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S u m m a r y  

The effect of daylenght and temperature for the donor plants (Nicotiana tabacum var. 
Badischer Burley) on the formation of pollen competent for embryogenesis (P-pollen) 
by the three possible routes (during normal flower development in situ (pollen dimorphism), 
during cold-treatment of excised flower buds, in cultured anthers) was studied. In all 
three routes, P-pollen frequency (premitotic pollen, before 1. sporophytic division, PPF) 
was affected in essentially the same way. At 24 ~ and long days, PPF was low and short 
days had only a slightly increasing effect. At 18 ~ and long days, PPF was higher and 
short days further increased it. Correlated with PPF under the different growth regimes 
was the percentage of units with more than one vegetative-type nucleus (normal em- 
bryos I- abortive embryos + multinucleate pollen) in 3 weeks old anther cultures. Under 
greenhouse conditions, PPF was generally higher than at 24 ~ in growth rooms and showed 
a maximum in the winter months. Plant age did not affect PPF. These results give further 
evidence that pollen embryogenesis is predetermined before excision and culture of the pollen 
or anthers. 
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1. Introduction 

In tobacco, the pollen competent for embryogenesis, called E grains (SuNDER- 
LAND and WICKS 1971), S grains (HoRNER and STREET 1978) and P-pollen 
(I-IEBERLE-BoRs and REINERT 1979) are formed in cultured anthers (SuNDER- 
LAND and WicKs 1971), in nearly mature flowers in situ (Hot~NER and STREET 
1978) and in cold-treated excised flower buds (SUNDERLAND 1977). 
Final proof that P-pollen found in situ and in vitro are identical structures 
were results showing that P-pollen formed in situ can be cultured and are 
able to produce embryos after separation from the normal pollen (HrBERLE- 
BOl~S and REII~ERT 1980). In these experiments it turned out that P-pollen 
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were formed in low frequency (1~ when the pollen were taken from long- 
day plants at 24 ~ but rather high (10~ when the pollen were taken from 
short-day plants at 18 ~ Practically identical P-pollen frequencies could be 
found in isolated pollen cultures with preculture of anthers leading to cor- 
responding differences in plantlet yield (HeBERLE-BoRs and REINERT 1979). 
These results clearly indicated environmental control of pollen embryo- 
genesis prior to culture. Predetermination of pollen embryogenesis has been 
suggested by DALE (1975) for barley and HORN~R and STR~E'r (1978) for 
tobacco, however, P-pollen formation in cold-treated flower buds was not 
considered and the inductive factors were not identified. Experiments on the 
control of pollen embryogenesis are important since its understanding in the 
model plant tobacco might lead to a more rational sear& for plant formation 
from pollen in recalcitrant and low-yielding species such as many cereals. 

2. Mater ia l  and M e t h o d s  

Tobacco plants (Nicotiana tabacum, var. Badischer Buriey) were started in growth rooms 
under long days (16 hours) at 2 4 ~  with additional nutrient supply (HEBER~.E-BoRs 
and REINERT 1979). After 40 days, young plants (minimum four per treatment) were 
transferred to other growth rooms with different daylengths and temperatures including 
a greenhouse. Light intensity in the growth rooms ranged from 14-20 kLux. 
For determination of P-pollen frequency in situ, flowers formed during a period of one 
week (minimum 30 flowers from each of five sets of plants) were collected from plants in full 
bloom at a corolla length of 4-4.5 cm. The anthers were fixed, the pollen isolated and stained 
in acetocarmine (HEBrRte-BoRs and REINERT 1979). For cold-treatment, flower buds with 
pollen at the early binucleate stage were collected and kept at a temperature of 9-10 ~ 
for 10 days (RAsun) and REINERT 1980). Five experiments were conducted each with 
15-20 buds per treatment. Anthers were cultured without cold-treatment also at the 
early binucleate stage on a liquid NiTscI-I's medium (1969) without vitamins for 7 and 
21 days at 24 ~ The cultured anthers were removed and the medium centrifuged at 
low speed to collect pollen from dehisced anthers. Five experiments were conducted, 
each with 80-100 anthers per treatment. 
In all experiments, the number of P-pollen (premitotic pollen, before I. sporophytic 
division, no or only little cytoplasmic staining, generative and vegetative nucleus clearly 
visible), and of dead pollen (no cytoplasmic staining, no or only collapsed nuclei) was 
expressed as percentage of the total population. From two drops of stained pollen 
suspension, 500 pollen from the upper, middle, and lower part of the cover slip were 
counted. After 21 days of anther culture, all units with more than one vegetative-type 
nucleus (normal embryos + abortive embryos + multinucleate pollen - induction rate, 
HEBERLE-BoRs) were counted. The data are mean values of the parallel experiments 
with the threefold standard error. In order to obtain further statistical confirmation for 
the differences, the mean values were compared by t-test. 

3. R e s u l t s  

P-pollen can be formed in situ in nearly mature flowers (pollen dimorphism, 
PD), in cold-treated, young flower buds and in in vitro cultured anthers. The 
effect of the four possible combinations of long (16 hours) days and short 
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(8 hours) days at 24 and 18 ~ for the donor plants (LD 24-, SD 24-, LD 18-, 
and SD 18-plants) on these three developmental routes of P-pollen formation 
is shown in Fig. 1. In addition, the percentage of dead pollen is also re- 
corded. 
In all three routes, P-pollen frequency (PPF) was very low when flowers 
were taken from long-day plants grown at 24 ~ (0.34% in situ to 1.6~ 
in vitro). Short days at this temperature had only a slightly increasing effect 
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Fig. I. P-pollen frequency (PPF) and dead pollen frequency (DPF) in nearly mature 
flowers in situ, in cold-treated flower buds and in cultured anthers from LD 24-, SD 24-, 

LD 18-, and SD 18-plants. The differences in PPF and DPF in situ are significant on the 
P = 0.01 level except the difference in PPF of LD 24- and SD 24-plants. The differences 
after cold-treatment are significant on the P = 0.05 level except the difference in PPF 

and DPF of LD 24- and SD 24-plants. The differences in PPF in culture are significant 
on the P = 0.05 level. The differences in DPF in culture are not significant 

(0.40/0 in situ to 2.2% in vitro). Lowering the temperature for the donor 
plants to 18 ~ uniformly increased PPF. In flowers from LD 18-plants 
2.40/0 (in situ) to 4.20/0 (in vitro) could be obtained, short days lead to a 
further increase of 5.40/0 (in situ) to 7.40/0 (in vitro). Instead of PPF to 
measure induction, induction rate was used, i.e., the percentage of units in 
21 days old anther cultures with more than one vegetative-type nucleus 
(Hr, BEI~LE-BoRs 1980). It turned out that induction rate was predetermined 
by daylength and temperature for the donor plants in the same way as PPF, 
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i.e., low induction at LD 24-conditions (2.20/0), slight but significant increase 
by short days (2.60/0), stronger increase by lowering the temperature (3.60/0) 
and further increase by short days at 18 ~ (5.40/0, Fig. 2). 
Parallel to plants in growth rooms, PD was determined in greenhouse plants 
over a period of 15 months. During the winter months the greenhouse plants 
were supplied with supplementary illumination for 16 hours daily. Tern- 
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Fig. 2. Induction rate (normal embryos + abortive embryos + multinucleate pollen) 
in 3 weeks old anther cultures from LD24-, SD24-, LD 18-, and SD 18-plants. The 
differences are significant on the P = 0.01 level 
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Fig. 3. Pollendimorphism (PD) in LD24- ( x - x - x ) ,  SD18- ([~-[~-D) and greenhouse 
( o - o - o )  plants during a period of 15 months 

perature was set to 24 ~ but it varied considerably depending upon the 
out-door conditions. In growth room plants, under both LD 24- and SD 18- 
conditions, PD remained constant throughout the year. In July 1980, how- 
ever, when temperature regulation was readjusted, it turned out that the time 
before the temperature in the SD 18-room was some degrees too low and con- 
sequently PD fell to a level of 5-60/0 after readjustment. This decline of PD 
corrects previously published PD values of 10~ (HEB~RLE-BoRs and REINERT 
1980) which resulted from experiments performed in 1979. In greenhouse 
plants, PD was significantly higher throughout the year than in LD 24-plants 
from growth rooms and there was a clear maximum of PD in the winter 
months (Fig. 3). 
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An endogenous factor on plant development which might affect pollen plant 
induction is plant age. In two sets of SD 18-plants PD was determined from 
the start of flowering for eight weeks by collecting the flowers on two succes- 
sive days in irregular intervalls. In both sets, PD was on the same level and 
remained constant for the whole eight weeks (Table 1). 

Table 1. Effect of Plant Age on Pollen Dimorphism in Two 
Flowers Were Collected on Two Successive Days from July 25, 
to October 9, 1980 

Sets of SD 18-Plants (A + B). 
1980 (Opening of First Flower) 

July 25 + 26 August 17 + 18 September 3 + 4 September 18 + 19 Oktober 8 + 9 
1980 1980 1980 1980 1980 

A 5.70/0 5.1~ 5.20/0 5.60/0 - -  

B - -  5.20/o 5.90/o 5.7~ 5.4~ 

4. D i s c u s s i o n  

Previous investigations have shown that in tobacco P-pollen formation is 
increased in vitro as well as in situ by growing the donor plants under SD 18- 
conditions instead of LD 24-conditions (H~B~RLE-BORs and REINERT 1979, 
1980). This identity of reaction to daylength and temperature could be 
confirmed in the present investigation and extended to other daylength/ 
temperature combinations. Furthermore, it could be shown that also in excised 
cold-treated flower buds P-pollen formation was depending in the same way 
upon daylength and temperature given to the donor plants prior to excision. 
Closely related to PPF by these three routes of P-pollen formation were the 
actual frequencies of pollen regenerants. In vitro, the effect of daylength and 
temperature on PPF after 7 days of anther culture correlated with the induc- 
tion rate after 21 days of anther culture and, as has been reported earlier, 
to plantlet yield in isolated pollen cultures from LD 24- and SD 18-plants 
(HEBERLE-BoRs and R~INI~RT 1979). In cold-treated flower buds, PPF from 
LD 24- and SD 18-plants correlated with plantlet yield in ab initio pollen 
cultures from such flowers (RAsmD and REINERT 1981). Ab initio pollen 
cultures from nearly mature flowers in situ (HEBERL~-BoRs and RHN~RT 
1980) gave rise to plantlets and young embryos only from SD 18-plants but 
not from LD 24-plants. The failure with LD 24-plants is seen to be caused 
by the overall low number of pollen regenerants. This strong correlation 
between PPF and pollen regenerant frequency and the identity of PPF under 
three rather different routes can only be explained when it is recognized that 
pollen embryogenesis is determined prior to excision of the flowers from the 
plant, i.e., before the early binucleate stage. As a consequence of these results, 
it cannot be maintained that the switch in development takes place during 
culture (BHoJWANI et al. 1973), or during cold-treatment (SUNDERLAND 1977, 
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1980), or that the act of severing the contact between anther and donor plant 
provides the trigger for induction (D:3NXeELL 1981). 
The experiments revealed that both temperature and daylength were involved 
in pollen plant induction. This is in addition to results of HEBERLr-BoRs and 
REINEI~T (1979) and RASmD and RE:NERT (1981) who found in pollen cul- 
tures from precultured anthers, respectively cold-treated flower buds of 
SD 18-plants, an increase in embryo yields as compared to LD 24-plants. The 
beneficial effect of low temperature for the plants and for the excised flower 
buds have to be clearly distinguished. Raising the plants under low tem- 
perature (about 15-18 ~ affects the frequency of embryogenic pollen 
whereas low temperature (5-10 ~ after excision of the flower buds merely 
preserves viability of all pollen leading to better survival of the already in- 
duced pollen (DuNcAN and HEBERLE 1976). 
In connection with the differences in the reaction of the three routes of 
P-pollen formation to the growth conditions of the donor plants, the first 
observation to be considered was the overall low PPF in situ as compared to 
in vitro and cold-treatment. This suggests that during in vivo flower develop- 
ment many of the P-pollen die. It is further indicated by the positive cor- 
relation between the number of P-pollen and dead pollen under the different 
growth regimes. 
The fact that PPF in cold-treated flower buds and in cultured anthers was 
very variable, may result from the difficulty to distinguish P-pollen from 
other pollen types. Cytoplasmic degradation which according to BHOJWANI 
et al. (1973) preceeds P-pollen formation, seems to take place in nearly all 
pollen, since the number of degrading pollen (the lightly staining ones) is 
much greater than that of the P-pollen and is not depending upon the growth 
conditions of the donor plants (HEBERLE-BoRs and RE:NER'r 1979). If, by 
suboptimal treatment, some of the P-pollen have not completed degradation, 
they cannot be distinguished from degrading (dying) normal pollen. Such 
suboptimal treatments are the stage effect (StJNDrr, LAND and ROBERTS 1979) 
and perhaps the treatment time of 10 and 7 days, respectively, might also be 
suboptimal. An additional factor is the formation of brown anthers, which 
contain dead pollen in large numbers (as judged by examination of single 
anthers), among them presumably P-pollen. In cold-treated flower buds, 
brown anthers were not very frequent and consequently the number of dead 
pollen was very low and in fact the lowest of all three pathways. This con- 
firms earlier results (DUNCAN and HEBERLE 1976) that cold-treatment exerts 
its effect by preserving the viability of the pollen. 
The higher and with season varying PD in greenhouse plants finds a plausible 
explanation when it is compared with the daylength/temperature studies in 
the climate rooms. Fluctuations in daylength and temperature as they occur 
in greenhouses oscillate in a year between long day/high temperature and 
short day/low temperature and also between high and low temperature during 
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a day so that LD 24- and SD 18-conditions can be regarded as extremes of 
the greenhouse conditions resulting in the observed changes in PD. 
Plant age is a major factor controlling pollen plant production in tobacco 
anther cultures (ANAGNOSTAKIS 1974). Only the first flowers formed give 
high yields whereas after about two weeks of flowering the plantlet yield 
decreases rapidly. This was also true in our anther cultures, but not so for 
isolated pollen cultures with anther preculture where pollen plant production 
remained remarkably unaffected ( H E B E R L E - B o R s  and REINERT, unpublished). 
The stability of PD found in the present study fits to this observation and 
it appears that the age effect is related to post-induction development. 
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