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Zinc Nanoparticles on Growth, Productivity and Fruit Quality of

Pomegranate (Punica granatum L., "Wonderful") Trees
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Abstract: The present study was carried out during two successive seasons, (2017and 2018) on Wonderful
pomegranate trees to evaluate the effect of three irrigation water management (3500 m  of irrigation water were3

divided on the four physiological stages of tree growth as 40 & 30& 20 & 10 %, 30 & 40 & 25& 5 % and 35 &
35 & 20& 10 % m3 / fed./ year) as well as three concentrations (0.0, 50 and 100 ppm) of Zinc oxidase (ZnO)
nanoparticles. Vegetative growth, leaf minerals content, fruit set, yield attributes, physical and chemical fruit
characteristics were studied during both seasons of study. Applied of the second irrigation program with
amendment percentages (30 & 40 & 25 and 5 %) plus spraying 100 ppm zinc nanoparticles, recorded the highest
values of vegetative growth in terms of shoot length, shoot number /tree, leaves number / shoot and leaf area.
However, total chlorophyll, total Carbohydrates, N % and C/N ratio were greatly improved with the used
treatments than control. Final fruit set % and total yield related trait included (Marketable fruits, fruit number
/tree and Fruit weight (g). clearly improved. Macro and Micronutrients levels in the Pomegranate leaves greatly
increased with zinc nanoparticles spraying with all irrigation water managements. The trees which applied
second irrigation water management and 100 ppm zinc nanoparticles spraying achieved highest significant of
fruit qualities as firmness and Arils & Juice %, whilst peel thickness recorded the lowest values. Likewise,
stimulating chemical characteristics fruits in terms of increasing TSS %, ascorbic acid and anthocyanins also
reduced titratable acidity and total tannins. It could be recommended from the obtained data that irrigation water
management at the four physiological stages (30, 40, 25 and 5) of Wonderful pomegranate trees and spraying
with 100 ppm zinc oxidase nanoparticles is considered a good treatment in giving the highest growth,
productivity and fruit quality.

Key words: Pomegranate (Punica granatum L. "Wonderful")  Irrigation water management  Zinc oxidase
nanoparticles  Vegetative growth  Minerals content  Fruit set  Yield  Physico and chemical
properties

INTRODUCTION benefits. Recent scientific results confirm that the

Pomegranate (Punica granatum L.) belongs to family Reported that the tissues of pomegranate fruit, flowers,
Punicaceae, it is considered of the oldest trees grown in bark and leaves contain vital antimicrobial phytochemicals
the world cultivated about 5000 years ago. Although it is that  reduce  blood  pressure  and  work  against
one of the oldest edible fruits it is also eligible for growth dangerous diseases such as cancer. It is also a good
in various agricultural conditions ranging from the tropical source of antioxidants, three times more than wine or
to subtropical. It is very appropriate for growing under green tea. It contains vitamin A, C and E and is a good
arid and semiarid regions due to its versatile adaptability, source of potassium, calcium, magnesium, iron and zinc
hard nature, low cost maintenance and high returns [1-3]. [5]. The  consumable  portion  is about 55 - 60% of the

It is traditionally known that pomegranate fruit total fruit weight and consists of about 75 - 85% juice and
contains a high level of nutrients and many health 15-25% seeds returns [5].

traditional use of pomegranate for medicinal purposes [4].
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Fruit  sunburn,  cracking  and  pomegranate  fruit moisture causes soil stress, which influences fruit
moth  infestation  are amongst the major constraints for development adversely and leads to fruit cracking [20].
pomegranate production which highly decrease quality Control of irrigation timing and seasonal application are
and marketability of this fruit [6, 3]. Fruit cracking or essential not only for better growth and yield of
splitting is one of the principal disorders that influences pomegranate trees but are also used to control ripening
pomegranate quality and quantity. Fruit cracking not only time. For instance in India, timing of irrigation is used to
weaken marketability and consumer acceptance, but also control and optimize the harvesting season of evergreen
provides pores of entry for insects and fungi and renders pomegranate [21].
fruits greater prone to the environmental stresses, Zinc is a major component of some enzymes such as
subsequently inflicting a serious commercial loss to dehydrogenase, proteinase and peptidase. In this regard,
farmers [7, 8]. Water deficiency, soil texture and structure, zinc can influence electron transfer reactions such as the
mineral deficiency as well as air humidity are amongst the Krebs cycle and plant energy production. It also
factors that have a profound influence on pomegranate participates in other reactions such as protein building
fruit  cracking  [9]. Sun burning is another restricting and analysis and carbohydrate metabolism [22, 23].
factor give rise to, serious economic losses to the However Zinc is a prerequisite for making tryptophan and
pomegranate producers whole around the world [10]. tryptophan is the raw material for making auxin and auxin
Controlling irrigation reduced the percentage of fruit plays an essential role in increasing leaf area and tree
cracking, sunburn [11, 7]. The climate change by weather canopy. Foliar application of 0.25% of zinc significantly
warming and drying possibly be another significant increased the yield vitamin C, TSS, total acid and juice %
reason for the disorders [12]. of pomegranate [24]. Zinc deficiency is one of the

The  amount  of irrigation water used depends on important soil constraints to crop growth, which may
many factors such as the efficiency of the potential reduce crops and nutritional crop quality [25]. Zinc has
irrigation  system,  the  uniformity of the system design, promising impact on plant metabolism, accountable for
the relative coverage area, crop factors include crop type, producing the natural hormones IAA, activating some
plant size, plant density and other production system and enzymes biosynthesis of chlorophylls, enhancing
climatic factors include solar radiation, temperature, germination of pollens and regulating water uptake by
humidity and wind speed. In addition to management way of plants [26]. Foliar application of nutrients,
factors,  including    irrigation   scheduling   decisions particular  zinc  was  once  necessary for producing
that  affect  irrigation  frequencies and durations [13, 14]. healthy fruit trees as well as producing productive trees.
In general, the differences between the yield of poor and In addition, they are responsible for improving physical
medium crops can be attributed to the quantity and timing and chemical parameters of fruits [27]. The positive effect
of  soil  water supplies.  Improving water management is of foliar application of zinc in increasing the productivity
an extremely important means of increasing crop yields and improving the fruit quality in terms of TSS and total
[15,  16].  Soil  moisture  and  compaction  can  have a sugars [28-30].
major impact on the temperature around the soil surface. Nanotechnology can be defined as new installation
The compact wet soil will store more space [17, 18]. of material in new shapes within Nano scale from 1-100

The water level in pomegranate cultivation count on nanometers linked to superior and effective properties
environmental factors that drive demand evaporation and (physical, chemical, biological, mechanical, magnetic,
transpiration, salinity and electrolyte composition in the optical, electrical...etc.) [31]. It has high stability, tunable
soil solution, resistance of the soil, root penetration and compositions, a high surface area, particular biological
moisture transfer, soil aeration, hydraulic engineering of behaviors and a wide range of numerous physical
trees and crop loading. However, the water indirectly functions [32, 33]. More recently, nanotechnology has
interacts with the susceptibility of plants to diseases. been used in many agricultural fields such as production,
Irrigation affects the performance of trees through the processing, storing, packaging and transportation of
main mechanisms, such as: stomatal conductance, agricultural products [34]. Fertilizers derived from
assimilation rate, turgor and expansive growth. This nanotechnology began to attract the attention of those
emphasizes the important role of the tree-water relation interested in agriculture. In addition, nanotechnology can
[19]. Regular irrigation is essential during the reproductive have a profound impact on energy, the economy and
stage as irregular moisture reasons dropping of flowers environment, by improving fertilizer products [35].
and small fruits to senesce. A sudden change in soil Nanofertilizers (NFs) are widely applied in fruit crop
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nutrition such as soil based and spray based [36]. As they The first phase (Mar. - May.), the period of flowering
providenutrients with high efficiency and low waste and fruit set 
because they move faster and higher to different parts of The second phase (June - Aug.) the period of fruit
plants [37]. NMs are much smaller than conventional development and fruit ripening 
materials and due to a greater surface area to weight ratio, The third phase (Sept. - Nov.) trees ready to enter
different shapes and higher penetrability, they may have into dormancy
more significant effects on growth and developmental The final phase (Dec. - Jan.) trees in the rest phase
processes and can directly enter leaf tissues through
stomata  [38, 39]. The concentration and consumption In this research it will be distributed the amount of
time of NMs can impact their effects on plants and irrigation water (3500 m  / fed/ year.) on the above
different plant processes. Due to their tiny scale, NPs mentioned physiological four stages as follows:
have high penetrability into plant tissues and high
concentrations of NPs can also negatively affect growth 40 % & 30 % & 20 % & 10 % (Control-regular
and development. To prevent these negative effects, they irrigation program)
are usually  applied   in   very  low concentrations at the 30 % & 40 % & 25 % & 5 % (Second program)
mg L  level [38,  40].  Nano- substances can be used for 35 % & 35 % & 20 % & 10 % (Third program)1

designing new Zn fertilizers, with the solubility, diffusion
and availability of Zn to plants being affected by using Regarding spraying of Zinc oxidase (ZnO)
the nano-particulate Zn characteristics (size, specific nanoparticles 0.0, 50 and 100 ppm concentrations in
surface  area  and  reactivity)  [41,  42].   For  instance, combination with the three irrigation programs were used.
high-quality  of  the  application   of   nano-ZnO  have The trees were sprayed twice, firstly in the beginning of
been  mentioned  on seed germination, seedling vigour, bud bulge and secondly after one month of first spraying.
leaf chlorophyll content, stem and root growth in peanut
[33]. The treatments were arranged as follows:

Therefore, the main goal of the present study was to First irrigation program (Control-regular )
test the impact of amendment of irrigation water First irrigation program plus spraying of zinc oxidase
management and spraying zinc nanoparticles on fruit nanoparticles at 50 ppm 
productivity, quality and chemical composition of First irrigation program plus spraying of zinc oxidase
“Wonderful” pomegranates pomegranate trees. nanoparticles at 100 ppm 

MATERIALS AND METHODS Second irrigation program plus spraying of zinc

This study was carried out during 2017and 2018 Second irrigation program plus spraying of zinc
seasons in a private orchard located at Giza governorate, oxidase nanoparticles at 100 ppm 
Egypt. Thirty sex uniform healthy Wonderful Third irrigation program (Second program)
pomegranate trees five years old were chosen for this Third irrigation program plus spraying of zinc oxidase
study. Trees grown on sandy soil, under drip irrigation nanoparticles at 50 ppm 
system  planted.  at  3.0  x 4.0 m   apart  (350  trees/ fed ). Third irrigation program plus spraying of zinc oxidase2

All horticultural practices including, pest management nanoparticles at 100 ppm 
fertilization  with  macro  and  micro  elements were done.
A split  plot design in 4 replicates was followed as Thus 3 irrigation programs x 3 zinc nanoparticle
experimental  design  where  irrigation   levels   put in concentrations x 4 replicates = 36 trees for each season.
main  plot  and  zinc nanoparticles spraying arranged in The following measurements were recorded:
sub – main plot. The selected trees were divided to nine Vegetative growth characters: Four main branches
treatments. which were nearly uniform in growth, diameter and foliage

Regarding  irrigation  water  management   it is density and distribution around the periphery of each tree
regular with pomegranate trees producers to apply irrigate were chosen and labeled in February the following
water at rate of 3500 m  of water/fed/year. Scheduling this vegetative characters were measured in first of August for3

amount on four physiological stages of the pomegranate each season. Shoot length (cm), number of shoot/tree,
tree as follows: number of leaves / shoot and leaf area (cm ).

3

Second irrigation program (Second program)

oxidase nanoparticles at 50 ppm 

2
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Chemical Constituents: Total chlorophyll (mg/g fresh Statistical Analysis: Data were then analyzed for
weight) was determined according to Moran and Porath statistical  significant  differences  using  Duncan's
[43]. Total carbohydrates content was determined in dried multiple range tests. The standardized least significant
shoot powder as percentage according to Smith et al. [44]. range (L.S.R) at 5% level was used to compare the effect
Total nitrogen was determined as percentage using the of various treatments according to Snedecor and Cochran
micro-Kjeldahl method as described by Wilde et al. [45]. [52].
And C/N ratio was calculated by dividing total
carbohydrates by total N. RESULTS AND DISCUSSION

Leaf Mineral Contents: Leaves were collected from the Vegetative  Growth  Characters:  Data presented in
sixth node from the base of shoots at the second week of Tables (1) showed the effect of irrigation water
August in both seasons. The samples were washed, dried, management and zinc nanoparticles on vegetative growth
grounded and digested according to Nijjar [26]. characters of "Wonderful" pomegranates during 2017 and

P, K and Mg%: A great effect on average shoot length was recorded

Potassium content was determined by Flame amendment percentages to 30 % & 40 % & 25 % and 5 %
photometer as percentage according to method of plus spraying 100 ppm zinc nanoparticles where it
Jackson [46]. recorded the highest values of shoot length (69.58 and
Phosphorus: was estimated as the method described 72.04 cm) followed by the same irrigation program with
by Bringham [47]. spraying 50 ppm zinc nanoparticles (67.25 and 68.77 cm).
Magnesium (Mg): was determined using an However, the lowest values of the shoot length (53.90 and
atomicabsorption spectrophotometer Chapman and 52.93 cm) were recorded with the regular irrigation
Pratt [48]. program without nano- zinc spraying.

Fe, Zn and Mn (ppm): Were determined in digested with irrigation program No. 2 (30 & 40 & 25 and 5 %)
solutions and measured using an absorption followed by irrigation No 3 (35 & 35 & 20 & 10 %).
spectrophotometer according to Chapman and Pratt [48]. Spraying of zinc nanoparticles significantly increased

Fruit Set (%) and Yield Attributes: Fruit set (%) were irrigation programs. The highest values were obtained
calculated at the end of May, however fruits were with  second  irrigation and spraying zinc at 100 ppm
harvested  at  mature  stage  in   the   two   seasons at (66.75  shoot  /tree) in first season and (63.75 shoot /tree)
mid-September and the number of fruits per tree was in the second one.
counted, average fruit weight (g), average yield per tree Leaves number per shoot values were increased with
was determined (Kg/tree) and marketable fruits percentage amendment irrigation water managements and zinc
(number of healthy fruits without any cracked and nanoparticles spraying than control, but superior effect
sunburned or even diseases injury) were counted and was recorded by second program of irrigation water
their percentages to No. of total fruits per tree were management plus zinc nanoparticles spraying at 100 ppm.
calculated. Meanwhile,  the  control   irrigation   program   without

Fruit Physical Properties: Firmness (Kg/force), peel shoot.
thickness (cm) percentage of arils and Juice. Regulation of irrigation water management recorded

Fruit Chemical Properties: Total acidity (expressed as whereas control irrigation program recorded the least
gm  malic  acid  per  100 ml  juice)  total   soluble  solids values  of  leaf  area in both studied seasons. Spraying
was  measured  by  hand  refractometer.   However  and, 100 ppm of nano-zinc was effective than 50 ppm
L- ascorbic acid content (mg/100 ml juice) were evaluated concentration or unsprayed. It is well known that zinc
according to A.O.A.C. [49]. In addition the Pigment spray on pomegranate trees increase cell division and
anthocyanins content as mg/100 ml juice according to consequently increase leaf area which considered a good
Markham  [50].  Finally, total tannins (mg/100 ml juice) vegetables growth parameter .Unsprayed trees recorded
were determined according to Swain and Hillis [51]. the least values of leaf area in both studied seasons.

2018 seasons.

due to use of the second irrigation program with

 Increasing shoot number per tree was clearly noticed

number of shoot /tree than unsprayed trees with all

zinc spraying recorded the lowest number of leaves per

highest significant values in their effect on leaf area
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Table 1: Effect of irrigation water management and zinc nanoparticles on vegetative growth characters of "Wonderful" pomegranate fruit during 2017 and 2018
seasons

Shoot length (cm) N. of shoot/ tree N. of leaves/ shoot Leaf area (cm )2

----------------------------------- --------------------------------- -------------------------------- -----------------------------------
Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd

Irrigation 1 (control) 53.90 f 52.93 f 42.25 f 41.00 g 61.11e 59.84 f 4.92 f 5.14 f
Irri. 1 + 50 ppm Zn 55.11 ef 56.27 e 45.00 f 46.75 f 60.78 e 62.89 e 5.60 cd 5.96 bc
Irri. 1 + 100 ppm Zn 57.28 e 59.23 d 53.75 e 48.25 ef 63.25 de 65.17de 5.54 de 5.49 e
Irrigation 2 61.37 d 60.18 d 58.50 cd 53.50 cd 64.19 d 67.08 d 5.49 de 5.89 cd
Irri. 2 + 50 ppm Zn 67.25 ab 68.77 b 63.00 ab 60.50 ab 81.23 a 79.52 as 6.23 b 6.37 a
Irri. 2 + 100 ppm Zn 69.58 a 72.04 a 66.75 a 63.75a 83.89 a 80.20 a 6.68 a 6.21 ab
Irrigation 3 56.47 e 58.12de 50.25 e 51.25 de 62.14 de 63.25 e 5.37 e 5.64 de
Irri. 3 + 50 ppm Zn 62.94 cd 64.17 c 54.50 de 56.75 bc 76.12 c 71.12 c 5.89 c 6.03 bc
Irri. 3 + 100 ppm Zn 65.11 bc 64.82 c 60.25 bc 58.00 b 78.15 b 75.10 b 5.71 cd 5.64 de
Irrigation 1 = 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 %
Irrigation 2 = 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 %
Irrigation 3 = 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 %
Values followed by the same letter (s) are not significantly different at 5% level

In this respect, Tarafdar et al. [53] and Liu et al. [54] program either separate, or plus 50 ppm zinc nanoparticles
reported that foliar application of nano Zn increased the spraying without significant differences between them.
growth parameters. On the other hand, it was reported The total carbohydrates of pomegranate shoots
that the increase in Zn concentrations in plants due to increased as a result of irrigation amendment and spraying
nanoparticles application might be due to higher zinc nanoparticles from 25.6 % in regular irrigation
penetration of nanoparticles into plant cells [55]. program) control (to  40.4  %  in  irrigation program No 2

Fruit tree production plays an important role and the (30  &  40  &  25  &  5 %)  plus  100 ppm   zinc  spraying.
efficient use of water resources is mandatory, cell No significant differences were recorded between the
enlargement and division need adequate water during fruit second irrigation program plus spraying zinc at 50 ppm
growth and development period [54]. It is evident that and  the  third  irrigation  program  with spraying zinc at
irrigation  management  was  the  main   factor  affecting 100 ppm, this indicates that the water irrigation
the pomegranate production during the season [56]. amendment, according to physiological stages have a
However, Intrigliolo et al. [57] suggested that mild water greater effect on total carbohydrates, especially with
deficit during flowering-fruit set period, saving a 9-14% of spraying anao-zinc.
irrigation water, was the best strategy for pomegranate Slight effect was observed in nitrogen values with all
trees because minimal negative effects on fruit yield take irrigation systems used. Significantly, nitrogen values
place. The obtained results confirmed that flowering-fruit were affected by zinc nanoparticles spraying. The highest
set period is a non-critical period for pomegranate culture. values of leaf N % (2.27 and 2.35 %) were obtained with
However, irrigation water restrictions and plant water second  program  irrigation  and amendment percentage
stress levels were far more important than those reported (30 & 40 & 25 and 5 %) plus spraying 100 ppm zinc
previously by Intrigliolo et al. [57]. nanoparticles in both seasons. On the contrary, the

Chemical Constituents: As is evident in Table (2) total all irrigation programs without spraying zinc
chlorophyll, total carbohydrates, nitrogen content and nanoparticles.
C/N ratio values were greatly affected with irrigation water It is clear from data in Table (2) that C/N ratio greatly
management and zinc nanoparticles spraying on increased with the second irrigation program and third
"Wonderful" pomegranates tree . irrigation program with significant differences between

Values of total chlorophyll were superior from all them. While, control irrigation program recorded the
used treatments than the control and the greatest effect lowest values of C/N ratio in both seasons. Spraying the
was recorded were obtained by second irrigation program zinc nanoparticles with both concentrations greatly
plus spraying of zinc oxidase nanoparticles at 50 ppm and increased C/N ratio than unsprayed trees, regardless of
100 ppm in both seasons. While the lowest values of total the used irrigation program, however, the great effect was
chlorophyll were observed with the regular irrigation more pronounced with 100 ppm of zinc spraying.

lowest  values  of  nitrogen  content  were  recorded with
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Table 2: Effect of irrigation water management and zinc nanoparticles on Chemical constituents of "Wonderful" pomegranate fruit during 2017 and 2018 seasons

Total chlorophyll (mg/g fresh weight) Total Carbohydrates (%) N (%) C/N ratio
------------------------------------------------ -------------------------------- -------------------------------- -----------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd

Irrigation 1 (control) 1.02 f 0.987 f 25.6 f 27.0 f 1.90 d 1.97 cd 13.48 e 13.71d
Irri. 1 + 50 ppm Zn 1.11 f 1.07 f 28.3 e 29.7 e 2.00 cd 2.07 b-d 14.15 de 14.35 d
Irri. 1 + 100 ppm Zn 1.23 e 1.30 de 30.7 de 32.6 d 2.06 bc 2.15 a-c 14.91 c-e 15.17cd
Irrigation 2 1.31 de 1.25 e 32.9 cd 33.1 cd 2.13 a-c 2.01 cd 15.45 cd 16.47bc
Irri. 2 + 50 ppm Zn 1.48 bc 1.51 ab 37.5 ab 38.1 b 2.20 ab 2.17 a-c 17.05 ab 17.56ab
Irri. 2 + 100 ppm Zn 1.63 a 1.55 a 40.4 a 43.7 a 2.27 a 2.35 a 17.80 a 18.60 a
Irrigation 3 1.38 cd 1.43 bc 30.5 de 34.3 cd 1.98 cd 1.94 d 15.41 cd 17.33ab
Irri. 3 + 50 ppm Zn 1.40 cd 1.36 cd 33.7 c 35.2 c 2.11 a-c 2.07 b-d 15.98 bc 17.01 b
Irri. 3 + 100 ppm Zn 1.56 ab 1.39 cd 36.3 b 39.8 b 2.25 ab 2.24 ab 16.14 bc 17.77 ab

Irrigation 1= 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2= 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3= 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level

Increase water availability significantly increases leaf K content than the second irrigation program. In the
flowering [58]. This might be due to the increase contrast, the lowest values of leaf K content were shown
carbohydrates content during flower differentiation as a with irrigation regular and the third irrigation management
result of the irrigation treatments. Irrigation water without zinc nanoparticles spraying.
management efficiency is an important indicator for Mg  content  positively   increased   with  spraying
measuring the relationship between crop yield and water 100 ppm zinc nanoparticles with the three programs of
use efficiency [59]. irrigation water managements. The highest percentage of

Use of nano-zinc as a foliar spray was found Mg (0.66 and 0.68 %) achieved by the second irrigation
beneficial in improving plant growth, chlorophyll, program plus 100 ppm nano-Zn spraying, while the lowest
carotenoid contents and NR activity in both pathogen- values (0.34 and 0.36%) recorded by the regular irrigation
inoculated and un- inoculated plants. The increase in program (control) during the first and the second seasons
vegetative growth, chlorophyll, carotenoids and NR respectively.
activity of lentil might be due to fundamental role of Zn in
protection and maintenance of structural stability of cell Fe, Zn and Mn (ppm): As it is evident in Table (4), Fe, Zn
membranes [60]. And also its use in protein synthesis, and Mn levels in the Pomegranate leaves greatly
membrane function, cell elongation and tolerance [61]. increased with zinc nanoparticles spraying with all
ZnO NPs are also known to increase the shoot dry matter irrigation water managements in both studied seasons.
and leaf area [62]. Concerning   water    irrigation    management   the

Leaf Mineral Contents program followed by third program of irrigation water
P, K and Mg%: Data in Table (3) showed that second and management and lastly regular irrigation program
third  programs  irrigation  management  were similar in (control).
their  effect  on leaf P content in both studied seasons. The  highest  levels  of Fe (229.12 and  240.53 ppm),
The two zinc spraying concentration increased leaf P Zn (41.56 and 39.07ppm) and Mn (92.00 and 66.59 ppm)
content but the great effect was recorded by 200 ppm. were obtained with 100 pm zinc nanoparticles spraying
Control irrigation unsprayed trees exhibited least values plus irrigation management (30 & 40 & 25 and 5 %) during
of leaf P content. growth physiological stages in first and second season.

The highest values of K% (1.65 and 1.67 %) in first On  the  other  side  of view, the lowest values of Fe
and second seasons were detected by second irrigation (153.61  and 160.67 ppm), Zn (19.73 and 19.67 ppm) and
program plus 100 ppm nano-zinc spraying. However, third Mn (66.59 and 67.59 ppm) were declared with traditional
irrigation  program  and  regular  irrigation program plus irrigation without nano-zinc spraying in the two studied
100 ppm zinc spraying recorded similar lower values of seasons.

positive  significant  effects were obtained with second
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Table 3: Effect of irrigation water management and zinc nanoparticles macronutrients levels N, P, K and Mg content (%) of "Wonderful" pomegranate fruit
during 2017 and 2018 seasons

P % K % Mg
------------------------------------------- ---------------------------------------- ------------------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd

Irrigation 1 (control) 0.23 e 0.26 d 1.20 d 1.16 e 0.34 e 0.36 d
Irri. 1 + 50 ppm Zn 0.26 de 0.27 d 1.32 cd 1.39 cd 0.51 c 0.58 b
Irri. 1 + 100 ppm Zn 0.32 bc 0.34 ab 1.54 ab 1.59 ab 0.60 ab 0.63 ab
Irrigation 2 0.26 de 0.29 cd 1.25 d 1.28 de 0.43 d 0.47 c
Irri. 2 + 50 ppm Zn 0.30 bc 0.32 bc 1.43 bc 1.42 cd 0.57 bc 0.60 ab
Irri. 2 + 100 ppm Zn 0.37 a 0.36 a 1.65 a 1.67 a 0.66 a 0.68 a
Irrigation 3 0.25 de 0.27 d 1. 17 d 1.23 e 0.38 de 0.42 cd
Irri. 3 + 50 ppm Zn 0.29 cd 0.28 cd 1.47 bc 1.48 bc 0.53 c 0.57 b
Irri. 3 + 100 ppm Zn 0.34 ab 0.35 ab 1.57 ab 1.58 ab 0.61 ab 0.64 ab
Irrigation 1= 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2= 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3= 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level 

Table 4: Effect of irrigation water management and zinc nanoparticles on micronutrient levels (ppm) Fe, Zn and Mn of "Wonderful" pomegranate fruit during
2017 and 2018 seasons

Fe ppm Zn ppm Mn ppm
------------------------------------------- ---------------------------------------- ------------------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd

Irrigation 1 (control) 153.61 e 160.67 f 19.73 e 19.67 d 66.59 d 67.59 d
Irri. 1 + 50 ppm Zn 185.56 cd 194.34 de 29.74 d 30.54 c 77.47 c 70.26 d
Irri. 1 + 100 ppm Zn 201.05 bc 217.20 bc 35.94 bc 36.12 ab 84.25 b 82.84 bc
Irrigation 2 171.20 de 177.84 ef 24.17 e 23.57 d 69.35 d 77.32 c
Irri. 2 + 50 ppm Zn 191.43 cd 204.41 cd 35.79 bc 33.91 bc 83.17 b 85.11 ab
Irri. 2 + 100 ppm Zn 229.12 a 240.53 a 41.56 a 39.07 a 92.00 a 89.26 a
Irrigation 3 153.70 e 169.74 f 21.43 e 24.69 d 67.21 d 65.26 d
Irri. 3 + 50 ppm Zn 205.94 b 202.43 cd 31.56 cd 29.75 c 80.20 bc 78.57 c
Irri. 3 + 100 ppm Zn 224.22 a 228.50 ab 38.23 ab 37.53 ab 90.51 a 84.12 ab
Irrigation 1= 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2= 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3= 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level

Water management is implemented to avoid a deficit stability to plants and improved photosynthetic
or an increase in the amount of water may be negative efficiency.  Foliar spray  of  zinc   nanoparticles  resulted
effects.  Overwatering  may lead to nutrient leaching in  increased  permeability  of  lipophilic  organic
which may affect environmental quality and increase molecules through the cuticle [68]. Hence, nano-Zn have
production costs, while water deficit can deleteriously more chances to penetrate the leaf surface and release
affect potential growth and cause death of plants [63, 64]. ions across the cuticle compared to water soluble ions
Thus it , is necessary to define water management to suit [69].
environmental laws and improve the quality. The main Prasad et al. [33] observed that nano size and lower
factors that affect the development and quality of the water solubility of ZnO NPs resulted in higher
trees are the quality of its genetic materials, water bioavailability of these NPs, which may be responsible for
management, nutrition, the type of container and the higher yields.
substrates  used   [65].   Water  management  is  defined
as the process of determining how much to apply Fruit Set (%) and Yield Attributes: Data presented in
(irrigation volume) and timing (when to apply) [66]. Table (5) showed that irrigation water management and

Faizan et al. [67] concluded that presence of zinc zinc nanoparticles spraying improved fruit set (%) and
nanoparticles stimulated the antioxidant systems and yield attributes of "Wonderful" pomegranate fruits during
increased proline accumulation that could provide 2017 and 2018 seasons.
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Table 5: Effect of irrigation water management and zinc nanoparticles on fruit set (%) and yield attributes of "Wonderful" pomegranate fruit during 2017 and
2018 seasons

Final fruit set % No of fruit/tree Fruit weight (g) Yield/tree (Kg) Marketable fruits % 
------------------------------ ------------------------------ ----------------------------- ------------------------------ ------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd

Irrigation 1 (control) 38.88 f 40.11 f 54.75 g 57.75 e 385.5e 391.8 e 21.11 f 22.63 f 69.60 g 71.03 e
Irri. 1 + 50 ppm Zn 42.02 e 41.32 f 59.25 f 59.50 e 401.7 e 405.5 de 23.80 e 24.13 ef 75.10 f 76.47d
Irri. 1 + 100 ppm Zn 43.26 e 42.88 ef 60.00 ef 61.75 e 412.5 de 421.3 cd 25.16de 26.00de 78.69 e 78.14 d
Irrigation 2 47.87 cd 47.22 cd 67.50 cd 68.00 d 438.7 bc 443.8 ab 29.61 c 30.18 c 82.96cd 84.56 c
Irri. 2 + 50 ppm Zn 56.56 ab 56.77 b 79.75 ab 81.75 b 461.4 ab 465.2 a 36.80ab  8.03ab 89.34 b 88.69 b
Irri. 2 + 100 ppm Zn 59.04 a 60.94 a 83.25 a 87.75 a 470.2 a 461.5 a 39.14 a 40.50 a 94.29 a 93.16 a
Irrigation 3 45.04 de 45.83 de 63.25 de 66.00 d 417.3 cd 411.4 de 26.50 d 27.13 d 77.95 ef 78.79 d
Irri. 3 + 50 ppm Zn 50.53 c 51.22 c 71.25 c 73.75 c 425.2 cd 438.0 bc 30.30 c 32.30 c 81.05de 84.41 c
Irri. 3 + 100 ppm Zn 54.61 b 55.03 b 77.00 b 79.25 b 446.5 b 451.3 ab 34.38 b 35.77 b 86.04bc 85.80bc
Irrigation 1 = 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2 = 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3 = 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level

The second irrigation programs was effective than phenological periods (non-critical periods) and supplying
third one or regular irrigation (control) in increasing fruit full irrigation during the water stress-sensitive
set % and producing highest fruit number / tree in both phenological periods (critical periods) [70, 71]. It is known
studied  seasons. However, spraying zinc nanoparticles that irrigation can modify processes related to fruit trees
at 100 or 100 ppm were effective in hastening fruit set as floral  biology such as the duration of phenological
well as fruit number /tree than unsprayed one. High value stages, flowering intensity and fruit set [72]. Considering
of fruit set (59.04 and 60.94 %) and fruit number /tree that in pomegranate trees spring vegetative growth and
(83.25 and 87.75 fruit /tree) were obtained in first and flowering-fruit happen simultaneously, the reduction in
second seasons by second irrigation program in total shoot growth values by water stress could decrease
combination with 100 ppm zinc nanoparticles spraying. the competition between both processes favouring

In  addition,  the   greatest   fruit   weight  values flowering. Total shoot growth decrease can be considered
(470.2 and 461.5 g) in 1  and 2  seasons respectively as an advantageous result because a compensatoryst nd

resulted  from  sprayed  fruits with zinc nanoparticles at young fruit growth could be favoured when irrigation was
100 ppm through irrigation No. 2 management. On the resumed due to a shift in the carbon allocation pattern,
other hand, the lowest values of these qualities (385.5 & [73]. Zinc is an essential component of some enzymes
391.8 g) were recorded with treated unsprayed fruits and such  as dehydrogenase,   proteinase   and  peptidases.
irrigated with irrigation program No. 1. In this regard, zinc can affect electron transfer reactions

Regarding total yield/tree and marketable fruits it is such as the Krebs cycle and energy production of the
evident that, both concentrations of nano-zinc and plant. Zinc is also involved in other reactions such as
irrigation water management significantly increased the protein construction and analysis [22]. So, promote
total Yield / Tree (Kg) than the control in the two seasons. growth by increasing plasticity of the cell wall followed by
The effective treatment in producing the highest yield and the hydrolysis of starch into sugars which reduces the
highest marketable fruits were those trees irrigated with cell water potential, resulting in the entry of water into the
the second program and sprayed with 100 ppm nano Zn. cell and causing elongation [74].
However, spraying zinc nanoparticles at 50 ppm with any
irrigation programs gave a mediate value. Regular Physical  Fruit  Properties:  It  is  clear from data in
irrigation (control) unsprayed trees showed the worst Tables (6) that Physical fruit properties of "Wonderful"
treatments where the unmarketable fruits % reached pomegranate were greatly affected with irrigation water
nearly a quarter of total yield/tree. managements and zinc nanoparticles in both seasons of

Regulated irrigation is probably the most useful this study.
deficit irrigation strategy to improve water saving and The values of fruit firmness of "Wonderful"
even harvest quality, inducing minimum impacts in pomegranate fruits produced from regulated irrigation
marketable yield. Regulated irrigation is based in reducing water program were superior than the control due to
irrigation or non-irrigating during the water stress-tolerant effect   of    water    management   and   zinc  nanoparticles.
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Table 6: Effect of irrigation water management and zinc nanoparticles on some Physical fruit properties of "Wonderful" pomegranate fruit during 2017 and 2018
seasons

Firmness Kg. force Peel thickness (cm) Arils % Juice % 
----------------------------------- --------------------------------- -------------------------------- -----------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd

Irrigation 1 (control)  9.2 e 9.7 d 0.66 a 0.67 a 43.82 g 44.76 f 35.70 f 36.43 f
Irri. 1 + 50 ppm Zn 10.0 de 10.4 cd 0.65 ab 0.66 ab 47.65 f 49.12 e 40.54 e 41.58 e
Irri. 1 + 100 ppm Zn 10.4 d 10.8 c 0.63 bc 0.64 bc 51.27 e 53.13 d 44.56 d 46.31 d
Irrigation 2 11.0 cd 11.2 bc 0.61cd 0.60 e 56.18 cd 58.58 bc 49.74 c 51.96 c
Irri. 2 + 50 ppm Zn 12.6 ab 12.0 ab 0.57 e 0.57 f 60.90 b 60.88 b 58.17 b 56.08 b
Irri. 2 + 100 ppm Zn 13.2 a 12.8 a 0.57 e 0.56 f 67.34 a 66.17 a 61.81 a 60.45 a
Irrigation 3 10.4 d 10.6 cd 0.64 ab 0.63 cd 53.25 de 52.14 de 46.71 d 45.55 d
Irri. 3 + 50 ppm Zn 11.6 bc 11.0 bc 0.60 d 0.61 de 56.91 c 57.84 c 50.59 c 51.37 c
Irri. 3 + 100 ppm Zn 11.8 bc 12.0 ab 0.59 de 0.60 e 58.44 bc 59.38 bc 52.33 c 53.15bc

Irrigation 1 = 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2 = 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3 = 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level

Second irrigation program (30 & 40 & 25 and 5 %) and zinc quality. So, proper irrigation is essential in maintaining a
nanoparticles  at  100  ppm  exhibited  the  highest  values healthy and productive fruit orchard. Whereas over
of  fruit  firmness.  However,  third  irrigation  program irrigation slow root growth, increases the potential for iron
(35& 35 & 20 and 10) with 100 or 50 ppm zinc chlorosis in alkaline soils and leaches nitrogen, sulfur and
nanoparticles or alone recorded intermediate values. boron out of the root zone leading to nutrient deficiencies.
Irrigation  control  (40 & 30 & 20 and 10%) either alone or It can also induce excessive vegetative vigor. Excessive
50 &100 ppm nano-Zn spraying or recorded least values soil moisture also provides an ideal environment for
of the firmness. crown and collar rots in plant .On the other hands

A slight different due to the both studied factors for applying insufficient irrigation water results in drought
peel thickness effect were obtained. However, slight stress and reduced fruit size and quality [75, 65]. water
decrease  were  observed  with all the fruits that applied restriction do not effect morphological and physiological
second water management regardless of zinc processes of tree. In fact, enhance the bearing, maturation
nanoparticles  spraying  where the values ranged from and fruit tree features [76]. 
(0.56 to 0.60 cm) during both seasons. Meanwhile slight
increase (from 0.63 to 0.67 cm) was observed with Chemical Fruit Properties: Results in Table (7) show that
irrigation regular water either alone or with nano-zinc supplying pomegranates  trees  with  (30  &  40 & 25 and
sprays. 5 %) management irrigation and 50 or 100 ppm zinc

On the general side there was a positive relationship nanoparticles were significantly effective in stimulating
between  the  arils  and  Juice % with the fruit weight chemical  characteristics of the fruits in terms of
(Table 5). The trees which applied second water irrigation increasing total soluble solids percentage, also the same
management and 100 ppm zinc nanoparticles spraying treatments  significantly  reduced   titratable  acidity.
achieved  highest  significant  values of both qualities While pomegranates trees exposed to control irrigation
(arils and Juice %) and this finding was parallel to the led to reduction the values of TSS % and increased
highest. No significant differences between the second acidity.
irrigation water management plus 50 ppm nano-Zn and However, ascorbic acid contents showed that
irrigation water management No.3 plus 100 ppm nano-Zn pomegranates trees irrigated with (30 & 40 & 25 and 5 %)
both characters mentioned in concentrations, which gave management irrigation plus 50 & 100 ppm zinc
intermediate values but higher than irrigation control. nanoparticles  gave  the  highest  significant   values of

Fruit trees require frequent irrigation during fruit L-ascorbic acid in both seasons. On the other hand,
development and mismanagement of water supply to trees ascorbic acid content in control irrigation fruits
at critical stages leads to fruit drop, reduced fruit size and significantly decreased.
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Table 7: Effect of irrigation water management and zinc nanoparticles on Some chemical fruit constitutes of "Wonderful" pomegranate fruit during 2017 and
2018 seasons

Ascorbic Acid Tannins Anthocyanin
Total Acidity % TSS % mg/100 ml juice mg/100 ml juice mg/100 ml juice
------------------------------- ----------------------------- ------------------------------ ------------------------------ -------------------------------

Treatments 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  season 1  season 2  seasonst nd st nd st nd st nd st nd

Irrigation 1 (control) 1.17 a 1.25 a 13.28 e 14.00 e 25.79 f 27.26 e 2.37 a 2.44 a 3.52 f 3.59 f
Irri. 1 + 50 ppm Zn 1.14 ab 1.21 ab 13.76 de 14.12 e 28.14 e 29.78 d 2.23ab 2.29ab 4.07 e 3.91 e
Irri. 1 + 100 ppm Zn 1.12 ab 1.14 cd 15.10 c 15.26 cd 32.65 c 32.14 c 2.06 bc 2.07 c 4.91 d 4.69 e
Irrigation 2 1.07 cd 1.12 d 15.60 bc 16.00 bc 33.75bc 34.11 b 1.89 de 1.95 c 5.53bc 5.11 d
Irri. 2 + 50 ppm Zn 1.03 d 1.05 e 15.76 a 17.20 a 36.02 a 36.54 a 1.86 de 1.81 d 6.05 a 5.89 ab
Irri. 2 + 100 ppm Zn 0.96 e 1.01 e 17.04 a 17.46 a 36.64 a 37.12 a 1.74 e 1.85 d 6.19 a 6.26 a
Irrigation 3 1.10 bc 1.17 bc 14.72 cd 14.88 de 30.21 d 32.07 c 2.15 bc 2.11bc 4.47 e 4.33 e
Irri. 3 + 50 ppm Zn 1.11 bc 1.14 cd 15.30 bc 15.60 bc 34.26 b 33.12bc 1.97 cd 2.03 c 5.14cd 5.25 cd
Irri. 3 + 100 ppm Zn 1.07 cd 1.10 d 16.30ab 16.60 ab 35.18ab 34.45 b 1.96 cd 1.98 c 5.86ab 5.63 bc
Irrigation 1 = 3500 m3 of irrigation water were applied as 40 & 30& 20 & 10 % 
Irrigation 2 = 3500 m3 of irrigation water were applied as 30 & 40& 25 & 5 % 
Irrigation 3 = 3500 m3 of irrigation water were applied as 35& 35 & 20 & 10 % 
Values followed by the same letter (s) are not significantly different at 5% level

Total tannins greatly affected with all applied greatly affected by soil moisture. Irrigation management
treatments,  generally  total  tannins of wonderful juice can effectively replenish the soil water deficit caused by
fruit ranged from (1.74 to 2.37 mg/100 ml juice) in first plant growth. It is greater of irrigation amount and the
season and (1.81 to 2.44 mg/100 ml juice) in the second moister the soil; and the water [80].
season. Spraying both concentrations of zinc Generally, it could be concluded that amendment of
nanoparticles reduces tannin values with all irrigation irrigation water management by decreasing the amount of
water  management.  On the other hand, high tannin irrigation water in first phase (Mar. May), the period of
values were recorded with all irrigation management flowering  and  fruit  set and increase it in the second
without nano-zinc spraying especially traditional irrigation phase (June – August) the period of fruit development
program. and  fruit  ripening  was  effector  in  increasing fruit

Control fruit recorded the least values of quality and decreasing the percent of discarded fruits.
anthocyanins  pigment  (3.52  &  3.59  mg/100   ml  juice), However, nano-zinc spraying was promoting factor in
in both seasons. In the contrast irrigation 2 + 100 ppm Zn increase the efficiency of irrigation water amendments in
gave the highest values of anthocyanins pigment content pomegranate.
(6.19 and 6.26 mg/100 ml juice) in 2017 and 2018 seasons.
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