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Abstract

Little is known about the response of pomegranate to the foliar application
with nutrients and gibberellic acid. A randomized complete block design
(RCBD) experiment was conducted on 40-years old Manfalouty pomegranate
trees grown on Upper Egypt. The study aims to investigate the effect of foliar
application with gibberellic acid (GA;), potassium silicate (PS), zinc sulphate
(ZS) and fetrilon compi (FC) which is a mixture of micronutrients on fruiting of
pomegranate trees. All the tested treatments significantly (P< 0.05) improved the
yield and fruit quality and reduced the fruit cracking percentage. GAz and FC
spraying induced a 15 and 11% increase in the fruit yield and minimized the
cracking percentage by 47 and 61% compared to the control treatment, respec-
tively. It is recommended to spray Manfalouty pomegranate trees with micronu-
trients, potassium silicate, or zinc sulphate twice at mid of June and August to
enhance the pomegranate yield and quality.
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1. Introduction

Fruit trees are agricultural
commodities of great biological and
economical importance, and there-
fore, precise knowledge of treatments
that boost fruit production, is of great
importance. Pomegranate (Punica-
granatum L.) is one of important
fruits grown in tropical and sub-
tropical regions (Khorsandi et al.,
2009; Sheikh and Manjula, 2012).
The fruit is a native of Iran and is ex-
tensively cultivated in Mediterranean
regions since ages, especially in
Spain, Morocco, Egypt and Afghani-
stan (Sheikh and Manjula, 2012). The
pomegranate fruits had a high nutri-
tional value, rich with sugars, vita-
mins, polyphenols and minerals Man-
falouty pomegranate cultivar is one of
the most important cultivars grown
successfully in Upper Egypt (EI-

Salhy, 1996; Hasaballa, 2002; Khor-
sandi et al., 2009).

It 1s generally accepted that the
appropriate nutrient management 1is
crucial for optimizing plant crop pro-
duction and to obtain a high fruit
quality without environmental pollu-
tion (Vance, 2001). However, fruit
growers usually apply larger amounts
of chemical fertilizers to the soil than
the tree actually needs, resulting to
surface runoff and environmental pol-
lution (Vance, 2001). Cracking is a
serious problem in pomegranate and
causes a major fruits loss, which is a
serious commercial loss to farmers.
Fruit cracking, seems to be a problem
that lessens the marketability, some-
times the marketable yield reduction
reach to 50% of the total yield (Mel-
garejo et al., 2004; Sheikh and Man-
jula, 2012; Torres-Olivar et al.,
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2014). This problem is due to the im-
proper water management, climate,
tree nutrition and cultivars and lack
of micronutrients (Singh et al., 2003;
Kumar et al., 2010). The main cause
for cracking is the combined action of
high solar radiation, low humidity,
high temperatures and low calcium
concentrations (Sheikh and Manjula,
2012; Torres-Olivar et al., 2014).
Spraying with some growth
regulators especially GA; reduced the
fruit splitting (El-Khawaga 2003;
Singl et al., 2003; El-Akkad et al.,
2016; Merwad et al., 2016). The
availability of most of micronutrients
in soil especially Fe, Mn, Zn and Cu
1s low moreover, the translocation of
these nutrients from soil to roots and
from roots to shoots is low too (Eissa
and Ahmed, 2016). Foliar sprays
have been used as an important tool
to meet tree nutrient demand and to
overcome the soil application of
micronutrients (Khorsandi et al.,
2009). This fertilization method 1is
more target-oriented and environ-
mental friendly since the nutrients are
applied in controlled quantities
(Fernandez and Eichert, 2009). Foliar
application of macro and micronutri-
ents were highly effective on improv-
ing nutritional status, yield and fruit
quality of pomegranate trees (Khalil
and Aly, 2013; Obaid and Al-
Hadethi, 2013). Application of some
micronutrients such as Fe, B, Mn and
Zn increased fruit yield and reduced
cracked fruit percentage (Ahmed et
al., 2014; Merwad et al., 2016). Ap-
plication of silicon is beneficial on
increasing the tolerance of plants to
stresses as well as enhancing photo-
synthesis and leaf water potential.
Spraying potassium silicate at 0.1%
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significantly increased yield and im-
proved fruit quality of pomegranate
trees (Epstein, 1999; Ahmed et al.,
2015; Wassel et al., 2015).

This investigation aimed to
study the effect of spraying with GA;,
potassium silicate, zinc sulphate and
fetrilon compi on controlling crack-
ing fruits damage and obtain high
fruit quality of Manfalouty pome-
granate trees.

2. Materials and Methods

The current study carried out
during the seasons of 2016 and 2017
at the Pomology orchard of Faculty
of Agriculture, Assiut University,
Egypt. The soil of the studied site is
classified as Typical Torrifluvents
according to the Soil Survey Staff
(2016) and has a silty loam texture
(pH of 7.80, EC of 2 dS m™' and
CaCO, of 5%). Thirty trees of Manfa-
louty pomegranate which are forty
years old and spaced at 5x5 m apart
were chosen for this study. The trees
were irrigated by flood surface irriga-
tion system and received all the rec-
ommended horticultural practices.
River Nile water (EC of 1.1 dS m™)
was used in the irrigation of the ex-
perimental site. Each Manfalouty
pomegranate tree was fertilized by
the recommended dose of nitrogen,
phosphorus and potassium.

The investigation included the
following ten treatments:

1- Control (spraying water).

2- Spraying GA3 at 25 ppm.

3- Spraying GA3 at 50 ppm.

4- Spraying potassium silicate at 0.5%.
5- Spraying potassium silicate at 1%.

6- Spraying zinc sulphate at 500 ppm.

7- Spraying zinc sulphate at 1000 ppm.
8- Spraying fetrilon compi at 250 ppm.

9- Spraying fetrilon compi at 500 ppm.
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10- Spraying fetrilon compi at 1000
ppm.

GA; as well as potassium sili-
cate, zinc sulphate and fetrilon compi
were sprayed twice at the mid of June
and August in the two growth sea-
sons. All nutrients were easily soluble
in water. Fetrilon compi is a foliar
fertilizer contains 4% Fe, 4% Zn, 3%
Mn and 1.5% B in the chelating form
(EDTA). Triton B as a wetting agent
was added at a rate of 0.05% to all
spraying solution before application.

The experiment was arranged in
a randomized complete block design
(RCBD) with ten treatments and three
replications for each treatment, one
tree per each.

During both seasons, the fol-
lowing parameters were measured:
yield/tree (kg), fruit cracking (%),
fruit weight (g), pulp (%) and juice
volume (cm’) as well as total soluble
solids (TSS), total acidity, TSS/acid
ratio and reducing sugars, according
to A.O.A.C. (2000). Total anthocya-
nin content of juice was determined
according to Rabino and Mancinelli
(1986). Statistical analysis was done
according to Snedecor and Cochran
(1972). New L.S.D. at 5% level of the
probability was used to compare the
differences between the treatment
means.

3. Results
3. 1. Yield and fruit cracking

Data presented in Table 1 show
the effect of foliar application of
GA;, potassium silicate, zinc sulphate
and fetrilon compi on the fruit yield
and fruit cracking percentage of Man-
falouty pomegranate trees during
2016 and 2017. It is obvious from the
data that the results took the similar
trend in the two studied seasons.
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In general, all the studied treat-
ments significantly increased the fruit
yield compared to untreated ones.
The maximum values of fruit yield
(114 kg/tree) (two seasons average)
were recorded on the trees that
sprayed by GAjz at 50 ppm. On other
the hand, the minimum values (99.14
kg/tree) were recorded on untreated
trees. All the studied treatments sig-
nificantly increased the fruit yield
compared to the control but little dif-
ferences between the treatments were
recorded. The fruit yield of Manfa-
louty pomegranate trees was found to
decrease in the order: GA; 50 > GA;
25 > FC 500 >ZS 1000 > FC 1000 >
PS 0.5 > PS 0.1 > ZS 500 > C. The
foliar application of GAj; caused an
15% increase in the fruit yield com-
pared to the control. The application
of ZnSO, or potassium silicate in-
creased the fruit yield by 9-10%
compared to the control, while the
fetrilon compi at a rate of 500 ppm
caused an 11% increase.

The studied treatments also re-
duced the cracking percentage. The
highest significant values of cracking
percentage (11.8%) were recorded in
the unsprayed trees while the least
values were recorded on the trees that
sprayed by fetrilon compi at a rate of
500 ppm (4.57%). The fruit cracking
percentage of Manfalouty pomegran-
ate was found to decrease in the or-
der: C > ZS 1000 > ZS 500 > GA; 25
> GA;50>PS 0.5>PS 0.1 >FC 250
> FC 1000 > FC 500. The fruit crack-
ing percentage was reduced from
11.8% in the control trees to 4.6%
when the trees were sprayed by fe-
trilon compi at a rate of 500 ppm. The
foliar application of micronutrients
mixture in the form of fetrilon compi
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was the most effective treatment on
reducing the fruit cracking percent-
age.

The recorded fruit cracking per-
centage was 6.29, 6.07, 5.46, 5.39,
6.93, 7.27, 5.27, 4.57, 4.61 and
11.76% as an average of the two
studied seasons due to the spray with
GA; at 25, 50 ppm, potassium silicate
at 0.5, 1%, zinc sulphate at 500, 1000

ppm, fetrilon compi at 250, 5000,
1000 ppm and unsprayed trees, re-
spectively. Hence, the corresponding
decrement percentage of fruit crack-
ing percentage was attained to 46.51,
48.38, 53.57, 54.17, 41.07, 38.18,
55.19, 61.14 and 60.80% compared to
control trees as an average of the two
studied seasons, respectively for the
treatments mentioned above.

Table 1. Effect of GAj, silicon and mineral nutrients spraying on yield and fruit
cracking of Manfalouty pomegranate during 2016 and 2017 seasons

Treatments Yield (kg)/tree Fruit Cracking (%)
2016 2017 Mean 2016 2017 Mean

Control 96.90 91.38 99.14 10.35 13.16 11.76
GA;3 25 118.70 | 109.21 | 113.96 6.67 5.90 6.29
GA; 50 116.60 | 111.54 | 114.07 5.83 6.31 6.07
PS 0.5% 113.90 | 103.90 | 108.90 5.25 5.67 5.46
PS 1% 114.50 | 102.18 | 108.34 5.42 5.36 5.39
ZS 500 110.65 | 100.30 | 105.48 6.78 7.08 6.93
ZS 1000 114.80 | 104.46 | 109.63 7.10 7.44 7.27
FC 250 113.00 | 102.85 | 107.93 4.90 5.64 5.27
FC 500 115.70 | 104.30 | 110.00 4.45 4.58 4.57
FC 1000 11490 | 103.86 | 109.38 4.76 4.36 4.61
LSDg s 5.82 6.31 0.93 1.39

gAgc ;r;traor};i GA; 50= spraying with gibberellic acid at a rate of 25 and 50 ppm.

PS 0.5% and PS 0.1% = spraying with potassium silicate at a rate of 0.5 and 1%.

ZS 500 and ZS 1000 = spraying with zinc sulphate at a rate of 500 and 1000 ppm.

FC 250, FC 500 and FC 1000 = spraying with fetrilon compi at a rate of 250, 500 and 1000 ppm
3. 2. Fruit properties 404.88, 410.59, 410.64, 414.06,

3. 2.1. Physical characteristics

Data presented in Table 2 show
the effect of foliar application of
GA;, potassium silicate, zinc sulphate
and fetrilon compi on fruit weight,
pulp and juice percentages of Manfa-
louty pomegranate fruits during 2016
and 2017. The results took similar
trend during the two studied seasons.
Generally, the results declared that all
treatments significantly increased all
the studied physical fruit properties

compared with control (untreated
ones).

The recoded fruit weight was
442.32, 431.25, 422.52, 424.66,
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411.50 and 365.94 as an average of
the two studied seasons due to spray
with GA; at 25, 50 ppm, potassium
silicate at 0.5, 1%, zinc sulphate at
500, 1000 ppm, fetrilon compi at 250,
500, 1000 ppm and unsprayed one,
respectively. Hence, the correspond-
ing increment percentages of fruit
weight over unsprayed ones were
20.87, 17.85, 15.46, 16.05, 10.64,
12.20, 12.23, 12.88 and 12.45%, re-
spectively. The highest values of
these traits were recorded when the
trees sprayed with GAj;, where, the
fruit weight reached 442.32 and
431.25 g, pulp percentage reached
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65.25 and 65.31% and juice percent-
age reached 43.32 and 42.85% as an
average of the two studied seasons
due to spray with GA; at 25 or 50
ppm, respectively. On the other hand,
the least values were detected on fruit
of untreated trees. These values at-
tained 365.94 g, 58.16% and 39.25%
as an average of the two studied sea-

sons for fruit weight, pulp % and
juice %, respectively. Hence, the in-
crement percentages due to spray
GA; at 25 or 50 ppm over unsprayed
trees regarding fruit weight reached
20.87 and 17.85%, pulp percentage
12.19 and 12.29% and juice percent-
age 10.37 and 9.17% as an average of
the two studied seasons, respectively.

Table 2. Effect of GAj, silicon and mineral nutrients spraying on some physical
fruit traits of Manfalouty pomegranate during 2016 and 2017 seasons

Fruit weight (gm) Pulp % Juice %

2016 | 2017 | Mean | 2016 | 2017 | Mean | 2016 | 2017 | Mean
Control 391.28 | 340.60 | 365.94 | 56.80 | 59.52 | 58.16 | 38.60 | 39.90 | 39.25
GA; 25 471.39 | 413.25 | 442.32 | 64.21 | 66.28 | 65.25 | 42.41 | 44.22 | 43.32
GA;3 50 460.17 | 402.33 | 431.25 | 64.82 | 65.80 | 65.31 | 41.80 | 43.89 | 42.85
PS 0.5% 449.33 | 395.70 | 422.52 | 60.39 | 63.58 | 61.99 | 41.23 | 42.86 | 42.05
PS 1% 456.52 | 392.80 | 424.66 | 62.33 | 63.36 | 62.85 | 41.84 | 42.48 | 42.16
ZS 500 431.75 | 378.00 | 404.88 | 60.80 | 62.71 | 61.76 | 40.94 | 42.00 | 41.47
ZS 1000 439.67 | 381.50 | 410.59 | 60.93 | 63.38 | 62.16 | 41.58 | 42.81 | 42.19
FC 250 438.38 | 383.00 | 410.69 | 61.05 | 63.19 | 62.12 | 41.11 | 42.59 | 41.85
FC 500 440.00 | 386.11 | 413.06 | 61.88 | 64.22 | 63.05 | 41.88 | 43.28 | 42.58
FC 1000 442.16 | 381.00 | 411.50 | 62.47 | 64.85 | 63.66 | 41.12 | 43.65 | 42.39
LSDy 05 20.55 | 18.42 2.36 | 2.18 1.98 | 2.11

3.2.2. Chemical fruit constituents:
Data presented in Tables 3 and
4 showed that the foliar application of
potassium silicate, zinc sulphate and
fetrilon compi significantly improved
the fruit chemical properties in terms
of increasing the total soluble solids,
reducing sugars, TSS/acid ratio, an-
thocyanin and vitamin C contents and
reducing the total acidity percentage
compared to GA; spraying or un-
sprayed ones. On the other hand,
spraying of GA; either at 25 or 50
ppm significantly decreased the total
soluble solids, reducing sugars,
TSS/acid ratio and anthocyanin and
significantly increased vitamin C
content compared to unsprayed ones.
The recorded TSS values were
14.66, 15.12, 16.58, 16.85, 16.70,
16.54, 16.77, 16.97, 17.00 and 15.54
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as an average of the two studied sea-
sons due to spray with GA; at 25, 50
ppm, potassium silicate at 0.5, 1%
zinc sulphate at 500, 1000 ppm and
fetrilon compi at 250, 500 & 1000
ppm, respectively. The increment
percentages of TSS attained 6.64,
8.43, 7.46, 6.44, 7.92, 9.20 and
9.40% due to spray potassium silicate
or 0.5, 1% zinc sulphate at 500 or
1000 ppm and fetrilon compi at 250,
500 and 1000 compared to unsprayed
ones, respectively.

The maximum values of TSS
(16.97 and 17.00%), reducing sugar
(12.09 and 12.20%) and anthocyanin
content (64.08 and 64.07) as an aver-
age of the two studied seasons were
recorded due to the spray by fetrilon
compi at 500 or 1000 ppm, respec-
tively. Whereas, the minimum values
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of TSS (14.66 and 14.52%), reducing
sugar (10.68 and 10.79%) and antho-
cyanin content (55.67 and 55.21%) as
an average of the two studied seasons
were detected due to GA; spraying at
25 and 50 ppm, respectively. These
values were 15.54, 11.03 and 58.66%
as an average of the two studied sea-
sons due to unsprayed ones, respec-
tively. Hence, the corresponding in-
crement percentages of these traits
due to fetrilon compi at 500 or 1000
ppm over unsprayed ones attained

(9.20 and 9.40%) for TSS, (9.61 and
10.61%) for reducing sugars and
(9.24 and 9.22%) for anthocyanin
content as an average of the two stud-
ied seasons, respectively. As well as,
the corresponding decrement percent-
ages of TSS attained (5.66 and
6.56%), reducing sugar (3.17 and
2.18%) and anthocyanin content
(5.10 and 5.88%) as an av. of the two
studied seasons) due to spray GAj at
25 or 50 ppm compared to untreated
ones.

Table 3. Effect of GA3, silicon and mineral nutrients spraying on TSS, acidity and
TSS/acid ratio of Manfalouty pomegranate during 2016 and 2017 seasons

Treatments TSS % Acidity % TSS/acid ratio

2016 | 2017 | Mean | 2016 | 2017 | Mean | 2016 | 2017 | Mean
Control 15.20 | 15.87 | 15.54 1.38 1.43 1.41 10.04 | 11.10 | 11.07
GA;3 25 14.38 | 14.94 | 14.66 1.40 1.48 1.44 10.23 | 10.38 | 10.33
GA; 50 14.23 | 14.81 | 14.52 1.46 1.54 1.50 9.75 9.62 9.69
PS 0.5% 16.20 | 16.95 | 16.58 1.10 1.18 1.14 14.73 | 14.36 | 14.68
PS 1% 16.60 | 17.10 | 16.85 1.16 1.22 1.19 14.31 | 14.62 | 14.47
ZS 500 16.40 | 17.00 | 16.70 1.08 1.23 1.16 15.19 | 13.82 | 14.51
ZS 1000 16.20 | 16.88 | 16.54 1.12 1.23 1.18 14.46 | 13.72 | 14.73
FC 250 16.33 | 17.20 | 16.77 1.08 1.20 1.14 15.12 | 1433 | 14.90
FC 500 16.60 | 17.33 | 16.97 1.06 1.18 1.12 15.66 | 14.69 | 15.18
FC 1000 16.70 | 17.30 | 17.00 1.10 1.15 1.13 15.18 | 15.09 | 15.14
LSDy s 0.58 0.53 0.06 0.05 0.63 0.76

Table 4. Effect of GA3, silicon and mineral nutrients spraying on reducing sugars, an-
thocyanin and V.C. of Manfalouty pomegranate during 2016 and 2017 seasons

Reducing sugar Total Anthocyanin . .
Treatments ("/f) i ( mg/100g))7 Vitamin C

2016 2017 | Mean | 2016 2017 | Mean | 2016 2017 | Mean
C 10.84 | 11.21 11.03 | 59.11 | 58.20 | 58.66 | 22..30 | 22.93 | 23.12
GA;3 25 10.56 | 10.80 | 10.68 | 56.93 | 56.40 | 55.67 | 27.25 | 26.80 | 27.03
GA; 50 10.87 | 10.92 | 10.79 | 57.67 | 56.75 | 55.21 | 26.98 | 2595 | 26.47
PS 0.5% 11.51 | 12.11 11.81 | 62.87 | 61.54 | 62.21 | 29.80 | 29.70 | 29.75
PS 1% 11.67 | 11.80 | 11.74 | 63.58 | 63.40 | 63.49 | 28.48 | 29.67 | 29.08
ZS 500 11.65 | 11.99 | 11.82 | 6295 | 61.62 | 62.29 | 29.20 | 30.90 | 30.05
ZS 1000 1142 | 11.83 | 11.63 | 62.64 | 61.98 | 62.31 | 30.13 | 31.08 | 30.61
FC 250 11.67 | 12.28 | 11.98 | 63.11 | 61.74 | 62.43 | 29.41 | 31.25 | 30.33
FC 500 11.70 | 12.48 | 12.09 | 64.70 | 63.46 | 64.08 | 30.80 | 31.10 | 30.95
FC 1000 11.73 | 12.67 | 12.20 | 64.45 | 63.68 | 64.07 | 31.15 | 31.24 | 31.19

LSDg s 0.32 0.44 2.53 2.05 0.88 1.21

4. Discussion

Spraying with some growth
regulators especially GA; has a lot of
benefits in horticulture crops e.g.,
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improving the fruiting and yield qual-
ity. Gibberellins are involved in cell
division and cell elongation resulted
in increase the fruit weight and size.
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It delayed the fruit maturation and
senescence of fruit as well as reduced
the fruit splitting (El-Salhy, 1996;
Kuldeep et al., 2001; Singh et al.,
2003). In the current study, the foliar
application of GA; caused about 15%
increase in the fruit yield of Manfa-
louty pomegranate and reduced the
fruit cracking percentage by about
47% compared to the control. These
results are in line with those obtained
by El-Salhy, 1996, Mohamed (2004),
Merwad et al. (2016), Digrase et al.
(2016) and El-Akkad et al. (2016).
They revealed that there is a potential
benefit from GA; in the commercial
production of pomegranate for its ef-
fective influence on yield and fruit
quality.

Micronutrients, i.e. Fe, Mn, Zn
and B play a great role in plant
growth, yield and fruit quality as a
result of affecting many physiological
processes in plant life and activating
a large numbers of enzymes. Mir-
zapour and Khoshgoftarmanesh,
(2013). The data of the current study
revealed that the application of a mix-
ture of micronutrients caused a 10%
increase in the fruit yield and reduced
the cracking percentage by about
60% compared to the control These
results agreed with those reported by
Ahmed ef al. (2014) and Merwad et
al. (2016). The current study con-
firmed that the application of micro-
nutrients increased the total soluble
solids, reducing sugars, TSS/acid ra-
tio, anthocyanin and vitamin C con-
tents and reduced the total acidity
percentage compared to unsprayed
trees. The foliar application of micro-
nutrients has a great ability to im-
prove the quality of pomegranate fruit
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(Hassani et al. 2012, Obaid and Al-
Hadethi, 2013).

Silicon has a beneficial effect on
increasing the tolerance of plants to
stresses as well as enhancing photo-
synthesis and leaf water potential
(Ahmed et al., 2015). Previous stud-
ies showed that the application of
silicon was very effective in promot-
ing growth and fruiting of fruit crops
(Epstein, 1999; Ahmed et al., 2015).
It is responsible for maintaining plant
water balance as well as stimulates
water transport and root growth
(Levitt, 1980 and Epstein, 1999). The
current study showed that the applica-
tion of potassium silicate signifi-
cantly increased the yield and quality
of pomegranate fruit. The effect of
silicon in improving yield and fruit
quality of pomegranates was sup-
ported by Ahmed et al. (2014) and
Wassel et al. (2015). The spraying of
pomegranate tree by a 1% of potas-
sium silicate caused about 60% in-
crease in the fruit yield; moreover,
this treatment improved the quality of
fruit. Previous studies showed that
silicon increased the activities of an-
tioxidant enzymes in the leaves that
protect plant tissues from oxidative
damage under unfavorable conditions
(Levitt, 1980 and Epstein, 1999).

5. Conclusion

The response of Manfalouty
pomegranate trees to the foliar appli-
cation of potassium silicate, micronu-
trients and gibberellic acid was inves-
tigated in a two -years field study.
The application of fetrilon compi (4%
Fe, 4% Zn, 3% Mn and 1.5% B) was
more effective in reducing the crack-
ing percentage, while the gibberellic
acid was more effective in increasing
the fruit yield. The foliar application
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of potassium silicate and micronutri-
ents gave the highest values of total
soluble solids, reducing sugar, antho-
cyanin and vitamin C; moreover,
these treatments significantly de-
creased the acidity compared to un-
sprayed trees. It can be concluded
that the foliar application of pome-
granate trees with fetrilon compi at

500 ppm, zinc sulphate at 500 ppm or

potassium silicate at 0.5% twice at

mid of June and August is recom-

mended to get high yield with good

fruit quality and reducing fruit crack-
ing percentage.
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