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Abstract:

This research was conducted to study the effect of spraying with 0.5 mM Naphthalene acetic acid (NAA),
2.5 mM salicylic acid (SA), 1 mM aspartic acid (ASP) and 1 mM putrescine (PUT) alone or in combinations on
productivity and fruit quality of ‘Hayany’ date palm. Eight treatments were applied twice: at 30 days after complete
hand pollination (ACHP) and at start of Khalal (Bisr) stage (16 weeks, ACHP). The result showed that 1 mM PUT
treatment reduced fruit drops, especially in the kimri stage, and gave the highest fruit retention and palm yield.
Oppositely, 1 mM ASP caused a significant increase fruit drops in both kimri and bisr stages and a significant
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Keywords: reduction in palm yield compared the control and the other treatments. Moreover, spraying with 0.5 mM NAA or
Hayany Date Palm, Growth  the combination between ASP and SA induced an improvement in yield of palm compared to the control. Spraying
Regulators, . AmIno  with 1 mM PUT improved the weight of fruit, flesh, and seed as well as increase fruit size. The combined treatment
Compounds,  Fruit - Quality, wijth 0.5 mM NAA + 1 mM ASP caused a significant increase in the soluble sugars content. Furthermore, all
Rutability treatments produced a significant increase in the ascorbic acid content as compared to the control. In addition,

spraying date palm with 0.5 mM NAA alone or in combination with 2.5 mM SA or 1 mM ASP decreasing fruit
contents of anthocyanins, titratable acidity, total soluble solids, and a lack of rutability index. So, these NAA-
treatments led to maintaining fruit quality of ‘Hayany’ dates.

considerable fruit drops during the fruit development
season, with the maximum drop occurring at the
"Hababouk™" stage and the "Khalal" stage, according
to Ben Salah (2001) can range from 50-70%. ‘Hayany’
date cultivar, a dark brown color, is harvested and
consumed at the Rutab stage, when all cane sugar is
converted into invert or reducing sugars during
ripening, with a moisture content over 30%. ‘Hayany’
dates cultivar's short shelf life and small fruit size
hinder its marketing due to consumers seeking larger,
higher-quality fruits. Improving quality, reducing
drop fruits, and prolonging the khalal stage could
expand the cultivar's marketing potential.

1. Introduction

The date palm (Phoenix dactylifera L.) holds a
remarkable religious significance in all major
religions (Musselman, 2007). The palm tree grows
well in semiarid and arid regions (Mohamed et al.,
2014) of the Middle East and North Africa (Al-Khayri,
2001). Dates are the most popular fruit in the Middle
East, which conclude over 90% of the annual world's
date production (Ahmed, 1999); therefore, it is
considered an ideal crop for low-income countries.

Egypt is a top ten leading global producer of palm
date fruits, with a total production of 1.6 million tons
annually (FAO, 2021), with Zaghloul, Samany,
Hayany and Sewi being the most economically
significant cultivars (EIl-Badawy et al., 2018).
Although, the climate in Egypt is considered suitable
for palm trees to grow (El-Dengawy et al., 2018),
various stresses including drought, abrupt temperature

Foliar application of plant growth regulators and
micronutrients has led to improved source: sink ratio
and resulted in enhanced fruit set, growth, and overall
quality with reduced fruit drop percentage (Maurya et
al., 2020).

Salicylic acid (AS), a naturally phenolic

changes, high rainfall, heavy crop load and nutrient
deficiency or imbalance can cause fruits drop,
deteriorate fruit quality, and ultimately leads to lower
production (Racsko et al., 2007 and Robinson et al.,
2010). Additionally, an imbalance in auxin and
ethylene levels is believed to induce fruit drop (Wood,
2011).

The date palm cultivar ‘Hayany’ suffers from

substance in plants, regulates various physiological
and biochemical processes, including nitrogen
metabolism, photosynthesis, antioxidant defense,
proline metabolism, and plant-water relations (Khan
etal., 2012 and Hagagg et al., 2020). Additionally, SA
is beneficial for maintaining fruit firmness and
delaying fruit senescence by inhibiting ethylene
biosynthesis (Khademi and Ershadi, 2013). It was
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found that wusing salicylic acid at different
concentrations in olive, Valencia orange, and Sewy
date palm trees resulted in improvement of both
production and quality (Abd El-Razek et al., 2013;
Habasy, 2015 and Ahmed 2023). Naphthalene acetic
acid (NAA) is a synthetic auxin that reduces
preharvest fruit loss and enhances fruit softness (Yuan
and Li, 2008 and Li and Yuan, 2008). NAA was
observed to enhance date fruit size, weight, and delay
ripening (Maurya et al., 2020). Amino acids are
crucial cellular metabolites, building proteins and
playing various metabolic roles (Akladious and Abbas,
2013). Recent studies suggest that amino acids, as
biological stimulants, can enhance physiological
characteristics (Xu et al., 2018). putrescine (PUT) is
polyamine and considered as plant growth regulators
with multiple functions, it is implicated in many
processes of plant growth and development such as
cell division and DNA replication (Galston and Kaur-
Sawhney, 1988). PUT also is an anti-senescence, and
anti-stress agent (Ahmed et al., 2017) According to
Abo Sedera et al. (2010) and Akladious and Abbas
(2013) Aspartic acid is crucial for plant metabolism
and protein assimilation, enhancing fresh and dry
matter, increased plant growth, the contents of
anthocyanin, a-tocopherol, ascorbic acid and
enzymatic activities in strawberry and tomato
seedlings. The present study aims to reduce preharvest
fruit drop and improve the yield and fruit quality of
‘Hayany’ dates in response to foliar application of
NAA, SA, ASP and PUT.

2. Materials and Methods

The current study was conducted during the 2019
and 2020 seasons on 40 years old date palm (Phoenix
dactylifera L.) cv. Hayany cultivated on sandy soil
under furrow irrigation scheme at Kafer-Elbatikh
village in a private orchard at 10 Km west Damietta
Governorate, Egypt (Latitude: 31° 24' 59.99" N
Longitude: 31° 48' 59.99" E), to study the effect of
spraying the growth regulators (Naphthalene acetic
acid and Salicylic acid) and amino compounds
(Aspartic acid and putrescine) alone or in
combinations on date fruits dropping, palm
productivity, fruit quality and rutability. The trees
were generally subjected to cultural procedures in this
region. Twenty-Four palms were chosen in the similar
growth and load as uniformly as possible and arranged
in a randomized complete block design. All selected
palms were pollinated by the same source of pollen
grains and 8 bunches were left on each palm; therefore,
leaf/ bunch ratio was 8:1 (El-Salhy, 2001). Eight
spraying treatments were applied twice, at 30 days
after complete hand pollination (ACHP) and at start of
Khalal (Bisr) stage. Each treatment is replicated three
times (16 weeks, ACHP) with one palm in each
replicate. Two liters from spraying solution were used
for each one date palm and treatments were applied as
follows:

T1= Control, spraying the bunches and leaves with
water only.

T2= Spraying the bunches and leaves with 0.5 mM
NAA.

T3= Spraying the bunches and leaves with 2.5 mM SA.

T4= Spraying the bunches and leaves with 1.0
mMASP.

T5= Spraying the bunches and leaves with 1.0 mM
PUT.

T6= Spraying the bunches and leaves with 0.5 mM
NAA +2.5mM SA.

T7= Spraying the bunches and leaves with 0.5 mM
NAA + 1.0 mM ASP.

T8= Spraying the bunches and leaves with 2.5 mM SA
+ 1.0 mM ASP.

The studied measurements were conducted as follow:

2.1. Fruits drop percentage and yield
2.1.1.  Fruit drops (%)

One bunch was selected on each palm, and the
selected bunches were at the same direction of south—
west in all tested palms. Ten strands on each bunch
were chosen, labeled and the fruits setting were
counted on them at 3 times: 1) at the end of Hababouk
stage (one month after pollination), 2) at start of
Khalal (Bisr) stage and 3) at the harvest time, to
calculate the fruit drop percentage using the following
equations:

Kimri fruits drop (%) = [(Number of fruits
setting/strand (at end of Hababouk stage)) - (retained
fruits at start of Khalal stage)]/[(Number of fruits
setting/strand (at end of Hababouk stage))]x100

Khalal fruits drop (%) = [(Number of fruits
setting/strand (at start of Khalal stage))] - (retained
fruit at harvest time)] / [(Number of fruits
setting/strand (at end of Hababouk stage))] x 100.

Fruit Retention (%) = (Number of fruits at harvest
per strand / Number of setting fruits per strand) x 100.

2.1.2. Yield /palm (Kg/palm)

During the harvest period (October month) in
both seasons, the fruits of date palm bunches were
weighted and used to obtain the total yield/palm by Kg.

2.2. Fruit physical characteristics at the harvest
time

Fruit samples collected at full red color stage
(Khalal) during the first week of October in both
seasons. Forty fruits were randomly taken from all
bunches of each palm for measurements of the
physical and chemical characteristics including fruit
weight (g) and size (cm®), flesh weight (g) and seed

weight (g).

2.3. Fruit chemical characteristics at the harvest
time

2.3.1. Total anthocyanin content (mg\100g)

Certain weight (0.1 g) of fresh fruits skin was
taken then immersed in 10 ml of methanolic HCI (900
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ml absolute methanol + 10 ml concentrated HCI + 90
ml distilled water) and maintained in darkness bottle
for 48 hours. The absorbance of this extract was
measured at 532 nm using spectrophotometer Visible
Spectrophotometer  Machin ~ NEUUVO08). The
concentration of total anthocyanin content in the
extract was expressed as mg/100 g of fruit peel
(Rabino et al., (1977) by using the following equation:
Anthocyanin  (mg/100g) = [(extraction solution
volume x optical density) / (sample weight x 98.2 (E))
x100]. The (E) value for 1 % solution at 530 nm is
equal to 98.2.

2.3.2. Total soluble solid (TSS) %

It has been determined in fruit juice by using Carl-
Zeiss hand refractometer according to A.O.A.C
(2014).

2.3.3. Titratable acidity (TA) (%)

It was determined by titrating a 1.0 ml juice
sample with 0.01 N sodium hydroxide (NaOH), using
phenolphthalein (phph) as an indicator. The acidity
was expressed as a gram of malic acid in 100 ml juice
according to the method described in A.O.A.C (2014).

2.3.4. Ascorbic acid (AsA) content

Ascorbic acid content in fruit juice was
determined according to the procedure described by
Ranganna (1979) through the oxidation of ascorbic
acid with 2,6 Dichlorophenolindophenol dye and the
results were expressed as mg/100 ml juice.

2.3.5. Total soluble sugars content

It was determined in fruit flesh by the method
described by Dubois et al. (1956) in 70% ethanol
extract using the phenol sulfuric acid method. The
total sugars percentage in the sample solution was
calculated using the standard curve of different
concentrations of glucose solution. The concentration
was calculated and expressed as percentage of dry
weight.

2.4. Rutability index of dates on room temperature
(25+2°C & 75% RH)

To study the effect of the tested spray treatments
on the rutability behavior of healthy, flawless red
fruits. The fruits were placed in 3 transparent
perforated plastic bags for each treatment (20 fruits
per bag as a replicate), then packed into cartons and
placed under room conditions for 6 days. The number
of rutabed fruits for all treatments was recorded at
intervals of every two days. The rutability index was
calculated according to the equation of Bench et al.,
(1991) with some modification. Rutability Index (RI)
=(10xnl)+(9xn2)+... +(1 xn10) where nl, n2 ...
n10 = No. of rutab fruits on the first, second and
subsequent days, respectively. In the RI, maximum
value is given to the rutab fruits on the first day and
less to those rutabed later. The lowest value would be
for fruit rutabed on the 10" day. Therefore, the RI

emphasizes both the percentage of rutability and its
speed. A higher RI value denotes a higher percentage
and rate of rutability.

2.5. Statistical Analysis

The variance between the means of tested
treatments and the control were tested in randomized
complete block design according to method
substantive by Snedecor and Cochran (1989). The
gained data from both seasons were subject to analysis
of variance (ANOVA) using a Computer Software
program called CoStat. The treatment means were
compared by using Duncan’s multiple range tests at
probability of 0.05 according to Duncan (1965).

3. Results and discussion

The date palm cultivar ‘Hayany’ experiences
severe fruit drops throughout the season, with
maximum drop occurring during the "Hababouk™ and
"Khalal" stages. Its short shelf life and small size limit
its marketing appeal. Improving quality and
prolonging the khalal stage could expand its
marketing potential.

The obtained results from the present study for
two growing seasons 2019 and 2020 are recorded and
illustrated in several Tables and Figures, for study and
discussion the effect of spraying NAA, putrescine
(Put), salicylic acid (SA) and Aspartic acid (Asp) on
reducing fruit dropping and improving fruit quality of
‘Hayany’ dates before and during cold storage. This
was accomplished through various parameters on
fruits drop and yield, fruit physical characteristics and
physiological and biochemical parameters in the
current study were shown and discussed as follows:

3.1. Fruit drop percentage along growth season till
harvest

The data recorded in Table 1 and Fig. 1 show the
effect of spraying with growth regulators and aspartic
amino acid on the drop of ‘Hayany’ date fruits in the
two stages of Kimri and Bisr as the following:

Treatment with putrescine reduced the rate of
drop during the different stages, as well increased fruit
retention, where there are significant differences
between putrescine and the control, as well as the
other treatments. This finding is consistent with the
results of Tavakoli and Rahemi (2014), who indicated
that polyamine-treated fruit produced more fruit than
untreated fruit of date palm.

It turned out that the aspartic acid caused a
significant increase in the rate of fruit drop in the kimri
and bisr stages during the two seasons, as well as
decreased fruit retention, as there were significant
differences between the aspartic treatment and both
the control and the other of treatments. The results
showed also that the combined treatment between
salicylic and aspartic induced a reduction in the rate of
drop fruits, especially in the Bisr stage Thus, there was
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a significant difference between this treatment and the
control as well as the other treatments. While there are
no significant differences between it and the
putrescine treatment. The results also showed that
there are no significant differences between the other
treatments and the control on the drop rate during the
stages of fruit growth. The results in Table 5 revealed
significantly higher correlation between total fruit
drops and kimri drops (r=0.932) than bisr drop
(r=0.913) (Table 5). This is consistent with result of
Abd El-Kader et al. (2008) they observed an increase
in the percentage of fruit drops on ‘Zaghloul’ date
palms by foliar applying of NAA, and that the effect
of increasing was concentration dependent, the NAA

treatment at 20 ppm was close to control in both
seasons.

From these results, it is possible to use putrescine
to increase the fruit set rate and preserve the fruits
from dropping during the kimri and bisir stages. On
the other hand, aspartic acid can be used in the process
of chemically thinning fruits, as it works to increase
the rate of drop during the fruiting and ripening stages.
Polyamines such as "putrescine” are well- known
regulators of growth and differentiation (Bagni and
Torrigini, 1992), and compete directly with ethylene
for their common precursor S-adenosy-L-methionine
(SAM) (Valero et al., 2002, b).

Table 1. Effect of spraying some growth regulators and amino compounds on fruit drop, retention, and yield of

‘Hayany’ date palm during 2019 and 2020 seasons

Fruit drop (%) at

Fruit drop (%)

Retention fruit

Yield/palm (kg)

. Kimri stage at Bisr stage (%)

Spraying treatments Season
2019 2020 2019 2020 2019 2020 2019 2020

Water only (Control) 17.42b  18.99bcd 10.61b 7.82bc  71.97c  73.19bc 174.25d 187.84cd
2é?d r(n’\ll\/IAAI\;aphthaIene acetic 26.62a  20.10bcd  4.09bc  3.15bc 69.29c  76.75b 193.04bc 212.90b
2.5 mM Salicylic acid (SA) 16.42b  17.47cd 3.87c 9.13b 79.71b  73.40bc 182.18cd 204.89bc
1 mM aspartic acid (ASP) 29.95a  30.13a 17.75a 15.48a 52.30e  54.39d 134.94f 148.25e
1 mM putrescine (PUT) 7.09c 9.63e 7.01bc 5.36bc 85.90a 85.0la 245.84a 268.62a
0.5mMM NAA +25mM SA  14.57b  23.0abc 8.39bc 5.18bc 77.04b  71.82bc 155.36e 174.76d
0.5mM NAA +1 mM ASP 27.73a  25.67ab 10.68b 6.32bc  61.59d  68.01c 155.41e 186.14d
2.5mM SA + 1 mM ASP 12.59bc  12.27de 1.89¢c 1.92c 85.52a  85.81a 201.03b 208.71b

Means followed by the same letter (s) in the same column don’t significantly differ at 0.05 of probability according

to Duncan’s Multiple Range Test.

E=3Kimri and bisir fruit drop % &x® Retention of fruit (%)

Yield/palm (kg)
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Fig. 1. Effect of spraying treatments of Naphthalene acetic acid (NAA), Salicylic acid (SA), putrescine (PUT)
and their combination on kimri and bisir fruit drop%, fruit retention% and yield/palm (kg). Each value of two
season average represents the mean £SE of three replicates.

3.2. Yield/palm at harvest time

The results in Table 1 and Fig. 1 showed the effect
of spraying with some growth regulators and aspartic
amino acid on the yield of palm tree (kg)

The results demonstrated that spraying with
putrescine at a concentration of 1 mmol gave the
highest palm yield and was significantly superior to

the control and other studied treatments. Similar
results were detected by Hagagg et al. (2020),
putrescine at 15 ppm was applied throughout the
course of the two seasons to produce the highest yield
of olive fruits, also agrees with Ahmed et al. (2014)
and El-Badawy (2019). They found that applying
amino acids produced the heaviest fruits and the
highest yield on El-Saidy date palms and Canino
apricot respectively.
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In addition, spraying with naphthalene acetic acid
at a concentration of 0.5 mmol resulted in a
considerable increase in palm tree yield (kg)
compared to the control. These findings are analogous
to those of Harhash and Al-Obeid (2007), Nawaz et al.
(2011) and Jasim et al. (2018), they found that for
Barhee, shahl date palm cultivars and Kinnow
mandarin, foliar application of naphthalene acetic acid
(NAA) at different concentrations considerably
increased overall yields compared to controls.

On the other hand, spraying with aspartic amino
acid at a concentration of 1 mmol induced a significant
reduction in palm yield compared to the control and
the other the studied treatments, since it produced the
lowest yield over the study's two seasons (148.25—
134.94 kg/palm) for the palm tree respectively. The
reduction in palm yield may be attributed to the
increase in the percentage of fruits drops. Unlike
Abdelaziz et al. (2021), who found that applying
aspartic acids at 250 ppm alone or in combination with
vitamin B complex in superior grapevines
significantly improved yield in weight, bunch number,
and dimensions. It was noted that the effect on palm
yield varies depending on the interaction treatments
between growth regulators and aspartic amino acid, as
the spraying treatment containing salicylic acid and
naphthalene acetic acid led to a significant decrease in
palm yield compared with spraying with any of them
alone, while the interaction treatment including
aspartic acid and naphthalene acetic acid induced an
increase in palm yield compared to spraying with
aspartic amino acid alone.

The combination treatment containing aspartic
acid and salicylic acid was significantly superior in
date palm yield compared to both the control and
spraying with aspartic amino acid alone. Such result
may be referred to effect of SA on a range of diverse
physiological processes in plants such as,
photosynthesis, ethylene biosynthesis, fruit yield and
quality, where previous studies demonstrated that
foliar spraying of SA increased fruits yield (El-Tayeb,
2005 and Yildirim et al., 2008)

The obtained results cleared that spraying with

any of the naphthalene acetic acid, putrescine, or the
combination between aspartic acid and salicylic acid
led to an improvement in the date palm yield
compared to the control.

3.3. Effect of various growth regulators and amino
acids spraying treatments on fruit physical
properties at the harvest

The effects of some growth regulators and amino
compounds on the physical characteristics of date
fruits were recorded in Table 2.

The results showed that spraying with putrescine
at 1 mmol improved the fruit weight, fruit flesh weight,
fruit size, and seed weight compared to the control and
most of the other tested treatments, respectively, in the
two seasons These findings correspond with Ahmed et
al. (2014) who found that applying amino acids at 0.1%
to El-Saidy date palms boosted weight, dimensions,
pulp %, and pulp/seed ratio comparing to non-
application. Amino acids are responsible for
enhancing the biosynthesis of proteins, and natural
hormones such as IAA and ethylene and stimulating
cell division (Kewade et al., 2023). Also agrees with
Hagagg et al. (2020) who indicated that spraying
different concentrations of putrescine on olive trees
led to significant increases in fruit weight and pulp
weight compared to the control.

The combined treatment between aspartic acid
and naphthalene acetic acid induced a reduction in the
weight and size of the fruit, as well as the weight of
the fruit flesh, compared to the control, especially in
the first season of the study. It was noted that both
spraying treatments with naphthalene acetic acid or
salicylic acid, alone or combination, did not produce
significant differences in the studied physical
characteristics of the fruits compared to the control.
These findings correspond to some extent with Ahmed
et al. (2022) they found that application of chitosan
(Ch), calcium chloride (Ca) and salicylic acid (SA) on
'Khenizi' date palm decreased the fruits weight, length,
and width comparing with the control.

Table 2. Effect of spraying some growth regulators and amino compounds on fruit physical properties of ‘Hayany’

date palm at harvest time during 2019 and 2020 seasons

Fruit weight (g)

Flesh fruit weight

Fruit size (cm?®) Seed weight (g)

: ()]

Spraying treatments Season

2019 2020 2019 2020 2019 2020 2019 2020
Water only (Control) 21.06a 18.23bc  18.64ab 16.15bc 22.15¢ 17.62bc 2.39abc  2.02c
gé?d”(“,'\\l"AX;’phtha'e”e acelC  1g39n 19.65ab 16.32c 17.28a  21.15c 19.27ab 202 2.36abc
2.5mM Salicylic acid (SA)  22.12a 18.27bc ~ 19.73a  15.79c 25.30a 17.97abc 2.33abc  2.27bc
1 mM aspartic acid (ASP) 21.04a 16.82c 18.29b  14.83d 23.41b 16.03d 2.70a 2.09c
1 mM putrescine (PUT) 21.25a 19.8la 18.73ab  17.60a 24.04b 19.77a 2.48ab  2.28bc
0.5mM NAA +25mM SA 20.93a 19.57ab  18.44ab 17.06ab 23.78b 18.97ab 2.40abc 2.47a
0.5mM NAA +1mM ASP  18.78b 18.21bc 16.62c 16.10bc 18.47d 17.67bc 2.16bc  2.10c
2.5mM SA + 1 mM ASP 18.94b 19.11ab  16.45c  16.96ab 21.89c  18.90ab 2.37abc  2.15bc

Means followed by the same letter (s) in the same column don’t significantly differ at 0.05 of probability according

to Duncan’s Multiple Range Test.
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3.4. biochemical characteristics of date fruits at the
harvest time

The data in Table 3 showed the effects of spraying
with growth regulators and aspartic amino acid on the
biochemical properties of date fruits at harvest.

Regarding the anthocyanin content in the fruit
peel of ‘Hayany’ dates at harvest, all of the tested
treatments, which include spraying with naphthalene

acetic acid, salicylic acid, and aspartic acid alone or in
combination and also spraying with putrescine,
induced a significant reduction in the anthocyanin
content of the fruit peels compared to the control. This
can be explained by the fact that the treatments caused
a delay in fruit ripening compared to the control,
which had the highest values for anthocyanins in both
seasons of the study.

Table 3. Effect of spraying some growth regulators and amino compounds on biochemical characteristics of
‘Hayany’ date palm fruits at harvest time during 2019 and 2020 seasons

Total anthocyanin

Titratable acidity

Total soluble Total soluble

Ascorbic acid

o -1 1o o (mg/100ml
Spraying treatments content (mg/100g) (%) solid (%) sugars (%0) juice)
Season

2019 2020 2019 2020 2019 2020 2019 2020 2019 _ 2020
Water only (Control) 22.02a  20.84a 0.860a 0.806a 28.53c 26.93b 31.12bc 32.07bc 4.63c  7.73d
0.5 mM Naphthalene 15704 1556hc 0.581c  0503d  26.66d 24.40d 20.94e  23.39F  5.60bc  8.64bc
acetic acid (NAA)
é5A)mM Salicylic acid 17 41 15.08b  0.603bc 0650 29.10b 26.40bc 26.05d 28.00de 6.200  8.4dbcd
1 mM aspartic acid (ASP)  17.07bc  14.77bc  0.670b  0.614bc 29.53a 28.40a 30.42bc 32.3%c 8.40a 10.37a
1 mM putrescine (PUT) ~ 16.18cd  15.44bc  0.637bc  0.614bc  29.80a 26.27bc 29.63c  30.63bc 7.00ab  9.25ab
gﬁ MM NAA +25 MM 15864  13.95c  058lc  0480d 2467 2253 3254b  33.67b  7.00ab 8.77hc
%ngM NAA + 1 MM 1195  1087d  0.603bc 0525cd 25.60d 2573cd 39.17a 38.17a 8.00a 8.87b
25mMSA+1mMASP  17.01bc 1521bc  0.670b 0.547cd 26.00d 24.93d 24.01d 2554  6.40b  7.95cd

Means followed by the same letter (s) in the same column don’t significantly differ at 0.05 of probability according

to Duncan’s Multiple Range Test.

It is also noted in Table 3 that the combination
treatment between the salicylic acid and naphthalene
acetic acid was exhibited the highest delay for fruit
ripening, as it gave the lowest content of anthocyanins
in the fruit peel. It was also noted that spraying with
naphthalene acetic acid alone or in combination with
salicylic acid and aspartic acid boosted the same trend
as for anthocyanin content in fruit peel compared to
the control and other treatments.

The same trend was observed in the effect of
treatments on the titratable acidity of dates palm at
harvest time, where the highest percentage of acidity
was detected in the control treatment with an average
0.83% and the lowest value was obtained by the
naphthalene acetic acid treatment alone or combined
with salicylic acid or aspartic amino acid, with an
average of (0.48-0.69%), (0.84-0.60 %), respectively

The results also showed that the highest content
of total soluble solids was detected from spraying with
aspartic acid, followed by spraying with putrescine
and the untreated (control) treatment. While the fruits
resulting from spraying with naphthalene acetic acid
or its combination with salicylic acid or aspartic acid
showed a significant reduction total soluble solid
compared to the control and other treatments, except

for the combination of salicylic acid with aspartic acid.

The present data revealed significant positive
correlation between TSS and titratable acidity (r=
0.638) (Table 5).

The obtained results are consistent with Jasim et

al. (2018), where the control and salicylic acid
treatments recorded the highest percentage of fruits
acidity in the Barhee date palms. Also, Aboutalebi and
Mohammadi (2015) reported that when treated Zahedi
cultivar of date palm by naphthalene acetic acid
resulted in considerably reduced TSS compared to the
control.

As for the effect of spraying with growth
regulators and aspartic acid on the soluble sugars
content of fruits (Table 3), the results showed that the
combination treatment of NAA plus aspartic acid
showed a significant increase in the soluble sugars
content of fruits compared to the control or applying
any of them individually. Otherwise, spraying either
NAA or salicylic acid alone gave significantly lower
values of the soluble sugars content compared to the
combination of them and the control. The results
indicated a highly significant correlation between
Total soluble sugar and the yield per palm (r= - 0.356)
and bisri drops (r=0.458) (Table 5). These findings
are in the same line with results of Abd El-Kader et al.,
(2008) who reported that total soluble solids and sugar
content in ‘Zaghloul’ dates were significantly higher
under spraying NAA at 40 or 50 ppm on ‘Zaghloul’
date bunches after two weeks from pollination time
comparing to the control. Also, results of Wang et al.,
(2018) indicated that 10 mg/L naphthalene acetic acid
(NAA) can obviously improve the fruit soluble solid
and the content of sugar in Ziziphus jujube fruits.

Regarding the effect of spraying with growth
regulators and aspartic acid on the ascorbic acid
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content of fruits, the results demonstrated that all the
studied treatments induced a significant increase in the
ascorbic acid content of fruits compared to the control,
and the highest content was detected by spraying with
aspartic acid. These findings are congruent with
Nawaz et al. (2008), who reported that using NAA
treatment significantly increased ascorbic acid on
Kinnow mandarin trees. As reported by Asadi et al.
(2013) polyamines may increase vitamin C (ascorbic
acid) content. Ascorbic acid content showed a highly
negative correlation with fruit weight (r=0.465), fruit
volume (r=0.616), and TA (r=0.95) and highly
positive correlation with total fruit drops (r=0.380)
(Table 5). Karlidag et al. (2009) reported that salicylic
acid (SA) treatments positively affect ascorbic acid
(AA) content in strawberry fruits.

Looking at the results regarding the chemical
contents of the fruits at harvest time, the treatments
spraying with naphthalene acetic acid alone or
combined with salicylic acid or aspartic acid led to a
delay in the ripening of the fruits compared to the
control and other treatments, which is represented by
areduction in the fruit content of anthocyanins, acidity,
and total soluble solids. It is like the results of Amiri
et al. (2021) use of salicylic acid in maintaining
postharvest quality and prolonging the shelf life of
oranges. And Tavakoli and Rahemi (2014) found that
polyamines reduced TSS and delayed fruit maturity by
at least 17 days on dates palm.

3.5. Rutability index (RI) of the fruits on the room
condition (25+2°C & 75% RH)

The results of effect of some growth regulators
and aspartic amino acid on the rutability behavior of
healthy, flawless red fruits at intervals of every two
days during 6-days shelf-life period on the room
condition were recorded in Table 4.

All the studied treatments except spraying with
salicylic acid at a concentration of 2.5 mM (Table 4)
led to a significant reduction in the percentage of fruit
rutability compared to the control during all studied
shelf-life periods. Both of control treatment and
spraying with salicylic acid alone (SA) produced the
highest percentages of fruit rutability, the control
treatment recorded 24.6, 37.1 and 40.8%, while SA
recorded 22.1, 34.6 and 43.8% after 2, 4 and 6 shelf-
life days, respectively. A higher RI value denotes a
higher percentage and rate of rutability.

The two spraying treatments with aspartic acid or
putrescine at a concentration of 1.0 mM achieved
intermediate percentages of fruit rutability between
the control and spraying with salicylic alone and the
other tested treatments. The spraying treatment with
aspartic acid recorded average percentages of fruit
rutability of 13.8, 21.5 and 35%, while spraying with
putrescine recorded 7.9, 20.0 and 35.4 after 2, 4 and 6
Shelf-life days, respectively.

Table 4. Effect of spraying some growth regulators and amino compounds on the rutability behavior of ‘Hayany’
date palm fruits at 3 periods of shelf life on the room condition during 2019 and 2020 seasons

Fruit rutability %

Intervals of shelf life (days)

Rutability index

Spraying treatments 2 4 6
Season

2019 2020 2019 2020 2019 2020 2019 2020
Water only (Control) 30.0a 19.7a 48.3a 25.8a 51.7a 30.0b 109.3a 64.5a
0.5 mM Naphthalene acetic acid (NAA) 8.3cd 4.7d 11.7d 6.7c 15.0d 8.3e 28.0e  15.7d
2.5 mM Salicylic acid (SA) 23.3ab 20.8a 36.7b  32.5a 50.0a 37.5a 93.0b 66.3a
1 mM aspartic acid (ASP) 16.7bc 10.8b 25.0bc 16.7b 46.7ab 30.0b 83.0bc 62.6a
1 mM putrescine (PUT) 8.3cd  7.5bc 25.0bc  15.0b 43.3b 27.5b 76.0c  46.2b
0.5mM NAA +2.5mM SA 6.7cd 3.3d 11.7d  8.3c 16.7d 13.3d 27.3e  19.5d
0.5mM NAA +1 mM ASP 6.7cd  8.3bc 15.0cd 16.7b 25.0c 22.5¢ 443d 33.7c
2.5mM SA + 1 mM ASP 5.0d 9.7bc 18.3cd 26.7a 25.0c 30.0b 47.3d  52.0b

Means followed by the same letter (s) in the same column don’t significantly differ at 0.05 of probability according

to Duncan’s Multiple Range Test.

On the other side. The results in Table 4 showed
that the spray treatment with NAA at a concentration
of 0.5 mmol alone or in combination with salicylic
acid or aspartic acid caused significantly lower
percentages of fruit rutability compared to the control
and most of the other tested treatments. The spray
treatment with NAA alone recorded the lowest
percentages of fruit rutability, especially after 4 and 6
days of shelf life (8.7 and 11.7%, respectively). Such
result agreed with Al-Qurashi and Awad (2011), they
reported that the application of NAA on 'Barhee' date
palm significantly decreased fruit ripening, as

measured by rutab percentage, compared to control.

Regarding the rutability index, the control
treatment was significantly superior to all the studied
treatments except for spraying with salicylic acid
alone, where it recorded an average rutability index of
86.5. On the contrary, the spray treatment with NAA
alone or in combination with salicylic acid led to a
significant reduction in the rutability index (21.8%
and 23.4%, respectively) compared to the other
studied treatments. Rutability index showed high
significant positive correlation with TSS r=0.71), TA
(0.64) and fruit weight (0.830) (Table 5).
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Table 5. The personal correlations between the different variables of ‘Hayany’ dates palm as affected by spraying
with some growth regulators and amino compounds at harvest time in both 2019 and 2020 seasons

Kimri Bisr  Total Retent'ion Yield/ Fryit Flgsh Se_ed Fruit Antr_locy TA Tss Total Asco_rbic Rutab 2 Rutab 4 Rutab6 Rutability
Drop Drop  Drop Fruit palm Weight Weight Weight Volume  anins sugars Acid Day Day

Kimr iDrop

Bisr Drop 555"

Total Drop 9327 819

RetentionFruit -.920™ -.804™ -.985™

Yield/palm - 713" -577" -744™ 763"

Free-weight  -.382"™ -.049 -285" .293" 071

Flesh Weight -.398™ -.087 -313" .313" 096 .972*

Seed Weight  -117 111 -.032 .063 -059 .554™ 343"

Fruit Volume -.364" -.076 -.284 .288" .023 .861" .853™ .419™

anthocyanins  -.273  .097 -.146 163 024 295" 299" 120 .344"

Acidity -137 270 .023 -034 -190 .333" .336" .138 A77TT 610™

TSS -004 .387" .166 -177 -084 .184 207 -001 .384™ 341 .638™

Total sugars 299" 458" .406™ -411™ -356" -.120 -126 -.037 -301" -337" -.027 -.062

Ascorbic Acid .384™ 282 .388™ -382" -135 -465" -486™ -138 -.616™ -501" -.595" -343" 345"

Rutab2Day .003 300" .133 -140 -189 .237 270 -.010 196 570" 583" 509" -.026 -.299"

Rutab4Day -225 173 -.080 .082 -026 .319" 352" .029 .283 587 559" .546™ -.064 -366° .875™

Rutab6Day -179 .389™ .046 -059 -.063 425" 443" 128 408" 475" 582" 739"  .028 -.288" 739" .844™

ﬁ]"g:fmty -149 401" 072 -087 -121 .383™ 400" .112 .368" 578" 642" 731" .004 -.340° 788" .865™ .970™

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed).

4. Conclusions

From the previous results, it could be concluded
that the 1 mM putrescine treatment reduced the rate of
fruit drops, especially in the kimri stage, produced the
highest fruit retention, palm yield and induced an
improvement in the average fruit weight, fruit flesh
weight, fruit size, and seed weight compared to the
control and most of the other tested treatments. On
contrary, 1 mM aspartic acid significantly increased
the fruit drops in the kimri and bisr stages, a
significantly reduction in palm yield and induced the
highest content of total soluble solids compared to
both the control and the other of treatments. Applying
0.5 mM naphthalene acetic acid alone or in
combination with 2.5 mM salicylic acid or 1 mM
aspartic acid led to a delay in fruit ripening compared
to the control and other treatments. In addition,
spraying with 0.5 mM Naphthalene acetic acid alone
or in combination with 2.5 mM salicylic acid delayed
rutability percentage compared to control and other
treatments and these treatments helps in prolonging
the marketing season of ‘Hayany’ dates.
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