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Abstract: The objective of the present study is to investigate the impact of spraying boric acid and/or calcium
nitrate on fruit set, yield and fruit of cv. Amhat date palm. The present study was carried out during 2011/2012
growing seasons. Palms were sprayed with boric acid at 250 and 500 ppm and calcium nitrate at 1 and 2% as
individual application or in a combination between boric acid and calcium nitrate concentrations treatments.
In general, results indicated that spraying date palm inflorescence with both boric acid and/or calcium nitrate
had a significant effect on fruit set, yield and fruit physical and chemical characteristics of Amhat date palm.
The superior treatment concerning yield and fruit quality was spraying boric acid at 500 ppm combined with
calcium nitrate at 2% in the two experimental seasons. 

Key words: Date palm  Fruit set  Yield  Fruit quality  Boric acid  Calcium nitrate 

INTRODUCTION synthesis, transport of sugars and carbohydrate

Date palm (Phoenix dactylifera L.) is concerned as important minerals determining the quality of fruit since it
one of the important crops in arid and semi-arid regions of is required for cell elongation and cell division [13]. Till
the world. Date palm is one of the ancient domestic fruit now, a little attention have been paid towards nutrient
trees in the Middle East countries and their fruits play an elements in particular Ca  for palm nutrition, especially
important role in the nutrition pattern of many people. It grown on sandy soil, except the addition of little manures
has always played an important role in the economic and at winter as a source of trace elements. Despite minor
social life of the people of these regions. The total elements affect greatly the physiological processes and
production of date fruits in Egypt is about 1.3 million tons play an important role in fruit retention of many fruit trees,
[1]. Spraying macro and micro nutrients had also as well as, improving the yield and fruit quality [2, 14, 15].
important role in fruit set, fruit retention and development In addition, calcium functions appeared as a cross-
and cause efficient yield and quality improvement [2]. linkage of the middle lamella, which binds cells together.
Impact of some macro and micro elements on date yields It is also needed in enzymatic reactions (such as in the
and fruit quality were reported by many investigators [3- reduction of No ), provides the balance of anions and
5]. In addition, many investigators mentioned the effect of cations in the plant and plays an important role in the
micro-nutrient in pollen grain germination and pollen tube stabilization of cell membranes [16].
growth in many plant species [6-8]. Boron has effect on The objective of the present study is to evaluate the
many functions of the plant such as hormone movement, effect of spraying boric acid and/or Calcium nitrate on
activate salt absorption, flowering and fruiting process fruit set, yield and fruit quality of cv. Amhat date palm.
and pollen germination specially its influences on the
directionality of pollen tube growth [6]. Boron seems to MATERIALS AND METHODS
play an important role in achieving satisfactory fruit set [7,
8, 9, 10]. Abd El-Fatah et al. [11] on “Costate” persimmon This study was carried out during two successive
found an increment in fruit weight due to foliar sprays of seasons (2011and 2012) on 40 years old cv. Amhat date
boric acid. Boron is involved in processes such as protein palm (Phoenix dactylifera L.) grown on clay soil at private

metabolism [12]. Calcium is conceder as one of the most
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orchard located in El-Badrashin, Giza Governorate, Egypt. Fruit Physical and Chemical Characteristics: Samples of
The  selected  palms  were  uniform of nearly equal size
and growth vigor. They were subjected to the normal
cultural practices. Pollination was carried out using the
same pollen grains source. The leaf bunch ratio was
maintained at 8:1. Twenty seven palms were selected and
divided into 9 treatments in three replicates (each is one
palm) and arranged in a randomized complete block
design. Palms were subjected for the following spraying
treatments:

Control (spraying palms with water only).
Boric acid at 250 ppm.
Boric acid at 500 ppm.
Calcium nitrate at 1%.
Calcium nitrate at 2%.
Boric  acid  at  250  ppm  mixed  with  calcium  nitrate
at 1%.
Boric  acid  at  250  ppm  mixed  with  calcium  nitrate
at 2%.
Boric  acid  at  500  ppm  mixed  with  calcium  nitrate
at 1%.
Boric  acid  at  500  ppm  mixed  with  calcium  nitrate
at 2%.

All treatments were replicated three times where each
palm inflorescence per each treatment was sprayed at full-
bloom with the solution till run off. The number of spathes
per palm was adjusted eight bunches by removing
earliest, latest and smallest inflorescence for each palm.
Fruit sample were collected at ripening stage. The
following determinations were carried out:

Fruit Set and Fruit Retention: Initial fruit set and fruit
retention percentages were evaluated one month after
pollination and at harvested time, respectively. Five
female strands per bunch were randomly selected from
each replicate. The number of fruit set was recorded and
then fruit set percentage and fruit retention was calculated
as the following equations:

No. of fruits setting on the strand
Fruit set (%) = --------------------------------------------

Total No. of flower per strand

No. of retained fruits
Fruit retention (%) = --------------------------------------------------------

No. of retained fruit+ No. of flower scars

Yield: yield was estimated as bunch weight for each
treatment

30 date fruits were randomly picked from each bunch of
each treated palm for determining the physical and
chemical properties as following:

Fruit Physical Characteristics: Fruits of each sample
were weighed (g) and measured as length (cm) and
diameter (cm) and then the flesh and seeds of the same
sample were separately weighed (g). Also fruits of each
sample were measured as volume (cm ) and calculated its3

specific gravity (g/cm ).3

Fruit Chemical Characteristics: Total soluble solids %
(TSS) in fruit juice was determined by hand refractometer.
Acidity was determined as malic acid percentage [17].
TSS/acid ratio was calculated for each sample.

Fruit Sugars and Tannins Content: Total sugars were
determined in the methanol extract using the phenol
sulphoric acid method and the percentage was calculated
on dry weight basis according to Dubois et al. [18].
Reducing sugars were determined in methanol extract
according to A.O.A.C. [19], while Non-reducing sugars
were calculated as the difference between total sugars and
reducing sugars. On the other hand, tannins content was
determined in fruits according to the official method
described by Winton and Winton [20].

Statistical Analysis: The obtained data were tabulated
and statistically tested for analysis of variance using
MSTAT-C) [21] and the significant differences among the
various treatments were compared using LSD values at
probability of 0.05 according to Waller and Duncan [22].

RESULTS AND DISCUSSION

Fruit Set and Fruit Retention: Regarding the percentages
of fruit set and fruit retention in response to Boric acid
and/or Calcium nitrate spraying treatments, it is evident
from the data presented in Fig. 1 that all studied
treatments resulted in significant increase in fruit set
percentage compared with the control in both
experimental seasons. On the other hand, Boric acid at
500 ppm either alone or in combination with  Calcium
nitrate at different concentrations gave the highest value
of fruit set % in both seasons. The best results
concerning fruit  set  %  were  obtained  by  spraying
boric  acid  at  500  ppm mixed  with  calcium  nitrate  at
2% (78 and 79% in the two seasons, respectively),
followed  by treatment  of  boric  acid  at  250  ppm   mixed
with  calcium  nitrate  2%  (75  and  76%  in  the  first  and
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Fig. 1a-b: Effect of calcium nitrate and boric acid sprays on setting of cv. Amhat date palm, (a) Fruit set (%), (b) Fruit
retention. Columns with different letters show significant differences at p= 0.05 using LSD.

second seasons, respectively) and boric acid at 500 ppm
mixed with calcium nitrate at 1% which gave the same
percentage. On the contrast, the lowest fruit set %
recorded by control (58 and 57.3% in the both seasons).

Regarding fruit retention %, data indicated that
spraying calcium nitrate at 1% or 2% increased fruit
retention percentage as compared with control treatment
in the two seasons. The highest fruit retention percentage
was obtained by spraying boric acid at 500 ppm combined
with calcium nitrate at 2% (56 and 56.67 in the two
seasons, respectively), followed by spraying boric acid at
250 ppm combined with calcium nitrate at 2% (54 and 55%
in both seasons). In the contrary, control treatment
recorded the lowest fruit retention % (38.9 and 39.6 in the
first and second seasons, respectively). 

The obtained results go in line with the findings of Fig. 2: Effect of calcium nitrate and boric acid sprays on
Abdel-Hafeez et al. [23] on Kelsey plum and Chaplin et al. yield as bunch weight of cv. Amhat date palm.
[24] on Italian prune. Taylor et al. [25] found that Columns with different letters show significant
increasing fruit set due to boron may attribute to its role differences at p= 0.05 using LSD.
in maintaining high pollen viability and germination. As
fruit retention results, it was agree with those obtained by calcium nitrate together in the same solution had a
Singh and Sant Ram [2], Babu et al. [14] and Khan et al. positive effect on increasing fruit set % and fruit retention
[15], Abd El-Mageed and Abd El-Fattah [26], Fawzia et al. %. This may be due to the improving effect of such
[27] and Abd El-Messih et al. [28], where they found that treatments on nutritional status of the palms which
fruit retention of many other fruit trees had been improved reflected on increasing fruit set and fruit retention. In this
under similar applications with calcium. A tentative respect, Qin [30] and Hassan [31] reported that the
explanation for the increased fruit removal force, due to improving fruit set could be explained as a result
calcium sprays may be due to improving the formation of increasing pollen grains germination and pollen tube
cellulose and lignin. These materials are required for elongation due to boron treatments. 
building plant structure or preventing the abscission layer
formation and consequently the reduction in pre-harvest Yield (Bunch Weight): Bunch weight as indication of
fruit drop [29]. On the other hand, from the above results, yield of cv. Amhat date palm as affected by boron and/or
it could  be  explain  that  the  presence  of boric  acid  and calcium spray is illustrated in Fig. 2. The results show that
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Fig. 3a-c: Effect of calcium nitrate and boric acid sprays on fruit dimension of cv. Amhat date palm. (a) Fruit length (cm)
(b) Fruit diameter (cm), (c) Fruit shape index. Columns with different letters show  significant  differences  at
p= 0.05 using LSD.

spraying B and/or Ca increased bunch weight as Also, it may attribute to the role of boron in enhancing
compared with the control in both growing seasons. The many metabolic processes such as carbohydrate transport
highest bunch weight was  recorded  from  spraying  boric [33, 34]. The present data are in agreement with those
acid at 500 ppm combined with calcium nitrate at 2% (19.3 obtained of Al-Hamoudi [35] on Barhee  date  palm. Etman
and 22.3Kg in the two seasons, respectively), followed by et al. [3], Atalla et al. [4], Desouky et al. [36] and Harhash
spraying boric acid at 250 ppm mixed with calcium nitrate and Abdel-Nasser [37] reported that K and B fertilization
at 2% (18 and 20.6Kg in the first and second seasons, increased yield of date palm. In this concern, boron has
respectively). The lowest bunch weight was obtained more effect than calcium in increasing fruit set and yield
from control palms which recorded 12 and 12.3Kg in both of date palm and both of Ca and B have a synergistic
experimental seasons, respectively. effect [38] considered to be essential for actively growing

Foliar sprays of boron at bloom stage for different region of plants such as bud development.
fruit crops at the critical periods of pollen formation,
germination and fertilization just prior to seed and fruit Fruit Physical Characteristics: The effect of different
set. Foliar applied with boron is rapidly absorbed by the foliar spray concentrations of boric acid and calcium
flowers, consequently help flower to have enough B to nitrate either alone or combined together on fruit
carry them through flowering and fruit set. Also, boron dimension  (cm)  and  fruit  shape  index  are  presented  in
increases flower production and retention, pollen tube Fig. 3. As regard to fruit length, all treatments increased
germination and elongation and fruit development [32]. significantly fruit length in the two studied seasons as
Increasing fruit yield due to boron and/or calcium spray compared with control. The highest significant fruit length
may  be  attributed  to  their  effect  an increasing fruit set. (4 and 4.1 cm)  was  obtained  by  spraying 500 ppm boric
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Fig. 4a-c: Effect of calcium nitrate and boric acid sprays on fruit heaviest of cv. Amhat date palm. (a) Fruit weight (gm),
(b) Fruit volume (cm ), (c) Fruit specific gravity. Columns with different letters show significant differences at3

p= 0.05 using LSD.

acid mixed with 2% calcium nitrate, followed by 250 ppm recorded  by  spraying  500  ppm  boric  acid  mixed with
boric acid combined with 2% calcium nitrate which 2%  calcium  nitrate,  followed  by  250  ppm  boric acid
recorded 3.9 and 4.03 cm in the first and second seasons, mixed  with  2%  calcium  nitrate  (10.53  and  10.33  g  in
respectively as compared with the lowest fruit length (3.1 both growing  seasons,  respectively).  In  the  contrary,
and 3.17 cm) which obtained by control in the two the lowest fruit weight (6.5 and 7.3 g in the first and
growing seasons, respectively. As fruit diameter, the second seasons, respectively) was recorded by control
highest fruit diameter (2.3 in the first season and 2.1 in the treatment.
second season) was obtained by spraying 500 ppm boric As  consider   to  fruit  volume,  the  highest  value
acid mixed with calcium nitrate at 2%. On the contrast the (10 cm ) was evidenced in the first season by spraying
lowest fruit diameter was recorded by untreated dates boric acid at 250 ppm mixed with calcium nitrate at 2%.
which recorded 1.76 and 1.87 cm in both seasons, Whereas, in the second season, the highest fruit volume
respectively. Regarding fruit shape index, treatments were (11 cm ) was recorded by spraying 500 ppm boric acid
not affected them significantly in the first seasons. mixed with 2% calcium nitrate. On contrast, control
Whereas in the second season, the highest fruit shape treatment recorded the lowest fruit volume (6.3 and 7.3
index (1.94) was cleared by spraying 500 ppm boric acid cm ) in the two studied seasons, respectively. Specific
combined with 2% calcium nitrate. gravity was affected significantly by different treatments

Fruit weight (g), fruit volume (cm ) and specific in the two experimental seasons. Specific gravity of dates3

gravity are existed in Fig. 4. All treatments increased ranged from 0.96 to 1.07 g/cm  in the first season and 0.98
significantly fruit weight as compared with control in the to 1.12 g/cm  in the second season. Flesh weight
two studied seasons. The highest significant fruit weight percentage and   seed   weight   percentage   are  showed
(10.67 and 10.87 g in the two seasons, respectively) was in  Fig. 5.

3

3

3

3

3
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Fig. 5a-b: Effect of calcium nitrate and boric acid sprays on fruit component of cv. Amhat date palm. (a) Flesh weight (%),
(b) Seed weight (%).Columns with different letters show significant differences at p= 0.05 using LSD.

Fig. 6a-c: Effect of calcium nitrate and boric acid sprays on fruit chemical characteristics of cv. Amhat date palm. (a) TSS
(%), (b) Acidity (%), (c) TSS/Acid ratio. Columns with different letters show significant differences at p= 0.05
using LSD.

The highest flesh weight % (86 and 86.4% in the two second seasons, respectively). On the other hand, the
studied seasons, respectively)was obtained by spraying highest seed weight % was obtained by control treatment
boric acid at 500 ppm combined with calcium nitrate at 2%, which recorded 20.8% in the first season and 19% in the
followed by spraying boric acid at 250 ppm combined with second season. Whereas, the lowest seed weight % (14
calcium nitrate at 2% (84.6 and 85.4% in the first and and  13  % in the two seasons, respectively) was recorded
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Fig. 7a-c: Effect of calcium nitrate and boric acid sprays on fruit chemical Contents of cv. Amhat date palm. (a) Reduced
sugars (%), (b) Non-reduced sugars (%), (c) Total sugars (%), (d) Tannins (%).Columns with different letters
show significant differences at p= 0.05 using LSD.

by spraying 500 ppm boric acid mixed with 2% calcium and 31.3 % in the first and second seasons, respectively.
nitrate. Increasing  fruit  physical  character  may be Regarding acidity, all treatments produced less acidic
attributed to the improvement of fruit growth and uptake fruits than the control. The least fruits acidity (0.39 and
of both Ca and/or B nutrients that accelerate metabolic 0.38% in the two studied seasons, respectively) was
processes. Similar finding were reported by Khayat et al. produced due to spraying 500 ppm boric acid combined
[10], Desouky et al. [36] Harhash and Abdel-Nasser [37] with 2% calcium nitrate. Whereas, the highest value of
and Shahin [39]. fruits acidity (0.45% in the first season and 0.46% in the

Fruit Chemical Characteristics: Fig. 6 explained fruit T.S.S/acid ratio, spraying 500 ppm boric acid mixed with
chemical Characteristics as TSS (%), acidity (%) and 2% calcium nitrate showed the highest ratio (88 and 90 in
TSS/acid ratio of Amhat date palm as affected by spraying both seasons, respectively) compared with the control
both boric acid and calcium nitrate separately or combined which recorded the lowest ratio (68.2 and 68.7 in the two
together. Combination of both boric acid and calcium studied seasons, respectively).Similar findings were
nitrate increased significantly T.S.S content except dates reported by Harhash and Abdel-Nasser [37], Desouky et
that treated with 250 ppm boric acid combined with 1% al. [36] and Shahin [39]. 
calcium nitrate as compared with control treatment in the
two growing seasons. Dates sprayed with 500 ppm boric Sugars and Tannins Contents: Data presented in Fig. 7
acid combined with 2% calcium nitrate gave the highest indicated that reducing sugars, non-reducing sugars, total
significant T.S.S content (34.3 and 34.7% in the first and sugars and tannins were significantly affected by different
second seasons, respectively). On contrast, the lowest treatments in the two experimental seasons. All
T.S.S % was observed at control fruit which recorded 30.6 combinations  between  boric   acid   and   calcium  nitrate

second season) was determined in the control palms. For
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increased reducing and non-reducing sugars percentage REFERENCES
in the two studied seasons compared to the control and
treatments of spraying boric acid and calcium nitrate
separately. Regarding reducing sugars, no significant
differences were observed among all combination
treatments of both boric acid and calcium nitrate. While,
there was a significant differences between the combined
treatments and the individual spraying with boric acid or
calcium  nitrate  including  the  control.  The  highest
value of reducing sugars in both studied seasons
(31.24%) was recorded by spray boric acid at 500 ppm
with calcium nitrate at both concentrations 1 and 2%. 

Concerning the non-reducing sugars, the highest
percentage (8.17 and 8.41 in the first and second seasons,
respectively) was detected by spraying boric acid at 500
ppm combined with calcium nitrate at 2%. Whereas, the
lowest percentage was observed at control palms since
reached 5.27% in the first season and 5.43 % in the
second one. As for total sugars content, results showed
that fruit content from total sugars was significantly
affected by different treatments. The highest total sugars
content (39.5 and 39.6 % in the two seasons, respectively)
was obtained by spraying 500 ppm boric acid combined
with 2% calcium nitrate, followed by 250 ppm boric acid
combined with 2% calcium nitrate ( 38.5 and 38.8 in the
first and second seasons, respectively). On the contrary,
the lowest total sugars content (32.74 and 32.90% in the
two seasons, respectively) was obtained in control.
Spraying boric acid and calcium separately or in
combination had no effect on tannins content in dates of
all treatments, but it significantly lower than control which
gave the highest value (0.73 and 0.75 mg/100g in the two
seasons, respectively). Hansch and Mendel [12] that
boron has a main role in many processes specially
transport of sugars and carbohydrate metabolism. 

CONCLUSIONS

Calcium and boron play an important role in fruit set,
fruit retention and development and cause efficient yield
and quality improvement. Our results revealed that
spraying Amhat date palm inflorescences with boric acid
and calcium nitrate as individual or in combination had a
positive effect on fruit set, yield and fruit quality.
However, it could be concluded that the promising
treatment is spraying boric acid at 500 ppm in combination
with calcium nitrate at 2% since it gave the highest values
concerning fruit set, fruit retention, bunch weight and fruit
physical and chemical characteristics.
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