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This study was carried out to assess the effects of the foliar application of nano-fertilizers of zinc (Zn)
and boron (B) on pomegranate (Punica granatum cv. Ardestani) fruit yield and quality. A factorial exper-
iment was conducted based on a completely randomized block design, with nine treatments and four
replications per treatment. Foliar sprays of nano-Zn chelate fertiliser at three concentrations (0, 60 and
120 mgZn L") and nano-B chelate fertiliser (0, 3.25 and 6.5 mg BL~!) were applied as a single spray before
full bloom at a rate of 5.3 Ltree~!. The application of Zn and B increased the leaf concentrations of both
microelements in August, reflecting the improvements in tree nutrient status. A single foliar spray with
relatively low amounts of B or Zn nano-fertilizers (34 mgB tree~! or 636 mgZn tree~!, respectively) led
to increases in pomegranate fruit yield, and this was mainly due to increases in the number of fruits per
tree. The effect was not as large with Zn as with B. Fertilization with the highest of the two doses led to
significant improvements in fruit quality, including 4.4-7.6% increases in TSS, 9.5-29.1% decreases in TA,
20.6-46.1% increases in maturity index and 0.28-0.62 pH unit increases in juice pH, whereas physical
fruit characteristics were unaffected. Changes in total sugars and total phenolic compounds were only
minor, whereas the antioxidant activity and total anthocyanins were unaffected.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Pomegranate (Punica granatumL.)is a fruit tree of the Punicaceae
family, which is mainly grown in subtropical and tropical regions
(Adsule and Patil, 1995; Naik and Chand, 2011). Pomegranate fruits
are consumed fresh or processed, and they are considered as a
healthy food because of the high content of antioxidant compounds
(Legua et al., 2012). In Iran, approximately 75% of pomegranate
fruits are produced in five provinces, Fars, Khorasan, Markazi, Isfa-
han and Yazd (Varasteh et al., 2009), and pomegranate is consumed
fresh as well as in processed forms for jams, jellies, syrups and juices
(Kays, 1999; Alighourchi et al., 2008). Pomegranate is one of the
most important commercial fruits in Iran: in 2015 the total area for
pomegranate cultivation was 81,700 ha, and the total production
was ca. 990,000 t (Anonymous, 2015).

Addition of fertilizers to supplement the natural soil fertility
is essential for modern crop production, and precise manage-
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ment of nutrient elements is essential for a sustainable agriculture
production (Barker and Pilbeam, 2006). In particular, microele-
ments have important roles in fruit set and retention, as well as
in fruit yield and quality (Singh and Ram, 1983; Khan et al., 1993).
Zinc (Zn) is one of the essential micronutrients for plants, and Zn
deficiency is common in many crops (Swietlik, 1999; Marschner,
2012; Ojeda-Barrios et al., 2014). Zinc is required for the activity
of different enzymes, including dehydrogenases, aldolases, iso-
merases, transphosphorylases, RNA and DNA polymerases, and is
also involved in the synthesis of tryptophan, cell division, main-
tenance of membrane structure and photosynthesis, and acts as a
regulatory cofactor in protein synthesis (Marschner, 2012). Boron
(B) deficiency is also a common micronutrient problem in agricul-
ture, which results in yield reductions and impaired crop quality
(Barker and Pilbeam, 2006). Boron roles in plants include effects
on the germination of pollen grains, the elongation of pollen tube,
fruit set and yield, and is also indirectly responsible for the activa-
tion of dehydrogenase enzymes, sugar translocation, nucleic acids
and plant hormones (Brady and Weil, 1996; El-Sheikh et al., 2007;
Marschner, 2012).
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Foliar sprays with fertilizers including microelements such as
Zn, B, copper (Cu), manganese (Mn) and iron (Fe) have been shown
to be convenient for field use, have a good effectiveness and very
rapid plant response (Fernandez et al., 2013). Also, foliar fertilizers
help to avoid toxicity symptoms that may occur after soil appli-
cation of the same microelements (Obreza et al., 2010). On the
other hand, many problems in different fields of science and indus-
try have been solved using nano-technologies (Scott and Chen,
2003), which are currently used for production, processing and
application of nano-scale complexes. Materials that are smaller
than 100 nm, at least in one dimension, are generally classified
as nano-materials. Applications of this new technology have been
found in agriculture, and nano-technologies are already applied to
production, processing, storage, packing and transportation of agri-
cultural products (Scott and Chen, 2003; Wiesner et al., 2006). The
most important application of nanotechnology in agricultural crop
production is the field of nano-fertilizers, which can feed plants
gradually in a controlled manner, conversely to what occurs in the
case of common fertilizers. These nano-fertilizers can be more effi-
cient, decreasing soil pollution and other environmental risks that
may occur when using chemical fertilizers (Naderi et al., 2011).
One of the advantages of using nano-fertilizers is that application
can be done in smaller amounts than when using common fertil-
izers (Selivanov and Zorin, 2001; Reynolds, 2002; Raikova et al.,
2006; Batsmanova et al., 2013; Subramanian et al., 2015). Nano-
materials can be used for designing new Zn fertilizers, with the
solubility, diffusion and availability of Zn to plants being affected by
the nano-particulate Zn characteristics (size, specific surface area
and reactivity) (Subramanian and Sharmila Rahale, 2012; Mosanna
and Khalilvand, 2015). For instance, positive effects of the appli-
cation of nano-ZnO were reported on seed germination, seedling
vigour, leaf chlorophyll content, stem and root growth in peanut
(Prasad etal.,2012),and the positive effects of nano-ZnO contrasted
with the negative effects on vegetable seed germination of a bulk
form of ZnO (Singh et al., 2013).

The aim of this study was to test the effects of nano-Zn and
nano-B fertilizers on the tree mineral nutrition status and fruit yield
and quality in pomegranate trees grown in an important agricul-
tural area in North Eastern Iran. In this area soils are sandy and
with high pH, and therefore they are poor in nutrients. To the best
of our knowledge, no studies have been conducted to investigate
the effect of nano-Zn and nano-B fertilizers on pomegranate trees
so far. The pomegranate cv. used, ‘Ardestani’, is of Iranian origin,
late ripening and with rounded shape, red skin and aril, and of the
sweet-sour type, and it is mostly used for fresh consumption.

2. Materials and methods
2.1. Experimental site, plant materials and treatments

The experiment was carried out in two seasons, 2014 and 2015,
in a commercial pomegranate (Punica granatum L., cv. ‘Ardestani’)
orchard. The orchard was located in the central part of the Razavi
Khorasan province in North Eastern Iran (Tous Dasht; lat. 35°1/
24.33"N,long.58°50'19.61"E, altitude 967 m). The soil was a coarse-
loamy over fragmental, mixed, thermic xeric Torriorthents (64%
sand, 12% clay and 24% silt), with a pH of 8.08 in water and an EC
0f9.4dSm~1. The region is arid, with 248 mm of annual mean pre-
cipitation and a mean annual temperature of 14.8°C. Trees were
eight-year-old, with three trunks and approximately 2.5-3 m in
height. Trees were planted in regular rows, with a 3 x 5m frame
(667 treesha—1), irrigated by a drip irrigation system and treated
in winter with NPK fertilizers at 150:150:150 g tree~!. A factorial
experiment was carried out based on completely randomized block
design with nine fertilisation treatments and four replications per

treatment. The two products used were “Nano Zinc Chelate Fer-
tiliser” (120 g Zn L-1) and “Nano chelated fertiliser Boron” (6.5gBL™1)
(Sepher Parmis, Teheran, Iran), and both contain nanoparticles
(composition patent-protected, average size 50 nm, range from 23
to 80 nm; http://www sepehrparmis.com/fa_IR/Pages/Page/ s ). Fertiliz-
ers were used in combined spray applications at concentrations
0, 60 and 120mgZnL-! (ZnO, Zn1, and Zn2, respectively; equiva-
lent to 0.0, 0.9 and 1.8 mM Zn) and 0, 3.25 and 6.5mgBL~! (BO,
B1, and B2, respectively; equivalent to 0.0, 0.3 and 0.6 mM B). The
nine treatments were named Zn0 + B0 (control), Zn1 + B0, Zn2 + B0,
Zn0+B1, Zn1+B1, Zn2+B1, Zn0+B2, Zn1+B2 and Zn2+B2. The
fertiliser solution was prepared by diluting the commercial lig-
uid product with well water available in the orchard. Trees were
sprayed only once per season, one week before the first full bloom,
on May 5th 2014, and April 19th 2015, with 5.3 L per tree (until
full foliage wetting; total doses were 318 or 636 mgZntree~! and
17 or 34mgBtree~1). In pomegranate, flowering occurs in three
waves (Holland et al., 2009), with the first one contributing most
to fruit yield. Leaves were sampled from the middle part of fruiting
shoots (100 leaves from the three trunks all around the canopy in
each tree) on August 11th in the first season and on August 6th in
the second season (approximately 90 days after full bloom). Fruits
were harvested on October 22nd in the first season and on October
14th in the second season, and harvest date was based on general
fruit appearance and fruit chemical properties (see below).

2.2. Plant measurements

2.2.1. Concentration of macro and micro-elements in leaves

The concentrations of macro and micronutrients in
pomegranate leaves were measured in the Iranian laboratory
in the first season and in the Spanish laboratory in the second
season. In Iran, samples were prepared as in Chapman and Pratt
(1961), and total N, P, K and Ca were determined using Kjeldhal
method, spectrophotometry, flame emission photometry and
complexometry, respectively; B was measured using azomethine
H, and Fe, Zn and Mn concentrations were measured using atomic
absorption spectrophotometry (AAS). In the Spanish laboratory
samples were digested using a microwave device (Carrasco-
Gil et al., 2016) and analysed for Ca, Mg using flame emission
spectroscopy, for Fe, Mn, Cu and Zn using AAS and for B using
ICP-OES. Since results from the two years were similar in spite of
the different methodologies used, data for the two seasons were
averaged.

2.2.2. Physical properties

In order to determine fruit physical properties, four fruits were
selected randomly from each tree replication, and fruit weight was
measured using an electronic balance. Fruit diameter, length, fruit
calyx diameter (the widest part of the calyx) and peel thickness
were measured using a digital Vernier gauge. In order to deter-
mine peel weight and aril percentage, fruits were manually peeled
and the weight of total arils and peel were measured. The weight
of 100 arils was measured and the juice volume of 100 g of arils,
extracted by a manual extractor, was expressed in ml per 100 g of
arils. All measurements were made according established methods
(Tehranifaretal., 2010a,b; Hasanietal.,2012,2016). For all physical
parameters four replications per treatment and year were carried
out.

2.2.3. Chemical properties

2.2.3.1. Titratable acidity, total soluble solids and juice pH. Titratable
acidity (TA) was determined by the titration method (to pH 8.2 with
0.1 NNaOH), and results were expressed as percentage of citric acid.
Total soluble solids (TSS, as%) and juice pH were measured at room
temperature using a digital refractometer and a digital pH meter,
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Table 1

Effects of nano-Zn and -B foliar fertilizers on leaf mineral composition (n=3). Data shown are means of the two seasons, except for N.
Treatment N2 (%) P (%) K (%) Ca (%) Mg (%) Fe (mg/kg) Zn (mg/kg) B (mg/kg) Mn (mg/kg) Cu (mg/kg)
Zn0+B0 1.84a 0.10a 0.85e 231a 0.358 a 1120a 133e 21.1b 713 a 7.1a
Zn1+B0 1.87a 0.10a 0.89 cde 247 a 0.344 abcd 114.7 a 15.7 cde 213b 70.2a 7.0a
Zn2 +B0 1.86 a 0.10a 0.98 ab 244 a 0.323 cde 115.2a 17.6 bc 21.7b 66.2 a 6.5a
Zn0+B1 1.85a 0.10a 0.87 de 242a 0.350 ab 116.8a 14.7 de 223b 70.1a 7.0a
Znl+B1 191a 0.11a 0.94 abc 249a 0.346 abc 113.8a 18.2 bc 23.0b 66.6 a 6.7a
Zn2+B1 1.95a 0.11a 1.00 a 238a 0.340 abed 114.7 a 214a 229b 66.8 a 6.5a
Zn0+B2 1.85a 0.11a 0.91 bed 239a 0.320 de 110.0a 16.4cd 253a 69.2a 6.4a
Zn1+B2 1.88a 0.11a 0.96 ab 246 a 0.330 bede 111.0a 17.9 bc 25.0a 68.0a 69a
Zn2 +B2 1.90 a 0.11a 0.98 ab 240a 0311e 106.8 a 19.6 ab 25.1a 65.8a 7.0a

Zn0, Zn1 and Zn2 are 0, 60 and 120mgZnL-', and B0, B1 and B2 are 0, 3.25 and 6.5 mgBL", respectively. Means with the same letter in each column were not significantly
different using Duncan’s multiple range test at p<0.05.
2 Data for N are only for the season 2014.

respectively. The TSS/TA ratio was used as a maturity index. Four variance was carried out assuming environment (years and blocks)

replications per treatment and year were carried out. as random and treatments as fixed factors. Data were analysed
using SAS (statistical analysis system; SAS Institute Inc., Cary, NC,
2.2.3.2. Total phenols and antioxidant activity. To determine total U.S.A.) base 9 software, and means were compared using Duncan’s

phenols contents in juice, the Folin-Ciocalteu (FC) reagent method multiple range test at the p<0.05 level.
was used (Singleton and Rossi, 1965). Anti-oxidant activity was
determined using 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Brand-
Williams et al., 1995). First, 100 w.L of juice was diluted with 10 mL
of methanol:water (6:4, v/v) (final ratio juice/diluted methanol
1:100). Then, the diluted juice was mixed with 2 mL of 0.1 mM DPPH
in methanol, and the mixture was shaken and left in darkness and at
room temperature for 15 min. The absorbance of the solution was
measured at 515 nm using a spectrophotometer (Cecil Bio Quest,
CE 2502, Cambridge, UK). The reaction mixture without DPPH was
used for background correction. The antioxidant activity was calcu-
lated as: antioxidant activity (%)=[1-(AbSgample/AbScontroi)] x 100.
Four replications per treatment and year were carried out.

3. Results and discussion

The leaf concentrations of Zn and B in summer in untreated
trees were 13.3 and 21.1 mgkg~! DW, respectively (Table 1). Leaf
concentrations below 15mgZnkg~! DW are usually found in Zn
deficient trees (Benton Jones et al., 1991; Ojeda-Barrios et al.,
2014), and in pomegranate trees values of 12-20mgZnkg~! DW
have been reported as Zn-deficient in Iran (Khorsandi et al., 2009).
Regarding B, concentrations in the range 28-37 mgkg~! DW have
been found in pomegranate trees grown in controlled conditions
withoutBinthe nutrient solution (Sarafietal.,2013,2014), whereas
in B-deficient pomegranate trees leaf B concentrations in August
were in the range 28-32 mg B kg~! DW (Korkmaz and Askin, 2015).
Therefore, the Zn and B leaf concentration values found in August
in the studied orchard point out to the presence of a mixed defi-
ciency of Zn and B. On the other hand, the leaf concentrations of N,
P, K, Ca and Mg were 1.84, 0.10, 0.85, 2.31 and 0.36%, respectively,
whereas those of Fe, Mn and Cu were 112.0, 71.3 and 7.1 mgkg !
DW, respectively (Table 1). These concentrations are similar to
those reported in pomegranate leaves in August by Korkmaz and
Askin (2015), with the exception of Mg concentrations, which were
somewhat lower.

2.2.3.3. Total anthocyanins and total soluble sugars. Total antho-
cyanins were estimated by the pH differential method using
two buffer systems: 25mMK chloride pH 1.0, and 0.4M Na
acetate pH 4.5 (Giusti and Wrolstad, 2001). Samples were diluted
with K chloride buffer until the absorbance of the sample at
510nm was within the linear range of the spectrophotome-
ter (Cecil Bio Quest, CE 2502). The same dilution factor was
later used to dilute the sample with the Na acetate buffer.
Readings were performed at 510nm and 700nm in the two
different buffers after 15 min of incubation, four times per sam-
ple. Total anthocyanin contents was calculated as follows: total
anthocyanins =[(A x MW x DF x 100)/MA], where A=(A510-A700)
pH4.5; MW: molecular weight (449.2); DF: dilution factor; MA: 3.1. Changes in leaf mineral concentrations with foliar
molar absorptive coefficient of cyanidin-3-glucoside (26.900). fertilisation
Results were expressed as mg cyanidin-3-glucoside 100g-1 of
juice. Four replications per treatment and year were carried out. A single Zn foliar spray increased the leaf concentra-
Total soluble sugar contents in pomegranate juice were deter- tion of Zn, from the untreated values of 13.3Znkg~! DW to
mined using the anthrone reagent method (Dubois et al., 1951). 15.7-18.2mgZnkg~! DW (18.0-36.8%) with the lowest dose used
A certain volume of pomegranate juice was diluted with distilled (0.9mM Zn), and to 17.6-21.4mgZnkg~! DW (32.3-60.9%) with
water, and then 0.1 mL of the mixture was added to four mL of the highest dose (1.8mM Zn) (Table 1). A single B foliar spray
anthrone (150 mg pure anthrone in 100 mL of H,SO4 72%). The sam- did not increase significantly the leaf concentration of B at the
ple was heated for 10 min in boiling water at 70 °C, and after cooling lowest dose used (0.3 mM B), with B concentrations remaining
at room temperature absorbance was determined at 625 nm using at 22.3-23.0mgkg-! DW, whereas with the highest dose used
a spectrophotometer. The total sugar contents was calculated using (0.6 mM B) the final concentrations of B were 25.0-25.3 mgkg!
a glucose standard curve. Four replications per treatment and year DW (a 18.4-19.9% increase). On the other hand, Zn and B fertilizers,

were carried out. alone or combined, had not significant effects on the leaf concen-

trations of N, P, Ca, Fe and Mn, whereas the concentration of K

2.3. Statistical analysis increased slightly in all treatments except in Zn1+B0 and ZnO + B1
(Table 1).

The experimental design used was arandomized complete block Previous studies have shown that B and Zn sprays generally

design with four replications. Data were statistically evaluated by increase the B and Zn concentrations in leaves, although in many of

analysis of variance (ANOVA) to assess the significance of the main these studies several fertiliser applications and/or higher Zn/B con-
factors and the significance of interactions. Combined analysis of centrations have been used. For instance, B sprays increased the leaf
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Table 2

Effects of nano-Zn and —B foliar fertilizers on pomegranate fruit yield, number of fruits per tree, fruit cracking, fruit diameter and length, fruit calyx diameter and fruit average

weight. Data shown are means of the two years.
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Treatment Yield (kg Number of fruits Fruit cracking Fruit diameter Fruit length Fruit calyx Fruit average
per tree) per tree (mm) (mm) diameter (mm) weight (g)

Zn0+B0 13.8e 50.6d 31a 75.5 abc 799 a 20.0a 2728 a

Zn1+B0 14.3 de 52.7cd 2.8a 76.5 abc 778 a 209a 2722a

Zn2+B0 15.8 bc 57.6 bc 28a 77.7 ab 779 a 20.2a 2745a

Zn0+B1 14.4 de 52.2cd 29a 732 ¢ 80.1a 204 a 2749 a

Zn1+B1 15.0cd 51.3d 26a 78.2 ab 81.7a 20.7 a 292.8a

Zn2 +Bl1 16.2b 58.7b 25a 76.6 abc 79.0 a 209a 276.6 a

Zn0+B2 18.0a 64.4a 26a 74.2 bc 80.5a 204 a 279.7 a

Zn1+B2 185a 659a 25a 74.9 abc 80.2a 19.6 a 281.1a

Zn2+B2 184a 63.0 ab 28a 78.8a 816a 212a 2919a

Significance

Zn o * NS * NS NS NS

B o > NS NS NS NS NS

Zn*B * * NS NS NS NS NS

year ok NS NS ok - - ok

Zn0, Zn1 and Zn2 are 0, 60 and 120mgZnL-"', and BO, B1 and B2 are 0, 3.25 and 6.5 mgB L', respectively. Means with the same letter in each column were not significantly
different using Duncan’s multiple range test at p<0.05. *, ** and NS are significant at p <0.05, at p <0.01 and not significant, respectively.

B concentration in navel orange (Maurer and Taylor, 1999), olive
(Perica et al., 2001) and sweet orange trees (Tariq et al., 2007), and
Zn sprays increased the leaf concentration of Zn in pomegranate
(Khorsandi et al., 2009; Hasani et al., 2012) and pecan nut trees
(Ojeda-Barrios et al., 2014). In some cases, fertiliser applications
have been reported to cause changes in the concentrations of other
nutrients, possibly due to interactions in ion uptake and/or trans-
port (Loneragan et al., 1982). For instance, in pomegranate, foliar
applications of ZnSO,4 decreased the concentrations of Mn and P
(Hasani et al., 2012), whereas in mandarin tree leaves the applica-
tion of ZnSQOy, either alone or combined with H3BOs, increased leaf
concentrations of Zn and K (Khan et al., 2012). In pistachio seedlings
an antagonistic effect of Zn with Fe, Mn and Cu was observed,
since the concentration of Fe was significantly larger in Zn-deficient
seedlings, and soil application of Zn decreased Fe concentrations by
11-13% (Shahriaripour and Tajabadipour, 2010). The lack of inter-
actions found in our study is likely due to the low doses of Zn and
B applied.

3.2. Changes in fruit physical properties with fertilisation

3.2.1. Tree yield, number of fruits per tree and fruit cracking

Foliar spraying of Zn and B fertilizers, alone or combined,
increased significantly fruit yield (by 8.6-34%, depending on the
treatments), with the exception of the more diluted treatments
Zn1+BO0 and Zn0+B1 (Table 2). Both B and Zn fertilisation seem
to have an effect on yield, but with B the effect was more intense.
The highest yields (18.0-18.5kgtree~!) were obtained with the
Zn0+B2,Zn1+B2 and Zn2 + B2 treatments, which led to 30.4-34.0%
increases when compared with the control one (13.8 kg tree~1). The
application of Zn and B led to significant increases in the number
of fruits per tree (by 13.8-30.2%, depending on the treatments),
except in the diluted treatments Zn1+B0, Zn0+B1 and Zn1+B1
(Table 2). Again, both B and Zn seem to have an effect on the number
of fruits per tree, but with B the effect was more intense. The high-
est increases were found in the treatments Zn0+B2, Zn1+B2 and
Zn2 +B2 treatments, which led to 24.5-30.2% increase in the num-
ber of fruits per tree (63.0-65.9 fruits tree~! compared with the
control value of 50.6 fruits tree~!). On the other hand, fruit cracking
was not affected by the treatments.

Increases in fruit yield with B fertilisation have been reported in
different fruit crops, including almond (Nyomora et al., 1997), apple
(Wojcik et al., 1999), pear (Wojcik and Wojcik, 2003), persimmon
(Khayyat et al., 2007) and peach (Yadav et al., 2013). The combined
application of Zn and B increased walnut yield 4-fold (Keshavarz

etal.,2011). Zinc sprays increased yield in apple (Amiri et al., 2008)
and pistachio (Kizilgoz et al., 2010; Soliemanzadeh et al., 2013),
and a positive correlation between Zn leaf concentration and pis-
tachio yield (Kizilgoz et al., 2010) and a negative one between Zn
leaf concentration and orange fruit drop (Garcia et al., 1984) have
been reported. Increases in yield and number of fruits with Zn and
B have been reported in almond (Pandit et al., 2011). Also, Zn and
B fertilisation increased fruit set and the number of fruits per tree
in different fruit tree species, including papaya (Jeyakumar et al.,
2001), olive (Pericaetal.,2001), cherry (Usenik and Stampar, 2007),
palm (Sarrwy et al., 2012), and peach (Ali et al., 2014). The applica-
tion of ZnSQy, either alone or accompanied with BO3Hs, increased
the number of fruits in mandarin trees by 17 and 21%, respectively
(Khan et al., 2012). Concerning the use of nano-fertilizers, foliar
sprays with ZnO nano-particles led to 26-30% increases in peanut
yield when compared with ZnSO4 used at much higher doses (15-
fold)in two different seasons (Prasad et al.,2012), and nano-chelate
Zn has been shown to increase maize seed yield per plant almost
2-fold (Mosanna and Khalilvand, 2015).

The increased yield and number of fruits in pomegranate trees as
the result of B foliar sprays are likely to be due to the known essen-
tial roles of B in fruit set, pollen grain germination and pollen tube
elongation (Thompson and Batjer, 1950; Talaie et al., 2001; Wojcik
and Wojcik, 2003; Baldi et al., 2004). Boron is rapidly absorbed
by flowers (Sarrwy et al., 2012) and the B fertilisation effects can
be attributed to its effect on fruit set and development or other
metabolic processes such as carbohydrate transport, which are
enhanced by its application (Peres and Reyes, 1983; Mengel and
Kirkby, 2001; Marschner, 2012). The increased yield and number
of fruits in pomegranate trees as the result of Zn foliar sprays are
also in line with previous reports. Zinc acts in fruit bud formation
and flowering (Swietlik, 1999; Usenik and Stampar, 2002), playing
roles in the synthesis of tryptophan, an auxin precursor, and in the
translocation of metabolites to the site of bud development or to
the bud itself (Ryugo, 1988; Day, 1994).

3.2.2. Fruit size, peel thickness, arils and peel percentages,
aril/peel ratio, weight of 100 arils and juice content of arils
Regarding fruit size physical parameters, fruit diameter, fruit
length, fruit calyx diameter and fruit average weight were not
affected significantly with the treatments when compared to the
untreated controls (Table 2). However, the largest fruit diameter
was obtained with the high concentrations of Zn and B (Zn2 +B2),
with fruits being significantly larger (6.1-7.6%) than those obtained
with the treatments Zn0+B1 and ZnO0 + B2. On the other hand, the
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Effects of nano-Zn and —B foliar fertilizers on pomegranate fruit aril and peel percentages, aril/peel ratio, weight of 100 arils, juice content of 100 g arils and peel thickness.
Data shown are means of the two years.

Treatment Total aril (%) Total peel (%) Aril/peel ratio Weight of 100 arils (g) Juice content of 100 g arils (ml) Peel thickness (mm)
Zn0+B0 576a 424a 1.36a 36.6a 62.1a 244a
Zn1+B0 570a 43.0a 1.32a 36.7a 623 a 251a
Zn2+B0 56.0a 44.0a 127 a 376a 63.1a 256a
Zn0+B1 57.7a 423 a 1.36a 36.6a 62.6 a 241a
Zn1+B1 56.0 a 44.0a 127 a 372a 633 a 257a
Zn2+B1 559a 44.1a 1.26a 38.8a 62.6a 257a
Zn0+B2 56.2a 438a 1.28a 36.6a 62.1a 251a
Zn1+B2 559a 44.1a 1.26a 373a 629a 261a
Zn2+B2 55.5a 44.5a 1.24a 37.7a 629a 2.64a
Significance

Zn NS NS NS NS NS NS

B NS NS NS NS NS NS
Zn*B NS NS NS NS NS NS
year NS NS NS NS NS NS

Zn0, Zn1 and Zn2 are 0, 60 and 120mgZnL~', and B0, B1 and B2 are 0, 3.25 and 6.5 mgB L, respectively. Means with the same letter in each column were not significantly
different using Duncan’s multiple range test at p<0.05. *, ** and NS are significant at p < 0.05, at p <0.01 and not significant, respectively.

application of Zn and B did not affect significantly the aril and peel
percentages, aril/peel ratio, weight of 100 arils, juice content of arils
and peel thickness (Table 3).

In some cases, effects on fruit size have been observed with Zn
and B applications. The size of olive fruits has been reported to
increase significantly when trees were treated by foliar applications
of Zn alone or with GA3 (Ramezani and Shekafandeh, 2009), and
foliar sprays ofZnSO4 and BO3Hj3 increased average fruit weight and
juice weight percentage in mandarin (Khan et al., 2012). Increases
in fruit diameter have been attributed to the role of Zn on the syn-
thesis of tryptophan (Sahota and Arora, 1981) and auxin (Alloway,
2008; Boettcher et al., 2010), therefore affecting cell elongation and
division.

3.3. Fruit chemical properties

3.3.1. Juice pH, total soluble solids (TSS), titratable acidity (TA)
and maturity index (TSS/TA ratio)

Pomegranate juice pH increased significantly (by 0.28-0.62 pH
units, depending on the treatment) upon Zn and B fertilisation,
except in the case of the more diluted treatments Zn1+B0 and
Zn0+B1 (Table 4). Also, the more concentrated B and Zn treat-
ments increased TSSin juice (4.4-7.6%), with the highest and lowest
TSS values (17.06 and 15.85%, respectively) being observed in trees
treated by the highest concentrations of Zn and B (Zn2 + B2) and the
untreated controls, respectively (Table 4). Regarding TA, all treat-
ments with the exception of Zn1+B0 showed values lower than
the controls (9.5-29.1% decreases, depending on the treatments),
with the lowest one being for the treatment Zn1 +B2 (Table 4). As a
result, B and Zn fertilisation markedly increased the maturity index
(TSS/TA ratio) (by 20.6-46.1%, depending on the treatment), due
to the increases in TSS and decreases in TA (Table 4). The highest
increase in the maturity index was obtained in the trees sprayed
with the treatment Zn2 + B2, followed by the treatments Zn2 +B1
and Zn1 +B2.

Results found are in line with the increased TSS and decreased
TA with foliar application of ZnSO4 in pomegranate trees (Hasani
et al., 2012), and with the increases in maturity index in date palm
with BO3H3 and Ca(NOs); applications, especially when both prod-
ucts were applied together (Sarrwy et al., 2012). However, Zn foliar
application has been reported to increase fruit TA in pomegranate
(El-Khawaga, 2007), and to have no effects on the TSS/TA ratio
when applied alone or combination with N in sweet orange (Sahota
and Arora, 1981). Increases in TSS in apple fruits with Zn fertilisa-
tion have been previously attributed to Zn effects on carbohydrate
synthesis and translocation (Yogeratnam and Greenham, 1982).

3.3.2. Total phenolic compounds and antioxidant activity

Results show that only the more concentrated B foliar treat-
ments (Zn0+B2, Zn1+B2 and Zn2+B2) caused small (1%) but
statistically significant changes in the amount of total phenolic
compounds in pomegranate juice, whereas the antioxidant activity
was not affected with any of the treatments (Table 4). The high-
est concentration of total phenolic compounds (409.92 mg 100 g~!
fresh weight) was found with the Zn2 + B2 treatment, whereas the
lowest one (406.64 mg 100g~! fresh weight) occurred in fruits of
the control treatment.

The total phenolic compounds parameter is considered as one of
the most important nutritional value parameters in pomegranate
fruits (Tehranifar et al., 2010a, 2010b). Similar high phenolic com-
pounds concentrations have been found in Iranian pomegranate
varieties (300-1000mg 100g-! fresh weight; Tehranifar et al.,
2010b), whereas Moroccan varieties contained lower phenolic con-
centrations (<200mg 100g-! fresh weight; Legua et al., 2012).
Many investigators have observed a positive effect of Zn and B
on total phenolic contents in fruits. For instance, foliar sprays of B
and Zn increased total phenolic compounds in olive (Saadati et al.,
2013), foliar applications of Zn and B increased the total pheno-
lics in pungent pepper (Manas et al., 2014), and Zn foliar sprays
increased phenolics contents in grape berries (Song et al., 2015).
The latter authors indicate that the increase was due to an increased
expression of genes responsible to phenolic compounds biosyn-
thesis. Also, the known role of B in the metabolism of phenolic
compounds (Dear and Aronoff, 1965) has been confirmed in olive
trees (Liakopoulos and Karabourniotis, 2005).

3.3.3. Total sugars and anthocyanins

The amount of total sugars in pomegranate fruit juice increased
significantly (by 1.9-4.6%) only in the case of the combined Zn and
B treatments (Zn1+B1, Zn2+B1, Zn1+B2 and Zn2 +B2), whereas
there was no significant effect in total anthocyanins with any
of the treatments (Table 4). The highest content of total sugars
(14.93g 100g~! fresh weight) was obtained in trees treated with
the highest concentration of Zn and B (Zn2 + B2), whereas the low-
est one (14.26g 100 g~ fresh weight) was observed in the control
untreated trees.

Increases in total sugars were found in papaya, mandarin and
mango fruits after foliar applications of Zn and B (Sing et al., 2002;
Babu and Yadav, 2005; Anees et al., 2011). The effect of Zn on
total sugars can be due to its role in the starch and nucleic acid
metabolism, and also to the activities of various enzymes involved
in these biochemical reactions (Alloway, 2008), whereas the effects
of B on total sugars can be ascribed to the roles of B in transport of
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Table 4
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Effects of nano-Zn and -B foliar fertilizers on pomegranate fruit juice pH, TSS, TA, maturity index, total phenols, antioxidant activity, total sugars and total anthocyanins. Data
shown are means of the two years.

Treatment Juice pH TSS (%) TA (%) Maturity index Total phenols Antioxidant Total sugars (g Total

(TSS/TA ratio) (mg 100g~! FW) activity (%) 100g~' FW) anthocyanins
(mg 100g~! FW)

Zn0+B0 342e 15.85d 1.89a 8.49 c 406.64 e 23.88a 14.26d 7.69 a

Zn1+B0 3.55de 15.97d 1.81 ab 8.85¢ 406.92 de 2417 a 14.28d 7.76 a

Zn2+B0 3.70cd 16.30cd 1.59c¢ 10.24b 408.09 bcde 25.72a 14.43 bed 8.20a

Zn0+Bl1 3.53 de 15.96d 1.71 bc 9.43 bc 407.74 cde 243a 1437 cd 8.01a

Zn1+B1 3.73¢ 16.26cd 143d 11.51a 407.56 cde 2498 a 14.54 be 7.86a

Zn2 +B1 4.04a 16.96 ab 137d 1237 a 408.60 bcde 26.41a 14.63 b 8.66 a

Zn0+B2 3.83 bc 16.14cd 1.39d 11.71a 408.77 abc 26.11a 14.43 bed 8.51a

Zn1+B2 3.99 ab 16.56 bc 1.34d 12.34a 409.48 ab 26.72a 14.60 bc 8.72a

Zn2 +B2 3.98 ab 17.06 a 1.37d 1241a 409.92 a 2948a 1493 a 8.68 a

Significance

7n ok ok ok ok ¥ NS ok NS

B ok ok ok o ok NS . NS

Zn*B * NS * * NS NS NS NS

year NS NS NS NS NS NS NS NS

Zn0, Zn1 and Zn2 are 0, 60 and 120mgZnL-', and BO, B1 and B2 are 0, 3.25 and 6.5mgB L, respectively. Means with the same letter in each column were not significantly

different using Duncan’s multiple range test at p<0.05. *, ** and NS are significant at p < 0.05, at p <0.01 and not significant, respectively.

FW: fresh weight.

sugars and carbohydrate metabolism (Hansch and Mendel, 2009).
When the effect of foliar sprays of some growth regulators and min-
eral nutrients were studied in pomegranate, it was found that Zn
decreased total anthocyanins in the first season, with the lowest
values being obtained with 0.3% Zn (Khalil and Aly, 2013).

4. Conclusion

Results obtained indicate that a single foliar spray with rela-
tively low amounts of B or Zn nano-fertilizers (34 mgBtree~! or
636 mgZntree~!, respectively) led to increases in pomegranate
fruit yield, mainly due to increases in the number of fruits per tree.
The effect was not as large with Zn as with B, and the lowest doses
of Zn and B (17 mgBtree~! or 318 mgZntree~!, respectively) led
to only minor effects in yield. Fertilization with the highest of the
two doses also led to significant improvements in fruit quality at
harvest, including 4.4-7.6% increases in TSS, 9.5-29.1% decreases
in TA, 20.6-46.1% increases in maturity index and 0.28-0.62 pH
unit increases in juice pH. Physical fruit characteristics (including
fruit cracking, peel thickness, fruit length, fruit calyx diameter, fruit
average weight, aril and peel percentages, the aril/peel ratio, weight
of 100 arils and juice content of arils were unaffected. On the other
hand, changes in total sugars and total phenolic compounds were
only minor, in the ranges 1.9-4.6 and 1%, respectively, whereas the
antioxidant activity and total anthocyanins were unaffected. The
application of Zn and B also increased the leaf concentrations of
both microelements in August, reflecting the improvements in tree
nutrient status.
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