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Summary. Gamma ray treatments at various doses were applied to flowers after cross-compatible pollina-~
tions (5:S, x S:2S.5) and self-incompatible pollinations (S:S, x S:S.). After 200kR treatment (highest
dose) a high percentage of pollen became non-viable, and tube growth of all the germinated pollen was inhib-
ited at the first third, or just before half the length of the style. Observations on the ultrastructural aspects
revealed that the pollen tubes were destroyed by a precise degradation process which led to the disappearance
of the inner wall, lysis of the tube, accumulation of several bipartite particles and alteration of endoplasmic
reticulum into a whorl of concentric circles. These results indicated that the high dose of gamma rays prob-
ably interferes with protein synthesis. The ultrastructural aspects of compatible pollen tubes after gamma
irradiation were similar to those of self-incompatible tubes and therefore it is suggested that cessation of
protein synthesis might also be a result of incompatibility.

Electron microscopy observations after treatment with 200kR gamma rays on flowers after self-incom-
patible pollination (S.:S; x S:S,) showed that gamma irradiation affects the self-incompatibility reaction; but

the results obtained so far are difficult to explain.

Introduction

The wild tomato species Lycopersicun peruvianum Mill.
is characterised by homomorphic gametophytic mono-
factorial self-incompatibility. Although many of the
genetical and biochemical features characterising the
self-incompatibility phenomenon are known (see Le-
wis 1965; Linskens 1965; Lundquist 1965; Lewis et
al. 1966; Pandey 1967, 1870; Nasrallah et al. 1969;
de Nettancourt et al. 1971; de Nettancourt 1972; van
der Donk 1974a, b), only 2 little information is
available on the rejection process and on the ultra-
structural changes which accompany the inhibition of
pollen tube growth (de Nettancourt et al. 1973a). In
the course of observations with the electron micros-
cope on the mechanism of pollen tube rejection after
incompatible pollinations in L. peruvianum, de Nettan-
court and coworkers (1973a, b, 1974, 1975) interpreted
the occurrence of endoplasmic reticulum in whorls of
concentric circles, and its subsequent degradation,
as an indication that incompatibility might lead to a
general cessation of protein synthesis. In an attempt
to gain further information on the mechanism of pollen

tube rejection, experiments were carried out on

L. peruvianum: 1) to determine the radiation dose

that can inhibit pollen tube growth in the style after
cross-compatible pollination, 2) to observe the ultra-
structural features of pollen tube inhibition, and 3)

to find out if these aspects are similar to or differ-
ent from those observed after self-incompatible polli-
nation, given that ionizing radiations also decrease
the rates of both nucleic acid and protein synthesis
(see Luse 1970).

Materials and Methods

1. Test-material and growing conditions

Lycopersicun peruvianun clones F13(S,5S5.;) and
10(S1S,) were used. The details on the origin of
these clones have been given in previous publications
(Lan?ri and de Nettancourt 1973; Sree Ramulu et al.
1976).

The plants were grown under greenhouse condi-
tions and the experiments were conducted in the months
of April to early June, when the plants flower profuse-

ly.
2. Irradiation source and treatments
Gamma irradiation was carried out with the

67000 Ci®*°Co source at the nuclear centre of Casac-
cia near Rome. The doses applied to pollinated flow-
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ers were 50kR and 100kR at the rate of 38.7kR/
hour, and 200kR at the rate of 60 kR/hour. The tem-
perature during irradiation was 22° £ 1°C.

3. Self-incompatible and cross-compatible pollina-
tions and method of treatment

Plants of genotype 5.S, wereusedas female parents
and pollinated with pollen from both $;S, plants
(5.8, xS.8,.; self-incompatible pollination) and
S.2S.s plants (S.S; X 8.2S.5; cross-compatible
pollination). The pollinations were performed at
9a.m. on emasculated flowers. After S5 hours, the
pollinated flowers were removed from the plants,
planted in petridishes containing agar minerals, and
immediately treated with gamma rays. Irradiation
was applied to the flowers in petridishes in such a
way that the stigmas were vertically facing the *°Co
source. Immediately after irradiation, the styles
were fixed for observations with fluorescence and
electron microscopes, or the irradiated flowers were
transplanted to non-irradiated petridishes (with
agar) and placed in the climate room over night
(climate room conditions: about 3000 lux, TL 33
tubes, 22° £ 1°C), and the styles were fixed on the
next morning (9a.m.).

4. Fluorescence and electron microscopy

The fluorescence technique described by Martin (1958)
was followed in these experiments.

For electron microscopic observations, each
style was cut into three parts and prefixed in 3%
glutaraldehyde buffered with 0.066 M cacodylate (pH
7.2) for 60 minutes at room temperature. The styles
were then rinsed in buffer and fixed in 1% osmium
tetroxide buffered with 0.066 M cacodylate (pH7.2)
for 60 minutes. The material was dehydrated and
embedded in an Epon-Araldite mixture. Sections
were cut on an LKB Ultratome III, stained with ura-
nyl acetate and lead citrate and observed with a
JEOL JEM 100 B electron microscope at 80kV.

In each experiment 20 flowers for self-incom-
patible pollinations and 20 flowers for cross-com-
patible pollinations were used. Ten flowers for each
type of pollination were treated with gamma rays,
and 10 were used as controls.

The first and second experiments were carried
out with 50kR and 100kR gamma rays (at the rate
of 38.7kR/hour) respectively, and observations
were made on pollen germination and pollen tube
growth, using the fluorescence technique.

The third experiment was performed with 200 kR
gamma rays {60kR/hour), and observations were
made by the fluorescence technique. With this treat-
ment after cross-compatible pollination (S:S, X
S12S:3), pollen tube growth was inhibited in the style,
while in the control pistils the pollen tubes reached
the ovary. In order to observe by electron microsco-
pYy the ultrastructural aspects of pollen tube growth
inhibition after 200 kR gamma rays, the same ex-
periment was repeated {wice; the data were uniform
throughout all these experiments.
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Results

1. Effect of gamma irradiation on pollen tube growth

after cross-compatible pollination (5154 X 512513)

With doses of 50 and 100 kR pollen germination was
inhibited to some extent, but the tubes of the germi-~
nated pollen could grow through the style into the
ovary (Fig.1). However, after the 200kR treatment
not only a high percentage of pollen became non-
viable, but even the growth of the surviving pollen
tubes was inhibited in the first third or just before
the middle of the style length. Bursting pollen tubes
could also be observed under fluorescence microsco-
py (Fig.2). These observations on the effects of
200kR gamma rays were confirmed in repeated ex-
periments, and the ultrastructural features were
studied both in the controls and treated materials.

It was observed that immediately after irradia-
tion, i.e. 8 hours after pollination, the pollen tubes
could grow only up to the base of the stigma where
the stylar transmitting tissue begins to differentiate.
In the tube portion very near the apex (Fig.3), the
cytoplasm appeared very dense with several dictyo-
somes producing many vesicles which migrated to-
wards the callosic wall {Fig.3). The mitochondria
were swollen, and had some small vesicles inside
containing fibrillar material (Fig.3). An unusual
aspect of these pollen tubes was the presence of
cisternae of rough endoplasmic reticulum (RER) ap-
pearing as whorls of concentric circles (CER)}(Fig.4).
In the cytoplasm the free cisternae of RER seemed
to be rare or absent.

Twenty-four hours after pollination the pollen
tubes had grown only as far as the end of the first
third of the style length. In the stylar intercellular
spaces, degenerated pollen tube material was pre-~
sent due to the bursting of the tubes. Inside the pol-
len tubes the cytoplasm was similar to that observed
8 hours after pollination, i.e. with CER, mitochon-
dria containing vesicles, dictyosomes etc. Near the
apex the pollen tubes showed a very thick external
wall as well as the callosic inner wall. In the space
between the callose wall and the plasmalemma nu-
merous very fine granules were present (Fig.5).
The formation of a callosic plug and the occurrence
ot well recognizable CER could be seen (Fig.6). The
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Fig.1. Pollen tubes growing normally in the style of flower irradiated with 100kR gamma rays after cross-
compatible pollination (S.S, x S:2S.3); X 125

Fig.2. Bursting of pollen tube, as observed under fluorescence microscopy, in the style of flower treated
with 200kR gamma rays after cross-compatible pollination (S:S, x S.2S.5)}; x 670

Figs.3-4. Pollen tubes in irradiated (200kR) styles 8 hours after cross-pollination (S.S, X S;:25.3). The
tubes are sectioned near the apex: whorls of concentric endoplasmic reticulum {(CER) are visible; the
mitochondria (M) contain relatively small vesicles; Fig.3 (x 27.000), Fig.4 (x 30.300)

Figs.5-6. Pollentubes as in preceding figures but 24 hours after pollination

Fig.5. Between the inner callosic wall (CW) and the plasmalemma a layer is present with finely granular
material (EW = external pectocellulosic wall); x 26.200

Fig.6. Callosic plug formation zone; degenerating CER is present; x 18.200

outer wall, especially its outer layers, of the col- In the controls, the pollen tubes had reached the
lapsed empty portion of the pollen tubes was formed last third of the style 8 hours after pollination. It
of very loose fibrils (Fig.7). was observed that the RER had long, single pro-
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Fig.7. Pollen tubes as in preceding figures but 24 hours after pollination. Inactive and collapsed portion of
pollen tube; X 10.100

Fig.8. Cross-compatible pollination (5.5, X S.2S.3) control. Pollen tube near the apex with cisternae and
numerous organelles; X 33.000

Figs.9-11. Apical (Fig.9), nuclear (Fig.10), and collapsed (Fig.11) portions of irradiated (200kR) pollen
tubes, 8 (Figs.9-10) and 24 (Fig.11) hours after self-incompatible pollination (S:S; x S:S.). Free RER
cisternae and mitochondria with small vesicles are present (Figs.9 and 10); the generative cell contains a
large number of microtubules (Mt) (Fig.10); (EW = external pectocellulose wall; CW = callosic wall};
Fig.9 (x 10.500); Fig.10 (x 11.100); Fig.11 (x 13.000)

files; the structure of the mitochondria appeared 2. Effect of gamma irradiation on pollen tube growth
normal with evident membranes and cristae (Fig.8). after self-incompatible pollination (sls4 X 5154)
Twenty-four hours after pollination, only collapsed

pollen tubes were observed in the style; probably by It was observed that immediately after irradiation
that time the spermatic nuclei had reached the ovary. with 200kR gamma rays, i.e. 8 hours after pollina-
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tion, the pollen tubes reached the intercellular sub-
stance of the style beyond the stigma. The pollen tube
portion near the apex, which can be regarded as re-
presentative of other portions, showed several or-
ganelles: dictyosomes with vesicles, free RER cis-
ternae, lipid globules and, in particular, very swol-
len mitochondria containing vesicles with fibrillar
substances (Fig.9). This abnormal condition of the
mitochondria was still more evident in the nuclear
area (Fig.10).

Twenty-four hours after pollination the pollen
tubes reached the second third of the style length.
Only rarely could any further growth of the tubes be
observed. There were several traces of degenerated
cytoplasm in the intercellular substance of the style.
The active portion of the pollen tubes showed a pecto-
cellulosic outer wall and a well-distinguished inner
callosic wall. With regard to cytoplasm organelles,
the pollen tubes showed the same features as irra-
diated pollen tubes 8 hours after cross-pollination,
except that in selfed pollen tubes no CER was ob-
served. The inactive part of the tube showed a very
regular pecto-cellulosic outer wall with very com-
pact fibrils (Fig.11).

In the controls, 8 hours after self-pollination,
the pollen tubes showed no noticeable ultrastructural
difference as compared with treated pollen tubes.
After 24 hours the pollen tubes could grow only up
to about half the style length and thereafter the pol-
len tubes were inhibited in their growth and were
destroyed by a degradation process which led to the
disappearance of the inner wall and lysis of the tube;
several whorls of CER were found which subsequent-

ly degraded in the cytoplasm.

Discussion

In many plant species pollen germination and tube
growth are generally inhibited only after very high
doses of radiation, e.g. LD.50 for germination was
reported to vary from 35kR (Oenothera organensis)
to as high as 550kR (Saintpaulia icnantha) (Brew-
baker and Emery 1962). Nishiyama and Tsukuda
(1959) treated the dehisced pollen of Lycopersicun
esculentun with filtered (1 mm A1) 230kvP X-rays

under room conditions, and found that 250kR treat-
ment caused 50 % reduction in germination; a sporad-
ic germination was encountered at doses exceeding
300kR. In the present study with the wild tomato spe-
cies L. peruvianum, inhibition of pollen germination
was observed in the styles after cross-compatible
pollination in increasing order following treatments
with 50, 100 and 200kR gamma rays. However, it
was found that after 50 and 100kR treatments, many
pollen tubes grew through the style into the ovary.
After ireatment with high exposure 200kR the pollen
tubes were not only inhibited in their growth, but al-
so were destroyed by a precise degradation process
which led to the disappearance of the inner wall, lysis
of the tube, accumulation of numerous bipartite par-
ticles and the arrangement of endoplasmic reticulum
into whorls of concentric profiles. These features
were quite similar to those observed in the pollen
tubes after self-incompatible pollination. The occur-
rence of CER in the incompatible pollen tubes of

L. peruvianum was interpreted by de Nettancourt et
al. (1973a, b) as an indication that incompatibility
might lead to a general cessation of protein synthe-
sis. Similarly concentric configurations of the endo-
plasmic reticulum, observed in temporarily inactive
cells such as those of resting potato tubers (Shih

and Rappaport 1971) and Betula buds (Dereuddre
1971), seem to indicate the inactivation of some im-
portant biosynthetic mechanism: Shih and Rappaport
(1971) demonstrated in fact that the application of
gibberellin GA3 to potato tubers simultaneously in-
duced metabolic activity and the disappearance of
CER. The formation of CER seems, therefore, to
indicate that one effect of gamma radiation is the
cessation of protein synthesis. The presence of CER
and other ultrastructural features both in irradiated
cross-pollinated and untreated self-pollinated pollen
tubes is further evidence that cessation of protein
synthesis is also one of the main events in the self-

incompatibility reaction.

A final comment may be made concerning the ef-
fects of 200kR gamma rays on pollen tube growth
in the stylar tissues after self-incompatible pollina-
tion (SIS4 X 5154) . Twenty-four hours after self-pol-
lination in the non irradiated materials, all the pollen
tubes stopped growing in the first third or half of the
style length showing all the usual aspects of degener-
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ating incompatible tubes (de Nettancourt et al. 1973a).
On the other hand, treated pollen tubes grew farther
down the style than the non-irradiated ones, their
active portion showing a pecto-cellulosic outer wall
and an easily distinguishable inner callosic wall; no
concentric layers of endoplasmic reticulum were ob-
served. These results indicate that ionizing radiation
has an influence on the self-incompatible mechanism.
These data need to be confirmed but what is especial-
ly necessary is to follow the development of the pollen
tubes for a longer time and farther down the stylar
length: only then will it be possible to attempt an ex~
planation of the effects of irradiation on the self-in-

compatibility reaction.
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