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SUMMARY

In Petunia hybrida the length of pollen tubes was measured after growth in the style for 24 h. The
length attained depends upon the temperature regime under which the pollen as well as the styles
developed prior to pollination. The temperature regimes used were 25.5/18°C and 19.5/18°c re-
spectively, both in a 16/8 h day/night regime.

A high temperature regime during the progamic phase causes a greater length of the tubes than the
low temperature regime; this difference is larger after cross- than after self-pollination.

The length after 24 hours’ growth of incompatible pollen tubes is larger when the pollen developed,
prior to pollination, under the high temperature regime than under the low one, but their length is not
affected by the temperature at which the styles developed. With compatible pollen tubes, on the other
hand, that length is larger when the styles developed under the high temperature regime than under
the low one and it is also enhanced by a pretreatment of styles, developed under a low temperatue
regime, with the higher temperature for 24 h. The enhancement is largest when the treatment precedes
pollination at the low temperature regime immediately and is absent when the time between treatment
and pollination exceeds four weeks.

The length of incompatible pollen tubes after 24 h is in general lower in plants cultivated from
summer- than from winter-cuttings; the length of compatible pollen tubes in plants cultivated from
winter-cuttings decreases with the age of the plant, if style development and tube growth take place
under the low temperature regime.

Compatible pollen germination is affected by a low temperature regime during style development
and progamic phase.

The incompatible pollen germination rate is lower in pollen from summer- than from winter-
cuttings, when pollen development and pollination occur at the low temperature regime.

1. INTRODUCTION

In several plant species the growth of the pollen tubes in the style is much slower
after an incompatible pollination than after a compatible one. This growth
inhibition weakens towards the end of the flowering period of the plant produc-
ing the styles (LINSKENS 1973). In young flower buds the growth inhibition
capacity of the style is weak, but during maturation it increases (LINSKENS 1964,
HERRERO & DICKINSON 1980). In old and wilting flowers this growth inhibition
reaction decreases again (ASCHER & PELOQUIN 1966a). Age is an important
physiological factor not only in relation to the incompatible pollen tube — style
interaction, but also in relation to the compatible one. ASCHER & PELOQUIN
(1966a) found in Lilium that compatible pollen tube growth velocity varies with
the physiological age of the styles. LINSKENs (1977) investigated compatible
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pollen tube lengths during the flowering period of Petunia plants, but it is not
clear whether the differences observed were caused by the advancing age of the
plants or by the advancing growth season.

The temperature is important during the progamic phase (LEwis 1942, As-
CHER & PELOQUIN 1966b, TOWNSEND 1968, STRAUB 1958, LiNsKENS 1973), but
also before: in Oenothera a partial decrease of the incompatibility reaction was
obtained by either a low temperature during, or a high temperature prior to the
progamic phase (KwAck 1965). Low temperatures before pollination had no
effect on the incompatible pollen tube growth in Oenothera (LEwis 1942), but
changed the compatibility reaction in Trifolium to self-incompatibility (TOWN-
SEND 1968). However, in Medicago sativa pollen germination was hardly affec-
ted by incubation temperatures, but more by the temperature at which the plants
were grown (DANE & MELTON 1973). .

Still less is known about the impact of temperature pretreatments on the
pollen tube - style interaction. We decided therefore to investigate the effect of
temperature treatment during the pre-progamic phase and of aging and season in
relation to the pollen tube - style interaction after compatible or incompatible
pollinations.

2. MATERIALS AND METHODS

The heterozygous clone W166K (S,S,) of Petunia hybrida was used only as
pollen provider and the homozygous clone T, U (S,S,) for the pollen and styles.

Unless otherwise stated both self-incompatible clones were grown, from the
moment of cutting, in two plant growth chambers, one at 19.5 + 0.2°C, the other
at 25.5 + 0.2°C during the light period, and both at 18.0 + 0.1°C in the dark.
The light regime was 16 h light (starting at 7.00 a.m.), lighting intensity 25 kix,
and 8 h dark.

The plants were grown from cuttings made in August (summer cuttings) and
January (winter cuttings) from mother-plants grown in the greenhouse under
day-light conditions, in the winter months supplemented with light from a Philips
mercury lamp HLRG 400 W, lighting intensity 25 + 5 klx.

The anthers were collected from flower buds just before anthesis, and dried at
23°C for 24 h in the dark. The pollen was separated from the anther tissue by
sieving; it was used immediately for pollination by applying an excess on the
stigma. Styles of emasculated flowers were pollinated in both growth chambers
at9.00 a.m. and after 24 h (progamic phase), both for cross- and self-pollinations
the length of the pollen tubes was measured with an U.V. fluorescence micro-
scope according to the method of LinskeNS & ESSER (1957). Eight styles were
selected at random and the average length of 909 of the pollen tubes was
determined.

Experiments could be carried out from the 10th tili the 25th and the 15th till
the 25th week for summer and winter cuttings respectively.
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3. RESULTS

The vegetative vigour of the plants in the growth chambers was better than that
of plants in the greenhouse of the same age. The plants grown under the low
temperature regime were more vigorous than those grown under the high tem-
perature regime.

3.1. Self-pollination
After self-pollination (S,S; x S;) we got the following results depending on the
applied pretreatment.

Temperature during style development: The length of incompatible pollen
tubes is not correlated with the temperature at which the style developed (fig. 1),
not even when the temperature during pollination is high (fig. 2).

Temperature during pollen development.: The tube is longer when the pollen
developed at the high temperature regime (fig. 1, 2).

Temperature during the progamic phase: A comparison of figs. I and 2 shows
that the high temperature has an equal impact on the two curves in figure 1
except that there is no decrease in length after the 21st week.

Aging of the plant: The pollen tube length and germination percentage appear
independent of the age of the plant except for the 19.5/18°C temperature regime
during pollen development and progamic phase (fig. /) at which pollen tube
length is smaller and the germination percentage lower after the 21st week.

Growth-season: In summer cuttings the pollen tube length is in general lower
than in winter cuttings. The percentage of germination is lower in the former
than in the latter, but only after the low temperature regime during pollen
development and progamic phase.
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Fig. 1. Length of incompatible pollen tubes, from pollen developed at 25.5/18°C (® @) and
19.5/18°C (A,®), after 24 hours growth at 19.5/18°C in styles developed at 19.5/18°C (@, A) and
25.5/18°C (@, @). Pollen and styles are from plants developed from winter cuttings.
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Figs. I and 2 are similar for the summer cuttings except that experiments could
be started five weeks earlier when summer cuttings were used. Tubes, from pollen
developed at the high temperature regime, attain a greater length than tubes
from pollen developed at the low temperature regime no matter if we used
summer- or-winter-cuttings.
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X from plants developed from
weeks after cutting winter- or summer-cuttings.
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Fig. 4. Length of compatible pollen tubes, from pollen developed at 25.5/18°C, after 24 hours growth
at25.5/18°C (®)and 19.5/18°C (A, Q) in styles developed at 19.5/18°C (A, ®)and 19.5/18°C + in
the 23the week 24 hours 25,5/18°C just before the start of the progamic phase (O). Pollen and styles
are from plants developed from winter cuttings.

3.2.Cross-pollination
After cross-pollination (S;S; x S1,2) the following observations for the dif-
ferent pretreatments are made.

Temperature during style development: Compatible pollen tubes grown at
19.5/18°C are longer in styles developed at 25.5/18 °C than in styles developed at
19.5/18°C (fig. 3, 4 and 5). In styles developed at 25.5/18°C and those developed
at 19.5/18°C the behaviour of the tubes raized after pollination at 25.5/18°C, are
with regard to the length of the compatible tubes identical (fig. 3, 4). When an
exposure of only 24 hours of the high temperature regime was given to the styles
before the progamic phase, the length of the compatible tubes is larger in those
styles compared with non-exposed styles (fig. 4, 5) provided that the temperature
during style development and pollination is low. The time lag between exposure
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Fig. 5. Length of compatible pollen tubes, from pollen developed at 25.5/18°C, after 24 hours growth
at25.5/18°C (®)and 19.5/18°C (A, O), in styles developed at 19.5/18°C (A, ®)and 19.5/18°C + in
the 13th week 24 hours 25.5/18°C just before the start of the progamic phase (O). Pollen and styles
are from plants developed from summer cuttings.

and the moment of pollination is important: the length of the tubes becomes
shorter when time between pretreatment and start of the progamic phase in-
creases (fig. 4, 5).

Temperature during pollen development: The pollen tube length after cross-
pollination is not significantly different from pollen developed at different tem-
perature regimes.

Temperature during the progamic phase: The compatible tube length is larger
and the germination percentage higher in styles developed and pollinated at
25.5/18°C or developed at 25.5/18°C and pollinated at 19.5/18°C thanin styles
developed and pollinated at 19.5/18°C (fig. 3, 4, 5).

Aging of plants: The effect of aging is only visible in winter cuttings when both
temperatures during style development and progamic phase are 19.5/18°C (fig.
4). .
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Season effects: In winter cuttings the pollen tubes grow a shorter distance with
increasing age of the plant (fig. 4) when both temperatures during pollination
and style development are 19.5/18°C. The length after 25 weeks is equal to the
length in summer cuttings after 10 weeks (fig. 4, 5).

4. DISCUSSION

Pollen tube growth depends not only on the temperature regime during the
progamic phase but also on the temperature regime during the preceding flower
and plant development. The effect of temperature during pollen or style develop-
ment on the lengths of incompatible or compatible pollen tubes respectively
can be discussed in relation to the most fitting gene action models of self-
incompatibility put forward by AsCHER (1966) and VAN DER Donk (1975).
The process of recognition after the landing of pollen on the stigma leads
to a response in the pistil (LINSKENS 1975) and the time lag between the start
of the progamic phase and rejection or acceptance of the pollen in the pistil can
be controlled by the temperature during the progamic phase (LEwis 1952). We
think that the low temperature regime during style development and progamic
phase does not only prolong the recognition process in Petunia, but also alters it
in such a way that acceptance of the compatible pollen does not occur, and that
this probably explains why the compatible pollen tubes have approximately the
same length as the incompatible ones (see also ASCHER & PELOQUIN 1966b for
Lilium). According to the model of VAN DER DoNK (1975), the style specific
polypeptides are probably not synthesized by the stylar S-gene, because either
there is no activation of the style or the style does not have preformed mRNA,
and thus, as in the case of an incompatible pollination, the pollen genome is not
activated (since there are no style specific polypeptides), and subsequently the
pollen tube growth stops when its resources, depending on the kind of pollen
(T,U or W166K) and the temperature during pollen development, are con-
sumed. The observation that incompatible pollen, developed at a higher tem-
perature, grows farther due to its resources seems to be confirmed by the fact that
its protein content is higher than in pollen developed at a lower temperature
regime (VAN HERPEN in prep.). According to the model of ASCHER (1966), the
high velocity operon is not repressed, but the high velocity growth system cannot
move into action because the necessary stylar metabolites are not available
because of the low temperature regime during style development and progamic
phase, thus growth of the pollen tube occurs at the slow rate until compatible
pollen reserves have been depleted.

The difference in compatible tube lengths in plants cultivated at the low
temperature regime either from cuttings made in summer or in winter cannot be
explained by a difference in pollen germination percentage (see TER-AVANESIAN
1978), but perhaps by a different stylar gene activity (VAN DER DoNK 1975,
LINSKENS 1975) towards fast repair of the damage caused by the growing pollen
tube.

All styles mentioned above are developed and pollinated at the low tempera-
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ture regime, higher temperatures during the progamic phase induce longer
incompatible pollen tubes in Perunia (LINSKENS 1973), Trifolium (CHEN & GIB-
SON 1973, TOWNSEND 1968), Lilium (AsCHER & PELOQUIN 1966b) and Brassica
(Gonal & HINATA 1971). Our experiments in the growth chambers give similar
results for compatible pollen tubes as found by AscHER & PELOQUIN (1966b),
except that compatible tubes have approximately the same length as incom-
patible tubes at the low temperature regime and twice as long at the high
temperature regime during pollination. According to the model of VAN DER
Donk (1975), the style specific polypeptides are probably synthesized very quick-
ly by the high pollination temperature and either do not or do react whether it
is a compatible or incompatible pollination, with the pollen specific polypep-
tides. A differential reaction takes place (VAN DER DONK 1974) leading to a large
difference in the respective pollen tube lengths. In the model of ASCHER 1966) the
high velocity operon is not repressed, as in the case where low temperatures
during style development and progamic phase are used, but the high-velocity
system can move into action now because the stylar metabolites are synthesized
very quickly by the high temperature regime during the progamic phase.
When styles are developed under the low or high temperature regime and
pollinated at the low temperature regime, the tube lengths are only different for
compatible and not for incompatible pollinations. This difference in compatible
pollen tube lengths occurs also when styles developed at 19.5/18°C are treated
with 24 hours of the high temperature regime before the start of the progamic
phase as compared with styles which are not, and this difference lasts for about
four weeks when pollination is still performed at the low temperature regime.
VaN DEr Donk (1975) claims the synthesis of style specific polypeptides during
the progamic phase. Our results suggest either temperature dependent S-gene
activity and subsequent polypeptide synthesis before the progamic phase or S-
gene activity during the progamic phase but affected by temperatures before the
progamic phase, the mechanism of this last possibility is, however, not yet clear.
In the model of AsCHER (1966), enough stylar metabolites are synthesized during
the high temperature pretreatment to enable the action of the high-velocity
system even when the pollination temperature is low. The length of incompatible
pollen tubes is independent of the temperature during style development, and
dependent on the temperature during pollination but not to such an extent as the
compatible tubes are. In the model of AsCHER (1966) the latter observation can
be explained by the fact that there are different operons at work for the different
pollinations, and in the model of VAN DER DoONK (1975) by a gene, responsible for
the repair of the damage caused by the growing pollen tube, which works only
during incompatible pollinations and better at a high temperature.
Germination of alfalfa (Medicago sativa) pollen is dependent upon the clone
from which the pollenis collected and influenced by the temperature at which the
plants are developed (DANE & MELTON 1973). HAvASE (1955) found maximum
germination of pollen from male flowers of cucumber at 20-25°C, lower and
higher temperature treatments given from 2 days befare anthesis decreased the
pollen viability. The decrease in the percentage of pollen germination and pollen
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tube length in Petunia especially at the low temperature regime is perhaps caused
by a change in the calcium concentration (BREWBAKER & KwAcK 1963) in the
style. The pollen tube length is also determined by the number of germinated
pollen grains (TER-AVANESIAN 1978).
After self- or cross-pollination a change in the saturation degree of the fatty acids
is found, and the distribution of the fatty acids among the various glycosphingo-
lipids in self- and cross-pollinated styles is different (DELBART et al. 1980).
Bacteria, plants and animals can all adapt to changes in environmental tempera-
ture by altering the degree of saturation in their fatty acid side chains (FURTH
1980). It is possible that environmental conditions before and during the pro-
gamic phase have their influence on the pollen tube — style interaction via a
change in structure and/or distribution of lipids in the membranes.
Environmental factors are not only decisive during the progamic phase but
also before. Thus the use of controlled conditions for the cultivation of plant
material is absolutely necessary (LINSKENS 1975).

ACKNOWLEDGEMENTS

The authors express their’s heartfelt thanks to: A. H. Glaap for his good ideas, W. A. J. vanden Brink
for the plant material, J. A. M. Schrauwen and R. J. Campbell for their stimulating discussions, G.
W. M. Barendse for correcting the english text and H. Verhoeven for typing the manuscript.

REFERENCES

ASCHER, P. D. (1966): A gene action model to explain gametophytic self-incompatibility. Euphytica
15: 179-183.

— & S. J. PELOQUIN (1966a): Effect of floral aging on the growth of compatible and incompatible
pollen tubes in Lilium longiflorum. Amer. J. Bot. 53: 99-102.

— & —(1966b): Influence of temperature on incompatible and compatible pollen tube growth in
Lilium longiflorum. Can. J. Genet. Cytol. 8: 661-664.

BREWBAKER, J. L. & B. H. Kwack (1963): The essential role of calcium ion in pollen germination and
pollen tube growth. Amer. J. Bot. 50: 859-865.

CHEN, C. C. & P. B. GiBsoN (1973): Effect of temperature on pollen-tube growth in Trifolium repens
after cross- and self-pollinations. Crop Science 13: 563-566.

DANE, F. & B. MELTON (1973): Effect of temperature on self- and cross-compatibility and in vitro
pollen growth characteristics in Alfalfa. Crop Science 13: 587-591.

DELBART, C., B. Bris, H. F. Linskens, R. LINDER & D. CousTauT (1980): Analysis of glycosphingo-
lipids of Petunia hybrida, a self-incompatible species. I1. Evolution of the fatty acids composition
after cross- and self-pollination. Proc. Kon. Ned. Akad. Wet. C 83: 241-254.

DONK, J. A. W. VAN DER (1974): Differential synthesis of RNA in self- and cross-pollinated styles of
Petunia hybrida L. Molec. Gen. Genet. 131: 1-8.

—(1975): Recognition and gene expression during the incompatibility reaction in Petunia hybrida L.
Molec. gen. Genet. 141: 305-316.

FurTH, A. J. (1980): Lipids and polysaccharides. Studies in Biology no. 125, Edward Arnold,
London.

Gonal, H. & K. HinaTa (1971): Effect of temperature on pistil growth and phenotypic expression of
self-incompatibility in Brassica oleracea L. Jap. J. Breed. 21: 195-198.

Havasg, H. (1955): Effect of temperature before and after anthesis on pollen germinating power in
cucumber and egg plant. J. Jap. Soc. Hort. Sc. 24: 143-148.



218 M. M. A. VAN HERPEN AND H. F. LINSKENS

HERPEN, M. M. A. vaN (1981): Effect of season, age and temperature on the protein pattern of
pollen and styles in Petunia hybrida. Acta Bot. Neerl. 30(4) (next issue).

HERRERO, M. & H. G. DIcKINsON{(1980): Ultrastructural and physiological differences between buds
and mature flowers of Petunia hybrida prior to and following pollination. Planta 148: 138-145.

Kwack, B. H. (1965): Stylar culture of pollen and physiological studies of self-incompatibility in
Oenothera organensis. Physiol. Plant. 18: 297-305.

Lewis, D. (1942): The physiology of incompatibility in plants. I. The effect of temperature. Proc.
Roy. Soc. B 131: 13-26.

— (1952): Serological reactions of pollen incompatibility substances. Proc. Roy. Soc. B 140:
127-135.

LinskeNns, H. F. (1964): The influence of castration on pollen tube growth after self-pollination.
In: Pollen Physiology and Fertilization (H. F. LINSKENS, ed.), pp. 230-236. Amsterdam: North-
Holland.

— (1973): Reaction of inhibition during incompatible pollination and its elimination. Fiziol. Rast.
20: 192-203. :

— (1975): Incompatibility in Petunia. Proc. Roy. Soc. B188: 299-311.

— (1977): Incompatibility reactions during the flowering period of several Petunia clones. Acta Bot.
Neerl. 26: 411-415,

— & K. EssEr (1957): Uber eine spezifische Anfirbung der Pollenschliuche im Griffel und die Zahl
der Kallosepropfen nach Selbstung und Fremdung. Naturwissenschaften 44: 10.

STRAUB, J. (1958): Das Uberwinden der Selbststerilitit. Z. Bot. 46: 98-111.

TER-AVANESIAN, D. V. (1978): The effect of varying the number of pollen grains used in fertilization.
Theor. Appl. Genet. 82: T7-79.

TownseND, C. E. (1968): Self-compatibility studies with diploid alsike clover, Trifolium hybridum L.
III. Response to temperature. Crop Science 8: 269-272.



