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Abstract

Little is known about the effect of foliar nano-nutrients application on
pomegranate trees. The experiment was split-plot arranged in a randomized
complete block design on some pomegranate cultivars grown at the Experimental
Orchard, Faculty of Agriculture, Assiut University, Egypt during three successive
season of 2018, 2019 and 2020. The research was to study response of some
pomegranate cultivars to foliar spraying with nano-boron and nano-calcium. All
the tested applications significantly increased the growth of trees as well as
significantly improved the yield and fruit quality and reduced the fruit cracking
percentage. Spraying nano-boron plus nano-calcium gave the highest values of
growth traits, yield and fruit quality. No significantly differences on all studied
traits due to spray nano-boron or nano-calcium singly or in combination. The
highest growth traits and yield were recorded on Wonderful followed by Higazy
cvs. On other hand, the best fruit quality was detected on Manfalouty pomegranate
compared to other studied cultivars.

It is recommended to spray Manfalouty, Higazy and Wonderful pomegranate
trees with nano-boron or nano-calcium individually or in combination three times
to get high yield with good fruit quality.
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Introduction

Pomegranate (Punica granatum L., Punicaceae), a lovable fruit and
ornamental of Mediterranean cultivation, it is considered as substantial minerals
and is one of the most suitable fruits of tropical and sub-tropical regions.

Pomegranates are local to central Asia, but have been strewn about of many
geographical regions, overall the Mediterranean basin, East Asia, North and South
America, Africa and Australia, among others (Holland et a/., 2009). Pomegranate
fruit and juice are well known for their medicinal and therapeutic properties and
for their contribution to human health, through their prevention of various chronic
diseases such as cardiovascular diseases, cancer and diabetes (Faria and Calhau,
2011 and Vlachoyannis et al., 2015).
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In Egypt, the total area of pomegranate trees was reached 80515 fed. and
produced about 672064 tons. Assiut Governorate is considered the main cultivated
area 10819 fed. and produce about 189811 ton according to (M.A.L.R. 2020).

Reducing pomegranate production due to crack the fruit is very high. This
problem due to improper water management and deficiency of micronutrients. So,
it may be used among different horticulture practices, growth regulators have been
proper in the recent time to increase the fruit production and to improve the quality
of different fruit crops.

Plant nutrients foliar spraying have many beneficial effects on pomegranate,
therefore, foliar sprays of nutrients in adequate quantity should be applied at
appropriate time for optimum growth, yield, fruit quality and control of fruit
cracking. Foliar application has the advantage of regular divide of fertilizer
materials and quick response.

Nano-particles are atomic or molecular aggregates with a size ranging from
1 to 100 nm than can affect the physiochemical properties of a substance relative
to its bulk form. Nano-particle are soluble and high stable (Pérez-de-Luque, 2017).
They attracted widespread attention because of their low toxicity and high
bioavailability (Abdulsalam et al., 2018). The size of nano-particles plays an
important role in their biological activity, especially in the range of 5-200 nm. So,
nano-nutrients can scavenge free radicals in a size-dependent manner (Peng et al.,
2007).

The Nano-technology as a new powerful technology possesses the ability to
exist massive variation in food and agricultural process. Fertilizer derived from the
Nano-technology draw attention in agriculture. Nano-technology can have positive
impact on energy, the economy and environment by improving fertilizer products.
It can be encapsulated inside nano-materials, coated with a thin productive
polymer film, or delivered as particles or emulsions of nano-scale dimensions (De
Rosa et al., 2010). Using of nano-fertilizers induce an increase nutrient efficiency,
reduce leaching pollutants into soil and groundwater, minimizes the potential
negative effects associated with over dosage and reduce the frequency of the
application. Hence, nano-fertilizer has a high potential for achieving sustainable
agriculture, especially in developing countries (Naderi and Danesh-Shohraki,
2013).

Calcium i1s an effective element of a fruit’s physiological resistance,
stabilizes the cell membrane and increases cell turgor pressure (Faust, 1989;
Picchioni et al., 1995 and Mastrangelo et al., 2000). Calcium disorders prevent
physiological maturity before harvesting, such as delay and decrease in the quality
of the fruit within many fruit species ( Pooviah, 1979 and Hernandez-Munoz ef al.,
2000).

Boron has a substantial role in plant metabolism physiological like as nucleic
acid metabolism, protein, natural hormone biosynthesis, building and transition of
carbohydrates, photosynthesis, cell division, cell wall synthesis membrane action
and water uptake (Kaneko et al, 1997; Mengel et al., 2001 and El-Sheikh et al.,
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2007). Boron is accountable to activate of dehydrogenase enzymes, sugar
translocation, nucleic acids and plant hormones (Brady and Weil, 1996). Boron
deficiency can cause serious problems such as defective fruit development, less
yield and poor fruit quality (Maurer and Taylor, 1999). Boron foliar spraying have
effective within a limited number of studies to decrease the avalanche of fruit, fruit
cracking, controlling boron levels and plant bio regulators (PBR) applications
(Singh et al., 2003). Application of boron increases fruit set and yields by its role
in pollen tube germination and elongation (Abd-Allah, 2006).

Several investigators studied the effect of boron and calcium on fruit set,
productivity and fruit quality of pomegranate cultivar. Foliar sprays of boron and
calcium improved the yield and fruit quality and reduced the fruit cracking and
thus resulted in significantly increased the economic returns (Sheikh and Manjula,
2012; Goargiuas, 2016; Korkmez et al., 2016 , Masoud et al., 2019 and Morwal &
Das, 2021). One of the advantages of using nano-fertilizers is that application can
be done in smaller amounts than when using common fertilizers, hence could be
more efficient, decreased soil pollution and other environmental risks that may
occur when using chemical fertilizers (Selivanov and Zorin, 2001; Naderi et al.,
2011 and El-Salhy et al., 2021). Foliar spray with nano-boron fertilizer
significantly increased the nutritional status, increased the yield and significantly
fruit quality and decreased the fruit cracking of pomegranate (Khalil & Aly, 2013
and Davarpanaha et al., 2016).

Therefore, this study was carried out to study the effect of foliar spraying of
nano-boron and nano-calcium on improving yield, fruit quality and leaf mineral
content of certain pomegranate cultivars trees.

Materials and Methods

This experiment was executed through three successive seasons of 2018,
2019 and 2020 on certain pomegranate cultivars i.e., Manfalouty, Higazy and
Wonderful. Trees were gown at the Experimental Orchard, Faculty of Agriculture,
Assiut University. The soil of the experimental orchard is a clay loam and the trees
planted at 5x5 m apart. They were 35 years old at the beginning of the
investigation. Eighteen uniform and healthy trees were selected for each cultivar
and devoted for carrying out this study. The experiment consisted of 6 treatments,
each treatment comprised of 3 trees. Regular agricultural practices were applied to
all experimental trees as recommended.

The spraying treatments were as following:

1. Foliar spraying water (control).

Foliar spray Nano-B»Os at 10 ppm.

Foliar spray Nano- B20O; at 20 ppm

Foliar spray Nano CaO at 1%

Foliar spray Nano CaO at 2%

Foliar spray Nano- B>O; at 10 ppm + Nano CaO at 1%.

SARNANF e
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The previous spraying compounds were exercised three times. The Ist
spraying time was done on the 2™ week of May and repeated on the 2™ week of
June and August every season.

The nutrients were added via a compound contains all the nano-nutrient in a
balanced forms. The source of nano-boron fertilizers used containing (17% B2)
and nano- calcium fertilizer (26.5% Ca) was produced by Nano Lab, Faculty of
Science, Assiut University, Egypt. A surfactant, super film at 0.1% was added to
the spraying solution.

The following parameters were measured during the three studied seasons:

Vegetative growth

Four main branches almost nearly in growth and distribution in four sides of
tree were selected and labeled in April for the following vegetative measurements:

Shoot length (cm).

Leaf area (cm?), where thirty full mature leaves/tree (from the 37 to 4t basal
nodes of shoot base) were randomly taken and weighing 60 sections of 1 cm? (2
sections of 1 cm?/leaf) and then the average leaf area was estimated according to
the following equation:

Leaves weight (g)

The average leaf area (cm?) = Sections weight (g)

Leaf total chlorophyll was estimated by using chlorophyll meter (Minolta
SPAD 502 plus). Using ten leaves from the fourth terminal expended leaf of the
shoot.

Yield

At harvest, all the fruits were picked on the 1%and 2" weeks of October every
season. Fruits per tree were counted and weighed to estimate the total yield
weight/tree (kg). As well as cracked fruits were sorted. The percentage of cracked
fruit relative to the total number of fruits was calculated.

After fruit picking, five fruits from each tree were randomly selected and
directly transported to the laboratory of fruit section for determining the following
physical and chemical properties:

Average fruit weight (g)

Average fruit peel weight (g) and then calculated the percentage of arils
weight relative to the average fruit weight.

Juice weight of 100 g arils.
Total soluble solids % was estimated by using the hand refractometer.

Total acidity as citric acid, reducing sugar and vitamin C were determined
according to A.O.A.C. (1995).
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Total juice anthocyanin content was calculated according to Rabino and
Mancinelli (1986).

The experiment was split-plot arranged in a randomized complete block
design with three replication, one tree each. The three cultivars were imposed in
the main plots, while the nutrient treatments were put in the sub-plots. Data were
tabulated and statistically analyzed according to Snedecor and Cochran (1972) and
Mead et al. (1993). Means were compared using the least significant differences
(LSD) values at 5% level of the probability

Results
Effect of nano-nutrient spraying on vegetative growth

Data presented in Tables (1, 2 & 3) showed the effect of some nano-nutrients
spraying on shoot length and leaf parameters of some pomegranate cultivars during
2018, 2019 and 2020 seasons. It is obvious from the data that the results took
similar trend during the three studied seasons.

Table 1. Effect of nano-boron and nano-calcium foliar spraying on shoot length of
some pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A & & &
= = =
2 Z < = 2 Z < = 3 < < =
& S = S = S = S = S < 3
5 = } 2 £ £ F 2 £ g § ¢
= = = = = =
Water spray (Cont.) 814 839 967 873 914 943 958 938 973 995 102.1 99.6

Nano-boron at 0.1% spraying  87.8 904 1105 962 99.6 102.1 1093 103.7 1042 106.6 109.8 106.9
Nano-boron at 0.2% spraying 86.9 91.0 1109 929 100.2 103.8 110.6 1049 105.1 108.1 110.6 107.9
Nano-calcium spraying 1% 86.1 88.9 108.8 94.6 969 1009 1085 102.1 102.6 104.7 107.1 104.8
Nano-calcium spraying 2% 86.5 89.2 110.1 953 976 101.5 1088 102.6 1033 1054 1084 105.7

B 0.1 + Ca 1% spraying 88.7 91.7 1119 974 1015 1046 1119 106.0 106.6 108.5 112.7 109.3
Mean 86.2 87.5 108.2 97.9 101.2 1075 103.2 1055 108.5
LSD A:3.76 B:524 AB:9.08 A: 341 B:481 AB: 832 A:346 B:4.85 AB:8.39

Table 2. Effect of nano-boron and nano-calcium foliar spraying on leaves
number/shoot of some pomegranate cultivars during 2018, 2019 and 2020

seasons
2018 2019 2020
A
& = & = & =
H & E = 2 < E = H & < =
& 5 < § = ) = § = 5 S g
B S B s = & £ s = g £ s =
= = = = s =
Water spray (Cont.) 453 436 487 459 463 441 503 469 472 503 538 504

Nano-boron at 0.1% spraying ~ 49.9 485 532 505 516 473 549 513 526 539 577 547

Nano-boron at 0.2% spraying ~ 50.6 494 543 534 520 481 558 520 533 548 583 555

Nano-calcium spraying 1% 483 467 514 489 498 462 532 49.7 509 512 546 522

Nano-calcium spraying 2% 497 482 531 503 503 471 548 50.7 51.6 529 564 53.6

B 0.1 + Ca 1% spraying 512 49.6 547 515 528 488 563 526 54.1 56.1 599 56.7
Mean 50.1 47.7 526 505 469 542 51.6 532 5638
LSD A:2.18 B:390 AB:529 A:198 B:2.79 AB:4.83 A:221 B:3.12 AB:539
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Table 3. Effect of nano-boron and nano-calcium foliar spraying on leaf area of some
pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
iy = & = & =
H [<§ k= = 2 < b= = 2 < = =
= 5 = S E 5 = § 2 5 = P
s £ 5 = § E § = £ E § =
B =
= = = = = =
Water spray (Cont.) 641 822 793 752 692 790 7.65 7.56 6.81 8.12 7.66 7.53

Nano-boron at 0.1% spraying 7.13 9.19 885 839 737 887 888 837 7.67 9.02 876 848

Nano-boron at 0.2% spraying 7.11 922 9.10 848 728 899 893 833 7.78 9.11 885 858

Nano-calcium spraying 1% 6.84 886 858 8.09 7.12 858 862 811 756 885 858 833

Nano-calcium spraying 2% 6.76 9.05 881 823 721 869 868 819 7.63 891 865 840

B 0.1 + Ca 1% spraying 725 965 946 879 7.63 922 931 872 811 938 933 894
Mean 691 9.03 8.79 7.26 8.71 8.68 759 890 8.64
LSD A:031 B:044 AB:0.76 A:0.29 B:041 AB:0.71 A:0.32 B:0.45 AB:0.79

Data showed that the shoot length and leaf traits were significantly affected
by various sources of nano-nutrients used and studied cultivars fertilization
compared to checked treatments.

Spraying with nano-born or nano-calcium singly or in combination increased
the shoot length and number and area of leaves compared to spray water (check
treatment, T1). The highest shoot length and leaf area were recorded due to spray
nano-boron and nano-calcium in combination (Te). No significant differences on
shoot length due to spray nano-boron or nano-calcium singly or in combination.
The obtained leaf area was (7.52, 8.19, 8.21, 8.09, 8.48 & 8.79 cm?), (7.56, 8.37,
8.33, 8.11, 8.19 & 8.72 cm?) and (7.53, 8.48, 8.58, 8.33, 8.40 & 8.94 cm?) due to
spray water (T1), 0.1% boron (Tz), 0.2% nano-boron (T3), 1% nano-calcium (Ty),
2% nano-calcium (Ts) and 0.1% nano-boron plus 1% nano-calcium (Ts) during the
three studied seasons, respectively. No significant differences leaf area could be
observed due to spray nano-boron singly or combined with nano-calcium.

Hence, the increment percentage of leaf area was attained 11.56, 12.76, 7.58,
9.18 & 16.88, 10.71, 10.19, 7.28, 8.33 & 15.34 and 12.61, 13.94, 10.62, 11.55 &
18.70% average of the three studied seasons) due to Tz, T3, T4, Ts to Te over the
check treatment (Ti), respectively. Also, the presented data showed that the
studied cultivars significantly varied for their vegetative traits. The maximum
values of shoot length and number of leaves were detected on wonderful
pomegranate cultivar followed by Manfalouty pomegranate cultivars. On other
hand, the maximum leaf area was recorded on Higazy pomegranate cultivar
followed wonderful pomegranate trees. No significant differences on shoot length
and leaf number of Manfalouty and Higazy trees, as well as on leaf area between
wonderful and Higazy pomegranate trees. Manfalouty trees had the shortest shoot
length and least leaf area. Higazy trees had least leaf number compared to other
studied cultivars.

Moreover, interaction between the two studied factors, Tables (1, 2 & 3)
indicated that all nano-nutrients spraying induce a significantly increased the
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vegetative growth traits compared to spray water (check treatment). All
combination of wonderful cultivar gave the highest effects on these studied
vegetative traits compared to other combination either Manfalouty or Higazy
cultivars. The maximum values of shoot length and leaf numbers were recorded
on wonderful pomegranate trees that sprayed with nano-boron plus nano-calcium.
Whereas the maximum leaf area was detected on Higazy trees that sprayed with

mixture of nano-boron and nano-calcium compared to other studied pomegranate
cultivars.

Effect of nutrients spraying on yield:

Data in Tables (4 & 5) showed that sprayed the trees with nano-boron, nano-
calcium or combination of them significantly increased the yield/tree compared to
spray water (check treatment, T1). On the other hand, these spraying treatments
significantly decreased the fruit cracking percentage compared to spray water.

Table 4. Effect of nano-boron and nano-calcium foliar spraying on yield/tree of some
pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
& e & e & e
2 <3 g = 3 <5 g = 3 <5 g =
E 5 = 8§ E & = 8 Z ) g P
. & §T 2§ & ¢ 2 § & @ ¢
= = = = = z
Water spray (Cont.) 73.82 82.54 101.85 86.07 76.13 86.00 103.75 88.63 77.35 8841 102.81 89.52

Nano-boron at 0.1% spraying 78.10 88.91 109.50 92.17 81.50 92.41 111.18 95.03 83.56 95.45 110.78 96.60

Nano-boron at 0.2% spraying 79.16 89.25 110.16 92.86 83.21 93.45 11236 96.34 84.61 96.11 111.70 97.47

Nano-calcium spraying 1%  80.11 91.48 11291 94.83 84.43 9521 115.11 9825 8592 9791 114.63 99.49

Nano-calcium spraying 2%  80.92 92.15 114.10 95.72 83.85 96.11 11633 98.76 8559 98.70 115.75 100.01

B 0.1 + Ca 1% spraying 81.80 93.35 115.33 96.83 84.76 97.85 118.00 100.20 86.29 100.53 118.63 101.82
Mean 78.99 89.61 110.64 82.31 93.51 112.79 83.89 96.19 112.38
LSD A:336 B:4.75 AB:822 A: 377 B:535 AB:921 A:386 B:547 AB:9.46

Table 5. Effect of nano-boron and nano-calcium foliar spraying on fruit cracking %
of some pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
2 = 2 = 2 =
3 < < = 2 < = = 2 < = =
| 5 = § & 5 = § & § = B
B § K s = = £ s = = £ s =
= = = = s =
Water spray (Cont.) 11.10 12.22 13.65 1232 1043 1196 1349 1194 1038 12.61 13.65 1221

Nano-boron at 0.1% spraying  5.66 625 6.04 598 534 470 600 535 584 568 593 582

Nano-boron at 0.2% spraying  5.16 5.11 632 533 468 4.60 584 508 530 518 542 530

Nano-calcium spraying 1% 536 534 591 554 411 453 572 479 541 539 565 548

Nano-calcium spraying 2% 4.65 584 459 503 398 472 485 452 438 482 511 477

B 0.1 + Ca 1% spraying 493 461 411 455 422 384 461 422 465 454 488 4.69
Mean 6.13 656  6.69 546 573 6.74 599 637 6.77
LSD A:0.18 B:025 AB:0.44 A:031 B:044 AB:0.75 A:032 B:045 AB:0.77
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The maximum yield/tree and least fruit cracking percentage were recorded
on the trees that sprayed by nano-boron plus nano-calcium (Ts). Therefore, it is
clear that using mixture of nano-boron and nano-calcium have beneficial effects
on the pomegranate production.

The recorded yield/tree was 86.07,92.17, 92.86, 94.83,95.72 & 96.83, 88.63,
95.03, 96.34, 98.25,98.71 & 101.82 kg/tree (as an av. of the three studied seasons)
due to Ty to T, respectively.

Hence, the increment percentage of yield/tree was 7.09, 7.89, 10.18, 11.21 &
12.50,7.22, 8.69,10.85,11.43 & 13.05and 7.91, 8.89, 11.14, 11.71 & 13.74% due
to T2 to Te over Ty, respectively.

Also, the fruit cracking percentages attained 12.32, 5.98, 5.33, 5.54, 5.03 &
4.55,11.94,5.08,5.35,4.79,4.52 & 4.22 and 12.21, 5.82,5.30,5.48,4.77 & 4.69%
(as an av. of the three studied seasons) due to Ty to Te, respectively. The decrement
percentage of fruit cracking due to nano-boron or nano-calcium spraying under
water spraying attained 51.46, 56.74, 55.03, 59.17 & 63.07, 57.45, 55.19, 59.89,
62.14 & 64.66 and 52.33, 56.59, 55.12, 60.92 & 61.59% (as an av. of the three
studied seasons) due to Tz to T, respectively.

The maximum yield/tree and fruit cracking were recorded on wonderful
cultivar followed Higazy and Manfalouty pomegranate trees. No significant
differences on fruit cracking of Higazy and wonderful cultivars during the first and
third season. Manfalouty cultivar had the lightest yield/tree and least fruit cracking.
Higazy cultivar in the middle position among Manfalouty and Wonderful cultivar.

Moreover, interaction between the two studied factors, Tables (4 & 5)
indicated that all nano-nutrients spraying induce a significantly increased the
yield/tree and decreased the fruit cracking percentage compared to spray water
(check treatment). All combination of wonderful cultivar gave the highest effects
on these studied yield traits compared to other combination either Manfalouty or
Higazy cultivar. The maximum values of yield/tree were recorded on wonderful
pomegranate trees that sprayed with nano-boron plus nano-calcium. Whereas least
fruit cracking percentage was detected on Manfalouty cultivar that sprayed with
nano-boron plus nano-calcium compared to other studied pomegranate cultivars.

Effect of nutrients spraying on fruit quality

It is noticed from the obtained data presented in Tables (6 to 14) that the
nano-nutrients spraying significantly improved the fruit quality in terms of
increasing the fruit weight, arils percentage and total soluble solids as well as
sugar, and anthocyanin and vitamin C contents and decreasing the total acidity
compared to spray water. No significant differences in these traits due to spraying
via either nano-boron or nano-calcium singly or mixture of them. Using mixture
of nano-boron and nano-calcium gave the highest values of these studied traits.
The recorded fruit weight was (430.70, 456.71, 458.36, 463.76, 467,17 & 474.58),
(445.48, 471.14, 474.50, 478,26, 481.98 & 490.10) and (451.12, 477.75, 481.48,
488.86, 489.12 & 496.81g as av. of the three studied seasons) due to Ty to T,
respectively.
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The corresponding TSS and vitamin C contents were (14.43, 15.08, 15.21,
15.13, 15.40 & 15.48), (14.14, 14.82, 14.92, 14.80, 15.10 & 15.14) and (14.37,
15.03, 15.15, 15.10, 15.38 & 15.42%) and (19.87, 21.43, 21.69, 21.62, 21.77 &
21.88), (19.37, 20.97, 21.21, 20.21, 21.25 & 21.40) and (20.08, 21.63, 21.89,
21.82,21.95 & 21.99 mg/100g as an av. of three studied seasons, respectively. The
increment percentage in fruit weight was (6.04, 6.42, 7.68, 8.47 & 10.19), (5.76,
6.51, 7.36, 8.19 & 10.02) and (5.90, 6.73, 8.37, 8.42 & 10.13% as an av. of the
three studied seasons due to T to T over the control, respectively. In addition, the
corresponding increment percentages of TSS% was (4.50, 5.41, 4.85, 6.72 &
7.28%), (4.81, 5.52, 4.466, 6.79 & 7.07%) and (4.59, 5.43, 5.08, 7.03 & 7.31as an
av. of the two studied seasons, respectively.

The heaviest fruit weight area was recorded on wonderful cultivar followed
Higazy pomegranate cultivar. No significant differences on fruit weight and arils
% of Wonderful and Higazy cultivars. Manfalouty fruits had the highest values of
arils % and juice volume, whereas Higazy fruits gave the least one compared to
other studied cultivars.

Table 6. Effect of nano-boron and nano-calcium foliar spraying on fruit weight of
some pomegranate cultivars during 2018, 2019 and 2020 seasons

A 2018 2019 2020
& = & = z =
3 < = = H < = = 2 < < =
g 5 = 5 = SR 5 3 & = 5
, E & E 2 § £ F 2 § & : :
= = = = = =

Water spray (Cont.) 394.45 432.81 464.85 430.70 417.53 457.10 461.80 445.48 411.53 466.31 475.33 451.12

Nano-boron at 0.1% spraying 417.25 459.24 493.63 456.71 441.27 483.58 488.57 471.14 436.81 493.75 502.81 477.75

Nano-boron at 0.2% spraying 418.41 460.57 496.11 458.36 443.81 487.17 492.53 474.50 439.55 498.25 506.63 481.48

Nano-calcium spraying 1% 424.11 465.68 501.48 463.76 449.18 490.11 495.50 478.26 445.11 501.13 510.30 488.86

Nano-calcium spraying 2% 427.53 469.37 504.61 467.17 451.32 494.76 500.21 481.98 446.68 505.18 515.50 489.12
B 0.1 +Ca 1% spraying  434.36 476.84 512.55 474.58 457.83 503.41 508.95 490.10 453.18 513.80 523.48 496.81
Mean 419.35 460.75 495.54 438.99 486.02 491.26 438.81 496.4 505.64

LSD A:13.51 B:18.99 AB:32.85 A:16.91 B:23.77 AB:41.13 A:17.25 B:24.31 AB:42.10

Table 7. Effect of nano-boron and nano-calcium foliar spraying on arils percentage
of some pomegranate cultivars during 2018, 2019 and 2020 seasons

A 2018 2019 2020
z = z = =y =
2 < < = 3 g T = 2 & 5 5
= g < g = s < S = s = g
b= 20 = s < o = = b= = = s

B = = o = = o = = o
= 5 = = = =

Water spray (Cont.) 53.48 50.63 48.25 50.79 50.86 47.95 4731 48.71 52.47 4836 48.73 49.85

Nano-boron at 0.1% spraying 5586 53.10 51.34 53.43 53.12 5033 51.22 51.56 54.28 50.86 52.29 52.48
Nano-boron at 0.2% spraying 5622 52.84 51.46 53.51 53.53 50.46 50.96 51.65 5449 51.14 52.85 52.83
Nano-calcium spraying 1% 56.46 53.28 52.18 53.97 53.46 50.55 5245 52.15 5473 51.00 5391 53.21
Nano-calcium spraying 2% 56.75 5322 5236 54.11 53.65 5036 53.11 5237 54.80 50.85 54.17 53.27

B 0.1 + Ca 1% spraying 57.15 5371 5248 54.45 5423 51.11 52.68 5234 5523 51.79 5428 53.77
Mean 5599 52.80 51.35 5298 50.13 51.29 5438 50.66 52.71
LSD A:196 B:2.78 AB:4.82 A: 135 B:198 AB:330 A:141 B:198 AB:3.42

Assiut J. Agric. Sci. 53 (5) 2022 (123-138) 131



El-Salhy et al., 2022

Also, Manfalouty fruits had the highest total soluble solids and reducing
sugar as well as anthocyanins and vitamin C contents compared to other studied
cultivars. No significant differences reducing sugar and vitamin C contents of
Higazy and Wonderful cultivars.

Moreover, interaction between the two studied factors, Tables (6 to 14)
indicated that all nano-nutrients spraying induce a significantly improved the fruit
traits compared to spray water (check treatment). All combination of wonderful
cultivar gave the highest effects on fruit weight compared to other combination
either Manfalouty or Higazy cultivar. The heaviest weight was recorded on
wonderful pomegranate trees that sprayed with combined of nano-boron and nano-
calcium. Whereas the maximum arils percentage was detected on Manfalouty
cultivars that sprayed with nano-boron plus nano-calcium compared to other
studied pomegranate cultivars.

Table 8. Effect of nano-boron and nano-calcium foliar spraying on juice volume of
some pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
= = = =5 = =
3 [<§ E = 3 <3 E = 3 < E =
| S 3 $ = S 3 s E 5 = g
B E K E§ = £ £ § = 5 E § =
= = = = = =
Water spray (Cont.) 32.18 30.65 31.53 31.45 32.64 31.87 3231 3227 3243 3122 32.88 32.18

Nano-boron at 0.1% spraying 36.15 34.89 36.10 35.71 36.65 36.25 36.67 36.52 36.41 35.52 37.33 36.42

Nano-boron at 0.2% spraying 36.52 3531 36.18 35.98 37.11 36.68 36.75 36.85 36.80 35.96 37.41 36.72

Nano-calcium spraying 1% 36.95 3553 36.48 3632 3745 36.81 37.36 37.21 37.19 36.11 38.05 37.12

Nano-calcium spraying 2% 37.26 3580 36.39 36.48 37.81 37.12 37.26 37.40 37.58 36.41 3791 37.30

B 0.1 + Ca 1% spraying 3745 36.11 36.83 36.80 37.68 37.50 37.69 37.62 37.42 36.75 3826 37.48
Mean 36.09 34.72 35.57 36.56 36.04 36.34 36.31 35.53 36.97
LSD A:N.S B:198 AB:N.S. A: N.S. B:1.29 AB:N.S. A:N.S. B:2.05 AB:N.S.

Table 9. Effect of nano-boron and nano-calcium foliar spraying on peel anthocyanin
of some pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
iy = iy = iy =
E & € =« 2 & € = 2 & € =
= g 3 S = g 3 S = g < g
"a o0 = s ‘E 2o = s "a o0 = s
B = = o E = o = = o
> = = = > =
Water spray (Cont.) 56.83 54.81 41.56 51.07 57.63 56.58 44.11 52.77 57.26 55.16 4423 5222

Nano-boron at 0.1% spraying 60.12 57.48 43.55 53.72 6091 59.31 46.35 55.52 60.35 57.97 46.41 5491

Nano-boron at 0.2% spraying 60.78 57.93 43.74 54.15 61.05 54.40 46.46 55.64 60.54 58.62 46.65 55.27

Nano-calcium spraying 1% 60.39 57.81 4391 54.04 61.63 60.28 46.81 56.24 60.25 57.83 46.34 54.81

Nano-calcium spraying 2% 61.11 57.65 43.68 54.15 61.66 60.25 46.73 5621 60.76 58.18 46.50 55.14

B 0.1 + Ca 1% spraying 61.25 58.11 44.03 54.46 61.90 60.46 4692 5642 60.85 5838 46.63 5529
Mean 60.08 57.30 43.42 60.79 59.38 46.23 60.00 57.69 46.13
LSD A:140 B:198 AB:343 A:1.60 B:227 AB:393 A:1.80 B:2.54 AB:4.39
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Table (10): Effect of nano-boron and nano-calcium foliar spraying on TSS% of some
pomegranate juice during 2018, 2019 and 2020 seasons

2018 2019 2020
A
= = = = = =
z « £ s B ¢ € = 2 g I =
: 5 =2 £ 2 &5 = & F &5 = g
5 = £ : F T £ : 2 % £ : =
s = s = s =
Water spray (Cont.) 1492 1371 1467 1443 1461 13.55 1425 14.14 1510 1344 1458 1437

Nano-boron at 0.1% spraying  15.62 14.35 15.28 15.08 1536 14.18 1491 14.82 15.84 14.10 15.16 15.03

Nano-boron at 0.2% spraying 15.74 14.46 1544 1521 1541 1425 15.10 1492 1590 1421 1535 15.15

Nano-calcium spraying 1% 15.65 1432 1541 15.13 1533 14.10 1496 14.80 15.81 14.08 1541 15.10

Nano-calcium spraying 2% 15.92 14.63 15.65 1540 15.67 1446 15.18 15.10 16.11 1446 1556 15.38

B 0.1 + Ca 1% spraying 15.89 14.81 15.73 1548 15.73 14.58 15.10 15.14 16.05 14.55 15.67 1542
Mean 15.62 1430 1536 1535 14.19 1492 15.80 14.14 15.29
LSD A:036 B:050 AB:0.87 A:0.38 B:0.53 AB:0.92 A:031 B:043 AB:0.76

Table 11. Effect of nano-boron and nano-calcium foliar spraying on reducing sugars
of some pomegranate juice during 2018, 2019 and 2020 seasons

2018 2019 2020
A
= =5 = = = =
2 < < = 2 < ks = 2 & ks =
| § = 8§ E g 3 § = 5 = g
B § K § = £ £ E§ = £ E s§ =
= = = = = =
Water spray (Cont.) 11.21 10.71 10.78 1090 11.24 1091 10.68 1094 1148 10.82 1091 11.07

Nano-boron at 0.1% spraying 11.79 11.25 11.18 11.41 11.83 11.42 11.21 11.49 12.05 11.34 11.54 11.64

Nano-boron at 0.2% spraying 11.83 11.36 11.31 11.50 11.76 11.48 11.35 11.53 11.94 1135 11.60 11.63

Nano-calcium spraying 1% 11.68 11.32 11.22 11.41 11.92 1140 11.30 11.54 12.17 11.26 11.63 11.69

Nano-calcium spraying 2% 11.96 1148 11.39 11.61 12.10 11.56 11.41 11.69 12.25 1147 11.65 11.79

B 0.1 + Ca 1% spraying 12.08 11.55 11.52 11.72 12.10 11.75 11.46 11.77 1231 11.54 11.72 11.86
Mean 11.76 1128 11.23 11.83 1142 11.24 12.03 11.30 11.51
LSD A:021 B:030 AB:0.52 A:0.21 B:0.29 AB:0.51 A:0.23 B:0.33 AB:0.57

Table 12. Effect of nano-boron and nano-calcium foliar spraying on juice
anthocyanin of some pomegranate cultivars during 2018, 2019 and 2020

seasons
2018 2019 2020
A Z Z &
= = =
2 < < = 3 g T = 2 & 5 5
= g < g = S < S = S = g
< 2 = = b= = = = b= = = s
B = == o = == o = == o
= = = = = =
Water spray (Cont.) 60.33 57.18 47.61 55.04 62.18 60.06 49.63 57.29 60.90 58.61 49.35 56.29

Nano-boron at 0.1% spraying 6498 61.26 50.33 5886 65.84 6298 5144 60.09 6591 63.13 53.11 60.72
Nano-boron at 0.2% spraying 6571 61.65 50.53 5930 66.11 63.16 51.63 60.30 66.18 63.85 53.39 6l1.14
Nano-calcium spraying 1% 6534 61.73 50.67 59.25 66.64 63.89 5194 60.82 66.22 63.63 53.18 61.01
Nano-calcium spraying 2% 66.29 61.46 50.73 59.49 66.75 63.95 52.08 6093 6635 6341 5351 61.09

B 0.1 + Ca 1% spraying 66.18 61.85 50.89 59.64 67.65 65.19 53.13 61.99 66.29 63.58 53.30 61.06
Mean 64.87 60.85 50.12 65.87 63.21 51.65 65.31 62.70 52.64
LSD A:1.70 B:241 AB:4.17 A:195 B:275 AB:4.76 A:1.80 B:2.53 AB:4.41
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Table 13. Effect of nano-boron and nano-calcium foliar spraying on acidity of some
pomegranate juice during 2018, 2019 and 2020 seasons

N 2018 2019 2020
z = z = z =
2 I E = 2 & < = 2 < < =
= 8 < 3 = & = S = & = S
s &£ £ = EF £ E = £ £ E =
< == e < = ° = = e

B = = = = = =
Water spray (Cont.) 159 163 189 171 163 165 196 171 153 160 188 167

Nano-boron at 0.1% spraying 147 150 1.75 158 1.51 1.52 172 161 141 146 170 1.52

Nano-boron at 0.2% spraying 145 1.47 1.72 155 150 151 1.75 1.59 140 1.44 1.62 149

Nano-calcium spraying 1% 142 145 1.69 152 146 146 1.76 156 135 141 1.56 144

Nano-calcium spraying 2% 139 141 163 148 143 144 1.68 152 136 138 153 142

B 0.1 + Ca 1% spraying 138 142 1.65 148 145 146 170 154 135 136 152 141
Mean 145 148 1.72 1.51  1.78 0.94 140 144 1.63

LSD A:0.024 B:0.034 AB:0.059 A:0.030 B:0.042 AB:0.064 A:0.027 B:0.038 AB:0.066

Table 14. Effect of nano-boron and nano-calcium foliar spraying on V.C contents of
some pomegranate cultivars during 2018, 2019 and 2020 seasons

2018 2019 2020
A
z = z = =y =
2 & < = 3 & < = H & T =
: 3 % §F 2 3 ¥ : : :§ ¥ %
b= 20 = s < 2P = = b= 20 = s
< = e < = e = = e
B = = = = s z
Water spray (Cont.) 23.65 18.21 17.75 19.87 23.32 17.58 17.22 19.37 24.18 18.11 17.75 20.08

Nano-boron at 0.1% spraying 2531 19.68 19.29 21.43 25.06 19.10 18.74 20.97 25.89 19.48 19.52 21.63
Nano-boron at 0.2% spraying  25.50 19.95 19.62 21.69 25.25 19.31 19.06 21.21 26.10 19.73 19.85 21.89
Nano-calcium spraying 1% 25.63 19.81 1943 21.62 2545 19.23 1894 21.21 26.22 19.62 19.61 21.82
Nano-calcium spraying 2% 25.73 1998 19.60 21.77 2549 19.27 19.00 21.25 2631 19.78 19.75 21.95

B 0.1 + Ca 1% spraying 25.83 20.17 19.65 21.88 25.50 19.45 19.25 21.40 26.44 19.81 19.72 21.99
Mean 25.28 19.63 19.22 25.01 18.99 18.70 25.86 19.42 19.40
LSD A:044 B:0.61 AB:1.07 A:035 B:0.50 AB:0.87 A:047 B:0.66 AB:1.14

Also, the highest values of total soluble solids, reducing sugar, anthocyanin
and V.C contents were detected on Manfalouty fruit that treated with combined of
nano-boron and nano-calcium compared to Higazy and Wonderful fruits.

Hence, the cost wise evaluation of the application of nano-boron and nano-
calcium spraying is in favor, as a mixture of them. Such spraying programs are
very important for the production of pomegranate fruits, because the improve in
the fruit quality induce an increase in packable yield.

Discussion

Boron disorder is widespread micronutrient problem in agriculture, which
leads to reduce yield and lack crop quality (Barker and Pilbeam, 2006). Boron roles
in plants involve effects on fruit set and yield, and is indirectly responsible for the
energized dehydrogenase enzymes, sugar translocation, nucleic acids and plant
hormones (Brady and Weil, 1996; El-Sheikh et al., 2007 and Marschner, 2012).

Calcium provides cell wall rigidity by crosslinking of pectic chains of the
middle lamella. Disintegration of cell walls and the collapse of the affected tissues
are typical symptom of calcium deficiency. The proportion of calcium pectate in
cell walls is very important for fruit ripening. The increase of fruit calcium content
leads to the increase fruit firmness and delays fruit ripening or prevents calcium-
related disorders. Moreover, the role of Ca preventing in the formation of
abscission zone between fruit pedicles and bearing branches as well as regulating
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the activity of enzymes and photosynthesis. Hence, could result in controlling fruit
splitting percentage (Tony and John, 1994).

Increasing yield due to spray of boron and calcium may be back to increase
number and weight of fruits, to reduce fruit cracking. The lowering of fruit
cracking may be return to the physiological boron role in the synthesis of pectic
substances in the cell wall, which support the tissues and prevented fruit cracking.
Calcium role in bound the tissues of the middle lamella play an important role in
decreasing the fruit cracking. These finding could be due to synergies of boron that
may support in calcium metabolism in cell wall, elongation and cell division.
Similar findings were reported by Sheikh and Manjula (2012), Korkmaz et al.
(2016) and Goargiuos (2016).

Conclusion

Results revealed that foliar spraying nano-boron, nano-calcium in
pomegranate trees thrice at middle of May, June and August. The foliar application
nano-boron at 10 ppm + nano-calcium at 0.1% was found most suitable for
increase vegetative growth getting maximum fruit, fruit yield and fruit quality as
well as net return.
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