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Abstract

This work was conducted through two successive seasons (2018 and 2019) on Grand Nain banana grown in a private
orchard located at El-Kalubia Governorate, Egypt to evaluate seaweed extract, selenium and glutamic acid effects on
vegetative growth, yield as well as physical and chemical properties of the fruits. Plants were sprayed four times (mid of
April, May, June and July) with glutamic acid at 50 or 100 ppm, seaweed extract at 0.05 or 0.1% and selenium at 50 or 100
ppm, as a single or combined applications. Treatments were very effective in stimulating all vegetative growth parameters,
bunch weight as well as physical and chemical fruit properties comparing with to the control treatment. A superior effect was
obtained with the foliar spray of seaweed extract, followed by glutamic acid and selenium. Spraying banana plants four times
with a mixture containing glutamic at 100 ppm + seaweed extract at 0.1%+ or selenium at 100 ppm recorded the best results

with reference to vegetative growth, bunch weight and fruit properties.
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1. Introduction

Several investigators reported that glutamic acid,
seaweed extract; selenium had a positive effect on the
yield of different plants and improved the physical
and chemical properties of the fruits.

Amino acids are important for the primary and
secondary metabolism of the plants. There are many
important compounds related to fruit quality and
production could be synthesized by amino acids. The
balance of the phenolic compounds is very
substantial for the composition of the fruit. The
asparagine amino acid and glutamate bind the carbon
and nitrogen cycles which are the two important
metabolic cycles of the plant, also have an effect on
both sugars and proteins [1, 2, 3]. The apparent
photorespiration which done by C? plants like mango
trees is inhibited by glycine as an amino acid; it
promotes the efficiency of photosynthesis with a
higher sugar content and yield [4].

Spraying Kite and Tommy Atkins mango trees
with amino acids (Tryptophan, methionine and
arginine) at 0.05 % improved the yield, fruit weight,
TSS and total sugars and reduced the total acidity
compared with the control treatment [5]. Spraying
El-Saidy date palms with three amino acids
(Tryptophan, methionine and arginine) enriched with
N,P, K, Mg, Zn, Fe, B and Mn at 0.1% three times
maximized the yield, bunch weight and both physical
and chemical properties of the fruits comparing with
the control [6].

Seaweed extracts include a large number of
organic and mineral compounds (micro and
macronutrients). A lot of compounds are presented in
these extracts such as phytohormones, indole acetic
acid (IAA), gibberllic acid, cytokines, abscisic acid
(ABA) and ethylene, complex organic compounds,
simple and complex sugars, special polysaccharides
(like alginates, laminarin and carragheenans),
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vitamins, enzymes, betaines, proteins and amino
acids, sterols [7]. Active compounds in seaweed
extracts biologically have an affirmative effect on
soil (effect on rhizosphere microbes, soil structure
and moisture relation), on plant growth (root
development and mineral absorption, photosynthesis
and shoot growth, vegetative propagation, crop yield)
and resistance to environmental stresses (alleviating
biotic and abiotic stress in crop plants) [8].

Prior studies detected that using seaweed extract
was very important in increasing growth and
productivity of fruit crops [9, 10, 11, 12, 13, 14].

Selenium as an element similar to sulphur is
considered an essential micro nutrient for human,
animals, and some species of microorganism. It has
many functions in the active site of a large number of
enzymes such as glutathione-peroxidase, as
anticancer and other physiological functions [15, 16].
A lower level of selenium in body is responsible for
high incidence of cancer and disease [17]. It also
impacts the nutrient balance in the plants [18].

Foliar sprays of selenium (Se) at 0.01 or 0.02 %
were very effective in enhancing the yield, bunch
weight as well as physical and chemical properties of
Zaghloul date palms fruits in compared to the check
treatment [19].

Several authors showed that selenium when used
either separately or combined with other amino acids,
positively increased the yield per plant. At the same
time improved the physical and chemical properties
of the fruits [4, 19, 20, 21, 22, 23].

This investigation aimed to study the effect of
glutamic acid, seaweed extract and selenium on yield
and fruit quality of Grand Nain banana plants.

2. Methods

This investigation was executed though the two
successive seasons of 2018 and 2019 on banana
Grand Nain cultivar grown in a private orchard
situated at EIl-Kalubia Governorate, Egypt to
investigate the effect of glutamic acid, seaweed
extract and selenium on vegetative growth, yield and
fruit physical and chemical properties.

For achieving the above goal, 27 holes each with
three plants were selected and devoted for this study.

° Glutamic  acid molecular formula
is: C5H9NO4

o Chemical composition of seaweed extract is
as follows:
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- Nutrients: 0.18% Nitrogen (N), 0.48%
Phosphorus (P,0s), 1.89% Potassium (K;0),
0.11% Calcium, 0.01% Magnesium, 0.13%
Sodium, 256.0 ppm Iron, 11.87 ppm Zinc,
15.62 ppm Copper, 13.12 ppm Manganese.
- Growth hormones: Cytokinine  Auxin,
Gibberelin (Trace).
The experiment was designed in randomized
complete block design and nine treatments were
carried out as follow:
Control (without application)
Glutamic acid at 50 ppm
Glutamic acid at 100 ppm
Seaweed extract at 0.05 %
Seaweed extract at 0.1 %
Selenium at 50 ppm
Selenium at 100 ppm
Glutamic acid at 50 ppm+ Seaweed extract at
0.05 %+ Selenium at 50 ppm
9. Glutamic acid at 100 ppm+ Seaweed extract at
0.1 %+ Selenium at 100 ppm
The spraying of the above treatments was carried out
four times per each season (mid of April, May, June
and July). Each treatment contained three replicates.
The following parameters were determined as follow:

N~ wNPE

1. Vegetative growth:

At bunch shooting stage: pseudostem height and
girth (cm) were measured, number of green leaves
per plant was counted and leaf area (cm?) was
measured.

2. Yield and fruit properties:

At harvest: bunch weight (kg), number of
hands/bunch, hand weight (kg) and number of
fingers/hand were determined.

Finger weight (gm), length and diameter of finger
(cm) were estimated.

Total soluble solids (TSS %), total acidity %
(expressed as mg malic acid /100 gm pulp) and total
sugars % were determined as the described method
[24].

Statistical Analysis:

All acquired data were classified and statistically
analyzed [25]. Means were identified using Rang test
at the 0.05 level [26].
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3. Results and Discussion
3.1. Vegetative growth

The results presented in Table (1) show that single
or mixed treatments was significantly responsible for
motivating the growth characters namely height and
growth of pseudostem, leaf area and number of green
leaves at bunch shooting of Grand Nain banana plants
in compared to the control treatment.

Increasing concentrations of glutamic acid,
seaweed extract and selenium in the study were
associated with the promotion. The maximum values
of pseudostem height (323.0 & 330.0 cm),
pseudostem girth (91.4 & 90.9 cm), leaf area (2.18
& 2.29 m?) and number of green leaves at bunch
shooting (13.6 & 14.0) were observed on the plants
received four sprays of a mixture containing glutamic

acid at 100 ppm+ seaweed extract at 0.1 %+ selenium
at 100 ppm, followed by a mixture containing
glutamic acid at 50 ppm+ seaweed extract at 0.05
%-+ selenium at 50 ppm in both experimental seasons,
while the control plants recorded the minimum values
in both seasons.

The effect of glutamic acid and seaweed extract
on stimulating growth characters could be due to their
essential actions on enhancing cell division and the
biosynthesis of organic foods [27, 28]. In this respect,
selenium was able to promote plant growth and
improve leaf area of Valencia orange and Zagloul
date palms [19, 20]. The results concerning the effect
of seaweed extract on growth characters are in
compact with the previous ones [9, 12].

Table 1 Effect of glutamic acid, seaweed extract and selenium sprays on pseudostem length, pseudostem girth,
leaf area and number of green leaves of Grand Nain banana plants during 2018 and 2019 seasons

Treatments Pseudostem length Pseudostem girth Leaf area (m?) Number of green
(cm) (cm) levels

Seasonl Season2 Seasonl Season?2 Seasonl Season2 Seasonl Season 2

Control 2680 g 2700i 7676 g 8040 f 166 g 176 e 1160 f 1276 f

Glutamic acid (GA) at 2740 f 2980 f 8086 e 8206 de 176 f 183 de 1240 d 13.20 e

50 ppm

Glutamic acid (GA) at 2810 e 3030 e 81.50 83.16 d 179 e 186 d 1253 cd 1340 d

100 ppm de

Seaweed extract (SWE) 2910 d 3070 d 8216 d 8566 c 1.87 d 198 ¢ 12,70 ¢ 1360 ¢

at 0.05%

Seaweed extract (SWE) 303.0 ¢ 3160 c 8500 c 88.00 b 192 ¢ 207 b 1320 b 1383 b

at 0.1%

Selenium (Se) at 50 2640 h 2760 h 7933 f 8053 f 166 ¢ 185 d 1190 e 1303 e

ppm

Selenium (Se) at 100 2690 g 280.0 g 80.33 ef 80.83 ef 168 g 182 de 1200 e 13.10 e

ppm

GA 50 ppm +SWE 3170b 3250 b 8916 b 8813 b 215 b 222 a 13.46 a 13.70

0.05+Se 50 ppm bc

GA 100 ppm +SWE 3230a 3300a 9140a 9096 a 2.18 a 229 a 1363 a 14.03 a

0.1+Se 100 ppm

LSD at 0.05 level 3.43 3.49 1.23 1.42 0.03 0.07 0.17 0.18

3.2. Yield and bunch parameters

It is illustrated by the obtained results in Table (2)
that the single or mixed treatments were significantly
accompanied with improving bunch weight, number
of hands/ bunch, hand weight and number of fingers/
hand comparing with the control. The heaviest bunch
weight was obtained from the mixed treatment of
glutamic acid at 100 ppm + seaweed extract at 0.1 %
+ selenium at 100 ppm which recorded 30.4 and 30.5
kg in the two seasons, respectively. Also, the same
treatment gave the height number of hands/ bunch
(13.6 & 13.43), hand weight (2.19 & 2.20 kg) and
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number of fingers/ hand (21.1 & 20.9) in both
seasons, respectively. Meanwhile, the control
treatment recorded the lowest bunch weight (21.6 &
23.7), number of hands/ bunch (11.86 & 12.00), hand
weight (1.69 & 1.77 kg) and number of fingers/ hand
(18.8 & 19.3) in the first and the second seasons,
respectively.

The effect of glutamic acid and selenium on
enhancing the biosynthesis of carbohydrates and
proteins, saving plant water balance, erectness of
leaves, photosynthesis activity and structure of xylem
vessels under high transpiration rates might be
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responsible for their effect on increasing bunch Valencia oranges, Zaghloul date palms and mango

weight. These results are in agreement with those trees.

observed before [22, 29, 30, 31, 32, 33, 34]. The results of amino acid are in harmony with the
The increment in yield due to selenium sprays findings previously on Flame seedless grapevines,

may be due to increasing finger weight and number Ewais and Figery Kelan mango trees and on Keitte

of fingers/ hand. These findings are in agreement mango trees, since the amino acids enhanced and

with the results obtained by many researchers [19, 20, increased the fruit yield parameters [36. 37, 38].

21, 35] who found that selenium increased fruit
weight and number of fruits per tree of Navel and

Table 2 Effect of glutamic acid, seaweed extract and selenium sprays on bunch weight, number of hands/bunch,
hand weight and number of fingers/ hand of Grand Nain banana plants during 2018 and 2019 seasons

Treatments Bunch weight (kg) Number of hands / Hand weight (kg) Number of fingers/
bunch hand
Seasonl Season?2 Seasonl Season2 Seasonl Season?2 Season Season 2
1
Control 2160 f 2370 f 1186 g 1200f 169e 177 d 18é8° 19.30 f
Glutamic acid (GA) at  »9q) |, 2876 15858 ¢ 1976 ¢ 193 b 195 ¢ 23 1966 def
50 ppm bc d
Glutamic acid (GA) at g3 ) 2850 cd 1296 ¢ 1290 ¢ 197 b 194 ¢ 1930 1980 de
100 ppm d
Seaweed extract (SWE) o685 ¢ 9780 d 1243 ¢ 2% 183cd 191 ¢ 2900 2006 cd
at 0.05 % de c
Seaweed extract (SWE) 28.86 20.20
Seaneed 2176 ¢ 40 1263d 128 ¢ 187¢ 191 ¢ : 20.30 be
2;';“'“ (Se) at 50 5,370 ¢ 2460 f 1220 f 1230 e 185cd 178 d 18é73 10.33 ef
2;';“'“ (Se) at 100 o35y ¢ 2620 e 1243 ¢ 1250d 181d 183 d 1%'23 10.63 def
GA 50 ppm +SWE 5943 |, 2950 b 1333 b 1320 b 216a 207 b 298 2070 ab
0.05+Se 50 ppm b

GA 100 ppm +SWE

0.1+Se 100 ppm 3043 a 3050a 1360 a 1343 a 2.19 a 220a 21.06 a 2090 a

LSD at 0.05 level 0.58 0.95 0.17 0.19 0.04 0.06 0.37 0.49

3.3. Fruit physical properties of glutamic acid at 50 ppm + seaweed extract at 0.05
The result in Table (3) show that spraying Grand % + selenium at 50 ppm, which recorded 89.1 and
Nain banana with glutamic acid at 50 or 100 ppm, 91.66 gm as finger weight, 21.3 and 20.96 cm as

seaweed extract at 0.05 or 0.1 % and selenium at 50 finger length, 4.3 and 4.4 cm as finger diameter in
or 100 ppm as single or mixed treatments, both experimental seasons, respectively. Meanwhile,
significantly had a positive effect on improving the control treatment recorded 79 and 86 gm as finger
finger weight, finger length and finger diameter weight, 19 and 20.2 cm as finger length, 3.20 and
compared with the control treatment. In this concern, 3.23 cm as finger diameter.

spraying seaweed extract at 0.1% was significantly The obtained results are in harmony with those
favorable than spraying glutamic acid at 100 ppm and cleared that amino acids treatment significantly
selenium at 100 ppm in both seasons of the study. increased fruit physical parameters compared with

Spraying mixture of glutamic acid at 100 ppm + the control [13, 22].
seaweed extract at 0.1 % and selenium at 100 ppm
gave the highest values of finger weight (91 & 95
gm), finger length (21.5 & 21.8 c¢cm) and finger
diameter (4.40 & 4.56 cm), followed by foliar spray
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Table 3 Effect of glutamic acid, seaweed extract and selenium sprays on fruit physical properties of Grand Nain

banana plants during 2018 and 2019 seasons

Treatments Finger weight (g) Finger length (cm) Finger diameter (cm)
Season 1 Season 2 Season 1 Season 2 Season 1 Season 2

Control 79.00 f 86.00 e 19.00 h 20.20 f 3.20 f 323 e

Glutamic acid (GA) at 50 88.33 bc 88.00 cd 20.26 e 20.53 e 3.60 cd 3.80 bc

ppm

Glutamic acid (GA) at 100 87.86 bc 89.00 ¢ 20.46 d 21.03 ¢ 383 b 396 b

ppm

Seaweed extract (SWE) at 86.70 cd 92.26 b 20.33 de 21.36 b 3.36 e 353 d

0.05 %

Seaweed extract (SWE) at 89.23 ab 92.66 b 21.03 ¢ 21.80 a 3.46 de 3.60 d

0.1%

Selenium (Se) at 50 ppm 83.33 e 86.00 e 19.26 ¢ 20.46 ef 3.50 cde 3.70 cd

Selenium (Se) at 100 ppm 85.00 de 86.66 de 19.50 f 20.70 de 3.63 ¢ 3.63 cd

GA 50 ppm +SWE 0.05+Se 50 89.13 ab 91.66 b 21.30 b 20.96 cd 430 a 440 a

ppm

GA 100 ppm +SWE 0.1+Se 100 91.00 a 95.00 a 21.50 a 21.80 a 4.40 a 456 a

ppm

LSD at 0.05 level 2.13 1.84 0.19 0.27 0.15 0.19

3.4. Fruit chemical properties

Considering total soluble solids (TSS%), results in
Table (4) show that spraying Grand Nain banana with
glutamic acid at 50 or 100 ppm, seaweed extract at
0.05 or 0.1 % and selenium at 50 or 100 ppm solely
or as mixed treatments, significantly improved fruit
quality in terms of increasing total soluble solids
(TSS%) and total sugars percentage compared with
the control treatment in both experimental seasons.

Spraying seaweed extract at 0.1% had a
favourable significant effect than spraying glutamic
acid at 100 ppm and selenium at 100 ppm on total
soluble solids and total sugars percentages in both
seasons.

Spraying mixture of glutamic acid at 100 ppm plus
seaweed extract at 0.1% and selenium at 100 ppm
gave the highest value of total soluble solids (19.2 &
19.3%) and total sugars (16.7 & 17%), followed by
spraying mixture of glutamic acid at 50 ppm +
seaweed at 0.05 % + selenium 50 ppm, which
recorded 18.76 & 18.76% as TSS and 16.50 & 16.60
% as total sugars % in the first and the second
seasons, respectively.

Unfavourable the total soluble solids recorded
16.1 and 16.36 %, also total sugars recorded 14.86
and 15.26 % with the untreated plants (control).
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As for total acidity, results in Table (4) clear that
spraying Grand Nain banana with glutamic acid at 50
or 100 ppm, seaweed extract at 0.05 or 0.1% and
selenium at 50 or 100 ppm as single treatment or in
mixture, decreased total acidity comparing with the
control in both experimental seasons.

The highest total acidity percentage was obtained
from the control which gave 0.14 and 0.15 % in the
first and second seasons, respectively. Meanwhile,
the lowest total acidity value was found due to the
foliar spray with selenium at 100 ppm (0.090 and
0.086 %) in both seasons, respectively. The present
results are in agreement with those obtained on
banana [13, 22].

Otherwise, the results of foliar spray of amino
acids are in harmony with the findings on grapes,
pistachio and mango trees, since the foliar application
of amino acids increased TSS %, total sugars
percentage and decreased fruit acidity [4, 39, 40].
Also the obtained results are in agreement with some
researches on selenium, since the it increased fruit
dimensions, total soluble solids of Zaghloul date
palms, Navel and Valencia oranges but decreased
total acidity percentage [19, 20, 35].
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Table 4 Effect of glutamic acid, seaweed extract and selenium sprays on fruit chemical properties of Grand Nain

banana plants during 2018 and 2019 seasons

Treatments TSS (%0) Total acidity (%) Total sugars (%0)
Season 1 Season 2 Season 1 Season 2 Season 1 Season 2

Control 16.13 h 16.36 h 0.143 a 0.150 a 14.86 e 15.26 f

Glutamic acid (GA) at 50 16.90 ef 17.03 f 0113 b 0113 b 15.63 d 1573 d

ppm

Glutamic acid (GA) at 100 17.20 e 17.63 d 0.116 b 0.110 bc 15.83 cd 1573 d

ppm

Seaweed extract (SWE) at 18.00 d 18.40 ¢ 0.110 b 0.103 cd 16.00 c 16.20 ¢

0.05%

Seaweed extract (SWE) at 18.40 ¢ 18.90 b 0.110 b 0.106 bc 16.30 b 16.40 bc

0.1%

Selenium (Se) at 50 ppm 16.40 gh 16.76 ¢ 0.093 cd 0.090 ef 15.63 d 15.43 ef

Selenium (Se) at 100 ppm 16.63 fg 17.33 e 0.090 d 0.086 f 15.66 d 15.60 de

GA 50 ppm +SWE 0.05+Se 50 18.76 b 18.76 b 0.100 c¢ 0.096 de 16.50 ab 16.60 b

ppm

GA 100 ppm +SWE 0.1+Se 100 19.20 a 19.33 a 0.100 c 0.096 de 16.70 a 17.00 a

ppm

LSD at 0.05 level 0.30 0.23 0.09 0.09 0.26 0.24

4. Conclusions

The superior results concerning vegetative growth,
yield as well as physical and chemical properties of
the fruits of banana Grand Nain cultivar were
obtained when a mixture containing glutamic acid at
100 ppm+ seaweed at 0.1 %+ selenium at 100 ppm
were sprayed four times (mid of April, May, June and

July).
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