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Abstract
Abstract

Effects of various pollen types on the fruit growth and development in two
maternal cultivars of Omani Date Palm were studied in the Northern Batinah region of
the Sultanate Oman. Discrete stages in the development were identified, quantified
and examined with regard to important variables including fruit set, weight, size,
maturity, chemical composition, appearance and yield. Procedures were developed to
compare across the different matemnal cultivars and temperature environments.

The pollen types were distinct in their effects, particularly as regards weight,
time to maturity, ripening, sugar content, appearance and yield of certain consumable
fruit stages. These effects were influenced by the female type and differential fruit set.

True metaxenic and xenic effects were evidenced by excluding influences of
fruit set. These were on fruit fresh weight, size, maturity and ripening in cv Khasab in
1996 and 1995 and in cv Khalas in 1996. Differences in cv Khalas in 1995 were due
to differences in fruit set. Pollen effects could be measured in cv Khalas throughout
fruit development, while they appeared in cv Khasab only in the later stages.

Khori consistently induced the highest mature fruit fresh weight (14.8 g in
cv Khalas, 13.0 g in cv Khasab) compared to Bahlani (12.6 g and 12.3 g, respectively
and Al Arudsabba (12.2 g and 11.1 g, respectively). However, differences in fruit set
between pollen blocks in cv Khalas in 1995 caused the largest ripe fruit fresh weight
(16.1 g) in the Al Arudsabba block compared to Bahlani (14.1 g) and Khori (13.4 g).
The effect of high fruit set (initial set was 49 % with Khori and 34 % with
Al Arudsabba) in masking and modifying pollen effects was evident because
Al Arudsabba induced about 40 % less fruit fresh weight than Khori in the initial
stages of development.

The response to applications of plant growth regulators was specific to the
pollen type used. GA increased, by about 100 %, fruit fresh weight in Al Arudsabba
pollinated Khalas fruits but reduced it to about 50 % in Khori pollinated ones. NAA
caused the abscission of all unfertilized ovaries in Khori pollinated Khalas but not in
those pollinated with Al Arudsabba. In the absence of syngamy physiological rather
than hereditary causes were implied.

Cormrelations between fruit set and fruit fresh weight did not exist in the early
stages suggesting that the observed pollen effects were truly metaxenic or xenic. In
the later stages clear and consistent negative correlations existed for the Al
Arudsabba block. Probably in the other pollen blocks some mechanism compensated
this control of one variable over the other. Late correlations for the Khori block in cv
Khalas suggested that high fruit fresh weight induced fruit drop. The absence of
polien effects on late correlations in cv Khasab implied a genetic cause. The strong
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influence of fruit set on ripening (% ripe fruits) in Khori pollinated bunches indicated a
specifically strong influence exerted by fruit set over ripening.

Time to physiological maturity was affected by pollen type only in cv Khalas
where Al Arudsabba and Bahlani induced earlier maturity (7 days) than Khori. Khori
pollinated fruits appeared to mature later in both female cvs except cv Khalas in 1995.
Bahlani induced earlier maturity in both female cvs. Regression analysis between
thermal time and fruit fresh weight provided evidence for the effects specific to Khori.
As Bahlani induced the same early maturity in both female cvs.

Ripening was most uniform in Bahlani pollinated bunches, but faster in Khori
poliinated ones. Correlations of thermal time and ripeness indicated that the
temperature regime has a strong influence (r=0.99) over ripening in Bahlani poliinated
bunches

Early pollen effects were probably due to physiological mechanisms, probably
hormonal activity, which could be attributed to pollen type and pollination. Late effects
were under the influence of male x female interactions and were thought to be
genetic. Bahlani consistently induced the highest fruit fresh weight and size in the
early fruit stages, but Khori in the later stages. Only in cv Khasab was Bahlani in the
later stages on par with Khori in this regard. The situation was similar for fruit and
seed size.

Compositional differences between pollen types were not reflected in those
between the ovaries one day after pollination with different male types. This largely
precluded the possibility that the early growth response was directly due to the mere
addition of substances contributed by the polien grains.

Preliminary investigations indicated that pollen types were a priori distinct with
regard to their biochemical composition and mineral content in that Al Arudsabba and
Bahlani were similar and differed from Khori. Khori's pollen grains were largest
(22 pum, less than 20 pm in other types)and its pollen tube growth the most uniform
(CV 56% compared to 80-110% with other types), while Bahlani had the most
vigorous pollen tube growth (tube length up to 220 um/24h). Khori contained more
growth promoters, possibly GA , than Al Arudsabba.

Khori brought about relatively stable bunch yields in cv Khalas (11 kg in 1996,
15 kg in 1995) and large (about 4 cm long), heavy and sweet fruits, but delayed
maturity of the fruits (7days in cv Khalas). Al Arudsabba produced a slightly higher
cumulative yield (28 kg) of similar yield stability, but produced fruits of poor quality in
regard to fruit size (about 3.5 cm in cv Khalas), fresh weight and a low total sugar
content (less than 40% in Khalas, less than 50 % in Khasab). Bahlani had clear
advantages, in that it induced sweet fruits, but produced the least stable yields of
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fruits (cv Khalas: 16 kg in 1996, 7 kg in 1995) with relatively low weight and small
fruits.
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Chapter 1: Introduction

1. Introduction

The Date Palm (Phoenix dactylifera L.) is a traditional fruit crop in many
regions of the northemn Sultanate Oman. These different regions are highly variable
with regard to the prevailing environmental conditions, particularly climatic, ranging
from dry and hot in mountainous areas with oasis cultivation to the flat coastal plain of
the Batinah region with its hot and humid summers. The particular area of this study is
near the town of Sohar in the northern Batinah, where the Date Palm is the major fruit

crop.

Dates in the Sultanate Oman are produced from about 250 different female
varieties which may be pollinated by any of up to 150 different male varieties (Macki,
1992). The fruits are consumed in several stages after maturity, either fresh or dried to
various degrees. Several processed products are obtained from the fruits. Some of
the best fruits are exported and fruits of some varieties are used to provide animal
feed. The yield and quality of Dates produced in the study region are variable due to
different female varieties cultivated and the use of various cultural methods including
pollination by pollen of often unknown source and variety.

There is a need to work towards a standard for Date fruits and to exert control
over their growth rate, their quality and period of availability. Various ways to regulate
fruit growth and development include cultural methods such as thinning of fruits or
bunches of fruits and by selection of suitable female and male pollen varieties. It has
been claimed in publications from several date growing areas in the world (Denney,
1992; Vagvolgyi, 1987; Crane, 1980; Othman, 1974; Tydeman, 1937, Bowman, 1937,
Nixon, 1928a, 1928b; Swingle, 1928) that pollen type can be used to regulate fruit set,
fruit size, seed size, time to ripening as well as the quality and appearance of fruits.
Local farmers in the interior regions of the Sultanate Oman have reported similar
effects. Interestingly, one of the first scientific report about pollen effects in date palm
in California was made by Swingle in 1928, who observed effects from the pollen of a
male plant, which had grown from a seed from a palm of the female cv Fardh. The
Fardh palm tree in California had originated in the Semail valley of South-eastern
Arabia. Semail is in the Sultanate Oman and known for its Fardh dates.
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This study aims to detect and to analyse the regulatory effect of different
pollen types on fruit growth and development in important female cultivars growing
under the conditions characteristic for this particular location. The study was carried
out over two years and analysed the biological, physical and chemical characteristics
of the fruits during their different stages of growth and development.

At present, there is no clear understanding of the pollen effect mechanisms
although several modes of action have been suggested. These include the regulation
of fruit growth processes through hormones contributed by, or induced by the polien,
through genetic interactions, patemal imprinting, paramutation and transposons or
“jumping genes” (Denney, 1992). The hypothesis put forward for the present study is
that the nature of the pollen used in the Sultanate Oman to fertilize date palm flowers
will affect the processes of fruit growth and development. Early effects will depend on
events occurring during pollination and substances contributed to the ovule prior to,
and during fertilization, whilst later effects will be the consequence of the genetic
contribution by the pollen. Interactions with matemal type are expected. The study will
test this hypothesis by examining various characteristics of the pollen itself, the events
of pollination, fertilization and fruit growth and their timings. It is hoped that an
understanding of pollen effects will be gained that will provide criteria for reliable
assessment of suitable pollen types for commercial application, thereby contributing
towards the improvement of date production. Important economic criteria are reliability
of pollen effects, yield and quality of fruits.

To summarize, this study aims

x to test claims of pollen effects on fruit development,
x to quantify the effects,

x to suggest mechanisms,

x to assess the commercial applicability.
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2. Review of literature

The purpose of this review of the literature is to provide a summary of related
work carried out by other scientists on date palms, polien, pollination and pollen effects,
fruit growth and development and other associated topics. From this will emerge
development of the basic hypothesis stated above, suggestions for experimental testing
of that hypothesis and indications of how limited such experiments might be. Gaps in
our present knowledge will be identified and assessment made of the need to fill them.
It also aims to provide a general understanding of the date palm, its commercial
production and some detail on the physiology of fruit growth and development.
Particular attention is given to the effects of pollen and pollination on these processes
in the date palm and other species.

2.1 Botany

The date palm (Phoenix dactylifera) is a monocotyledonous perennial plant
belonging to the family Arecaceae (Nixon,1966; Moore,1973). This family consists of
200 genera and about 2600 species. Other common, cultivated genera are the Coconut
(Cocos nucifera) and the Oil palm (Elaeis guineensis), (Al-Saad, 1994). Although
Wrigley (1995) distinguishes ten or twelve species of Phoenix, every Phoenix palm
cannot be ascribed clearly to any one of them. Interspecific hybrids are numerous and
fertile. Where the species meet in nature, they interbreed. All species that he examined
were diploid, 2n=2x=36 and the chromosomes of the different species are remarkably
similar in size and shape (Wrigley, 1995). Studies on meiosis carried out by Al-Mayah
(1986) also suggested that the date palm is a diploid species.

Phoenix is distinguished from other paims by its induplicately pinnate leaves with
paralle! veins and the lower pinnae modified into stout spines (Moore,1973; Nixon,1966).
The date palm belongs with regard to photosynthesis to the C4-plants (Franke, 1992).
The number of leaves varies from 30 to 140. A frond of a vigorous variety can attain a
maximum length of about six meter while most fronds are four meter long. The number
of leaflets per frond varies from 120 to 240 (Dowson, 1982). Usually, the trunk has only
a single growing point (Nixon ,1966). Except for brief intervals under exceptional
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conditions, growth is continuous throughout the year. Palms can attain an age of more

than 100 years and a height of 20-30 m (Mason, 1925).

The date palm is dioecious with flowers produced in the axils of leaves of the
previous year’s growth. The inﬂorescencé is a compound spike and is enclosed before
maturity in a protecting spathe (Long, 1943 and Moore, 1973). The number of buds
which differentiate into inflorescences is influenced by the previous season's
carbohydrate accumulation. The female flowers have three sepals, three petals, six
staminodes, and three free carpels with erect ovules and sessile, hooked stigmata,
which is typical for Phoenicoid palms (Plate 2-1). In pollinated flowers usually two

carpels abort and only one ripens (Dowson, 1982).

Plate 2-1 Flowers of Phoenicoid palms

8. Phoenicoid palms. Details of Phoenix Roebelenii (a-t) and P. canariensis (u-y): a,
portion of rachilla with staminate flowers X 2; b, staminate flower X 4: ¢, staminate
flower in vertical section X 4; d, staminate calyx X 4; e, staminate petal. interior
view with adnate stamen X 4; f, stamen X 4; g, portion of rachilla with pistillate
flowers X 2; h, bract and scar of pistillate flower X 4; i, pistillatc flower X 4; j,
pistillate flower in vertical section X 4; k, pistillate calyx X 4; 1, pistillate flower,
calyx removed X 4; m, pistillate petal, interior view X 4: n, gynoccium entire (left)
and in vertical section (right) X 4; o, carpels in cross-section X 4; p, fruit X 2; q, r,
seed in two views X 2; s, seed in vertical section X 2; t, sced in cross-section X 2;
u, staminate flower X 4; v, staminate flower in vertical section X 4; w, staminate calyx
X 4; x, staminate petal, interior view with adnate stamen X 4; y, stamens in two
views X 4. a-t from Read 748, 749, u-y from Read 777, all preserved in liquid.

The fruit is a single berry containing a hard stone with a distinctive furrow on
one side. This furrow remains as a depression on the seed where the ovary and
adjacent tissues of the seed enfolded the dorsal vascular bundles of the pericarp, and
a micropyle in the other side (Reuveni, 1986). The fruit has a terminal stigma, a fleshy
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pericarp and a membranous endocarp. The seed contains a small embryo with a hard,
non-starchy endosperm with cellulose deposits on the insides of its cells
(Dowson ,1982). Endosperm development is first nuclear and later cellular (Reuveni,
1986). During germination the seed shows a feature unique to this family, namely that
the distal portion of the single cotyledon remains inside the seed, expands tremendously
in size and functions as a haustorium which absorbs and replaces the endosperm
(DeMason, 1989).

2.2 Origin and History

Out of a total of 17 species of Phoenicoid paims, five are found in the Africa-
Arabia-Europe region, one in the Indian Ocean islands and 12 in the Eastern tropics.
The date palm is native to tropical and subtropical Asia and Africa (Moore, 1973) and
probably originates from the areas surrounding the Arabian Gulf, from where it spread
along the steppe belt from Northem India to Persia and across to Morocco (Franke,
1992). The limits of today's date cultivation are shown. (Plate 2-2).

The wild stock from which cultivated dates may have derived is recognized at
least in general terms. The cultivated date is closely related to and compatible with a
variable cluster of feral dates growing in the southemn parts of the Near East. Botanists
place these non-cultivated dates, with characteristic small fruits, within Phoenix
dactylifera. Several other wild Phoenix species show close genetic affinities with the
cultivated dates, which are distributed over North Africa, Arabia, and southern Asia. Wild
forms of Phoenix border the Near East in the warm south, they are cross-pollinated,
manifest a high level of variation and maintain a high level of heterozygosity. Because
all wild forms reproduce from seed, repeated gene “injection” from wild to cultivated
forms probably enabled horticultural varieties to become established over most of the
geographic range of the wild forms in a matter of only a few millennia. Sexual
reproduction when coupled with a relatively long life span favours few restrictions on
recombination and considerable heterozygosity. Consequently, under domestication, the
maintenance of desired genotypes became practical only by vegetative propagation,
which in date is done by transplanting offshoots (Zohary and Spiegel-Roy, 1975).



Plate 2-2 World distribution of date palms
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The date palm is one of the oldest cultivated tree crops and its fruits have long
been a staple food for the people of Persia, Arabia and North Africa (Nixon, 1966). An
interesting account of the evolution of the cultivated date is given by Zohary and
Spiegel-Roy (1975). They point out that five of the Biblical seven species are fruit trees
and one of them is the date palm. Date stones (seeds) were recovered in the Ubaidan
horizon (about 4000 BC) at Eridu, Lower Mesopotamia. From the Bronze Age on, date
cultivation seems to have become well established in the warmer regions of the Near
East.

The holy Prophet Mohammed is quoted as saying “There is among the trees one
that is pre-eminently blessed, as is the Muslim among men; it is the date palm.” Moore
(1973) explains that in 326 BC the remnants of the army of Alexander the Great were
saved from starvation by dates from the Ketch valley as they travelled down the Makran
coast in Pakistan on their way back to Persia.

From North Africa the date palm was introduced to Spain from where
missionaries took it to the Western Hemisphere, planting seeds around their missions
(California, Mexico) in the late 18" and early 19" century. The USDA obtained and
imported offshoots of the better varieties from the Sultanate Oman (Semail valley),
Algeria, Tunisia, Egypt and Iraq in the years following 1900 (Swingle, 1928;Nixon,1966).

Swingle (1928) reports that the ancient Sumerians discovered artificial
pollination and probably even made it an important part of their religion, as depicted by
splendid wall carvings in bas-relief found in their old, ruined cities. This practice
permitted the growers to significantly reduce the ratio of male palms from the naturally
occurring 50 % of an orchard, which resulted in a much more efficient use of resources.
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2.3 Distribution and economic importance

2.3.1 World

e

Commercial culture of the date palm in the northem hemisphere extends
southward to about 15 ° latitude, but ceases where the region of tropical rains begins
(Mason,1925). In west Africa date production is confined to the south side of the Atlas
range, although specimens of non-productive trees were found in 1925 in Algiers and
other Mediterranean cities. A small but very significant commercial culture of the date
palm is maintained at Eiche, in south-eastern Spain, just above 38 ° latitude, the most
northerly point of commercial date culture in the world. Non-fruiting trees can be seen at
most points along the northern Mediterranean coast, even extending to Venice at
45 ° on the Adriatic, but fruit production reaches only a latitude of 35 ° in Mesopotamia,
34 ° in Persia and about 30 to 33 ° in Punjab. In the United States, fruit has been
successfully matured only as far north as 38 ° in interior valleys.

According to Al-Mayah (1986) in 1986 there were about 90 million date palms
world wide, of which about 22 million occurred in Iraq, comprising 455 cultivars.
According to statistics (FAO, 1993) the World production of dates was 3,735,000 metric
tons (MT) in 1992 up from 2,128,000 MT in 1971 (Table 2-1).

Table 2-1 ANNUAL PRODUCTION (METRIC TONS) OF DATES

Country 1969-71 1982 1992 Rank in Rank in
1971 1992
World 2,128,000 2,630,000 3,735000 - -
Iran 293,000 301,000 635,000 3 1
Egypt 360,000 393,000 610,000 2 2
Iraq 410,000 400,000 580,000 1 3
Saudi Arabia 237,000 400,000 545,000 4 4
Pakistan 161,000 205,000 310,000 5 5
Algeria 145,000 207,000 210,000 6 6
Sudan 91,000 115,000 142,000 8 7
Sultanate Oman 44,000 72,000 130,000 11 8
Source: FAO,1993 .

World production of dates was about 1.5 million tons in 1961 and increased by
about 70% to 2.5 million tons in 1977 and the same in 1986 (Kishimoto, 1990). The
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percentage of dates exported world-wide decreased from around 20 % to nearly 7 % at
the end of this period of time. The fruit of the date palm is grouped into soft, semidry or
dry dates, the latter characterized by low water content and a high sugar content
(Franke, 1992). Semidry dates are the most suitable for main export (Rehm, 1984).

2.3.2 Sultanate Oman

The date palm flourishes in all parts of the Sultanate Oman and to a lesser
degree in the Salalah plain in the southern province of Dhofar. The plantations in the
area of the present study , the Batinah, were at times 11 km deep along the coast and
in the interior Wadi Semail the number of palms was estimated as 600,000 at the tum of
the century. About 8 million date palms are growing today in the Sultanate Oman in
several climatically distinct regions. They cover 35,000 ha of the total 62,000 ha of
Omani land under cultivation and about 35 % of the cultivated area in the northern
Batinah region (Oman Observer 1996; MOAF, Sultanate Oman, 1993). Most production
is consumed in Oman, but export of dried dates touched RO 1.5 million (about 3.9
million US §) in 1994 (Oman Observer, 1996). Most palms (3.5 million) are found in the
coastal Batinah region, where they are planted in roughly 1 to 2 km wide strip which
runs almost 300 km parallel to the cost. In particular, the northern Batinah is a major
agricultural production centre for many crops and products followed by the Dakhliyah
and the Shargiyah regions. In the latter the climate is characterized by cool winters and
very hot dry summers (max. temperatures above 45 °C. at relative humidity below 40
%). According to Nixon (1966) and personal observations during my travels in the
Sultanate Oman, these appear to be ideal climatic conditions for date palm cultivation.

The Sultanate Oman aspires to produce dates of improved quality and attempts
are made to extend date cultivation even to areas such as the subtropical Salalah plain
which experiences a summer monsoon. Apart from improved cultural methods, this
requires the selection of not only suitable female varieties but also male varieties. The
males should produce pollen that can advance the time of fruit availability as well as

improve fruit quantity and quality through reducing premature fruit drop and variability,
whilst ensuring adequate fruit set for stability of production.
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a. Uses

This thesis is concerned with pollen effects on fruit growth and development until
the stage of consumption. This stage varies depending on cultivar and consumer’s
choice as shown in Table 2-2:

Table2-2 STAGES OF CONSUMPTION OF DATE FRUITS

Stage Name Taste Texture Remarks
late maturity Bissror juicy, sweet, tuming soft difficult to 