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Abstract

This investigation was conducted during the two successive seasons i.e. 2019 and 2020 on Zaghloul
date palm grown at the experimental orchard, Faculty of Agriculture, South Valley University, Qena,
Egypt. This work conducted to study the effect of different sources of potassium fertilizers on
fruiting of Zaghloul date palm under Qena condition. Potassium fertilization via nano-technology,
vinasse and potassin were used. The experiment was arranged in a complete randomized design with
three replications. It is evident from the obtained results that using nano-potassium, either soil
dressing or foliar spray, as well as foliar spray of vinasse or potassin significantly increased the fruit
retention, bunch weight and yield/palm compared to fertilize by potassium sulphate (check
treatment). Also, these treatments significantly improved dates quality in terms of increasing fruit
weight, flesh percentage, TSS, sugar percentages and anthocyanin contents moreover, decreasing
total acidity and total tannins compared to fertilize with the recommended potassium doses via
potassium sulphate. From the results, it could be concluded that fertilized Zaghloul date palm with
potassium fertilization via foliar spray of either nano-potassium, vinasse or potassium to improve
the fertilization efficiency and get high yield with best dates quality. In addition, hasten advance the
fruit ripening and overcome potassium fertilization problems.
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Introduction

Date palm is considered an old common fruit
tree in many countries all over the world
because if could be established in a wide range
of soil and environmental conditions. Egypt is
the leading countries in date palm cultivation
and production (FAO, 2016). It has been used
as a staple food for hundreds of years in many
desert areas. Dates are a rich source of sugars

*Corresponding author: A.A. Shamroukh
Email: ahmed.abdellatif@agr.svu.edu.eg
Received: December 20, 2020

Accepted: January 26, 2021

Published: January 30, 2021

and numerous minerals that are necessary for
life and essentially required to support life and
good health (Mertz, 1981; Wrigley, 1995 and
El-Salhy et al., 2017). Fertilization is one of
the important tools to increase crop Yyield,
especial nitrogen, and potassium. Potassium
fertilization is essential for fruit trees to
produce an economical yield with good fruit
quality (El-Salhy et al., 2017). Generally,
potassium plays an important role in
controlling cell water content and carbohydrate
biosynthesis and mobilization in plant tissues,
consequently carbohydrates play a serious role
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in vegetative growth, fruit set, yield and fruit
quality (Usherwood, 1985; Meng, 1998;
Rengel and Damon, 2008; Harhash and Abdel-
Nasser, 2010 and Awad et al., 2014). Due to
the lack of potassium in the market and its high
price, as well as the low efficiency of its use
through ground fertilization.  Therefore,
alternatives must be searched to fill these
shortages and improve the efficiency used.
Potassium shows a highly mobility and when
taken up by leaves they can be rapidly
distributed throughout the entire plant.
Potassium foliar spray is a significant method
of fertilization especially during the maturation
stage since there is an intense mobilization it
from leaf to fruit and K uptake by tree roots
may be inadequate to meet the demand of this
nutrient (Weinbaum et al., 1994 and Mengel
and Kirkby, 2001). Foliar fertilization has the
advantage of low application rates, uniform
distribution of fertilizer materials and quick
responses to applied nutrients (Al-Khateeb et
al., 2006 and Abdalla, 2016). Also, design and
development of nano fertilizers could be more
soluble or more reactive than their bulk
counterparts. The large surface area and small
size of nano materials could allow enhancing
interaction and efficient uptake of nutrients for
crop fertilization. The increased surface area
in nano materials can lead to increased
reactivity and faster dissolution kinetics (De
Rosa et al., 2010 and Mastronardi et al., 2015).
The most important application of nano-
technology in agricultural crop production is

Table (1). Analysis of the tested soil.

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 efficient, decreasing soil pollution and
other environmental risks that may occur when
using chemical fertilizers (Naderi et al., 2011).
Over that one of the advantages of using nano-
fertilizers is that application can be done in
smaller amounts than when using common
fertilizers (Selivanov and Zorin, 2001;
Reynolds, 2002; Raikova et al., 2006;
Batsmanova et al., 2013 and Subramanian et
al., 2015). The yield and fruit quality of date
palm trees were greatly varied according to K-
fertilization sources and methods (Bamiftah,
2000; Ezz et al., 2010; Awad et al., 2014;
Abdalla, 2016; Elsadig et al., 2017; Elsayd et
al., 2018 and Al-Hajaj et al., 2020). So, the
present study aimed to investigate the response
of Zaghloul date palm to using nano-
potassium, potassin and vinasse application.

Materials and Methods
This study was carried out during the two

successive season of 2019 and 2020 on
Zaghloul date palm. The palms were grown at
the experimental orchard Faculty of
Agriculture, South Valley University, Qena,
Egypt. Some physical and chemical properties
of experimental soil at 0.0-90 cm depth are
presented in Table (1) according to the
procedures of Black et al. (1965) and Carter
(1993).

Constituents Values  Constituents Values
Particle size distribution: Total N % 0.09
Sand % 8.5 P ppm (Oslen) 3.3
Silt % 21.0 K ppm (ammonium acetate) 410.0
Clay % 70.5 Available micronutrients (EDTA, ppm):
Texture Clay Fe 1.8
pH (1:2.5 extract) 8.0 Zn 2.1
EC (1:2.5 extract) mmhos/l cm 25°cm  0.75 Mn 1.9
Organic matter % 1.9 Cu 0.7

Total CaCO3 % 1.9
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Fifteen palms 25 years old, were selected
under drip irrigation system, planted at 7x7
meter apart and were uniform, at similar age
free of insect, damage and diseases. All the
routine agro-technical operations were carried
out according to the traditional schedule for
date palm plantation. The leaf/bunch ratio was
adjusted at the value of 8:1 for all experimental
palms. All the selected Zaghloul date palms
received program of fertilization consists of 10
kg plant compost (2.5% N), 5.0 kg ammonium
sulphate, (20.6% N), 1.5 kg triple calcium
superphosphate (37.5% P20s) and 1.5 kg
potassium sulphate (48% K20) per each palm.
Plant compost phosphate fertilizer were added
once at the middle of January. Ammonium
sulphate was splitted into three equal batches
and added at the first week of March, May and
July. Potassium sulphate was applied twice
before pollination (last week of February) and
just after fruit setting (last week of April).
Other horticultural practices such as irrigation,
pruning, hoeing and pest management were
carried out as usual. The chosen palm trees
were divided into five groups, each group
contained (three trees, replicates) and received
one potassium fertilization regime
management as the following:
- Spraying with vinasse (2% potassium)
at 4.5 L per palm.
- Adding nano-potassium sulfate at 75 g
per palm.
- Spraying with nano-potassium sulfate
at 35 g per palm.
- Spraying  with  potassin  (30%
potassium) at 300 ml per palm.
- Control (applying the recommended
potassium dose, 1.5kg/palm).
All treatments were applied after fruit set and
30 days after fruit set. The experimental was
arranged in a complete randomized block
design with three replicates, one tree each. The
bunches were harvested when the fruit reached

full maturity and the following traits were
measured.
A- Yield and its components:

1- Fruit retention:
It was calculated at harvest using the following
equations:

Fruit retention (%)
Number of retained fruits on the strand

= Number of retained fruit + Number of flowers scarsX 100

Bunch weight and yield / palm:

At the harvest time, bunches of each palm were
picked and weighed, and then the yield/palm
(kg) was recorded.

B- Fruit characteristics:

Sample of 50 fruits were taken randomly from
each replicate to determine some physical and
chemical properties of fruit as outlined in
A.0.A.C. (1995).

Total Anthocyanin: content of date palm
(mg/100 g fresh wt.):

Extracts were prepared by the method
described by Onayemi, et al. (2006). 1 g skin
fruit samples were pulverized with 20 ml of
85% ethanol and 1.5 M HCI (by volume)
solution. The samples were covered and kept
overnight in deep freeze. The extracts were
completed to 50 ml of the solvent and then
absorbance of the solution was measured at
wavelength of 530 nm, using
spectrophotometer (Unico 1200-USA). Result
is expressed as mg/100 g of fresh fruit. Total
anthocyanins were calculated using the method
developed by Lees and Francis (1971). Total
Anthocyanin in mg/100 g fruit skin = (Asss X
V x 100) / (98.2 x W), where V= total volume
of extract in ml, W= weight of fresh sample (in
grams). Total soluble tannins: The percentage
of tannins in the fruit was determined using the
Indigo Carmen indicator according to Balbaa
(1981). Titration was carried out using 0.1 N
potassium permanganate solution. Tannins in
fresh weight were calculated (as total tannins
percentage) according following equation
potassium permanganate (0.1 N) = 0.00416 g
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tannins. Thereafter, the obtained data during
the two seasons were collected, tabulated and
subjected to the proper statistical analysis of
variance method reported by Gomez and
Gomez (1984) and Mead et al. (1993). The
differences between treatment means were
compared by Duncan's multiple range test

at 5% level of probability to (Duncan 1955)

Results

Yield and its components:
Data presented in Table (2) showed the effect

of different source and method of potassium
fertilization on fruit retention %, bunch weight
and yield/palm of Zaghloul date palm during
2019 and 2020 seasons. It is obvious from the
data that results took similar trend during the
two studied seasons.

Such results indicated that fertilized Zaghloul
date palm with potassium either via nano-
potassium, vinasse or potassin was responsible
to produce the highest fruit retention and
consequently the heavy bunch weight and
yield/palm compared to use potassium via K-
mineral as potassium sulphate (check
treatment). The significantly higher value of
these studied yield components was recorded
due to add nano- potassium sulphate (nano-K).
On the contrary, the least fruit retention and
lightest bunch weight and yield/palm were
detected on palms that fertilized by potassium
sulphate (check treatment). No significant
differences were observed in such studied
traits due to nano-K, vinasse or potassin used.
The recorded bunch weight was (17.23, 17.14,
17.25, 17.16 and 16.42 kg as an av. of the two
studied seasons) due to vinasse spraying nano-
K application, nano-K spraying Potassin and
potassium  sulphate  (check treatment),
respectively. The corresponding yield/palm
was (155.1, 154.2, 155.3, 154.4 and 147.7
kg/palm, respectively. Hence the increment of
yield/palm was attained 5.01, 4.40, 5.15 and
4.54% as an av. two studied seasons due to

vinasse spraying, nano-K application, nano-K
spraying and potassin spraying compared to
potassium sulpahte, respectively.

Therefore, it can be concluded that using both
nano-K, potassin or vinasse was the best tool
to produce heavy bunch weight and
consequently high yield/palm.

Fruit quality:

Date presented in Tables (3, 4 and 5) showed
the effect of nano-K, vinasse and potassin
application on fruit quality of Zaghloul date
palm during 2019 and 2020 seasons. It is
obvious from the obtained data that the results
took similar trend during the two studied
seasons.

It is evident from prementioned data that using
either nano-K, vinasse or potassin significantly
improved fruit quality in terms of increasing
fruit weight, dimension, flesh percentage, TSS
and sugar and anthocyanin contents and
decreasing total acidity and total tannins
compared to fertilize by the recommended
doses of potassium via potassium sulphate
(check treatment).

Using nano-K gave the maximum values of
physical fruit properties compared to fertilize
by potassium sulphate (check treatment). On
other hand, the least values of physical fruit
traits were recorded due to check treatment.
The obtained fruit weight was (15.6, 15.2,
15.6, 15.4 and 14.6 g as an av. of the two
studied seasons due to vinasse spraying (T1),
nano-K application (T2), nano-K spraying
(T3), potassin spraying (T4) and check
treatment (T5), respectively. Hence, the
increment percentage of fruit weight attained
6.85, 4.11, 6.85 and 5.48% due to T1, T2, T3
and T4 compared to check treatment (T5),
respectively. Moreover, potassin spraying
gave the maximum values of chemical fruit
juice contents compared to check treatment. In
the opposite, the lowest values recorded due to
fertilize with potassium sulphate (check
treatment). The recorded total soluble solids
values were (32.3, 33.9, 33.7, 34.1 and 31.2%),
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as well as anthocyanin contents (35.0, 37.0,
37.7, 38.5 and 30.0 mg/100 g as an av. of the
two studied seasons) due touse T1, T2, T3, T4
and T5, respectively. Thus, the corresponding
increment percentage of TSS were 3.52, 8.65,
8.01 and 9.29% as well as of anthocyanin
contents were 16.67, 23.33, 25.67 and 28.33%
due to T1, T2, T3 and T4 compared T5,
respectively. On other hand, the highest values
of total acidity % and tannins % recorded on
fruit from checked palm that fertilized with
recommended potassium via potassium
sulphate, whereas the lowest values recorded
on dates that harvest from sprayed with
potassin. The recorded tannin percentage was
(0.494, 0.470, 0.475, 0.463 and 0.578% as an
av. of the two studied seasons) due to T1 to T5,
respectively. Hence, the corresponding
decrement percentage of tannins were 14.53,
18.69, 17.82 and 19.90% due to vinasse

spraying, nano-K application, nano-K spraying
and potassin spraying compared to check
treatment,  respectively.  Moreover, no
significant differences in fruit quality were
found due to use vinasse, nano-K or potassin.
In a general, view the abovementioned results
disclosed that used nano-potassium or vinasse
as well as potassium greatly improved bunch
weight and yield/palm. In addition, such
treatments improved the fruit quality in terms
of increasing fruit weight, total soluble solids
and sugar and anthocyanin contents and
decreasing total tannins, hence advanced the
ripening and harvesting date.

These effects are very important in dates
production since the improvement in dates
quality is the most important target that induce
an increase in packable yield and price.

Table 2. Effect of vinasse, nano-potassium and potassin on fruit retention, bunch weight and
yield/palm of Zaghloul date palm during 2019 and 2020 seasons.

Character Fruit retention % Bunch weight (kg) Yield/palm (kg)

Treat. 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
m‘;"sse Spraying 4985~ 51338 5059 17.3548 17.70A 1723  156.2A 153.9A  155.1
('\.'razf‘)o'K application gy aea 59194 5126 1750~ 1677~ 1714 15752 1509  154.2
('\.'%”)O'K spraying 4956~ 51.18A 5037  17.60A 1690~ 1725  1584A 152.1A 1553
fﬁiﬁss'” spraying 4998~ 5156A 5077 17.38”8 1693A 17.16  156.4A 1524A 1544
E<T255)04 (Control) 46.808 48328 4756  16.85% 16.10B 1642  151.3B 14408 1477
LS.D. 5% 261 278 0.53 055 483 5.12

Means with different letters are significantly different at p<0.05

Table 3. Effect of vinasse, nano-potassium and potassin on fruit weight, flesh %, fruit length and fruit
diameter of Zaghloul date palm during 2019 and 2020 seasons.

Charac. Fruit weight (g) Flesh % Fruit length (cm) Fruit diameter

Treat. 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean

T1 1528 16.04 156 89.84 89.2% 895 471 481 476 231* 236 234
AB A

T2 148~ 15.6% 15.2 89.2 88.9 89.1 464”8 475% 470 22878 23378 2.31
A A

I 152~  16.04 15.6 89.8 89.5 89.7  4.69° 4.80° 475 23078 2354 2.33
AB A

T 15.04 1584 15.4 89.3 89.1 89.2 4.64"B 475 4.70 2.2878 23248 34.1

T5 14.2% 149% 146 87.1% 86.4% 86.8 452 461® 457 223% 2278 225

LS.D.5% 055 0.52 238 243 0.14 0.13 0.07 0.07

Means with different letters are significantly different at p<0.05

5
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Table 4. Effect of vinasse, nano-potassium and potassin on TSS, Red. sugar %, No. Red. sugar
% and Total sugar % of Zaghloul date palm during 2019 and 2020 seasons.

Charac. TSS % Red. sugar % No. Red. sugar % Total sugar %
Treat. 2019 2020 Mea 2019 2020 Mea 2019 2020 Mea 2019 2020 Mea
n n n n
B B B B
T 22'7 318 323 146B 1408 143 978 95 9.6 2437 235 239
T2 A 334 103 10.1A 255 246
3430 33.9 }\5'2 i4'5 149 A 102 A A 25.1
T3 34.1 A 102  10.07 253 245
A 332 33.7 }\5'1 i4'5 148 A 101 A A 24.9
T4 34.5 A 103 10.0A 25.6 247
A 336 34.1 }\5'3 ,{4'7 150 A 102 A A 25.2
C C C B C C
T5 316¢ 308 312 1418 133C 137 9.4 9.4 9.4 235¢ 227 231
LS.D.5% 0.98 0.91 046  0.39 029 0.26 0.65 0.68

Means with different letters are significantly different at p<0.05

Table 5. Effect of vinasse, nano-potassium and potassin on anthocyanin, acidity and tannin
percentage of Zaghloul date palm during 2019 and 2020 seasons.

Charac. Anthocyanin Acidity Tannin %
Treat. 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
B B B B B
T1 33.4 36.6 35.0 o078 0215% .., 0478% 0510° o,
B B B
T2 3354 3g4A 370 0198 0204554, 04557 04847 4 499
B B B
Ik 3614 3924 377 02007 0208 4505 04607 0489% 4 4os
T4 369~ 401~ 385 0.193B 0.198€ 0.196 0.4458 0.4808 0.463
C C A A A A
T5 28.6 314 30.0 0.231% 02464 ..o 0544% 0611% o
LS.D. 5% 1.82 2.18 0.016 0.013 0.023  0.031
Discussion Nano-fertilizers are nutrient carriers of nano-

Potassium is important in the formation and
function of proteins, fats, carbohydrates and
chlorophyll and in maintaining the balance
of salts and water in plant cell (Marschner,
1995). Potassium activates many different
enzymes involved in plant growth and vigor
improves qualitative aspects of production
such as colour, taste, consistency and
preservation of many fruits (Dhillon et al.,
1999).

Nano-technology deals with particles
measuring a dimension of one-billionth of a
meter or one-millionth of a millimeter.

dimensions ranging from 30 to 40 nm (10°°
m or one-billionth of a meter). Nano-
fertilizers intended to improve the nutrient
use efficiencies by exploiting unique
properties of nano-particles. The nano-
fertilizers are synthesized by fortifying
nutrients singly or in combinations onto the
adsorbents with nano-dimension. Both
physical (top-down) and chemical (bottom-
up) approaches are used to produce nano-
materials, and the targeted nutrients are
loaded as it is for cationic nutrients (NHa4*,
K*, ~Ca%*, Mg?) and after surface
modification for anionic nutrients (NOs,
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PO42, SO42). Nano-fertilizers are known to
release nutrients slowly and steadily for
more than 30 days which may assist in
improving the nutrient use efficiency
without any associated ill-effects. Since the
nano-fertilizers are designed to deliver
slowly over a long period of time, the loss of
nutrients is substantially reduced vis-a-vis
environmental safety (Subramanian et al.,
2015). Vinasse as a sugarcane distillery
wastes, has been used as soil amendment,
since it contain important amounts of plant
nutrients and organic matter. Vinasse
contains high levels of organic matter,
potassium, calcium and moderate amounts
of nitrogen and phosphorus. Application of
vinasse is a common practice in sugarcane
cultivated areas and can fully substitute K
and partially P on crops fertilization (Gomez
and Rodriguez, 2000). The promotive effect
of potassium fertilization on growth, nutrient
status and fruiting of date palm were
emphasized by Bamiftah, 2000; Ezz et al.,
2010; Harhash and Abdel-Nasser, 2010; Al-
Obeed et al., 2013; Awad et al., 2014; EI-
Sadig et al., 2017; Elsayed et al., 2018 and
Al-Hajaj et al., 2020. They concluded that
using different forms of potassium
fertilization had a positive effect on fruit set
and yield as well as fruit quality.

Conclusion

On the light of the previous results, it could
be recommended that fertilized Zaghloul
date palm with potassium fertilization via
either vinasse or potassin spraying as well as
nano-potassium to get high yield with best
fruit quality. In addition, hasten advance the
fruit ripening.
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