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ABSTRACT

Intensely colored Zaghloul dates are demanded in the market. Most
fruits are consumed at the khalal stage. Growers are attempting to
acceleratee and improve color intensity before the rain season and are
after early marketing to obtain higher prices. The spray of ethephon alone
did not achieve their goals consistently. In this study, modified ethephon
formulations were used two weeks before harvest to enhance its
effectiveness either by using some enhancers or film-forming materials.
Ethephon at 1000 ppm in the presence of ethanol (2%, v/v) and glycerol
(1.5%, v/v) resulted in significantly higher anthocyanin content in the
fruit than the control or ethephon alone. The addition of urea at 100 mM
to the previous formulation caused even higher anthocyanin content in
the fruit in both seasons of study 1995, and 1996 seasons. The
application of either ethanol, urea, or glycerol alone did not result in any
significant increase in anthocyanin content when compared with the
control. The use of the film-forming chemicals, namely NU-Film 17 or
Dormant Spray along with ethephon resulted in a consistent trend of
higher anthocyanin content when compared with ethephon alone or the
control. This increase, however, was not statistically significant. Other
parameters such as TSS, acidity, fruit size and weight, and seed weight
were measured. The results proved that by' modifying ethephon
formulation, color development and intensity could be enhanced by
preharvest application.

Additional Index Words: anthocyanin, Ethrel, surfactants, khalal,
ethanol, glycerol, urea.

INTRODUCTION

Zaghloul dates are highly demanded in the market. This cultivar is
mainly consumed at the khalal stage. There is a trend of higher export to
the Arab market. The consumers look for fruits with greater color
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intensity and uniformity. Delaying harvest could result in more
anthocyanin in the fruit. However, farmers are forced to harvest their
dates before the rain season. Rain causes cracking, acceleration of the
rutab stage, and increasing the susceptibility to infection by pathogens.
Hence, it is really desired to accelerate color development and increase
its intensity and uniformity.

An ethylene-releasing compound, namely ethephon, has been used
to achieve these goals (BaJaket, 1988;EI-Hammady et aI., 1992). The
results of ethephon, however, were inconsistent and farmers complain
about the lack of effectiveness (Farag et aI., 1992). Ethephon applications
had to be accompanied with severe pruning in order to be able to enhance
ripening of Samany dates (Hussein et aI., 1993). Thus, many researchers
have been attempting to accelerate ripening of dates after harvest
(Khalifa et aI., 1975; Rouhani and Bassiri, 1977). It was found that due to
the hydrophilic nature of ethephon, its diffusion across the cuticle is very
slow (Farag, 1989) and its penetration across the cuticle could be
enhanced by changing its formulation (Farag and Palta, 1992). It was
also found that the use of a wetting agent along with the sprayed material
would result in increasing the contact angle and the reduces the surface
tension of the drops but may not increase the actual penetration across
the fruit cuticle (Farag, 1989). Furthermore, early application of ethephon
after fruit set resulted in a significant yield reduction (Maximos et aI,
1980; Mougheith and Hassaballa, 1979).

The objectives of this study were to accelerate color formation of
Zaghloul dates and increase its intensity by using a new formulation of
ethephon. This formulation aims at enhancing the effectiveness of
sprayed ethephon either through the actual penetration (Farag, 1989) or
forming a film on the fruit surface.

Materials and Methods:

Zaghloul date palm trees growing at Edko, Beheira were used in this
experiment. Trees were twenty years old, uniform, healthy, and growing
in sand loamy soil. On each tree, bunches at the southern part of the tree
were sprayed to the runoff using a hand sprayer on Sept. 15 and 16 in the
two consequetive seasons 1995, 1996 respectively. The study included
two separate experiments.

Experiment 1:

Treatments were: water, ethephon at 1000 ppm, ethanol (2%, v/v),
urea (lOO mM), glycerol (1.5%, v/v), the combination of ethephon at
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1000 ppm plus ethanol and glycerol at the same mentioned
concentrations, and ,finallythe combination of ethephon plus ethanol and
glycerol along with urea at the same above concentrations.

Experiment 2:

Film-forming materials along with ethephon were used. Treatments
included: the surfactant tergitol at 0.2%, v/v, ethephon at 1000 ppm, NU-
Film 17 plus tergitol, Dormant Spray at 0.2%, v/v; from Miller Chemical
& Fertilizers Corporation.; ethephon plus NU-Film 17 and tergitol,
ethephon plus Dormant Spray and tergitol. Concentrations when not
mentioned were the same as above.

F.ruits were harvested two weeks after spray by taking 15 strands
randomly from each harvested bunch. Ten fruits were randomly sampled
from the strands taken from each bunch. Thus, thirty fruits were used for
the determination of various parameters. After harvest, fruit weight (gm),
volume (cm3) and seed weight (gm) were determined. Total soluble
solids were measured by hand refractometer. Juice titratable acidity was
detected by titration against 0.1 N NaOH. The determination of
anthocyanin in fruits was done by the method of Fuleki and Francis
(1968). Three replications were used with each treatment in a completely
randomized design. One tree represented one replication. Analysis of
variance and the least significant difference for the means were obtained
by the Mstat statistical program.

Results and Discussion ,

Experiment 1:

The data indicated that the formulation of ethephon in the presence
of ethanol and glycerol caused a significant increase in anthocyanin
content of the fruit during 1995 season. Similar trend was obtained in
i 996 season but the difference was not statistically significant. The

-- addition of urea at very low concentration (100 mM) to the above
formulation caused a significant increase in anthocyanin content of the
fruit as campared with the control in both seasons. The difference
between the formulation of ethephon with and without urea was not
significant in terms of their effect on anthocyanin production (Table 1).

Furthermore, the single treatment with either ethephon, urea,
ethanol, or glycerol did not lesuit in a significant increase in anthocyanin
content of the fruit in both seasons as compared with the control.
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Titratable acidity of the fruit juice (Table 1) was not significantly
affected by any of the treatments when compared with the control during
both seasons.

With regard to total soluble solids of the juice, it was found that
ethephon treated fruits had higher TSS in the ITuitthan the control during
both seasons. The formulation containing ethephon plus ethanol and
glycerol in addition to urea also resulted in a significant increase in TSS
compared with the control. The same above formulation but in the
absence of urea caused a higher TSS than the control especially in the
second season. It could be noticed that the spray of urea alone had an
appreciable increase in the TSS values. Ethanol spray, however, did not
cause any significant change in TSS when compared with the control in
both seasons (Table 1).

In terms of fruit size, ethephon alone or in formulations caused a
reduction in this character at harvest compared with the control during
1996 season (Table 1). This reduction, however, was not significant
during the first season except with ethephon formulation containing
ethanol, glycerol, and urea. Moreover, the magnitude of this reduction
was negligible when compared with the control.

Similar trend was found with fruit weight. Ethephon alone or in a
formulation caused a slight reduction in fruit weight especially in the
second season. Furthermore, ethanol or urea or glycerol alone caused a
statistically significant reduction in ITuitweight and size in both seasons
compared with the control (Table 1).

Seed weight was not statistically different between ethephon
formulations and the control during the first season. However, ethephon
treatment in the presence of ethanol, glycerol, and urea caused a
significant reduction in seed weight during the second season when
compared with the control. Ethephon treatment was not consistent in its
effect on seed weight in both seasons. However, this reduction was
statistically significant during the first season (Table 1).

Experiment 2:

The data proved that the film-forming chemicals, namely NU-Film
or Dormant Spray, did not enhance anthocyanin production either alone
or when each of them was combined with ethephon as compared with the
control (the surfactant). This trend ofresukwas consistent during both
seasons of study. Meanwhile, ethephon in the presence oftergitol did not
result in significant increase in the amount of anthocyanin as compared.
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Table I. Some fruit characteristics of Zaghloul date palm fruits as influenced by various ethephon formulations

during 1995 and 1996 seasons.

Numbers under treatments means: 1, control; 2, ethephon+ethanol+glycerol; 3, ethephon+ethanol+glycerol+urea;

4, ethephon; 5, ethanol; 6, urea; 7, glycero1.

66

Treatments Anthocyanin Total Soluble Acidity Fruit Size Fruit Weight Seed Weight
Content Solids (%) (%) (cm3) (g) (g)

(mg/100 e:)
1995 1996 1995 1996 1995 1996 1995 1996 1995 1996 1995 1996

1 13.62 15.21 17.27 11.87 0.53 0.51 25.80 27.93 27.63 27.97 1.91 1.88

2 18.35 20.25 17.97 18.93 0.39 0.40 26.03 24.17 25.2 26.47 2.02 2.12

3 19.12 22.72 19.77 18.20 0.44 0.45 23.10 22.80 27.73 24.63 1.87 1.75

4 14.85 19.28 20.33 17.87 0.45 0.42 26.43 25.10 27.40 24.17 1.72 1.85

5 14.02 16.83 16.13 12.33 0.51 0.46 22.37 25.13 23.90 25.80 1.93 2.04

6 15.28 16.90 20.60 21.23 0.48 0.60 22.03 21.93 22.87 22.30 1.97 1.87

7 14.25 16.22 16.73 18.13 0.46 0.63 24.47 23.90 24.73 24.23 2.32 2.10

LSD at 2.32 5.56 1.46 2.82 0.21 0.13 0.67 0.93 1.27 0.87 0.16 0.09

(0.05)
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with tergitol during both seasons. The spray of ethephon in the
presence or absence of the surfactant did not make any difference with
regard to the amount of anthocyanin in the fruit (Table 2).

With regard to the total soluble solids (Table 2), their values were
similar for most treatments during both seasons. There was only a
significant increase in TSS by ethephon plus Dormant Spray treatment
during 1995 season only except the significant increases in TSS by
ethephon plus dormant Spray treatment in 1995 and by ethephon alone in
1996. Generally, ethephon alone or in combination with either of the film
forming materials gave higher TSS than the surfactant but the difference
was not statistically significant.

Titratable acidity, on the other hand, did not significantly vary
among the treatments in both seasons. Although there was a reduction in
acidity values due to spraying either ethephon plus NU-Film or plus
Dormant Spray when compared with the control but it was not
appreciable difference (Table 2).

The spray of ethephon alone or in combination with NU-Film lead
to a reduction in fruit size in both seasons when compared with the
control. However, fruits sprayed with ethephon plus tergitol had greater
fruit size than the control during both seasons. Dormant Spray treated
fruits had similar values of fruit size to the control in 1996 season.
However, NU-Film spray resulted in significantly lower fruit size than
the control in both seasons. The trend of results for fruit weight was
generally similar to that of fruit size during both seasons. There was only
a reduction in fruit weight caused by ethephon in the presence of NU-
Film during the second season when compared with the control.
Ethephon plus Dormant Spray, on the other hand, resulted in greater fruit
weight than the control during both seasons.

With regard to seed weight, values were similar for all treatments in
both seasons (Table 2).

This study proved that ethephon at 1000 ppm in the presence of
ethanol (2%, v/v) and glycerol (1.5%, v/v) enhances anthocyanin
production in the fruit as compared with the control or ethephon alone.
The addition of urea at 100mM to the previous formulation caused even
higher anthocyanin content in the fruit in both seasons of study. These
results agree with Farag, 1992, Farag and palta, 1992.Earlier application
of ethephon resulted in acceleration of anthocyanin formation but along
with fruit thinning (EI-Hamady et aI., 1983; EI-Hamady et aI., 1992;

67

- - - - --- -------



Abd-Alaal, et aI., 1983).Ethephon could be more effective on date palm
fruits with early applications after fruit set due to the reduced resistance
of the fruit cuticle to ethephon diffusion.

The application of ethephon is known to increase total soluble
solids contents (Khalifa et aI., 1975; Rouhani and Bassiri, 1977). This
conclusion agrees with our finding that ethephon alone or in formulation
increased the total soluble solids as compared with the control.

Preharvest application of ethephon was found to enhance ripening
and markedly increase the total soluble solids (Mougheith and
Hassaballa, 1979). Ethephon application was also found to improve fruit
quality (Maximos, 1980)

This study provided evidence that ethephon has the ability to
increase and accelerate anthocyanin content of date palm fruits when
applied in a modified formulation.
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Table 2. Some fruit characteristics of Zaghloul date palm fruits as influenced by ethephon in the presence of film-

forming compounds during 1995 and 1996 seasons.

Numbers under treatments mean: 1, Control; 2, ethephon; 3, NU-Film; 4, Dormant Spray; 5, ethephon+NU-Film

6, ethephon+Dormant Spray; 7, ethephon+Tergitol.
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Treatments Anthocyanin Total Soluble Acidity Fruit Size Fruit Weight Seed Weight
Content Solids (%) (%) (cm3) (g) (g)

(mg/IOOg)
1995 1996 1995 1996 1995 1996 1995

11996
1995

11996
1995

11996

1 15.20 16.86 17.53 16.73 0.57 0.58 25.80 24.67 24.53 25.93 1.86 1.78

2 14.02 15.40 17.80 21.47 0.57 0.48 19.27 21.00 18.10 21.27 2.90 2.09

3 16.46 15.80 17.33 19.73 0.42 0.53 19.50 16.67 14.87 16.43 1.87 1.80

4 17.37 16.92 15.40 18.73 0.50 0.47 23.43 24.17 22.18 17.49 2.08 2.06

5 17.70 18.90 18.83 17.93 0.50 0.52 17.20 19.73 26.37 20.97 2.10 1.98

6 15.62 17.62 20.60 18.53 0.44 0.55 26.40 24.80 27.03 27.40 2.00 2.13

7 14.26 16.30 15.93 17.73 0.58 0.49 27.57 27.30 27.33 27.03 1.91 1.80

LSD 3.13 5.56 2.38 2.16 0.38 0.18 0.92 1.23 2.30 1.23 1.12 1.34

(at 0.05)
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