque-
ous solution of different tested zinc materials until
the point of runoff. Tween 80 at 0.1 percent was
used as a wetting agent for all treatments. The con-
trol treatment was sprayed with tap water + tween.
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Table 1. Physical and chemical analysis of soll

Soil Surface |30cm [60cm
characteristics sample |depth |depth
Particle size distribution %

Sand (%) 96.17 94.73 | 93.03
Silt % 151 3.11 3.58
Clay % 2.32 2.16 3.39
Soil texture Sandy

Chemical characteristics

pH 7.81 7.77 7.48
EC(dsm-1) 2.79 2.55 2.63
Soluble anions (meq / 1009 soil)

CO3= - - -
HCO3" 1 0.7 0.9
Cl 22.3 21.8 22
S04 4.62 3.06 3.42
Soluble cations (meq / 100g soil)

Ca** 4.5 3 3.7
Mg** 1 11 12
Na* 22.12 20.13 | 20.41
K* 0.3 1.33 1.01

Table 2. Chemical characteristics of water

Parameters Values

pH 8.4
EC(dSm-1) 1.19
Soluble cations (meqg\l)

Ca*™ 15
Mg** 1.12
Na* 8.45
K* 0.89
Soluble anions (meq\l)

COs™ -
HCOs 14
Cl 6.46
SO4~ 4.1

The experiment included the following seven-
teen treatments

Ta1: spraying with tape water (control)

T2: spraying with 1000 ppm Zn SO422% Zinc

Ts: spraying with 2000 ppm Zn SO4

Ta: spraying with 3000 ppm Zn SO4

Ts: spraying with 4000 ppm Zn SO4

Te: spraying with 1000 ppm zinc mannitol complex
22% Zinc

T7: spraying with 2000 ppm zinc mannitol complex

Ts: spraying with 3000 ppm zinc mannitol complex

To: spraying with 4000 ppm zinc mannitol complex

Tio: spraying with 100 ppm Bio Nano zinc (Bio Zn
NPs) 100% Zinc

Ta1: spraying with 200 ppm Bio Nano zinc

T12: spraying with 300 ppm Bio Nano zinc

Tas: spraying with 400 ppm Bio Nano zinc

Ta4: spraying with 100 ppm Zinc Oxide nanoparticle
(ZnO NPs) 80% Zinc

Tis: spraying with 200 ppm Zinc Oxide nanoparti-

cle
Tie: spraying with 300 ppm Zinc Oxide nanoparticle
Ta7: spraying with 400 ppm Zinc Oxide nanoparticle

HO OH
S

HO 1.

OH

| OH

Fig. 1. Zn-mannitol- complex (CeH130s)2zn. (Ming
et al 2015)

Preparation of zinc mannitol complex

Preparing Zinc Sulfate was conducted by using
Mannitol mixure in a ratio of 1.5 mol : 1.0 mol re-
spectively, 36.44 gm of Mannitol and 88.83 gm of
Zinc Sulfate heptahydrate were dissolved in 206 ml
of distilled water, the clear solution was obtained
from Zn-mannitol- complex (CeH130s)2Zn. (Ming et
al 2015).

One litter of different concentrations of zinc
mannitol complex (1000ppm, 2000ppm, 3000ppm,
and 4000ppm) were prepared by taking 4.12 ml,
8.24 ml, 12.36 ml, and 16.48 ml respectively from
the above —mentioned stock solution in four differ-
ent 1L measuring flasks. The volume of each flask
was adjusted using distilled water. Each concentra-
tion in 1L volume was used as a treatment for a tree.

Chemical synthesis of Zinc Oxide Nano Parti-
cles

ZnS0a4. 7H20 and NaOH were used in the fol-
lowing preparation. Slowly add sodium hydroxide
solution to the zinc sulfate aqueous solution. Drop
wisely in a molar ratio of 1:2 under vigorous stirring,
and the stirring will continue for 12 h. The precipita-
tion collected will be filtered with deionized water
and cleaned thoroughly. The precipitate is dried in a
100° C oven and ground to a fine powder using age
mortar. (Mohan Kumar et al 2013). Finally, we ob-
tain Nanoparticles of zinc oxide, average size 17 nm
(range from 16 to 18 nm) as shown in Fig. (2).
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Fig. 2. Nano particles of zinc oxide composition
patent-protected, average size 17 nm (range from
16 to 18 nm).

Table 3. Site descriptions of soils samples

Amer; Abd-Alhamid; Laila Hagagg; Noha Mansour and Korayem

Bio synthesis of Zinc Nano Particles

Sampling: 32 Arid soil samples from 11 different lo-
cations were collected in the Egyptian desert as
shown in (Table 3). These soil samples were used
to isolate bacteria. Isolation was conducted by sus-
pending 10grams of soil in 90 ml of sterile distilled
water and serial dilution under sterile conditions.
One ml of each suspension was spread to the sur-
face of the MSM sterile mineral salt media. (Schle-
gel et al 1961) and incubated at 30 +2°C for 7, 14
and 21 days.

- Isolation, purification and identification of bac-
teria: Bacteria colonies grown on mineral salts me-
dia MSM (Schlegel et al 1961) were picked up and
recultivated several times for purity. Based on their
cultural and morphological characteristics, the puri-
fied bacteria isolates are named to the genus.

Sample No. Location No. soil Latitudes Longitudes
samples

New valley governorate

1 Black Desert 4 281°.386 27 °.608
2 White Desert 2 28°0.454 27°.677
3 Farafra 1 3 27°.984 27°.219
4 Major General Sabih 3 270734 26 °.491
5 Abohrirh 2 27 °.650 26 °.499
6 Abu mankar 2 27 °.598 26 °.495
7 Mountains Negev 1 2 27°.601 26 °.494
8 Great Sand Sea 5 27 °.665 26 °.537
9 Mountains Negev 2 4 27 °.667 26 °.493
10 Paris 1 2 310281 28°.113
11 Harga Oases 3 31°.082 28°.211

Identification of D3 isolate

Gram stain conducted using the method de-
scribed above (Collins and Patricia 1984). The iso-
late was identified using partial 16S rRNA gene
analysis. The universal set of primer was 27F
(AGAGTTTGATCMTGGCTCAG) and 1492R (I)
(GGTTACCTTGTTACGACTT). The sequence was
analyzed using an http:/www.ncbi.nlm.nih.gov

BLAST algorithm and submitted to Gen Bank. Mul-
tiple alignments of sequences and evolutionary his-
tory were compared with other sequences down-
loaded from the NCBI database
(http://www.ncbi.nlm.nih.gov). Evolutionary history
was inferred from the Maximum Likelihood Method.
and Tamura-Nei model (Tamura-Nei model, 1993).
The phylogenetic tree was established with MEGA
X (Kumar et al 2018).
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- Screening for zinc nanoparticles synthesis by
D3 isolates: Ability of D3 isolates to produce zinc
nanoparticles was tested by UV-visible spectropho-
tometer test, then by Zeta Sizer nano-series (Parti-
cle size measurement).

- Preparation of biomass: D3 isolates were grown
according to (Waghmare et al 2011).

- Spectrophotometry: The reduction of metal ions
was confirmed by a qualitative UV-visible spectro-
photometer supernatant test. ZnNPs were charac-
terized by a two-beam UV-visible spectrophotome-
ter (Shimadzu-UV 1700) scan of the absorbance
spectra in the 200-600 nm wavelength range. The
spectra of the surface Plasmon resonances of zinc
sulfate in the supernatants were estimated at differ-
ent times during biosynthesis. The control (without
D3 biomass) showed no change in the color of the
aqueous solution when incubated in similar condi-
tions.

- Zeta Sizer nano-series (Particle size measure-
ment): Particle sizing measurements using laser
diffractometry were performed using nano-series
Zeta Sizer (Nano ZS). All measurements were esti-
mated in the range between 0.6:6000 nm (Tarafdar
et al 2012). All previous techniques were carried out
in the central laboratory for nanotechnology and ad-
vanced materials, Agriculture Research Center,
Giza, Egypt.

- Detection of zinc nanoparticles: A number of 2
methods were applied to detected zinc nanoparti-
cles:

a. Transmission Electron Microscopy

To understand the surface topology and size of
NPs synthesized, Transmission Electron Micro-
scope (TEM) was used. According to (Fultz and
Howe, 2007).

b. Fourier transforms infrared spectroscopy
(FTIR) spectrum analysis

The NPs samples were analyzed in FT-IR to
identify the possible biomolecules (chemical func-
tional groups) responsible for decreasing the con-
centration of zinc ions to Zn NPs by the cell filtrate,
described by (Prati et al 2010).

All previous techniques were applied to Nano-
technology and advanced materials central lab, Ag-
riculture Research Center, Giza, Egypt.

The following characteristics were studied

1- The percentage of fruit set: At full bloom (on the
first of May) the total number of flowers was
counted. Then after two weeks of full bloom, the fruit
set was measured using the equation below:

Fruit set (%) = [Total number of fruitlets / Total
number of flowers] x 100

2- Yield: At maturity time (the first week of October)
in each season, the average number of fruits / tree
was counted and at the harvest time fruits of each
tree (replicate) were weighted to get the average
yield/tree (kg). Then, we separated and counted
marketable and non-marketable fruits and calcu-
lated the percentage of each. Twenty- five fruits
from every tree (replicate) were taken to get the av-
erage fruit weight.

3-Fruit quality: For every season, a sample of five
fruits / tree was taken randomly to evaluate the
fruit's physical and chemical properties: Arils weight
and juice weight were determined and then we cal-
culated the percentages of arils /fruit weight.

Total acidity (TA) was determined by titrating10
ml of juice with 0.1 mol/L NaOH to pH8.1 (AOAC
1984). The percentage of acidity was calculated as
an anhydrous citric acid per 100 milliliters of juice.
Total soluble solids (TSS) were determined as a
percentage of juice by hand refractometer. The TSS
/ Acid ratio was calculated. The content of ascorbic
was determined according to (AOAC 1995). Ascor-
bic acid was measured as mg/100 ml of juice. Total
anthocyanins in juice samples were measured
spectrophotometrically according to (Rapisarda et
al 2000). Total polyphenol (TP) and tannin (TT) con-
tents of juice samples were estimated by a colori-
metric assay based on the procedures described by
(Alsiede et al 2015).

4-Statistical analysis: The experimental data were
statistically analyzed using the variance analysis as
reported by (Snedecor and Cochran, 1980) apply-
ing Duncan's multiple range tests at 5 % (Duncan,
1955).
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RESULTS AND DISCUSSION

Effect on fruit set percentages and yield of won-
derful pomegranate

Results in Table (4) show the effect of spraying
by different sources and rates of zinc on fruit set per-
centages, fruit weight, fruit number and yield of won-
derful pomegranate during two growing seasons
(2017 and 2018). Generally, results showed that in
the two seasons, fruit set percentages of Pome-
granate were significantly affected by diverse treat-
ments. In general, in the two seasons, all ZnO NPs
treatments provided the least significant values of
fruit set percent, followed by control and Zn SO4
treatments. On the contrary, the maximum signifi-
cant values of fruit set percent were recorded by
Bio-Nano Zn treatments especially T13 (400 ppm
Bio- ZnNPs) whereas, Zn mannitol treatments gave
intermediate values between the treatments stated
above. Data from Eiada & Mustafa (2013) indicated
that zinc and manganese spray had a significant in-
crease in the pomegranate fruit set compared with
the untreated trees in the two seasons.

The fruit weight data showed that, control treat-
ment, Bio- Nano Zn treatments except T1z and high
levels of Nano Zn (300 and 400 ppm ZnO NPs) gave
the least significant fruit weight values, particularly
in the first season. On the contrary, the maximum
significant values were gained from the treatment of
Zn mannitol especially Ts (3000 ppm Zn mannitol)
and Tg (4000 ppm Zn mannitol) followed by high lev-
els of ZnSO4 Ts (4000 ppm Zn SO4).

Regarding fruit numberi/tree, in the two seasons,
T17 (400ppm ZnO NPs) gave the least significant
values of fruit number/tree followed closely by T1
(control treatment) in the second season only. In the
two seasons, the second and third levels of ZnO
NPs (200 and 300ppm) gave the greatest values of
fruit number/tree some other treatments gave simi-
lar values but the trend differed from season to an-
other.

Results revealed that, in the two seasons the
least significant values of yield were recorded by the
high level of ZnO NPs (400 ppm) followed by T1 (un-
treated trees), T2 (1000 ppm ZnS0O4), T1o0 (100ppm
Bio- ZnNPs) and T11 (200 ppm Bio- ZnNPs). On the
other hand, in the two seasons the high yield was
gained from Ts (4000 ppm ZnSOa4), Ts (3000 ppm
Zn mannitol), To (4000 ppm Zn mannitol), T12 (300
ppm Bio- ZnNPs) and Tis (400 ppm Bio- ZnNPs).
Besides, Eiada & Mustafa (2013) reported that the
mixture of Zn, Mn and Fe affected Pomegranate
trees, resulting in an increase in fruit set, fruit weight
and the yield. On the other side, Davarpanah et al

(2016) found that foliar spraying with Nano-Zn at 60
ppm + Nano-B at 6.5 ppm resulted in the maximum
number of fruits per tree and the greatest yield com-
pared with other treatments.

Effect on marketable and unmarketable fruits of
wonderful pomegranate

Results in Table (5) show the effect of spraying
by different sources and rates of zinc on marketable
and unmarketable fruits of pomegranate during
2017 and 2018 seasons. The trend was more clear
in the first season than the second one. The results
revealed that, the high values of marketable fruits
and least values of unmarketable fruits were gained
by the following treatments: Ts (4000 ppm ZnS0Og),
To (4000 ppm Zn mannitol), Ti2 (300 ppm Bio-
ZnNPs) and Tis (400 ppm Bio- ZnNPs)

Effect on some fruit physical properties of won-
derful pomegranate

Results in Table (6) show the effect of spraying
by different sources and rates of zinc on some phys-
ical properties of wonderful pomegranate in both
2017 and 2018 seasons.

Data concerning arils weight revealed that the

maximum significant values were recorded by T9
(4000 ppm Zn mannitol) in the two growing seasons
followed closely by T8 (3000 ppm Zn mannitol) and
T12 (300 ppm Bio- ZnNPs) in the second season
only.
Regarding juice weight the data indicated that, con-
trol treatment (T1) followed by T17 (400 ppm ZnO
NPs) gave the lowest significant values of juice
weight. On the other hand, the maximum significant
values of juice weight were gained by T8 (3000 ppm
Zn mannitol) and T9 (4000 ppm Zn mannitol) in the
two growing seasons followed closely by T7 (2000
ppm Zn mannitol), T5 (4000 ppm ZnSO4) and T2
(1000 ppm ZnS0O4) in the first season only and T12
(300 ppm Bio- ZnNPs) in the second season. In this
respect, Hasanil et al (2012) reported that the best
treatment was the combination of manganese sul-
fate at 0.6% and zinc sulfate at 0.3% for pomegran-
ate trees to increase the juice content of arils.

From the results, it could be noticed that differ-
ent Zn treatments gave lacked significance effect
especially on arils/ fruit weight% in the first seasons
whereas the trend was more clear in the second
season than the first one and the maximum signifi-
cant values for three physical properties percentage
were recorded by T8 (3000 ppm Zn mannitol) and
T12 (300 ppm Bio- ZnNPs).
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Table 5. Effect of spraying some sources and rates of Zinc on Marketable fruits and unmarketable fruits
percentage of "Wonderful' pomegranate trees in 2017 and 2018 seasons.

Marketable fruits% unmarketable fruits%
Treatment

2017 2018 2017 2018
T1: Tap water (control) 66.6 c 64.8 ef 333a 35.1ab
T2: 1000 ppm -Znso4 66.3¢c 67.4 de 336a 32.5bc
T3: 2000 ppm -Znso4 68.3¢c 68.1 de 3l16a 31.8 bc
T4: 3000 ppm -Znso4 79.9b 749 c 20.0b 25.0d
T5: 4000 ppm -Znso4 84.1ab 748 ¢ 15.8 bc 25.1d
T6: 1000 ppm-Mannitol-zn 69.0c 75.1c 309a 24.8d
T7: 2000 ppm-Mannitol-zn 72.6¢c 83.0b 273 a 169e
T8: 3000 ppm-Mannitol-zn 80.5b 82.0b 19.4b 179e
T9: 4000 ppm-Mannitol-zn 88.8a 84.9b 11.2c 15.0e
T10: 100 ppm - Bio- ZnNPs 729c 82.2b 270a 17.7e
T11: 200 ppm - Bio- ZnNPs 67.8c¢c 82.4b 321a 175e
T12: 300 ppm - Bio- ZnNPs 85.2 ab 93.3a 14.7 bc 6.6 f
T13: 400 ppm - Bio- ZnNPs 83.6 ab 87.2b 16.3 bc 12.7 e
T14: 100 ppm - ZnO NPs 71.7c 68.9 c-e 28.2a 31.0b-d
T15: 200 ppm - ZnO NPs 72.1c 71.7 cd 27.8a 28.2 cd
T16: 300 ppm - ZnO NPs 72.1c 718 cd 278a 28.1cd
T17: 400 ppm - ZnO NPs 70.5¢c 59.0 f 294 a 40.9 a

Means having the same letter(s) within a column are insignificantly different at 5% level.

Table 6. Effect of spraying some sources and rates of Zinc on some fruit physical properties of "Wonderful"
pomegranate trees in 2017 and 2018 seasons

Arils weight (g) Juice weight (g) Arils / fruit (%)
Treatment
2017 2018 2017 2018 2017 2018
T1: Tap water (control) 193.1gh | 219.6 gh 108.8 f 1343 i 544 c 56.0 b-e
T2: 1000 ppm -Znso4 220.8e-h | 228.1 fg 194.0 ab 170.3 gh | 56.3 a-c | 55.8 b-e
T3: 2000 ppm -Znso4 229.1 ef | 248.6 e 155.8c-e 187.6 ef 56.0 a-c 55.0 de
T4: 3000 ppm -Znso4 286.5 ab | 268.8 d 181.5bc 195.0 e 61.3 a 544 e
T5: 4000 ppm -Znso4 2741 bc | 3253 b 192.5ab 253.0 b 56.3 a-c | 55.5 b-e
T6: 1000 ppm-Mannitol-zn 222.5e-h | 3065 ¢ 155.8 c-e 226.5 ¢ 58.6 a-c | 54.6 de
T7: 2000 ppm-Mannitol-zn 263.3b-d | 2925 c | 183.3a-c 2120 d | 594 ac | 542 e
T8: 3000 ppm-Mannitol-zn 273.3b-d | 372.0 a 210.0 a 2973 a | 59.8 a-c | 56.8 ad
T9: 4000 ppm-Mannitol-zn 314.1 a 3743 a 185.8 ab 3033 a 60.4 ab | 55.5 b-e
T10: 100 ppm - Bio- ZnNPs | 207.5 f-h | 211.3 h 150.8de 164.0 h 55.2 bc 57.8 ab
T11: 200 ppm - Bio- ZnNPs 189.1 h 304.3 ¢ 139.1e 2333 ¢ 489 d 585 a
T12: 300 ppm - Bio- ZnNPs | 239.6 d-f | 366.5 a 168.1b-d 3015 a 60.3 ab | 57.6 a-c
T13: 400 ppm - Bio- ZnNPs | 252.5¢c-e | 305.6 c | 166.6b-d | 222.1 ed | 58.0 a-c | 55.3 c-e
T14: 100 ppm - ZnO NPs 249.1c-e | 250.1 e 151.6 de 1788 fg | 57.8 a-c | 56.2 a-e
T15: 200 ppm - ZnO NPs 251.1c-e | 239.1 ef | 173.3b-d | 182.1e-g | 57.4 a-c | 57.7 ab
T16: 300 ppm - ZnO NPs 226.6e-g | 2126 h 157.6 c-e 164.0 h 56.1 a-c | 56.1 b-e
T17: 400 ppm - ZnO NPs 222.5e-h | 204.8 h 135.8 e 157.1 h 56.0 a-c | 55.9 b-e

Means having the same letter(s) within a column are insignificantly different at 5% level.
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Effect on some fruit chemical properties of won-
derful pomegranate

Results in Tables (7.a and 7.b) present the ef-
fect of spraying some sources and rates of zinc on
fruit chemical properties of “Wonderful” pomegran-
ate during two growing seasons (2017 and 2018).
Generally, results have shown that in the two sea-
sons, all fruit chemical properties of pomegranate
were significantly affected by diverse treatments.
Results in Table (7a) point out that, in the two grow-
ing seasons T1 (control treatment) gave the least
significant values of TSS% followed by T6 (1000
ppm Zn mannitol). Contrary, T9 (4000 ppm Zn man-
nitol), T11 (200 ppm Bio- ZnNPs) and T12 (300 ppm
Bio- ZnNPs) gave the maximum significant values
of TSS% in 2017 and 2018 seasons. El-Khawaga
(2007) reported that foliar spraying with 4000 ppm
zinc sulfate at the first week of June increased the
total soluble solids percentage.

Results revealed that, spraying high levels of Zn
irrespective the source (T5, T9 and T13) gave the
greatest significant values of total acidity in the two
growing seasons. On the other hand, the second
and third levels of Bio- ZnNPs (T11 and T12) gave
the least significant values of total acidity especially,
in the second season. Additionally, El-Khawag
(2007). The foliar application of zinc sulfate (2000
and 4000 ppm) on pomegranate trees improved the
acidity of * Manfaluty ' pomegranate fruit.

Concerning TSS/acid ratio, the least significant
values of TSS/acid ratio were gained by T5 (4000
ppm ZnSO4) in the 2017 and 2018 seasons fol-
lowed by T3, T4, T6 and T16 in 2017 season. Con-
trary, it seemed that T12 (300 ppm Bio Nano Zn)
gave the maximum significant values of TSS/acid
ratio in the two seasons followed by T14 (100 ppm
ZnO NPs) in the first season and T11 (200 ppm Bio-
ZnNPs), T16 (300 ppm ZnO NPs) in the second
season. Moreover, Hasanil et al (2012) reported
that the ZnSO4 at both levels (0.3 and 0.6%) had
significant effects on the jucie TSS/TA ratio of pom-
egranate.

The maximum content of zinc in pomegranate
juice samples were recorded by T9 (4000 ppm Zn
mannitol) in 2017 and 2018 seasons followed by T5
(4000 ppm ZnS0O4) and T8 (3000 ppm Zn mannitol)
in the first and second seasons, respectively. The
dietary reference amount of zinc required by men is
15 mg/day, 12 mg/day for adult women, 5 mg/day
for formula-fed infants and 10 mg/day for preadoles-
cent children., UNICEF (1996).

Results in Table (7b) show that, the least signif-
icant values from both of ascorbic acid and antho-
cyanin were gained by control treatment (T1) in the
two growing seasons. Generally, ascorbic acid and
anthocyanin content were increased by increasing
the rate of spraying Zn irrespective the source ex-
pect with the high level of ZnO NPs in the first sea-
son which gave the least significant value of antho-
cyanin content. In the two growing seasons, it
seemed that T9 (4000 ppm Zn mannitol) gave the
maximum significant values of ascorbic acid and an-
thocyanin.

Tannins content was significantly affected by di-
verse treatments in two seasons. The trend was var-
ied slightly from season to another. In the first sea-
son it was gradually decreased in tannins content
by increasing the rate of spraying Zn irrespective
the source expect with ZnSO4. So, the maximum
values of tannins content was recorded by T2 & T10
in the first season and by T5, T6, T7 &T9 in the sec-
ond season.

Concerning total phenols, T5 (4000 ppm
ZnS04) gave the maximum significant values in the
two seasons followed closely by T15 (200 ppm ZnO
NPs) in the second season only.

Screening for bacteria synthesizing zinc nano-
particles

The abilities of 32 bacteria isolates obtained
from arid soils were investigated for their abilities to
synthesize zinc nanoparticles. Isolates were grown
on MSM broth, and 5g wet biomass for each isolate
was exposed to sterilized aqueous solution of zinc
sulfate at dilution of 0.0001 g/l for 4 days. After ad-
dition of aqueous ZnSO4 for 4 days, the mycelia
free medium of the 32 isolates showed a color
change from colorless to yellow with varying de-
grees of intensities. Yellow color formation suggests
the formation of Zn nanoparticles (Waghmare et al
2011).

Aqueous solutions of all isolates were subjected
to spectral analysis using UV- spectrophotometer.
Results of UV- measurements showed variation in
optical densities between isolates ranging between
0.03 (isolates No. C1) to 0.59 (isolate No. D3)
(Table, 8).

The reaction mixtures of 10 isolates showed rel-
atively high optical densities of 0.4 or more, so they
were selected for more confirmatory analyses to
measure particle size using Zeta -seizer potential.
The results of this test indicated a great variation
in particle size between isolates ranging between
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34-922 nm (Table, 9). The isolate D3 was selected
for further studies, since it synthesized the smallest
particle size of 34nm.

Table 8. Screening for bacteria isolates synthesiz-
ing zinc nanoparticles

Isolate Optical Isolate Optical
No. density No. density
C1 0.03 N1 0.31
Cc2 0.37 N2 0.08
C3 0.08 N3 0.32
Cc4 0.04 N4 0.53
C5 0.32 N5 0.38
C6 0.067 N6 0.06
Cc7 0.41 D3 0.59
C8 0.47 F9 0.37
Z1 0.52 Y12 0.05
Z2 0.57 Y1 0.08
Z3 0.07 Y3 0.02
Z4 0.12 Y4 0.09
Z5 0.52 Y7 0.32
551 0.41 K2 0.50
BLUE 0.08 K3 0.46
R2 0.11 E1l 0.56
Total isolates 32

Table 9. Particles size measurements by zeta
seizer potential for selected bacteria isolates (ar-
ranged in ascending order).

Isolate diameter Isolate diameter
No. (nm) No. (nm)
D3 34 Z5 456
Z2 70 K2 453
El 123 C8 683
N4 165 K3 835
Z1 386 C7 922
Total isolates 10

ddentification of Achromobacter isolate D3 up to
species

Identification of D3 isolate

Based on gram reaction D3 isolate was a gram
negative bacilli non spore former bacterium. Fur-
thermore, sequence obtained from D3 isolate was
identified as Achromobacter deleyi with 99.56%
similarity as showed in phylogenetic tree (Fig. 3).
The strain was deposited in the GenBank under ac-
cession number MN160632.

Characterization of zinc nanoparticles (ZnNPs)
synthesized by Achromobacter deleyi D3

The characteristics of zinc nanoparticles
(ZnNPs) synthesized by Achromobacter deleyi D3
was investigated by different analytical techniques.

a- UV-visible spectrophotometer

UV-visible spectrophotometer of aqueous
ZnSO4 treated by Achromobacter deleyi D3 was
conducted after 4 days at different wavelengths
(Fig. 4). The ZnSO4 treated Achromobacter deleyi
showed maximum absorption at 209 nm corre-
sponding to ZnSO4. Waghmare et al (2011) re-
ported that zinc nanoparticles synthesized by
Streptomyces showed its peak at 350 nm.

a- Transmission Electron Microscopy (TEM)
examination

TEM is a microscopy technique that uses a
beam of electrons that transmits and interacts with
a specimen forming an image. (Raliya et al 2014).

Representative TEM images showed different
sizes of ZnNPs which arose from the biodegrada-
tion of ZnSO4 by Achromobacter deleyi (Fig. 5).
The diameter of these nanopatrticles fluctuated from
20-42nm. In addition, Waghmare et al (2011) rec-
orded that TEM image of zinc nanoparticles indi-
cated well dispersed polymorphic zinc nanoparticles
with sizes ranged from c- Fourier transform infra-
red spectroscopy (FTIR)

Typically, we used infrared spectroscopic analy-
sis to determine the sample's functional groups. It is
the absorption measurement of different infrared
frequencies by a sample fount in the path of an in-
frared beam (Raliya et al 2014). The wavelength of
the absorbed light is a feature of the chemical bond.
FTIR can be used for quantitative analyses as the
strength of the absorption is proportional to the con-
centration.

Data presented in Fig. (6) show the absorption
in the region 1000 t01200 cm* confirming the pres-
ence of C-O or O-H and the absorption in the region
2800cm* to 3200cm-?t confirming the presence of O-
H and CHO functional groups. The absorption in the
region 1200 to 1500cm? corresponds to C=0. The
absorptions in the region 2300 — 2900 cm, con-
firmed the presence of carbonyl (-C=0) groups. The
absorption in the region 1600 t01900 cm! confirmed
the presence of N-H. The presence of these chemi-
cal groups, i.e., C-O, O-H, CHO, C=0, - C=0 and
N-H indicate amide linkage of proteins of biological
origin (Duran et al 2005).
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Achromobacter kerstersii strain LMG 3441

53 | Achromobacter piechaudii strain NERC 102461
Achromobacter deleyi strain LMG 3458

D3

i

Achromobacter insolitus strain LMG 6003

Bordetella parapertussis strain 522
Bordetella hinzii LMG 13501

Bordetella avium strain ATCC 35086
Achromobacter xylosoxidans strain Hugh 2838

B7

Achromobacter xylosoxidans strain NBRC 15126
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Fig. 3. Maximum-likelihood phylogenetic tree using 16SrRNA sequence (690 bp). It shows the tree with the
highest log probability (-1029.37). The percentage of trees where the associated taxa are clustered next to
the branches is shown. Bar, 0.001 substitutions per site.
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Fig. (4). UV-visible spectrum of aqueous solution during the synthesis of zinc nanoparticles
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Fig. 5. Transmission electron microscopy image of Zinc nanoparticles synthesized by Achromobacter deleyi
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Fig. 6. Fourier transform infrared spectroscopy (FTIR) functional groups of zinc nanoparticles synthesized
by Achromobacter deleyi
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The present results revealed that zinc nanopar-
ticles could be successfully synthesized by Achro-
mobacter deleyi. The U.V. visible spectroscopy and
Transmission electron microscopy and Fourier
transform infrared spectroscopy clearly show the
polymorphic nanoparticles with 20 to 42 nm.

Conclusion and Recommendation

According to the overall above data, it could be

proved that control treatment (untreated trees) me-
dium and high levels of Zinc Oxide nanoparticle
(ZnO NPs) (200, 300 and 400 ppm ZnO NPs) gave
the least significant values of productivity and fruit
quality of “Wonderful” pomegranate trees. On the
other hand, treatments of Zn mannitol complex and
Bio Nano Zn especially (3000, 4000 ppm Zn manni-
tol complex) and (200, 300, 400 ppm Bio Nano zinc
(Bio ZnNPs)) gave the maximum significant values
of productivity and fruit quality of “Wonderful” pom-
egranate trees.
It could be recommended by spraying “Wonderful”
pomegranate trees by 3000 ppm zinc mannitol com-
plex or 300 ppm Bio Nano zinc (Bio ZnNPs) twice
(the first before one week from full bloom and the
second after month from the first), it promoted and
increased productivity, marketable fruit and fruit
quality while Zinc Oxide nanoparticle (ZnO NPs)
treatments especially (200, 300 and 400 ppm), it
gave negative effects on productivity and fruit qual-
ity of “Wonderful” pomegranate trees .Therefore it
seems that the Zinc Oxide nanopatrticle (ZnO NPs)
effect depends on the concentration and composi-
tion of the NPs.

Significance Statement

This conclusion discovered that Bio Nano zinc
(Bio ZnNPs) could be beneficial for spraying “Won-
derful” pomegranate trees, reduced the amounts of
zinc needed for pomegranate fertilizer. This investi-
gation may help the researchers and growers to un-
cover the critical areas of using Bio Nano zinc (Bio
ZnNPs) as a fertilizer in pomegranate trees. Further
more researches are important to study another low
levels of Zinc Oxide nanoparticle (ZnO NPs) below
(200 ppm ZnO NPs) which may improve yield and
quality.

AUJASCI, Arab Univ. J.
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