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ABSTRACT

This study was conducted during the 2018/2019 and 2019/2020 seasons in a private orchard located
at Sohag governorate. To investigate the impact of soil potassium fertilization at 40, 60 and 80 % from
recommended rates and foliar spray with Nano-Chitosan-K at 500, 1000 and 1500 ppm, potassium chelate
at0.5,1and 1.5 % and potassium Sulphate at (0.5, 1 and 1.5 %) on growth, yield and fruit quality of William
banana. Results showed that treatments with soil potassium fertilization plus foliar spray with Nano-
Chitosan-K or potassium chelate significantly increased vegetative growth, nutritional status, yield and fruit
quality in William banana than other treatments. Application of soil potassium fertilization combined with
foliar application of potassium was preferable to using soil potassium to improve yield. Application of soil
potassium fertilization combined with foliar application with Nano-Chitosan-K was more effective than
potassium chelate and potassium sulfate. The best results for fruit chemical qualities were measured using

60% mineral k plus 1000 ppm Nano-Chitosan-K.
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INTRODUCTION

Banana is an important world crop. It is grown over
10 million hectares worldwide globally, estimated at 81.2
million metric tons per year, representing 40 % by weight of
all world trade in fruits.

In Egypt, the Banana is considered one of the most
important and popular fruit crops. The total fruiting area is
84205 feddans, with a total production of about 2105125-
ton fruits. Sohag governorate occupied the seventh position
in Egypt concerning the cultivated area of Banana. Also, the
fruiting area is 3000 feddans produced 52657 metric ton
fruits (according to Annual Reports of Statistics, 2020).

Potassium is an activator of many enzymes essential
for photosynthesis and respiration and enzymes that produce
starch and proteins (Bhandal and Malik, 1988). Potassium is
also involved in the osmotic potential of cells and the turgor
of guard cells that open and close stomata (Salisbury and
Ross, 1992). It has been noted that around 50-90 % of
applied fertilizer's potassium content is lost in the
environment and unabsorbed by plants, which cause great
economic losses (Solanki et al., 2015). Moreover, chemical
fertilizers have low use efficiency, which increases
production costs and results in pollution of the environment
(Wilson et al., 2008). Therefore, it could help use and test
other fertilizer methods to supply essential elements for
banana plant growth and productivity, keeping the soil
structure in good shape and the surrounding environment
clean. Nanotechnology has become a new method for the
development and application of new types of fertilizers. The
nano-term is from the Greek word meaning many small.
The word Nano equals the one-billionth part of a meter.
Particles with at least one dimension less than a hundred nm
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are known as nanoparticles (Thakkar et al., 2010). Nano-
fertilizers are nutrient carriers of Nano-dimensions ranging
from 30 to 40 nm and hold bountiful of nutrient ions
according to its high surface area and release it steadily and
slowly that proportional to tree needs (Subramanian et al.,
2015). Nano-fertilizers were classified into three groups
according to Kah et al. (2018): nanomaterials made of
micronutrients; nanomaterials made of macronutrients; and
nanomaterials used as carriers for macronutrients.
Nanoparticles of chitosan were recently used to bear ions of
nutrient elements and introduce them to plants. Recently,
Chitosan-based materials have been used to produce
nanoparticles able to efficiently supply plants with
chemicals and nutrients (Kah et al., 2013).

This study objective was to examine the impact of
soil potassium fertilization at 40, 60 and 80 % from
recommended rates in William banana plants and foliar
spray with Nano Chitosan-K at 500, 1000 and 1500 ppm,
potassium chelate at 0.5, 1 and 1.5 % and Potassium
Sulphate at 0.5, 1 and 1.5 % on growth, yield and fruit
quality of William banana.

MATERIALS AND METHODS

This research was performed during 2018/ 2019
(third ratoons) and 2019/ 2020 (fourth ratoons) on Williams
banana plants (Musa cavendishii) grown in a private banana
orchard situated at Awlad Salim village, Dar El-Salaam
district, Sohag Governorate. Soil is clay loam in texture and
well-drained with a water table (1) depth not less than two
meters. Williams banana plants are planted at 3.5 x 3.5
meters apart.


http://www.jssae.mans.edu.eg/
http://www.jpp.journals.ekb.eg/
http://www.jpp.journals.ekb.eg/
mailto:kkk9932001@yahoo.co.uk

Hussein, M. A. and M. R. Gad El- Kareem

To study the effect of using different rates of soil
potassium fertilization and foliar spray (Nano-Chitosan-K,
potassium chelate at and potassium Sulph ate) on growth,
nutritional status, yield, and fruit quality in Williams banana
plants. Thirty stools have nearly similar vigor chosen to do
this research. All selected plants got the same agricultural
practices like irrigation, fertilization, pest and disease
control programs are usually done in this location. Plants
were subjected to ten treatments; Each treatment was
replicated three times, one stool per each. Each stool
contained three plants for fruiting in the current season plus
three suckers for fruiting in the following one.

Table 1. Some physical and chemical properties of the
soil of the experimental site.

Soail property Value Soil property Value
Sand (%) 29.2 Total N (%) 0.08
Silt (%) :29.7 P (ppm, Olsen method) 7.0
. K (ppm, ammonium
0
Clay (%) 1411 acetate) 460.0
Texture Clay loam  Soluble Mg (meg/L.) :0.83
. Available Zn (EDTA
0, .
Organic matter (%) 151 extractable) (ppm): 1.6
Auvailable Fe (EDTA
0 .
CaC0s (%) 115 extractable) (ppm): 15
. . Auvailable Mn (EDTA |
pH (1:1 suspension)  7.75 extractable) (ppm): 123
i Auvailable Cu (EDTA
1 .
ECe (dS/m) 080 extractable) (ppm): 11

This experiment included ten treatments:

T1= 100 % of potassium sulphate recommended dose.
(Control).

T2= 80 % of potassium sulphate recommended dose + 500
ppm Nano-Chitosan-K.

T3=80 % of potassium sulphate recommended dose + 0.5%
potassium chelate.

T4=80 % of potassium sulphate recommended dose + 0.5%
potassium sulphate.

T5=60 % of potassium sulphate recommended dose +1000
ppm Nano-Chitosan-K.

T6= 60 % of potassium sulphate recommended dose + 1%
potassium chelate.

T7= 60 % of potassium sulphate recommended dose + 1%
potassium sulphate.

T8=40 % of potassium sulphate recommended dose +1500
ppm Nano-Chitosan-K.

T9=40 % of potassium sulphate recommended dose + 1.5%
potassium chelate.

T10= 40 % of potassium sulphate recommended dose +
1.5% potassium sulphate.

Potassium sulphate (48 % K20) was applied as a soil
application at the rate of 100% (1166 g/stool), 80% (932.8
g/stool), 60% (699.6 g/stool) and 40% (466.4 g/stool) at two
equal batches before bunch emergence and at bunch
development (middle of Sept.). while Nano-chitosan—-K
fertilizer, potassium chelate and potassium sulphate was
applied as a foliar application at three equal doses. These
treatments were used at three stages, at the last week of
March, before bunch emergence and bunch development
(middle of Sept.). Nano-chitosan—K fertilizer was from the
Genetic engineer department, Ain Shams University

Experimental design:

Experiments were performed using a randomized
complete block design (RCBD) with three replications, one
stool per each.

Various measurements:

Measurements of vegetative growth:

After the emergence of inflorescences at the
beginning of July for third and fourth ratoons, the following
growth characteristics were determined.

(1) Pseudostem height in (cm)was measured from the soil
surface up to the last emerged leaf petiole.

(2) Girth of pseudostem (cm) in the base, middle and top of
pseudostem was recorded then the average was
calculated.

(3) Number of green leaves per plant was recorded.

(4) Leaf area (m?) was recorded according to the following
equation.

L. A=0.67 (L x W) + 107.15 (Ahmed and Morsy, 1999),
which

L = Leaf length (cm) and W = Leaf width (cm).

(5) Assimilation area (m?) was calculated by multiplying the
average leaf area by the number of green leaves / plant.

Leaf mineral analysis:

Leaf samples were taken from the third upper leaf in the
descending leaves from the top of the plant after bunch shooting
in September in the two seasons. A sample of 10 x 10 (cm) area
from the middle part of the leaf blades, recommended by
Martin- Prevel (1977), was taken for mineral analysis. Leaf
samples were washed several times with tap water and distilled
water after they dipped in a 0.1 N HCI. Samples were oven-
dried at 60— 70 < C until constant weight and then ground using
an electric mill. The weight of 0.5 gram of the ground material
was digested using a mixture of perchloric acid: sulphuric acid
(1: 10) (v/v), according to Chapman& Parker (1961). The clear
digestion was quantitatively transferred to 100 ml volumetric
flask. In this solution, the following nutrients were determined:
(a) Total nitrogen was determined using the micro-kjeldahl

method as described by Black et al., (1965).

(b) Phosphorus was determined by using the method of
Chapman and Pratt (1975).

(c) Potassium was determined by using Flame photometer,
according to the method of Brown and Lilleland (1946).

(d) Magnesium was determined by versenate method
according to Wilde et al., (1985).

Measurements of yield and fruit quality:

The bunches both of third and fourth ratoons were
picked in the middle of November in the 2019 and 2020
seasons when the fingers reached the three-quarter stage.
Bunch weight in kg (before artificial ripening), and average
hand weight (g), were recorded.

Three hands were taken from the base, middle and
distal end of the bunch as a composite sample for the physical
and chemical determination. Then, the chosen hands were
wrapped with newspaper and arrested in closed wooden boxes
with a glass surface to achieve artificial ripening. After the
fingers ripened, the following physical determination were
performed:

1- The weight of the finger (in g.) was weighted by using
an analytical balance.

2- Fingers dimensions (width and length) (cm).

3- percentage of pulp weight = the pulp weight/ finger
weight x 100.
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A fresh composite sample was taken from pulp and
mixed using an electric blender, then the following
constituents were determined:

1- Percentage of total soluble solids by using a hand
refractometer.

2- Percentages of reducing and total sugars using Lane and
Eynon (1965) methods.

3- Percentages of total acidity (expressed as g. malic acid
per 100 g. pulp) by titration with 0.1 N sodium
hydroxide and using phenolphthalein as an indicator
AOAC (1995).

Statistical analysis:

The obtained data were statistically analyzed using
analysis of variance (Snedecor & Cochran, 1980); treatment
means were compared according to New LSD at 0.5 level
of probability.

RESULTS AND DISCUSSION

Results
Effect of Nano-chitosan — K, potassium chelate and
potassium sulphate fertilizers application on vegetative
growth of Williams banana plants.

Data in Table 2 and 3 indicate that all treatments
significantly enhanced pseudostem girth, pseudostem

height, the number of leaves, leaf length, leaf width, and leaf
area expected T9 in both seasons of the study compared to
control treatment. The highest values in this respect
correspond to T5 (60 % of Potassium Sulphate
recommended dose + 1000 ppm Nano-Chitosan-K) during
the two seasons of study, respectively. In addition, the T10
(40 % of Potassium Sulphate recommended dose + 1.5%
Potassium Sulphate) treatment significantly gave the lowest
values in two seasons, respectively.

Effect of Nano chitosan- K, potassium chelate and
Potassium Sulphate fertilizers application on bunch
weight (kg.) and Hand weight (kg.) of Williams banana
plants.

Data in table 3 show that T5 recorded the highest on
bunch weight and Hand weight in both seasons, followed by
T6. While T10 (40 % of Potassium Sulphate recommended
dose + 1.5% potassium Sulphate) treatment tabulated the
lowest values in that respect.

Table 2. Effect of Nano-chitosan — K, potassium chelate and potassium sulphate fertilizers application on vegetative

growth of Williams banana plants.

Pseudostem height(m)

Pseudostem girth (cm)

Number of green leaves Leaf length(cm)

Treatments 18/19 19/20 18/19 19/20 18/19 19/20 18/19 19/20
T 204 214 76.87 77.96 20.03 20.93 21726 20936
™ 2,62 275 88.40 87.50 2233 2550 22303 22226
K 2.39 245 83.83 85.46 2053 2366 22233 21776
T4 2.09 2.22 80.46 79.83 1873 21.83 21940 21053
5 2.80 2,89 9153 90.00 2433 27.66 22700 22666
T6 2.25 235 83.03 84.10 21.00 2283 22550  213.60
T7 214 2.35 81.50 80.86 2433 2213 22096 22016
T8 2,50 262 85.96 86.10 21.66 24.40 2450 22420
T9 1.97 1.93 73.03 71.23 19.30 20.23 21086  208.13
T10 187 2,07 65.60 64.33 17.80 19.06 207.80  207.00
New LS.D. at 5% 011 0.10 2.80 3.09 0.63 1.05 214 2.30

Table 3. Effect of Nano-chitosan — K, potassium chelate and potassium sulphate fertilizers application on some
vegetative growth, bunch weight and hand weight of Williams banana plants.

Treatments Leaf width(cm) Leaf area (m?) Bunch weight (kg.) Hand weight (kg.)
18/19 19/20 18/19 19/20 18/19 19/20 18/19 19/20
T1 68.06 70.60 0.98 1.04 20.36 20.90 177 177
T2 75.76 73.13 1.10 117 26.26 26.56 2.27 2.39
T3 71.36 74.00 1.04 115 22.70 22.73 1.96 197
T4 68.66 71.50 1.13 1.08 20.83 20.90 1.87 1.87
T5 77.33 78.63 1.19 121 28.56 27.90 2.83 2.78
T6 74.50 76.63 1.16 1.16 23.83 24.03 2.03 2.02
T7 66.43 69.53 0.93 1.01 19.93 19.83 1.93 1.92
T8 72.90 75.46 1.07 111 25.10 25.16 2.08 2.09
T9 70.40 72.23 1.01 1.08 21.80 21.90 1.83 1.83
T10 63.37 68.56 0.88 0.95 19.40 19.00 1.69 1.70
New L.S.D. at 5% 1.65 1.24 NS 0.001 0.99 1.15 0.14 0.12

Effect of Nano-chitosan — K, potassium chelate and
potassium sulphate fertilizers application on N, P, K and
Mg (%0) content in the leaf of Williams banana plants.
Results in table 4 indicate that N% significantly
increased in leaf by application of T5 (60 % of Potassium
Sulphate recommended dose + 1000 ppm Nano-Chitosan-
K) compared with other treatments in the two seasons of
study. While, Control significantly gave the lowest values in

two seasons, respectively of N% in leaf. Data also specified
that all Nano-K fertilizer, potassium chelate and potassium
sulphate treatments significantly increased N leaf compared
to control treatment in both seasons of study. As for P%,
Table 4 show that T5 (60 % of potassium sulphate
recommended dose + 1000 ppm Nano-Chitosan-K)
significantly increased P% in leaf compared with the other
studied treatments during both seasons of study. The
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obtained data showed that control treatment had the lowest
values during the two seasons. Data in the same table
indicate that T5 significantly increased values of K% in the
two experimental seasons. On the contrary, the lowest
values this respect were detected by T1 (Control) during
both seasons.

As for Mg%, Table 4 showed that T5 gave a
significant increase of Mg% in leaf compared with the other
studied treatments during both seasons of study.
Meanwhile, control treatment showed the lowest values
during both seasons.

Effect of Nano-chitosan — K, potassium chelate and
potassium sulphate fertilizers application on finger
physical characteristics of Williams banana plants.

The presented data Table 5 showed that T5 recorded
the highest finger weight in both seasons, respectively
followed by T6. While T10 in the first season and control
treatment in the second season recorded the lowest values in
this respect. Results in the same table pointed to the
superiority of T5 in the case of finger length and finger
width in both seasons of study. Data also revealed that all
Nano-Chitosan-K, potassium chelate and potassium
sulphate fertilizer treatments were significantly superior

than control treatment in finger physical characteristics
expected treatment with T10 (40 % of Potassium Sulphate
recommended dose + 1.5% Potassium Sulphate) during
both seasons of study.

Table 4. Effect of Nano-chitosan — K, potassium chelate
and potassium sulphate fertilizers application
on N, P, K and mg (%) content in leaf of
Williams banana plants.

Treatments N % P % K% Mg%
18/19 19720 18/19 19/20 18/19 18/19 19/20 18/19
1 186 170 017 016 198 196 029 029
2 239 221 036 035 287 283 052 054
T3 229 206 028 028 223 212 045 047
T4 208 188 024 024 247 209 037 038
T5 246 231 040 036 289 2.86 063 065
6 231 218 030 031 203 203 042 044
17 218 195 022 022 191 185 031 032
T8 233 220 032 034 265 258 048 050
T9 226 202 026 026 167 162 036 035
T10 107 181 020 020 180 174 034 033
'S\'OZWL'S'D' A 06 003 008 001 022 024 004 004

Table 5. Effect of Nano-chitosan — K, potassium chelate and potassium sulphate fertilizers application on finger
physical characteristics of Williams banana plants.

Treatments Finger weight (g) Finger length(cm) Finger width (cm.) Percentage of pulp
18/19 19/20 18/19 19/20 18/19 19/20 18/19 19/20
T1 95.83 92.56 16.02 16.19 95.83 92.56 16.02 16.19
T2 112.03 111.17 17.56 17.20 112.03 111.17 17.56 17.20
T3 101.43 101.23 16.77 16.79 101.43 101.23 16.77 16.79
T4 98.53 98.06 16.45 16.51 98.53 98.06 16.45 16.51
T5 125.33 125.07 18.02 17.56 125.33 125.07 18.02 17.56
T6 102.56 103.26 16.99 16.96 102.56 103.26 16.99 16.96
T7 99.63 98.96 16.64 16.67 99.63 98.96 16.64 16.67
T8 105.00 106.06 17.23 17.08 105.00 106.06 17.23 17.08
79 97.10 96.20 16.24 16.38 97.10 96.20 16.24 16.38
T10 94.40 94.96 15.65 15.90 94.40 94.96 15.65 15.90
New L.S.D. at 5% 3.23 3.46 0.21 0.18 3.23 3.46 0.21 0.18

Effect of Nano-chitosan — K, potassium chelate and
potassium sulphate fertilizers application on chemical
properties of Williams banana plants fingers.

Results in Table 6 show that T5 (60 % of potassium
sulphate recommended dose + 1000 ppm Nano-Chitosan-
K) recorded the highest increase of Total soluble solids %,
Total sugars % and Reducing sugars %. The lowest values
for total acidity during the two study seasons when
compared with the other treatments. In addition, it was
noticed that the effect of treatments of Nano-chitosan — K,

potassium chelate and potassium sulphate fertilizers
treatments led to a significant increase in TSS %, Total and
reducing sugars % and a significant decrease in total acidity
compared with control treatment expected treatment with
T10(40 % of potassium Sulphate recommended dose +
1.5% potassium sulphate). On the other hand, the control
treatment significantly gave the lowest values of Total
soluble solids %, Total and reducing sugars %. It gave the
highest total acidity values in the 2018/2019 and 2019/2020
seasons.

Table 6. Effect of Nano-chitosan — K, potassium chelate and potassium sulphate fertilizers application on chemical

properties of Williams banana plants fingers

Total soluble solids %

Total sugars %

Reducing sugars % Total acidity %

Treatments

18/19 19/20 18/19 19/20 18/19 19/20 18/19 19/20
T1 18.73 19.16 13.61 13.56 5.36 513 0.35 0.35
T2 20.33 20.70 17.13 17.03 6.60 6.50 0.25 0.22
T3 19.73 20.23 15.61 15.60 6.33 6.06 0.31 0.32
T4 19.23 19.76 13.98 14.07 6.10 5.86 0.31 0.30
T5 20.86 21.10 17.26 17.16 6.83 6.63 0.20 0.18
T6 19.83 20.33 16.66 16.56 6.40 6.20 0.29 0.28
T7 19.36 19.93 14.13 14.18 6.23 5.96 0.29 0.29
T8 20.10 20.53 16.90 16.80 6.53 6.36 0.20 0.18
T9 19.53 20.03 13.89 13.91 6.00 5.70 0.27 0.25
T10 19.03 19.50 13.78 13.79 5.76 5.53 0.28 0.27
New L.S.D. at 5% 0.27 0.27 0.24 0.29 0.21 0.18 0.001 0.001
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Discussion:

The positive effect of potassium application on
yield, fruits quality and leaf potassium content of Williams
banana plants are in line with those reported by Mengel
(1997). Potassium is critical in water relations and transport
and accumulation of sugars in the plant. With suitable K,
bananas increase in vigor and disease resistance, improve
fruit weight and increase the number of fingers per bunch,
as well as weight and diameter of the finger (Atim et al.,
2013 and Silva et al., 2013)

The interaction between different potassium levels
and Nano chitosan — K, potassium chelate and Potassium
Sulphate concentrations increased significantly all chemical
characteristics (Total soluble solids %, Total and reducing
sugars %) of Williams banana plants as compared to control
treatment in both seasons. These results agree with those
found by Ibrahim et al. (2019). They observed that the foliar
spraying treatments with Nano trace elements and/or Nano-
chitosan significantly affected TSS, acidity, and TSS/acid
ratio of Superior seedless grapevines. In addition, Gill et al.
(2012) showed the highest TSS with three foliar application
of K2SOs at 2% in Patharnakh pear., Similar results were
also obtained by (El-Sese et al., 1988); they mentioned that
TSS/acid ratio of "Thompson seedless” grapevines was
improved as K application-level increased. These results are
parallel with those reported that K enhances the
translocation of sugars and starch (Ramming et al., 1995).
The increase in TSS might be due to the hydrolyzation of
starch into simple sugars with the role of potassium in the
translocation of sugar from leaves to fruits (Kumaran et al.,
2019). In the same line, Chandrakumar et al., (2001)
reported improvement in the growth characters of Robusta
Banana due to increased K levels. Similar results were also
obtained by Baruah and Mohan (2001) on Banana. The
improvement in fruit weight and length may be attributed to
increased cell division and photosynthetic activities
(Kumaran et al., 2019).

Many researchers have extensively studied the
advantages of potassium in plant nutrition. Potassium is
considered a vital mineral nutrient for all protein synthesis
stages that contribute to all plant growth processes (Arquero
et al., 2006). In addition, it controls many enzyme activities
in plants by modulating the rate of photosynthesis and
increasing the rate of translocation from leaves through the
phloem to storage tissue, which leads to improve yield and
fruit quality (Saykhul et al., 2013). Furthermore, Southwick
et al. (1996) reported that the uptake of potassium
absorption from the foliar spray might be more predictable
and efficient than uptake from the soil, where soil-cation
interactions may delay the process.
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