
Evaluation of the Pollination method and Pollen Concentration on
Chemical Characteristics of Date Fruit from Fard CuItivar

Mahdi Osman EIMardi1,EvangelineC. Consolacion1,Khidir M. Abdelbasit2,

Mohamed AI-Marozouqi3 and Omer S. AI-Mantheri1

IDepartment of Agronomy, Horticulture, Entomology and Plant
Pathology, College of Agriculture, Sultan Qaboos University, P.O.Box
34, AI-Khod 123, Sultanate of Oman. 2Department of Mathematics and
Statistics, College of Science, Sultan Qaboos University, 3Directorate of
Agricultural Research, Ministry of Agriculture and Fisheries Wealth,
Sultanate of Oman.

ABSTRACT

Date palms of the Fard cultivar were pollinated for three successive
years using hand pollination (HP), hand duster (HD) and motorized
duster (MD). One part of pollen was mixed with 5, 7 and 9 parts of
wheat flour and applied by the hand and motorized dusters; whereas 3
inverted male strands per female spadix were applied by hand. Sugars,
pectin and titrable acidity percentages were determined on a dry weight
basis. Fruit set, volume, weight and total yield were also assessed. No
significant differences were observed in the fruit set volume, weight and
yield with respect to method of pollination. Similar results were
obtained for moisture, total and reducing sugars. The hand duster
produced the highest fruit set (24.8 fruits/strand) and the motorized.
duster the lowest (20.6 fruits/strand). The hand duster produced the
lowest pectin (2.06%) in Bisir (khalal), the lowest sucrose content in
Tamr (2.7%) and the highest acidity in Rutab (1.08%). The lowest
reduction rates in pectin (14.5%) and in acidity (17.5%) from Bisir to
Rutab were found in fruits from the hand duster, an indication of the late
ripening. However, the disappearance of this difference in later stag~s
makes fruits of the three methods ripen simultaneously. Consequently
the hand duster is favored because it is more convenient and efficient.
No significant effect was found of the pollen concentration on most of
the physical and chemical parameters. The hand pollinated fruits
contained higher pectin during Bisir, lower acidity in Rutab and higher
sucrose in Tamr than 1:9 pollen ratio. Reducing the pollen ratio from
1:5 to 1:7 to 1:9 did not affect pectin and acidity during Bisir and Rutab.
But in Tamr the lowest pollen concentration produced the least acidity.
Reduction rates of pectin and acidity from Bisir to Rutab was an
indication that the latter occurred at a faster rate. Sucrose was greater in
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hand pollinated fruit than in any of the 3 pollen concentrations. None of
the detected differences gives any of the pollen ratios superiority over
the others. Interaction between pollination method and pollen ratio
showed significant differences in physical and chemical charateristics of
the fruits between methods, but not between pollen ratios. Pectin was
lower in fruits produced from the hand duster at a ratio of 1:7 and 1:9,
and motorized duster at 1:9 than from hand pollination. The higher the
pollen concentration applied by the hand or with a motorized duster, the
faster the reduction rate of pectin. It was -25.9, + 0.06, - 13.6% and -
36.6, -19.2 and -31.3%, between Bisir and Rutab of hand and motorized
dusters at 1:5, 1:7 and 1:9 pollen ratios, respectively. It was concluded
that since the tested treatments did not seriously affect any of the
physical and chemical characteristics of the Fard dates, mechanical
pollination was recommended to overcome the problems associated with
hand pollination. The hand duster, with a 1:9 pollen ratio was favoured
over the motorized duster and hand pollination.

INTRODUCTION

The dioecious nature of the date palm necessitates the transfer of
pollen from the staminate palm to the pistillate in order to obtain an
economically feasible yield. The date palm is naturally wind pollinated,
but this method and pollination by insects have proven inefficient and
economically unfeasible (Clor et aI.1974; AI-Bakr, 1972). The
traditional method of hand pollination which involves climbing the
palm,. has become impractical under the changing socio-economic
structure in areas where date palms are intensively grown. It requires
experienced pollinators, has a high labor cost and is time consuming
(Shabana et aI., 1985 Hamood et aI., 1986; Ibrahim 1988 and AI-Juburi,
1995). Under these circumstances, mechanical pollination has been
recommended. The majority' of researchers in this field were interested
in the physical characteristics of the fruits in one or .two seasons.
Information about chemical characteristics of date fruit as affected by of
the method of pollination and pollen concentration is scarce. The present
research was intended to study the effect of pollen concentration and
method of pollination on fruit set, size, weight, yield and its content of
sucrose, reducing sugars, pectin and acidity of the date fruit.

MATERIALS AND METHODS

The Fard cultivar grown at Nizwa area was selected for this
experiment which continued for three successive seasons starting in
1991. Randomly selected palms were at approximately equal height in a
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factorial experiment with 4 replications. The Khori cultivar was used as
the source of pollen.

Three methods of pollination were assessed by hand, with a
motorized pollen duster and with a hand pollen duster. With hand
pollination, the pollinator climbs the palm and places 3 dry inverted
male strands into the female spadix and then ties the distal end of the
spadix. He does this operation whenever a spadix opens. A hand pollen
duster involves the use of a locally made device consisting of a small
piston pump, connected to a reservoir, and mounted on aluminium pipes.
Air pressure is exerted inside the piston pump by pulling a string down
and the pollen is pushed out by releasing the string. Motorized pollen
duster consists of a small air compressor operated by a two stroke
gasoline engine, a 10L pressurized air storage tank, a sprayer gun and a
set of light weight plastic pipes. A hand pistol is used to release pressure
and push the pollen through the pipes.

Pollen for the hand and motorized dusters was mixed with wheat
flour (grade 1) at 1 part pollen to 5,7 and 9 parts flour. Mechanical
pollination was carried out from the ground 3-4 times for each palm.
This was found necessary because of variations in size, time and rate of
opening of the spadixes.

Fruit samples were collected randomly, by removal of 6 strands at
the Hababook stage and 4 strands for the Kimri, Bisir (khalal), Rutab
and Tamr stages. These stages of fruit development are classified on the
basis of morphological differences. For example, Hababok stage, the
fruits are small, conical-shaped and light green in color with. green strips.
Kimri stage they are larger than Hababok, ovate and dark green in color.
With the Bisir stage they have reached a maximum size, and are red and
yellow. Rutab stage shows a browning of the top _ of fruit (distal end).
The other two thirds portion are red and yellow. Finally at the Tamr
stage, all fruit turn dark brown in color.

All collected fruits were immediately placed in plastic bags and
kept on ice. In the laboratory samples were kept in a freezer (-18
pending physical and chemical analysis. The percentages of moisture,
total sugars, reducing sugars and sucrose were analysed according to
AOAC (1984). Pectin was measured according to Less (1975) and
titrable acidity (citric acid) followed AOAC (1966). Results were then
computed on a dry weight basis. The volume of fruits was measured by
water displacement (ml).
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Statistical analysis was carried out using SAS package. The
analysis of variance (ANOVA) was employed and the LSD values were
calculated for the averages of three years results.

RESULTS AND DISCUSSION

..

Effect of pollination method:

The results of the three year averages showed no significant
differences in fruit set, size, weight and yield when hand pollination,
hand duster or motorized duster were used. These results are in
agreement with AI-Juburi (1995). Similar results were obtained in the
case of moisture, total sugar and reducing sugar percentages during any
of the five developmental stages of the fruit (data not presented). On
the other hand, while the hand duster produced a larger number of fruits
during Tamr than the motorized duster, it was not significantly different
from hand pollination (Table 1). This is in agreement with the findings
of Brown et.al. (1969); Hamood et al. (1986); Shabana (1988) and AI-
Juburi (1995). Furthermore, the motorized duster produced the lowest
number of fruits in spite of the fact that it is known to deliver the largest
amount of pollen. We can speculate that this was more likely an effect
of wind blowing the pollen off-target and a stronger pressure exerted to
push pollen through the pipes (Shabana et al. 1985).

The lowest pectin concentration (2.06%) during the Bisir stage was
produced by fruits from the hand duster method. _ How~ver, pectin in
fruits produced by hand pollination was at par with that in fruit of the
motorized duster. In contrast acidity percentages did not show any
significant effect of the pollination method during Bisir (Table 1). In
Rutab, however, the hand duster fruits contained a higher acidity
percentage than hand pollination fruits and they were at par with those
of the motorized duster fruits. It has been reported that reductions in
pectin and acidity percentages indicate the onset of the ripening process
(Ahmed and Ahmed 1995; EIMardi et al. 1995; Rouhani and Bassiri,
1976; Abdullatif 1988). Consequently the rates at which pectin and
acidity were reduced (Table 1) in the developing date fruit from Bisir to
'Rutab can be considered as rates of ripening (Hasegawa et al. 1969; AI-
Jasim and Delaimy 1972 and Rygg 1946). Calculated reductions in
Pectin while the date fruit was developing from Bisir to Rutab were in
the following order: hand pollination (34.4%) > motorized duster
(29.57%) > hand duster (14.5%). On the other hand reductions in
acidity during the same period were as follows: hand pollination (66.3%)
> motorized duster (33.3%) > hand duster (17.5%). These results
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indicate that fruits produced by the motorized duster and hand
pollination were ripening at faster rates than those of the hand duster
because they showed higher reductions in pectin and acidity.
Furthermore, hand pollinated ffuits produced a higher reduction in
acidity than those produced by the motorized duster. These results
indicate that hand pollinated ftuits ripen at a faster rate than the
motorized duster's which in turn ripened faster than the hand duster's
fruits. They also indicate that the larger number of ffuits produced by
the hand duster ripened later than the smaller number of fruits produced
by the motorized duster. Such an effect of ffuit number on maturity is
generally related to the increased competition among ftuits for available
food (Nixon, 1956; Nixon and Crawford, 1942, Nixon, 1940). Results in
Table 1 also show that Tamr produced by hand pollination contained a
higher sucrose percentage than that produced by the hand and motorized
dusters. Such a pattern in sucrose concentration may indicate that hand
pollinated fruits during "Tamr' were chemically less matured than those
produced by the motorized and hand dusters (AI-Bakr, 1972; Cavell,
1947). This result contradicts with the above findings for pectin and
acidity reductions which showed that hand pollinated fruits were
ripening at a faster rate than fruits produced with the other two methods.

Similar contradictory conclusions may be drawn if pectin and acidity
were considered at separate individual stages. Therefore the rate of
ripening as determined by the change in compound concentration from
one stage of development, to the other provides a more reliable measure
of ripening attributes.

Effect of pollen concentration

Pollen concentration produced similar patterns as in the method of
pollination, on fruit size, weight, total yield and moisture, total sugars
and reducing sugars contents. Slight differences were observed in pectin
concentration during Bisir and Rutab (Table 2). Hand pollination
produced fruits, with higher pectin than the lowest pollen concentration
(1:9) during 'Bisir" and "Rutab', but it was at par with the two other
concentrations viz: 1:7 and 1:5. In addition, 110 significant effect of
pollen concentration was observed on pectin during 'Tamr' (data is not
presented). These results indicate that low pollen concentration (1:9) can
produce the same effect on the pectin content as high pollen
concentration (1:5) does. Thus indicating no effect of the amount of
pollen on the activation of pectinase enzymes and providing a clue for
economizing on pollen application. On the other hand, the acidity
percentage during Rutab was higher at 1:5 (1.03%) than for hand
pollination (0.59%), while it was at par with the other two treatments.
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Moreover during 'Tamr' no significant difference was observed in
acidity between these treatments (Table 2). During 'Tamr' a 1:5 pollen
ratio produced fruits with higher acidity (0.51%) than the 1:9 ratio which
pl:oduced an acidity level of 0.43%. These results indicate that the
pollen concentration influenced the titrable acidity of the fruits which in
turn influenced the softening and browning of the dates (AI-Bakr, 1972).
Results of pollen concentration on pectin and acidity indicate that the
pollen concentration produced a more pronounced effect on acidity in
the period between 'Bisir' and 'Rutab' than on pectin during the same
period. Further more, in each of the pollen ratios, acidity reduction
between 'Bisir' and 'Rutab' was lower than between 'Rutab' and
'Tamr'. This is explained by the reductions in pectin concentration and
acidity level which point out that in the period between 'Bisir' and
'Rutab'; the latter was reduced at a faster rate (ranging from 23.13 to
53.07%) than the former (ranging from 11.8 to 31.5%) (Table 2). Such
faster reduction in acidity is more likely a result of the increased activity
of the polyphenol oxidases and the reductions in acidity between 'Bisir'
and 'Rutab' and 'Rutab' and 'Tamr' respectively on the three isomeric
monocaffeoylshikimic acids. Such a situation has been reported to occur
during the softening process of the date fruit (Al-larah, 1982; Abdullatif,
1988). Thus it can be seen that the effect of these enzymes continues
during the 'Tamr' stage and influences the dark pigmentation of the
fruits.

The sucrose percentage was significantly higher in. the Tamr
produced by hand pollination than by the other pollen concentrations. It
can also be seen that the highest sucrose concentration in the Tamr
produced by hand pollination was associated with the highest reductions
in acidity between Bisir and Rutab - stages, but the lowest reductions
between Rutab and Tamr, (Table 2). This indicates that conversion of
organic acids to sucrose between the Rutab and Tamr stages was
enhanced in fruits from the hand pollinated palms as . reflected by the
highest sucrose content. The high acidity during Rutab of the three
pollen dilution treatments was associated with lower reductions in
acidity indicating the ihterference of acidity with ripening (Rygg 1948).
The reason for the effect of pollen when directly released from the
anther on acidity and sucrose could not be explained with the present set
of experiments. However, it is more likely a result of enzymetic activity
which is temperature dependent.
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Effect of the interaction between the method of pollination and pollen concent

No significant effect was found by the interaction between any of
the mechanized methods and pollen concentration on the tested
parameters during any of the developmental stages. Slight differences
were observed on pectin during Bisir and sucrose during Tamr (Table 3).

Hand pollination produced significantly higher pectin in the Bisir than
the hand duster using 1:7 and 1:9 pollen ratio. It could also be seen in
Table 3 that there was no significant effect of pollen concentration when
the hand duster was used. The higher the pollen concentration used by
the motorized duster, the higher the pectin concentration in the Bisir.
These variations did not appear in the Kimri and Rutab stages. Results
in Table 3 also show that the rate at which the date fruit was softening
between the Bisir and Rutab stages (as indicated by the reduction in
pectin) was greater at the' highest pollen concentration when any of the
mechanized methods was used (hand duster = 25.9%; motorized duster =
36.6%) as compared to 13% and 31% respectively. It was also greater in
fruits produced from hand pollination (34.7%) than in fruits produced by
1:7, and 1:9 pollen ratios. This reduction in pectin of fruits at 1:5 pollen
was the lowest in the hand duster fruit between Kimri and Bisir, whereas
in the motorized duster fruits, the pectin concentration was increased by
25.8%. Such variations are more likely a result of competition among
the fruits for the available food and ventilation as influenced by the
changes in size and number of fruits, (AI-Bakr, 1972, Al-uaburi, 1993).
It may also involve an alternating phenomenon in such a way that a
compound at high concentration this season will be at very low
concentration in the next season (EI-Mardi et. al. 1995).

Sucrose during Tamr stage was significantlyhigher in hand pollinated fruits
(5.13%) than in any of those pollinated mechanicallyexcept in fruits produced by
the motorized duster with a 1: 7 pollen ratio (3.74%)..

CONCLUSIONS

Results of the three years provided no evidence of drastic changes
in the physical and chemical charateristics of the fruit as a function of
the pollination method. The main differences in the effect of these
methods were on ripening attributes, specifically a reduction in pectin
concentration and acidity which occured between the Bisir and Rutab
stages. Hand pollinated dates matured at a faster rate than those
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produced by hand and motorized dusters. However, this effect was
found to occur for a short period and before the fruits reached the fully
ripened stage of Tamr. Therefore, we cannot consider hand pollination
to be superior over the mechanized methods.

The pollen: flour ratios (i.e. pollen concentration) study produced similar
patterns as the pollination methods experiments. The lower pollen ratio 1:9was
found superior to the 1:5 ratio as it provides for pollen conservation.

No significant differences in the physical and chemical
charateristics of the date fruit were produced by hand pollination
compared with the hand and motorized dusters at any of the three pollen
concentrations. The significant differences in pectin during Bisir and
sucrose during Tamr were found insufficient to judge any of the
treatments superior over the others. For convenience, efficiency and
pollen saving, a hand duster with a 1:9 pollen ratio is recommended to
pollinate the Fard cultivar.
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Table 1. Effect of pollination methods on number of fruit and changes in pectin, acidity and sucrose content of the Fard date
during fruit developmental stages.

I
I
I
I

I
I
I
I
I
I
I

Numbers followed by the same letter in the same column are not significantly different at the 0.05 level.

I
I
I
I
I
I
I
I

I
I
I

I

59

NO.offruits per Pectin (%) Acidity (%) Sucrose (%)
Methods of strand Reduction Reduction
Pollination Tamr Bisir Rutab Bisir Rutab Tamr

Mean SO Mean SO Mean SO % Mean SO Mean SO % Mean SO
Hand 23.60 6.57 3.14 a 1.49 2.06 a 0.50 34.4 1.75 a 1.69 0.59 b 0.15 66.3 5.13 a 3.25
Pollination ab
Hand duster 24.80 a 6.87 2.06 b 1.14 1.76 a 0.61 14.5 1.31 a 1.14 1.08 a 0.77 17.5 2.70 b 1.93
Motorized 20.58 b 5.89 2.68 a 1.20 1.89 a 0.71 29.5 1.44 a 1.11 0.96 ab 0.56 33.3 3.10 b 2.2
duster
P 0.02 0.016 0.06 0.007



Table 2. Effect of pollen concentration on changes in pectin, acidity and sucrose content of the Fard dates during different
developmental stages.

Numbers followed by the same letter in the same column are not significantly different at the .05 level

60

PECTIN (%) Reduction Acidity (%)
Reduction
in Acidity Sucrose (%)Pollen

Bisir
in

Bisir Bisir - Rutab -Concentration
(Khalal)

Rutab Pectin
(Khalal)

Rutab Tamr
Rutab Tamr

Tamr

Mean SO Mean SO % Mean SO Mean SO Mean SO % Mean SO
Hand Pollination 3.14 a 1.49 2.06 a 0.50 34.40 1.75 a 1.69 0.59 b 0.15 0.50 ab 0.07 66.30 18.0 5.13 a 3.25
1 pollen: 5 flour 2.73 ab 1.50 1.87ab 0.57 31.50 1.34a 1.20 1.03 a 0.75 0.51 a 0.14 23.13 50.1 2.23 b 1.16
1 pollen: 7 flour 2.29 ab 1.13 2.02 a 0.72 11.80 1.30a 0.99 1.02 a 0.61 0.46 ab 0.10 53.07 55.0 3.45b 2.44
I pollen: 9 flour 2.08 b 0.83 1.59 b 0.64 23.50 1.48 a 1.20 1.02 a 0.68 0.43b 0.09 43.33 58.0 3.03 b 2.30
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Table3. Interaction effect of method of pollination and pollen concentrations on changes in pectin and sucrose content of
Fard date during different development stages.

Number followed by the same letter in the same column are not significantly different at the 0.05 level.

61

PECTIN % CHANGES IN PECTIN SUCROSE
CONCENTRATION (%)

Kimri Bisir Rutab Kimri Bisir Tamr
to to

Bisir Rutab
Mean SD Mean SD Mean SD % % Mean SD

Hand Pollination 2.65 a. 1.50 3.14 a 1.49 2.06 a 0.50 +18.5 -34.7 5.13 a 3.25
Hand 1 pollen: 5 flour 2.80 a 1.31 2.55 abe 1.49 1.89 a 0.64 -8.9 -25.9 2.04 b 0.79

Duster 1 pollen: 7 flour 2.37 a 1.52 1.77 e 0.90 1.78 a 0.59 -25.3 +.06 3.15 b 2.54
1 pollen: 9 flour 2.11 a 1.46 1.84 be 0.83 1.59 a 0.62 -12.8 -13.6 2.91 b 2.02

Motorized 1 pollen: 5 flour 2.32 a 1.61 2.92 a 1.56 1.85 a 0.51 +25.8 36.6 2.42 b 1.45
Duster 1 pollen: 7 flour 2.99 a 1.04 2.81 ab 1.12 2.28 a 0.78 -6.0 -19.2 3.74 ab 2.41

1 pollen: 9 flour 3.22 a 1.73 2.30 ab 0.81 1.58 a 0.69 -28.6 -31.3 3.15 b 2.64


