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ABSTRACT: Date palms were pollinated by hand, hand duster and motorized duster. Pollen for the hand and motorized
dusters was diluted with wheat flour each at 1:5, 1:7, 1:9 and 1:14 ratios. Fruit samples were collected during
‘Hababook’, ‘Kimri’, ‘Bisir’, ‘Rutab’, and ‘Tamr’ stages. Chemical and physical characteristics were determined in the
laboratory. The motorized duster produced lower fruit set than the hand duster. No significant effect of pollination
method on yield was observed. None of the physical or chemical differences that appeared during the same stage of fruit
development proved to be an indicator of maturity. During ‘Kimri’, more fruits with higher pectin (late maturing) were
produced by the motorized duster than those produced by hand pollination and hand duster. But the motorized duster
produced fruits with larger volume (i.e. ‘Rutab’ and ‘Tamr”) than those of hand pollination. However, the reduction in
acidity between ‘Bisir’ and ‘Rutab’ and in volume between ‘Rutab’ and ‘Tamr’ clearly indicated early maturity of the
hand-pollinated fruits. The reduction in acidity between ‘Rutab’ and ‘Tamr’ indicated that hand-pollinated fruits ripen at
a slower rate than the fruits of mechanized pollination at any of the pollen to flour ratios. The latter case could be
attributed to the conversion of the acids to the dark pigmentation of ‘Tamr’. The lowest pollen:flour ratio (1:14)
produced the lowest yield, moderate fruit set and highest dry matter, whereas the highest ratio (1:5) produced a lower
sucrose and dry matter and higher yield.
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he date palm is the most important fruit tree in the

Arab world. Total world production in 1992
reached 3.4 million tons, of which 73.3% came from
Arab countries (FAO, 1993). In the Sultanate of Oman
dates are staple food and the palm has a special place in
Omani traditions. It occupies 44.2% of the total cropped
area (MAF, 1994). The dioecious nature of the date
palm necessitates the transfer of pollen from the male
spadix to the female spadix. Date palms are naturally
wind pollinated. However, this method is inefficient and
economically unfeasible (Clor et al., 1974). Hand
pollination has been practiced for centuries in Babylonia,
it is well described in the Humorabi Laws and in the
ancient Egyptian scripts (Al-Bakr, 1972). In this method
the pollinator climbs the tree and places a certain number
of male strands in each female spadix. As not all of
these spadixes open at the same time, climbing the tree
must be repeated. Besides being subjected to thorn
stings, the pollinator will not be able to pollinate more
than 3-5 palms per hour or approximately 1000 palms
during the whole season.

The first attempt to mechanically pollinate the date
palm was reported in India by Bonavia (1885) who
applied pollen by pressing a rubber bulb to push pollen
through a pipe. That was followed by Monceiro (1952)
and Alexander (1952). Since then different methods
have been developed. Ground-level dusters, including
bloom and palm dusters were used in the USA by Brown
and Perkins (1969), Brown et al. (1970), Perkins ez al.
(1972) and Perkins and Burkner (1973). Mechanical
pollination was also intensively investigated in Iraq by
Shabana et al. (1985, 1986); Mawlood et al. (1986);
Ghalib et al. (1987) and Ibrahim (1988). This research
concentrated on investigating the effect of different
methods of pollination on physical characteristics of the
date fruit. In general the above studies suggested that
mechanical pollination increased labor efficiency,
produced comparable yield and lower fruit set, required
more pollen and offered greater returns compared to hand
pollination.  Results of several experiments showed
consistent trends in the changes that occurred in the
chemical composition of different date cultivars through
the four major developmental stages of date fruit
development (Basha er al., 1988; Coggins and Knap,
1969; Hussein er al., 1976; Sakri et al., 1975; Buchaev
et al., 1987; Sawaya et al., 1982; Ahmed and Ahmed,
1995; ElMardi ef al., 1998). These results showed that
moisture, acidity, pectin and tannin continued to decrease
as the fruit developed from ‘Kimri’ to ‘Bisir’ to ‘Rutab’,
with a minimum content in ‘Tamr’. On the other hand,
total sugars and reducing sugars continued to increase
from one stage to the next. However, sucrose increased
in the case of dry dates and decreased in soft dates. The
present experiment was intended to study the effect of
pollination method and pollen concentration on chemical

and physical characteristics of the developing fruit of
cultivar Fard.

Materials and Methods

Cultivar Fard, which is considered the main date
cultivar in the packing industry of the Sultanate of
Oman was selected for this experiment during the 1993
season. This was mainly because all the developmental
stages are completed while the fruit is still intact on the
tree. Medium height palms (7-8 m) in Nizwa Waliyat
were randomly selected in a factorial experiment with 4
replicates. The pollination methods used were: 1)
involving the insertion of 3 male strands of Khori
cultivar in to the female spadix. The distil end of the
pollinated spadixes were then tied by palm fronds; 2) A
hand pollen duster, consisting of a small piston pump
connected to a reservoir and mounted on an aluminum
frame, was used to push pollen through tubing by
compression. The pollen was released via a spring
connected to a piston; and 3) A motorized pollen duster
was also used. This consisted of a small air
compressor, operated by a two-stroke gasoline engine,
a 10l pressurized air storage tank, a spray gun, and
plastic piping. A hand valve was used to release the
pressurized air containing the pollen.

Pollen for the two mechanical methods was mixed
with wheat flour (grade 1) in ratios of 1:5, 1:7, 1:9 and
1:14. The mixture of pollen and flour was released 4
times on each spadix. Early and late appearing spadixes
were pollinated at weekly intervals, middle season
spadixes were pollinated twice a week. This was
necessary because they were bigger in size and they
tended to open at a faster rate than early and late
spadixes.

Fruit samples were collected to represent the five
developmental stages: 1) ‘Hababook’ - small, rounded,
light green fruits collected 4 weeks after pollination; 2)
‘Kimri’ - hard, elongated, dark green fruits collected 9
weeks after pollination; 3) ‘Bisir’ - hard, elongated,
reddish-orange fruits collected 15 weeks after pollination;
4) ‘Rutab’ - partially soft, reddish-brown fruits collected
20 weeks after pollination; and 5) ‘Tamr’ - hard brown
fruits collected 25 weeks after pollination.

Samples were immediately placed on ice until
processing. Physical characteristics assessed were bunch
weight and yield per bunch, number of fruits, fruit
volume, and fresh and dry weight. Chemical
characteristics determined were dry matter, total sugars,
reducing sugar content, sucrose and pectin content and
acidity level. Dry matter, total sugars, reducing sugars
and sucrose percentages were determined using published
procedures (AOAC, 1984). Pectin was analyzed
according to Less (1977) and titrable acidity according to
AOAC (1975 and 1984). Results for sugars, pectin, and
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TABLE 1

Effect of pollination method on physical and chemical changes during development stage of Fard dates.

Kimri Bisir Rutab Tamr
Treatment Number Pectin Acid Moisture Acid ie:liglot;l Volume Volume ;Rleg’;;::;z Yield Sucrose
of fruits (%) (%) (%) (%) (%) (ml) (ml) (%) (kg/tree) (%)

dus“"“te’drp"”e“ 26.63 2.80b 251b  49.68b 1.84a 26.7 9.68bc 7.97ab 17.7 41185 2.5%

TR 16.75bc 1.75b 3.81a 48.63b 0.71c 81.4 9.75ab 7.3Tb 24.4 68.50a 6.60a
pollination
Moo 21.12b 3.54a 2.63b 55.58a 1.39 47.1 10.86a 8.55a 21.3 43.75b 3.29b

_pollen duster

Numbers in the same column followed by the same letter are not significantly different (P < 0.05).

acidity were expressed on a dry weight basis. Volume of
fruit was determined by water displacement. Data were
statistically analyzed using analysis of variance with LSD
values being calculated for comparison of means.

Results and Discussion

The effects of pollination method on the physical
and chemical characteristics of date fruits are shown in
Table 1. It can be seen that the hand duster produced
more fruits per strand (27 fruits) than the motorized
duster (21 fruits) and the hand pollination method (17
fruits). The low percentage of fruit set obtained by the
motorized duster was probably a result of a large
amount of pollen being blown away from the target.
Perkins and Burkner (1973) and Vis er al. (1971)
obtained higher fruit set with hand pollination than
mechanical pollination. They concluded that the closer
the pollen outlet of the mechanical method to the
target, the greater the fruit set. On the other hand, El-
Kassas (1986) observed no significant differences in
fruit set and yield obtained by a mechanical method and
that obtained by hand pollination. Mawlood et al.
(1986) reported greater fruit set at one experimental
site by hand dusting than by hand pollination, but no
difference was observed between tractor-trailed and
hand carried pollen dusters. However, in the other two
locations used, they did not observe a significant
difference among the three methods of pollination.
The above results reveal that other factors may
influence the efficiency of mechanical pollination,
including weather, physiological condition of the palms
and their arrangement and spacing.

Pectin in ‘Kimri’ produced by the motorized
duster (3.54%) was significantly higher than that
produced by the hand duster (2.89%) and by hand
pollination (1.75%). Acidity in ‘Bisir’ produced by
the motorized duster (2.63%) and the hand duster
(2.51%) was significantly lower than in that produced
by hand pollination (3.81%). Therefore, when pectin is
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considered as an indicator of maturity during ‘Kimri’ it
appears that the motorized duster fruits were maturing
at a slower rate than those produced by the hand
duster. But when acidity during ‘Bisir’ is considered
as the indicator of maturity, the motorized duster fruits
were maturing at a faster rate than those of hand
pollination. The lower the concentrations of pectin and
acidity the more mature the fruits (Ahmed and Ahmed,
1995; Buchaev et al., 1987; Sawaya et al. 1982).
Consequently, the conflicting results of pectin and
acidity in the fruits of the motorized duster during
‘Kimri’and ‘Bisir’ indicate their unsuitability as
maturity indicators. However, following the changes
which may occur in the same compound or physical
character while the fruit is developing from one stage
to the other can provide a more accurate measure of
fruit maturation. This situation can be demonstrated by
the reduction in fruit acidity and volume that occurred
between ‘Bisir’ and ‘Rutab’ and ‘Rutab’ and ‘Tamr’,
respectively. The data in Table 1 shows that the
percent reduction in acidity in ‘Rutab’ produced by
hand pollination (81.4%) was greater than that
produced by the motorized duster (47%) and by the
hand duster (26.7%). A similar pattern was obtained
for the reduction in the fruit volume: hand pollination
(24.4%), motorized duster (21.3%), and hand duster
(17.7%). These results indicate that fruits produced by
hand pollination were maturing at a faster rate than
those produced by the motorized and hand dusters.

The effect of pollen dilution on the physical and
chemical characteristics of the fruit is shown in Table
2. This shows that the pollen to flour ratios of 1:7 and
1:9 produced a larger number of fruits per strand than
hand pollination and the other pollen ratios. Despite
the low number of fruits produced by hand pollination
(Table 2) this method produced the highest yield (68.5
kg/tree). Furthermore, a comparison between the 1:14
and 1:5 ratios of pollen to flour, which produced the
same number of fruits (21 fruits), revealed that the
higher pollen to flour ratio produced the greater yield
(29 and 43 kg, respectively). The general trend of the
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TABLE 2

Effect of pollen to flour ratio on physical and chemical changes during development stages of Fard dates.

Kimri Bisir Tamr

Pollen: flour . Sucrose Reducing Dry matter Acid Pectin Yield

s %) sugars (%) ) & ) Kgtree

125 21.12b 1.88c 36.56ab 25.30bc 0.05a 0.94a 42.87Tb

17 27.75a 5.34a 34.37b 28.35ab 0.43ab 0.63bc 48.37b

1:9 25.75a 2.02b 38.71a 24.63bc 0.34bc 0.43c 49.75b

1:14 20.87b 2.40b 32.05b 29.87a 0.52a 0.77ab 28.87c

Hand pollination 16.75bc 1.45¢ 41.13a 23.60bc 0.54a 0.73ab 68.50a

Numbers followed by the same letter in each column are not significantly different (P < 0.05).

data indicates that a 1:14 pollen to flour ratio produced highest dry matter (30%). The highest pollen

the lowest yield (29 kg/tree) and moderate quantities of
fruit (21 fruits per strand), but these fruit had the
strand, and 25% dry matter, respectively). Significant
differences in chemical constituents of the fruits
showed that during °Bisir’, hand pollination and a
pollen to flour ratio of 1:5 produced fruits that were
low in sucrose and dry matter and the highest in
reducing sugars, indicating earlier maturation. The
increase in reducing sugars that coincided with a
reduction in sucrose is probably a result of the activity
of invertase enzymes. These fruits however produced
the highest acid and pectin concentration during
‘Tamr’, an indication of late ripening.

The interaction effects between pollen dilution and
method of pollination on the physical characteristics of
date fruits are shown in Table 3. There was no
significant difference in the number of fruits during
‘Hababook’ and fruit volume during ‘Tamr’ produced by
any of the four pollen concentrations applied by hand and
motorized dusters compared with those produced by hand
pollination. However, during ‘Kimri’ the hand duster
with the four pollen concentrations developed
significantly more fruits than hand pollination except at
the 1:5 pollen concentration. During ‘Kimri’ the hand
duster produced the greater number of fruits than the
motorized duster when both applied 1:14 pollen to flour

concentration (1:5) produced moderate yield, quantity
and dry matter percentage of fruits (43 kg, 21 fruits per
ratio. But no significant difference in the number of
fruits was observed when both dusters were operated at
1:5, 1:7 and 1:9 ratios. Such results suggest that higher
pollen concentrations are not necessarily producing a
higher percentage fruit set than the low pollen
concentrations. This confirms the results of Vis ez al.
(1971) and Ghalib ez al. (1987). Furthermore, the results
of fruit set indicate that the hand duster is more efficient
than the motorized duster if a low pollen concentration
(1:14) is used. The lower fruit number produced by the
motorized duster is probably a result of wind blowing the
pollen off target. Variation in the pressure as a result of
the long distance between the pollen source and the
pollen exit and the difficulty in directing the pipe opening
into the female spadix were probably contributory
factors. There was a 41.6 and 8.30 % increase in fruit
set during the period between ‘Hababook’ and ‘Kimri’
when the hand and motorized dusters, respectively,
applied a 1:14 pollen to flour ratio. However, hand
pollination caused a reduction of 21.1% in fruit set
during the same period. This fruit drop was associated
with a slightly larger number of fruits during
‘Hababook’ than that obtained by the hand and
motorized dusters with a 1:14 pollen concentration. This

TABLE 3

Interaction effect between pollination method and pollen to flour ratio on physical characteristics of Fard dates during

developmental stages.

Hababook Kimri Tamr
Treatment (Pollen:flour) Fruits/ Fruits/ Percent Change Volume Fruit Fresh Yield/ Tree  Average Bunch
Strand Strand in Fruit Set (ml) Weight (g) (kg) Wt (kg)
Hand pollination 21.25abc 16.75¢cd -21.1 9.75a 7.85b 68.50a 7.210
Hand duster (1:5) 24.00ab 25.52abc 5.2 9.87a 9.15b 45.00abc 3.750
Hand duster (1:7) 27.75a 28.25a 2.0 10.00a 8.70b 50.50abc 5.050
Hand duster (1:9) 26.50a 27.50a 4.0 10.00a 8.71b 41.25abc 3.750
Hand duster (1:14) 18.00bc 25.50ab 41.8 8.87a 7.60b 28.00c 3.500
Motorized duster (1:5) 17.50bc 17.00bcd 2.8 10.75a 8.92b 40.75abc 4.178
Motorized duster (1:7) 22.25ab 27.25a 23.0 11.12a 8.82b 46.25abc 4.743
Motorized duster (1:9) 15.00c 24.00abcd 60.0 10.75a 8.60b 58.25ab 5.178
Motorized duster (1:14) 15.00c 16.25d 8.3 10.82a 10.95a 29.75bc 3.840

Numbers followed by the same letter in each column are not significantly different (P < 0.05).
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* TABLE 4

Effect of interaction pollination method and pollen to flour ratio on chemical constituent of date fruit.

Hababook Kimri Tamr

Treatment (Pollen:flour) Fruits/ Fruits/ Percent Change Volume Fruit Fresh ~ Yield/ Tree  Average Bunch

Strand Strand in Fruit Set (ml) Weight (g) (kg) Wt (kg)

21.25abc 16.75cd 21.1 9.75a 7.85b 68.50a 7.210
Hand duster (1:5) 24.00ab 25.52abc +5.2 9.87a 9.15b 45.00abc 3.750
Hand duster (1:7) 27.75 28.25a +2.0 10.00a 8.70b 50.50abc 5.050
Hand duster (1:9) 26.50a 27.50a +4.0 10.00a 8.71b 41.25abc 3.750
Hand duster (1:14) 18.00bc 25.50ab +41.8 8.87a 7.60b 28.00c 3.500
Motorized duster (1:5) 17.50bc 17.00bed 2.8 10.75a 8.92b 40.75abc 4.178
Motorized duster (1:7) 22.25ab 27.25a +23.0 11.12a 8.82b 46.25abc 4.743
Motorized duster (1:9) 15.00c 24.00abcd +60.0 10.75a 8.60b 58.25ab 5.178
Motorized duster (1:14) 15.00c 16.25d +8.3 10.82a 10.95a 29.75bc 3.840

Numbers followed by the same letter in each column are not significantly different (P < 0.05).

could be attributed to the greater competition for food
and nutrients (Nixon and Crawford, 1942; Furr and
Hewitt, 1964) and to the tie of the spadix tip that may
have exerted a stress on the emerging bunch.

Data on the yield per tree and average fruit weight
followed a similar trend in the case of hand pollination
and the two mechanical methods at 1:5, 1:7 and 1:9
pollen to flour ratios. However, at the 1:14 ratio the
production by the hand duster (28.00 kg/tree) and the
motorized duster (29.75 kg/tree) were both
significantly lower than hand pollination, though the
motorized duster fruits were heavier. Fruit fresh
weights of 7.6 and 10.9 g were produced by the hand
duster and motorized duster, respectively (Table 3).
The larger yield per tree from hand pollination was
associated with the heaviest bunch (7.2 kg). The
lowest yields (28.0 and 29.7 kg/tree) were associated
with the lowest bunch weighs (3.5 and 3.8 kg) that
were obtained by pollen concentrations of 1:14 using
the hand duster and motorized duster, respectively.
Furthermore, the hand and motorized dusters with 1:5,
1:7 and 1:9 pollen concentrations produced moderate
yields (Table 3). These results indicate that the lower
the pollen concentration, the greater the severity of
fruit thinning, and consequently, the lower the yield.
In such cases, whatsoever the higher fruit grades
obtained will not compensate for the loss in yield that
may result in low returns (Furr and Hewitt, 1964;
Nixon and Crawford, 1942; El-Kassas, 1986). In
balancing yield and fruit size the hand and motorized
dusters were found to be the most satisfactory, working
with 1:7 and 1:9 pollen to flour ratios, respectively.

The interaction between method of pollination and
pollen to flour ratio on the chemical characteristics of
the fruit are shown in Table 4. The data shows that
dry matter percentage accumulated during ‘Bisir’ when
using the hand duster at 1:14 pollen ratio and the
motorized duster at 1:7 were 31 and 29%, respectively.
Both were significantly greater than that obtained by
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(23.6%). However, during ‘Rutab’ the motorized
duster at the 1:7 pollen ratio produced lower dry matter
(39.5%) than the hand duster at the 1:14 pollen ratio
(53.4%) and hand pollination (53.4%). There was a
considerable increase in dry matter content of dates
obtained by hand pollination between ‘Bisir’ and
‘Rutab’ stages. This increase reached 126% and
coincided with the highest fruit drop (21%) that
occurred between ‘Hababook’ and ‘Kimri’ (Table 3).
Furthermore, the increase in dry matter which occurred
between ‘Bisir' and ‘Rutab’, produced by the motorized
duster at the 1:7 pollen concentration (37.5%) was
much smaller than that produced by the hand duster at
the 1:14 pollen concentration (72.0%). The former was
associated with a smaller increase in the number of
fruits between ‘Hababook’ and ‘Kimri’ (23.0%) than
the latter (41.6%, Table 3). The dry matter
accumulation rate in fruits produced by the motorized
duster at the 1:7 pollen concentration was smaller than
that in fruits produced by the same machine at the 1:5
pollen concentration (57%). The latter was associated
with a drop (2.8%) in the number of fruits (Table 3).
Evidently, the earlier the fruit development during the
pollination season and the larger the fruit drop between
‘Hababook’ and ‘Kimri’, the greater the rate of dry
matter accumulation.

Sucrose in ‘Bisir’ produced by the hand duster at
1:14 pollen was significantly greater than that produced
by the motorized duster at 1:14 pollen, but it was
similar to that in ‘Bisir' produced by hand pollination.
Such small variations in sucrose do not indicate a clear
pattern of interaction between pollination method and
pollen concentration.

Reducing sugars in the ‘Rutab’ of the two
mechanical methods at 1:5, 1:7 and 1:9 ratios and that
of the hand pollination were not significantly different.
However, the hand duster at 1:14 produced fruits with
higher reducing sugars than hand pollination and the
motorized duster at 1:14 pollen.
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Acidity ‘Rutab’ was greater in fruits of the hand
duster at 1:14 pollen than in those of hand pollination
and the motorized duster at 1:14 pollen, though at 1:5,
1:7 and 1:9 pollen ratios it was not significantly
different. However, in fruit obtained by the hand
duster using any of the tested pollen ratios, it was
higher than in those obtained by hand pollination.
Acidity in ‘Tamr’ obtained by the three methods when
mechanical applications were at 1:5, 1:7 and 1:14
pollen ratio was not significantly different. But hand-
pollinated fruits contained higher acidity than the hand
and motorized dusters at 1:9 pollen ratios.
Considering the reduction in acidify which occurred
between ‘Rutab’ and ‘Tamr’ as an indicator of
ripening, it can- be seen that the motorized and hand
dusters at any of pollen concentration resulted in a
higher reduction than hand pollination (Table 4). In
addition, fruits produced by the hand duster at any of
the pollen to flour ratios resulted in faster reductions
than those of the motorized duster at the corresponding
pollen to flour ratio. Such a pattern of reduction in
acidity indicates that hand-pollinated fruits ripened at a
slower rate between ‘Rutab’ and ‘Tamr’ than any of the
other treatments. However, it has been shown (Table 1)
that hand-pollinated fruits produced a higher reduction in
acidity between ‘Bisir’ and ‘Rutab’ than the hand and
motorized dusters. These results indicate that acidity
in hand-pollinated fruits was reduced at a faster rate in
the period between ‘Bisir’ and ‘Rutab’ (81.4%) than
between ‘Rutab’ and ‘Tamr’ (22.8%). This is probably
a result of the transformation of these acids to the dark
brown color of the fruit during late ‘Rutab’. This also
indicates earlier ripening than in the other treatments
(Maier and Metzler, 1965). Pectin in ‘Kimri’ of the
motorized duster was higher than that of hand
pollination and hand duster when 1:9 and 1:14 ratios
were applied. At the 1:5 and 1:7 pollen ratios, pectin
content was similar in the two mechanical methods,
whereas at the highest ratio (1:5) the hand duster fruits
contained higher pectin than hand pollination, and at
1:7 ratio the motorized duster fruits had higher pectin
than hand pollination.

The pattern of the results in the chemical analysis
and physical characteristics of the date developmental
stages indicates the existence of a balancing mechanism,
perhaps of a genetic nature. There is accumulating
evidence of variation in the quantity and quality of
fruits from one year to the next. For dates (Walley ez
al., 1979; ElMardi et al., 1995), apple (Williams er
al., 1980), pistachio (Crane et al., 1976), citrus
(Goldschmidt and Monselise, 1977) and mango (Singh
et al., 1974) there is evidence for a relationship
between the number, size and chemical constituents of
fruits. These reports have shown an increase in yield
associated with reductions in size of fruit and certain

chemical constituents, and vice-versa. A high yield in
one year will be accompanied by poor quality, to be
followed by lower yield and better quality fruits in the
next year. From the data reported here, significant
differences in the physical and chemical characteristics
were observed during certain stages. These may
disappear or reappear in subsequent stages. Such
variations are possibly a result of preexisting conditions
that need further investigation. The general trend of
the results, however, indicated no significant difference
in yield of hand-pollinated palms and that of the
mechanical methods applied at pollen to flour ratios of
1:5, 1:7 and 1:9, and the quality of date fruits produced
by the three methods. However, our observations have
shown that the hand duster and motorized duster
require less time to pollinate than hand pollination.
This is also accomplished at lower labor costs. The
hand duster was found more efficient than the motorized
duster under the presently used system of open ditch
irrigation, because it can easily be carried and operated
and it does not need fuel. Therefore, the hand duster can
be recommended for pollinating the ‘Fard’ cultivar
under the conditions of this experiment.
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