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ABSTRACT

Pollen grains of Phoenix dactylifera were exposed to different doses of gamma radiation (250,500,1000 rad and 1 M rad). To
access the effect of radiation on the external morphology of the pollen grains, they were examined with SEM after each treatment.
In addition the differential thermal analysis technique was used to elucidate the stability of the chemical composition of the pollen
wall to gamma radiation. A portion of the treated pollen was used to pollinate different inflorescences of two female palm trees. The
pollen grains that were exposed to 7y -radiation doses of 250,500 rad were morphologically similar, but showed differences in
thermal behaviour. Pollination with these pollen grains resulted in setting fruits that were large in size compared with those devel-
oped after pollination with untreated pollen or pollen grains radiated with 1000 rad-or 1 M rad. The treatment with 1000 rad induced
in the morphology of the pollen, and increasing of the thermal resistance of the pollen wall. The 1 M rad dose caused obvious
damage and collapse of the pollen wall. Thermophysical properties of various doses treated palm pollen indicate that materials of
different layers of pollen wall are not homogenous.

263




Gamma radiation induced effect on pollen wall

INTRODUCTION

A number of studies have have been carried out to clarify
the influence of radiation on pollen grains[for example 1-4].
These studies were focused mainly on the effect of radiation on
pollen tube formation and fertilization and on enzyme activities
in pollen and pollen tubes. The effect of radiation on
seeds,seedlings and whole plants has, also, been investigated
extensively[5-8]. However the effect of radiation on the mor-
phology of pollen grains and the structure of the pollen wall has
been the subject of relatively few studies[for example 9).

The outer pollen wall, the exine, consists mainly of
sporopolle-nin, a very resistant material. The structure and bio-
synthesis of this polymer are still largely unknown. Ionization
radiation is known to alter the internal structure of polymers
and, hence, leads to a wide span of interrelated changes in their
properties. It may result in crosslinking of the molecular
chains[10-11], destruction and degradation of the macromol-
ecules with the simuitaneous formation of molecules with smaller
chain lengths[11,12] and, possibly a change in the number and
nature of double bond[13,14] The object of this study was to
demonstrate the effect of -Radiation on the morphology of the
pollen grain and on the chemical structure of the pollen wall.
Another aim was to test the effect of irradiated pollen on fruit
setting. The plant selected for this study was Phoenix dactylifera,
a widely cultivated and an important economic plant in the Gulf
area and other parts of the world.

MATERIAL AND METHODS

The palm trees used in this study are growing in the Univer-
sity of Qatar in a population of about 50 staminate and pistillate
trees. All trees are ca. 5 years old. The stem is unidivided and ca.
1.5 meter long. The leaves are large, pinnate; leaflets folded up-
wards. The staminate trees are with small white flowers, each
include 6 stamens and arranged on a richly branched spadix,
surrounded by a solitary large spathe. The pistillate trees are
with female flowers that contain 3 ovaries, but only one devel-
oping into fruit. Pollen grains were collected and divided into
two parts. A part was used, directly after collection, in irradia-
tion with gamma ray, while the other part was kept as control.
Immediately after treatment with gamma ray irradiation, both
untreated and treated pollen were hand transferred to the pistil-
late trees.

A- Radiation Facilities:

Samples were irradiated with vy rays at room temperature
using a gamma cell 220 manufactured by Atomic energy of
Canada Ltd. The operating dose rate was 1.5 M rad/h and a
set of samples spanning an intergrated dose from 250 to
1000 rad and 1 M rad was prepared. The treated samples
were used for thermal measurements, and scanning elec-
tron microscopy study.

B- Two female palm trees were used for the preliminary polli-
nation test. Female inflorescences were isolated by plastic
pages just before maturity. At maturity they were pollinated
by pollen grains of different irradiation doses and by non

treated pollen for control. For each dose one inflorescence
from each tree was used.

C- Thermal analysis technique:
The specific heat under constant pressure, Cp, was deter-
mined by using Shamidzu TA 30 thermal analyser. The in-
strument was calibrated with a pure indium standard. Mea-
surements were performed by applying the base line
method[15]. The heating rate was 2 K/min, and the samples
masses ranged from 10 to 30 mg.

D- Scanning Electron Microscopy (SEM) préparation:
Pollen grains were dehydrated in an alcohol series, sus-
pended in a drop of absolute alcohol and transferred to brass
stubs. The pollen were then coated with gold-palladium for
5 minutes using a fine Coat ION Sputter JFC 1100. Scan-
ning micrographs were taken with a Jeol JSM 25S-11.

RESULTS AND DISCUSSION

A typical example of temperature dependence of the specific

_ heat for irradiated and nonirradiated pollen is shown in Fig. 1. It

appears as a jump of Cp(T) function at different temperatures,
Tc. From the figure we observe that the value of specific heat,
Cp™* at transition decreases sharply with irradiation doses 250
and 500 rad. Beyond 500 rad the specific heat tends to increase
only very slightly (Fig. 2). The initial decrease in Cp™* for the
lower radiation doses (<500 rad) was probably due to the forma-
tion of different types of radicals when irradiation carried out in
air[16]. These radicals were probably associated with the sur-
face of the pollen grains. Radical groups have been observed in
irradiated spore coats of Osmunda regalis[17]. At relatively high
doses, (>500 rad) the crosslinking is inhibited by oxygen which
diffuses into the polymer where degradation takes place. Un-
treated pollen grains are prolate, heteropolar, equatorially bicon-
vex, elliptic in equatorial view. They are monocolpate, colpus
long with thick margin and rounded ends. Exine tectate,
microreticulate, to perforate. Lumina are circular, rectangular or
irregular in shape.

_sop

600 610 620 630 640
T.K

Fig. 1: Temperature dependence of specific heat of nonradiated
and 250 rad irradiated pollen
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Fig. 2: y -radiation dose dependence of Cp™* and trasition tem-
perature Tc.
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Fig. 3: Variation of In DCp T? on /T for different g -radiation
doses 0 - Orad, «-250rad, - 500 rad and D -1000 rad.

The pollen morphology after treatment with 250 rad g -irra-
diation was characterised by a thin coat that obscured the details
of exine reticulation (Figs. 7,8). In other areas of the pollen sur-
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face the thin coat was removed (Fig. 7, arrow) revealing struc-
tural details. Treatment with 500 rad dose showed changes in
reticulation patterns (cf. Figs. 5,6 and 9,10); Commonly tywo or
more muri were fused forming irregular patterns (Figs. 9,10).
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Fig. 4: The dependance of the ordering energy of transition in
Pollen on g -radiation doses.

A preliminary test of treated pollen grains on fruit setting
and size indicated that pollen grains exposed to 250,500 rad doses
resulted in setting of comparatively larger fruits than those formed
by other treatments. This test needs to be repeated in large scale
before linking any practical consideration of fruiting system of
palm trees with pollination by vy-irradiated pollen grains.

The value of fussion transition temperature (T ) shifts up-
wards as the irradiation dose increases. In order to clarify the
number of defects produced and the transition in the energy of
ordering, we apply the following relation[18].

ACp = (ZNU2RT?)e - URT

where N is the number of atoms displaced from the equilibrium
position, U is the activation energy of ordering, R is the univer-
sal gas constant and Z is the coordination number.

Figure 3 shows the dependance of In ACpT? on I/T for irra-
diated and non irradiated samples. It is clear that the experimen-
tal point can be approximated by stragith line with exception of
the temperature interval in the vicinity of the transition. The slopes
of the straight lines give the activation energies which are plot-
ted in Fig. 4. This figure shows that the ordering energy of tran-
sition (U) is increasing as the irradiation dose increase. This
behaviour can be attributed to the fact that small irradiation dose
causes degradation of the outer layer of the pollen. Upon in-
creasing the dose to 1000 rad, the degradation effects the next
layer of the pollen wassl and revealed subsurface structure, that
have not been observed before (Figs. 11,12, arrows).

When pollen grains were subjected to high dose of irradia-
tion (one mega rad), their overall shape appeared coilapsed and
the pattern of the exine appeared irregular. Pollination with these
pollen grains resulted in setting of small fruits. It is generally
known that high doses of gamma irradiation inhibites pollen ger-
mination and pollen tube growth[8,19].
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Figs. 5, 6: SEM-micrographs of untreated pollen (Fig. 5 X 4800). Fig. 6 showing details of sexine pattern (x 10000).

Figs. 7, 8: (x 4800, x 10000) SEM-micrographs of pollen grain irradiated with 250 rad. Note thin coat obscuring parts of pollen sexine,
while other parts appear etched (arrows).
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Figs. 9, 10: (x 3400, x 10000) SEM-micrographs of pollen irradiated with 500 rad. Note irregularities in the reticulate pattern of the
sexine, cf. Figs. 5,6.

Figs.11, 12: (x 2200, x 10000) SEM-micrographs of pollen irradiated with 1000 rad. Note the appearance of granular layer (arrows)
beneath the reticulate tectum.
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Figs.13,14: (x 3200, 10000) SEM-micrographs of pollen irradiated with one mega rad. Note that the pollen grains are generally
collapsed.
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The effect of irradiated pollen on fruit setting and fruit size
in Phoenix dactylifera could be of economic importance. More
investigations should be carried to find out the most suitable
irradiation dose and the size and quality of fruit setting after
pollination with treated pollen.

The treatment of the exine with different doses of y-radia-
tion, followed by measurement of its thermophysical properties
indicates the existence of substructural features. Similar results
were obtained by treatment of the exine with a variety of chemi-
cal reagent[20-22].

The results obtained from measurements of thermophysical
properties of various doses treated palm pollen may also indi-
cate that material of different layers of pollen wall are not ho-
mogenous. Recently, the high resolution *CNMR spectra ob-
tained from exine of pollen grains of different plants showed
that these materials are distinct substances. Sporopollenin is there-
fore considered as a class of biopolymers rather than a single
homogenous macromolecule!2>24,
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