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Stellingen 

1. Voor h e t a n t h e r e - o p e n i n g s p r o c e s i n d i v e r s e p l a n t e s o o r t e n d i enen de 0 -

vormig v e rd ik t e endotheciumcelwanden de l ocu lus n i e t a l l e en open, doch i n 

een vroegere fase ook d i ch t t e buigen. 

Di t p r o e f s c h r i f t . 

2 . He t i s o n j u i s t t e v e r o n d e r s t e l l e n d a t r e c e n t e w e t e n s c h a p p e l i j k e 

l i t e r a t u u r de kennis van a l l e voorafgaande omvat. Bi j herhaald r e fe re ren 

b l i j k t i n format ie ve r lo ren t e gaan. 

Di t p r o e f s c h r i f t . 

3 . De v r a a g v a n u i t de v e r e d e l i n g s p r a k t i j k n a a r m a n n e l i j k e s t e r i l i t e i t i n 

d ive r se gewassen r e ch tvaa rd ig t een i n t en s ive r i ng van h e t onderzoek naar 

de belnvloedbaarheid van h e t anthere-openingsproces. 

Di t p r o e f s c h r i f t . 

4 . Ten onrechte z i j n de b i j micro- en macrogametogenese aan e lkaar grenzende 

g e n e t i s c h i d e n t i e k e h a p l o i d e c e l l e n t o t voor k o r t n i e t met een s n e l l e 

p roduc t i e van i n t e e l t l i j n e n i n verband gebracht . 

C.J . Kei jzer (1984). Landbouwkundig T i j d s ch r i f t 7 /8 : 21-26. 

5 . Mede door h e t g eb ru i k de ogen t e s l u i t e n wanneer men de neus i n een bos 

b loemen s t e e k t , z i j n d i v e r s e e envoud ig waarneembare f a s en van h e t 

p l an t aa rd ige voor tp lan t ingsproces s l e ch t s b i j een r e l a t i e f k l e i n publ iek 

bekend. 

6 . De mate waa r i n de Wageningse promovendus e r i n s l a a g t i n h e t k w a r t i e r 

voorafgaand aan de openbare verdediging van haar of z i j n p r o e f s ch r i f t de 

inhoud ervan aan een ondeskundig publ iek du ide l i jk t e maken, d i en t mee t e 

wegen i n de beoordel ing. 

7. Wie een Van Leeuwenhoek-microscoop namaakt volgens de r e con s t r u c t i e van 

Walter en Via, kan onvoldoende nagaan waarom onze Delf tenaar een b e t e r e 

k i j k op de zaken had dan z i j n t i jdgenoten . 

W.G. Walter and H. Via (1968). The American Biology Teacher 8: 537-539. 



8. Door bij de tenorbanjo, naast de reeds bekende aanpassingen, de snaar- en 

velspanning te benutten om de klankbodem tegen de ketel te spannen, 

ontstaat een instrument dat zelfs de koperblazers van beginnende 

Dixieland-orkestjes kan overstemmen. 

9. Voor het optimaliseren van de snelwandeltechniek kan een analyse van 

zowel de bipede als quadrupede voortbeweging van sommige amfibieen en 

reptielen van belang zijn. 

R. McNeill Alexander (1975). The Chordates. Cambridge University Press. 

10. De invoering van electronische hulpmiddelen voor scheidsrechterlijke 

beslissingen komt de tennissport als spektakel niet ten goede. 

F.L.M. Vossenaar en C.J. Keijzer (1983) in: De ideeen liggen op straat. 

J.W. Thompson, Amsterdam, p.37. 

11. De gewoonte van het ANP om een kruispunt tegenwoordig als knooppunt te 

betitelen/ maakt het verder overbodig mee te delen dat de zaak daar weer 

eens vast zit. 

12. Het is een beleefd gebaar van het IOC om belangrijke beslissingen pas te 

nemen nadat een daarin geinteresseerd promovendus de verdediging van zijn 

proefschrift in alle rust heeft kunnen voorbereiden. 

Wageningen, 17 oktober 1986 C.J. Keijzer 
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Introduction 

A d e t a i l e d knowledge of t he development and d i spe r s a l of angiosperm po l l en 

i s i m p o r t a n t f o r bo th b i o l o g i s t s and p l a n t b r e e d e r s . The f i r s t r e p o r t s on 

t h i s t o p i c appea red a s e a r l y a s i n t h e 17th c e n t u r y i n t h e l e t t e r s of Van 

Leeuwenhoek and the work of Grew. During t he second half of t he l a s t century, 

t h e d i f f e r e n t s t a g e s of p o l l e n deve lopment were d i s c o v e r e d . B e s i d e s , t h e 

importance for p l an t b reeders became evident a f t e r t he ( re- )discovery of t he 

Mendel l aws . Around t h e t u r n of t h e c e n t u r y F rench and German b i o l o g i s t s 

publ ished many works on t he d i f f e r en t s t eps of t he anther dehiscence p rocess , 

w i t h a s t r o n g t e l e o l o g i c a l a p p r o a c h . T h e s e wo r k s c o n c e r n e d l i g h t 

m i c r o s c o p i c a l o b s e r v a t i o n s of l i v i n g t i s s u e s t o g e t h e r w i t h s i m p l e , b u t 

i n g en i ou s m i c r o m a n i p u l a t i o n s . A f t e r 1930 t h e a t t e n t i o n on t h e d e h i s c enc e 

p r o c e s s f aded , whereas t h e l i g h t m i c r o s c o p i c a l i n v e s t i g a t i o n s on t h e 

g e n e r a t i v e r e p r o d u c t i o n p r o c e s s e s c on t i nued . From t h e e a r l y 1960's t h e 

e l e c t r on microscope and modern phys io log ica l t echniques revealed many of t he 

processes of microsporo- and microgametogenesis in g rea t d e t a i l . These works 

mainly focussed on the po l l en and tapetum development and were summarized i n 

some exce l l en t reviews. The mechanical p rocesses in the stamen s t i l l r ece ived 

l e s s a t t e n t i o n i n t h e s e y e a r s and most of t h e o l d e r works seemed t o be 

f o r g o t t e n , g iven t h e f l aws and t h e c a l l f o r r e s e a r c h on t h i s t o p i c i n some 

bo t an i ca l s tandard works. Accordingly, d e t a i l ed work on t he e n t i r e stamen did 

not e x i s t . In t h i s t h e s i s the c l a s s i c a l and modern techniques were combined 

t o i n v e s t i g a t e t h e s t amen as a f u n c t i o n a l u n i t f o r p o l l e n p r o d u c t i o n and 

d i s p e r s a l r e spec t ive ly . 



Chapter 1 

HYDRATION CHANGES DURING ANTHER DEVELOPMENT 

C.J. Kei jzer 

Summary 

The h y d r a t i o n changes of t h e a n t h e r t i s s u e s of G a s t e r i a v e r r u c o s a a r e 

followed from meiosis t o dehiscence. The water percentage of t he l ocu le wa l l 

i s a b o u t c o n s t a n t d u r i n g t h i s d e v e l o p m e n t , i n s p i t e of r ema rkab l e 

h i s t o l o g i c a l changes. The water percentage of t he l ocu le con ten ts i s about 

cons tan t during t he microspore s t ages . Shor t ly before matura t ion t he po l l en 

g ra ins t ake up water from the surrounding t i s s u e s . The water percentage of 

t he locule wa l l decreases s t rong ly a t a n t h e s i s , t h a t of t he locule contents 

a t d eh i scence . 

Ven t i l a t i on i n s ide t he f lower bud leads t o d e s i cca t ion of t he an thers by 

e v a p o r a t i o n . S h o r t l y b e f o r e a n t h e s i s t h e l o c u l e w a l l can e v a p o r a t e much 

f a s t e r t h a n i n e a r l y d eve l opmen t a l s t a g e s , whe reas i t p r o t e c t s t h e p o l l e n 

g ra ins a ga in s t dehydration as long as t he an ther i s c losed. 

Introduction 

With regard t o an ther development l i t t l e a t t e n t i o n has been pa id t o water 

d i s p l a c e m e n t s . Humidi ty p l a y s an i m p o r t a n t r o l e s i n c e f o r example a f t e r 

meiosis the l ocu la r f l u i d i s t he connection between the microspores and t he 

s u r r o u n d i n g t a pe t um . Changes i n w a t e r c o n t e n t were o f t e n men t ioned i n t h e 

explanat ion of t he opening of t he an ther . S t rassburger (1902) and Schneider 

(1911) r e l a t e d t he swe l l i ng po l l en mass t o an ther opening. Furthermore t h e 

ou tward b end ing of t h e l o c u l e w a l l , c aused by t h e d e h y d r a t i n g endo thec ium 

c e l l s , i s a we l l known p rocess . Schmid (1976) r epo r t s t he d i s rup t ion of t he 

xylem in s t r e t c h i ng f i l amen t s of d i f f e r en t spec ies a t a n the s i s . This would 

h and i c ap t h e f u r t h e r s upp ly of w a t e r t o t h e a n t h e r s . E r i c k son (1948) 

determined t he f resh and dry weights of Li l ium an thers during development and 



found a sharp decrease of the fresh weight at dehiscence. 

In this chapter the water contents of different tissues during anther 

development are determined in order to clarify some aspects of tissue 

interactions and anther dehiscence. 

Materials and methods 

Developing anthers of Gasteria verrucosa (Mill.) H.Duval were decapitated 

and some of the tissues were separated as follows. The locule contents, being 

pollen and locular fluid, were collected. Next the connective tissue was 

removed with a razor blade, so leaving the locule wall. This "wall" consists 

of an epidermis, an endothecium, one middle layer and a tapetum. At the 

connective side the epidermis is absent. Light microscopical control ensured 

the correct separation of the tissues. Fresh weights of the walls of two 

adjacent locules as well as the locular contents were quickly measured. Dry 

weights were measured after heating the tissues for 16 hours at 70 degrees C. 

The fresh weights were measured 45, 60 and 75 seconds after the anther 

opening and these data were extrapolated to 0 seconds, i.e. the moment of the 

anther opening. This was done to overcome the effect of evaporation during 

the preparation work. From these data the water percentage was calculated. 

The fresh weight was taken as 100%. 

In order to test the anther evaporation ability in different developmental 

stages, the inside of the closed flower bud was ventilated. For this pupose a 

micropipette was pushed through the base of the perianth into the flower bud. 

Next an air outlet was made by means of a needle hole in the top of the bud. 

The pipette was connected with an airpump at a pressure of 0.05 kg/square cm. 

This treatment led to anther dehydration and lethality in all tested stages 

within 4-10 days. 

Results and discussion 

1. Water percentages in the developing anther. 

In fig.1 the water percentages of the tissues are presented in the 

different stages of anther development. Our values agree with the findings of 

Linskens (1967), who found values around 82% for the entire anther during the 



main part of the development in Petunia hybrida. In the youngest stages, i.e. 

from meiosis to just after microspore mitosis (until line 1), the water 

percentage of the locule wall is a little higher than that of the locule 

contents. The fresh and dry weights of the entire anther are increasing 

during these stages. The locule wall undergoes no remarkable histological 

changes. On the contrary, the microspores vacuolate and undergo their first 

mitosis. Besides, the pollen walls are formed and reserve substances are 

stored. In spite of these processes the water percentages of both the locule 

wall and the locule contents remain about constant. 

Between the lines 1 and 2, i.e. the period of pollen swelling, the water 

percentage of the locule contents increases, whereas that of the locule wall 

remains about constant. This disagrees with the findings of Linskens (1956) 

who found a decrease of a few percent for the entire anther in this period. 

In these stages some remarkable histological changes occur. Within a short 

period of time epidermis and endothecium cells swell by vacuolation. 

Moreover, the endothecium cells stretch in radial direction, enlarge their 

vacuoles and deposit their characteristic U-shaped wall thickenings. 

The volume of the tapetum cells decreases, a process which started somewhat 

earlier. These changes appear to be due to an equal increase of both water 

and dry matter. Besides, the walls between two adjacent locules as well as 

the stomium are opened during this period. These opening processes occur 

inside the closed flower bud. 

In the locule the capacity of the pollen grains increases, while the 

surrounding locular fluid disappears, a process which is completed at about 

line 2. This fluid is presumably taken up by the pollen grains, that finally 

are the only contents of the locule, together with some tapetum-derived 

pollenkitt. The increase of the water percentage of the entire locule 

contents indicates a transport of liquid from or through the locule wall into 

the locule. This can be explained in three different ways which are not 

mutually exclusive. Firstly, water may come from the disappearing tapetum 

cells. Secondly, parenchyma cells are released during the enzymatic opening 

of the tissue between two adjacent locules, as a preparation on the 

dehiscence. These cells are ruptured between the pollen grains and lose their 

water. Thirdly, transport of water from the filament or the connective tissue 

to the locule is probable as the fresh weight of the anther is still slightly 

increasing during this period. 

Shortly before anthesis, between the lines 2 and 3, the water percentage 

of the locule contents decreases very slightly, which may be due to some 
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loss through the opened stomium into the closed flower bud. 

At anthesis (line 3) the relative humidity around the anthers decreases 

sharply and the locule wall loses its water rapidly by evaporation. This 

agrees with the findings of Erickson (1948). The result is the outward 

bending of the locule wall, i.e. dehiscence (line 4), by the wall thickening 

mechanism of the endothecium cells. The pollen grains start to shrink once 

they are in contact with the open air. From that moment the j*ater percentage 

of the locule contents decreases sharply. The pollen grains iremain stuck to 

each other and to the outward bending locule wall. The final water 

percentages of the tissues depend on the relative humidity of the air. 

2. Effects of the ventilation of the flower buds. 

Fig.2 shows the effects of three ventilation treatment s (starting at 

points 1, 2 and 3) on the water percentages. The anther tissu< s lose water in 

spite of the presence of a cuticle, but presumably thanks to 

opened stomata on the connective tissue. In the younger stagis (points 1 and 

2) the loss of water from the locule wall is followed by a loss from the 

locule contents. In comparison with the reaction after ant lesis (point 4), 

which is a "natural ventilation", the decrease from points 

slower. In these stages the locule wall is thinner than 

1 and 2 is much 

in point 4 and 

consists of more cell layers. Moreover, the epidermis and eidothecium cells 

are less vacuolated. However, shortly before anthesis (point 

fully differentiated and loses its water much faster than in earlier stages. 

behaving like in point 4. It looks like being prepared for 

only consists of the highly vacuolated epidermis and endothe :ium, the latter 

with its wall thickenings. The dehydrating anthers of point 

3), the wall i s 

des icca t ion . I t 

3 mostly remain 

closed, due to a disturbance of the enzymatic opening mechanism of the wall 

between two bordering locules. This may explain the slower decrease of the 

water percentage of the locule contents from point 3 the n from poin t 4 

Moreover, the po l len gra ins general ly take up water in 1 h i s s tage . This 

process may be continued during the ventilation. 

In a l l the points (1-4) any water supply through the filament cannot keep 

up with the evaporation. Any xylem gaps in the f i lament 

Schmid (1976) cannot be found in t h i s species . However, 

possible causes mentioned above, the differences between the 

may also be related to the rate of water supply, which may ciange, due to any 

other barr ier in the filament. 

as described by 

apar t from the 

four treatments 



Chapter 2 

THE PROCESSES OF ANTHER DEHISCENCE AND POLLEN DISPERSAL. 

1.THE OPENING MECHANISM OF LONGITUDINALLY DEHISCING ANTHERS. 

C.J. Keijzer 

Summary 

The process of anther opening is followed in different species by means of 

light and electron microscopical techniques, stereo microscopical observation 

inside living tissues and micromanipulation. From these data and a review of 

the mainly very old literature on this subject, the opening process has been 

outlined. It consists of the following steps: 1. Expansion of the epidermis 

and endothecium cells and deposition of U-shaped wall thickenings inside the 

latter. 2. Enzymatic opening of the septum between two locules. 3. Mechanical 

rupture of the tapetum. 4. Mechanical opening of the stomium by the 

centripetal force of the highly turgescent epidermis and endothecium. 5. 

Outward bending of the locule walls by the centrifugal force of the 

dehydrating epidermis and endothecium. As the steps 4 and 5 clearly reflect 

the mechanical functions of the two latter tissues, the role of the other 

anther tissues and the filament are discussed. 

Introduction 

Since the discovery and naming of the endothecium by Purkinje (1830), many 

botanists have investigated the processes of anther dehiscence. Most of this 

work was carried out around the turn of the century with living tissues, 

using light microscopy and micromanipulation. French authors (Chatin,1870a, 

b,c; Leclerc du Sablon,1885) were the first to distinguish two different 

steps in the process: firstly the tissue between two adjacent locules, called 

the septum (Venkatesh,1957), was disrupted. Next, the thus created cavity was 

opened by means of one slit, called the stomium (Coulter and Chamberlain, 

1903). The earliest German investigators claimed the force of the desiccating 



endothecium to cause the opening of both tissues (Schrodt,1885,1901; 

Steinbrinck,1895, 1909). On the contrary, Chatin (1870b) had found that the 

anther was also opened in case the endothecium lacked any wall thickenings, 

as in Lycopersicon sp. Strasburger (1902) reported the growing pollenmass to 

disrupt the septum and lytic enzymes to open the stomium. Schneider 

(1908,1909,1911) related the opening of both tissues to the pressure of the 

growing pollen. However, Steinbrinck (1909) found a normal opening process in 

anthers that were not completely filled with pollen. Namikawa (1919) and 

Becquerel (1932) supposed the activity of lytic enzymes in both the septum 

and the stomium. Woycicki (1924a) prevented pollen pressure with a 

longitudinal cutting in the locule wall, which was followed by the opening of 

the septum. He reported pectinase activity for the septum opening. 

Furthermore he reported that the stomium was opened mechanically by the 

sudden swelling of the bordering epidermis cells (Woycicki,1924b). Fifty 

years earlier Chatin (1870a) had already supposed that the swelling epidermis 

cells in some species might have a function in the opening process. 

Most of the authors related the role of the desiccating endothecium only 

to the final outward bending of the two disconnected locule walls. Chatin 

(1870b) could prevent this bending by raising the relative humidity and 

concluded that evaporation caused the dehydration of the endothecium. Hannig 

(1910) demonstrated that daylight could raise the temperature in pigmented 

anthers, which increased the evaporation, even in humid circumstances. 

Contrary to evaporation, Burck (1906) reported retraction of water from the 

anthers through the filament to the nectaries, but this observation disagreed 

with later works of Hannig (1910), Wolff (1924) and Schmid and Alpert (1977). 

Another question was whether the endothecium was the only tissue responsible 

for the bending of the locule wall. Bonnier and Leclerc du Sablon (1903) 

tested this by mechanically removing the epidermis, which did not influence 

the behaviour of the locule walls. Schneider (1908) obtained the same result 

with isolated endothecium wall thickenings. Moreover he found the isolated 

epidermis even to bend centripetally in both wet and dry conditions, so 

contrary to the final force of the endothecium. These findings agreed with 

the behaviour of anthers with a naturally reduced epidermis (Chatin, 1870a; 

Staedler,1923). 

On the question whether the desiccation process in the endothecium cells 

has a hygroscopic or a cohesive background, many reports are available. The 

former mechanism, located in the cell wall, was accepted by Leclerc du Sablon 

(1885), Brodtmann (1898), Steinbrinck (1909) and Schips (1913). Schwendener 
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(1899) and Colling (1905) found dehiscence to occur after all the water had 

disappeared from the cells and concluded a hygroscopic mechanism. However, in 

later years cohesive forces, located in the cell lumen, were more and more 

accepted (Schneider, 1908; Hannig,1910; Steinbrinck, 1 91 5; Haberland, 1924; Von 

Guttenberg,1926; Straka,1962). Brodtmann (1898) and Schneider (1908) isolated 

the U-shaped wall thickenings from the endothecium cells. The latter found 

them to bend inward (closing the U-configuration) during desiccation, which 

in fact means a hygroscopic effect. Canright (1952) believed both types of 

mechanisms to play a role, a conclusion that is also drawn in the work of 

Schmid (1976). 

In recent reports the preceding steps of the opening process were only 

incidentally reported (Horner and Wagner,1980; Cheng, Cheng and Huang,1981). 

The only authors who recently focussed on this topic, investigated the role 

of the filament (Schmid,1976; Schmid and Alpert,1977). Until now, no detailed 

description of the process of anther dehiscence can be found. Moreover, most 

of the old reports seem to be forgotten or unread. A precise knowledge of 

cytological and physiological processes of the dehiscence mechanism can open 

new ways for manipulations. A simple way to prevent dehiscence is welcome as 

it will also prevent pollen exposure, which has the same effect as male 

sterility. This is interesting for plant breeders, as Wyatt (1984) showed 

recently with a selected non dehiscent Phaseolus vulgaris L. line. Non-

dehiscent anthers are frequently observed after chemical induction of male 

sterility (Laible,1974). 

In this chapter most experiments from the old reports were checked and new 

experiments were added. The main steps of the opening process take place 

between two adjacent locules and are not visible from the outside of the 

anther. To observe this site, the anther had to be opened, which might 

disturb or prevent physiological processes, including mechanical forces 

caused by tensions of the tissues. Moreover, cutting the living tissue 

appeared to break the weak connections in this area easily. To overcome these 

problems special techniques were used to approach the opening site. 

Experimental and micromanipulation work was combined with current 

microscopical techniques. On this topic three lecture abstracts were 

published before (Keijzer,1983b,1984b,1985a). 
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Materials and methods 

In this study on longitudinally dehiscing anthers most of the observations 

were carried out on Gasteria verrucosa (Mill.) H.Duval and Lilium hybrid cv. 

Enchantment, both Liliaceae. To clarify certain special steps of the process, 

some specially chosen species were used, like Fuchsia coccinea Ait. 

(Onagraceae), Ipomoea purpurea Roth (Convolvulaceae), Hippeastrum hybrida cv. 

Apple Blossom (Amaryllidaceae), Eucharis grandiflora Planch, et Lind. 

(Amaryllidaceae), Nicotiana tabacum L. and Lycopersicon esculentum Mill, 

(both Solanaceae). 

For light microscopical observations, carefully made thick fresh cuttings 

(0,5 mm) were immersed in the clearing solution of Herr (1971), after which 

the desired depth in the tissue could be chosen with a Nikon Optiphot 

microscope with interference contrast equipment (Nomarski). 

For ultrastructural observations intact anthers were fixed in 5% glutar 

aldehyde during 4 hours and 1% osmium tetroxide during 1 hour, both in 

cacodylate buffer, pH 7.2 at room temperature. The specimens were dehydrated 

in a graded ethanol series, embedded in the low viscosity resin of Spurr 

(1969) and observed in a Philips EM 301 at 60 kV. 

To observe processes inside living anthers, flower buds were decapitated 

with a razor blade, covered with a heavy cover slip and observed with a high 

magnification stereo microscope (up to 160x) under glassfiber directed, cold 

light (150 W) (figs.1,2 and 3). Under these conditions anther development 

continued in a normal way. For manipulatory experiments a Leitz micro 

manipulator with ultrathin glass pipettes was used. 

To estimate the osmotic pressure inside living cells the visual melting 

point method of Bearce and Kohl (1970) was used. 

Results 

1. Cytological changes concerning anther dehiscence. 

The anther of Gasteria verrucosa consists of two thecae, bound together by 

a connective tissue with a central vascular bundle. Each theca contains two 

locules which both dehisce by means of one longitudinal slit. An anther 

morphology like this is representative for most of the the Angiosperm 

species. The "wall" of each locule consists of four different single layered 
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tissues: an epidermis, an endothecium, a middle layer and a tapetum (fig.4). 

Facing the connective tissue the epidermis is absent and here parenchyma 

borders the endothecium. 

The first observable cytological changes concerning the anther opening 

start when the generative cell of the pollen grain is being tied off from the 

intine. In this stage the cells of the epidermis and the endothecium 

gradually lose part of their starch and start to expand in both tangential 

and radial direction by means of the enlargement of their central vacuole. At 

the same moment the characteristic U-shaped wall thickenings are deposited in 

the endothecium cells (fig.5). Both these processes occur rather quickly. 

However, in a small zone between two bordering locules, a few endothecium 

cells remain small and don't develop U-shaped wall thickenings but posses 

thickened corners (fig.5). The cells in this zone lack any starch (fig.6) and 

are much longer in longitudinal direction than the bordering cells of the 

endothecia, the middle layers and the connective tissue (fig.7). Given these 

differences and the deviating behaviour later on, one can define these cells 

not to belong to the latter three tissues and we call this zone the septum, 

according to Venkatesh (1957). Accordingly, the only tissue that develops 

uniformly around the whole locule is the tapetum. A few epidermis cells 

facing the septum don't expand like the rest of the epidermis. Also these 

cells are much longer in longitudinal direction, a site called the stomium 

(Coulter and Chamberlain,1903). 

The second important change concerning anther dehiscence occurs shortly 

after these changes in the epidermis and endothecium. All the cells of the 

septum dissociate from each other and from the bordering tissues. This 

process starts with the formation of gaps in the middle lamella, which extend 

all around the cells (fig.8). The tapetum cells, however, remain connected to 

each other. They keep the locules closed and hold the dissociated septum 

cells in their original position (fig.9). In this stage the tapetum cells are 

only surrounded by sporopollenin containing membranes, the inner tangential 

one bearing the orbicules (fig.8). 

After this stage the tapetum cells bordering the septum disrupt after the 

expansion of the individual pollen grains. This continuous expansion starts 

after the release of the microspores from the meiotic callose wall (Keijzer, 

1983b). From the stage in which the generative cell is completely tied off 

from the intine, the volume of the pollen mass exceeds the capacity of the 

locules and the slit in the septum widens by which the tapetum is broken. 

This moment can be seen clearly in the anthers of Fuchsia coccinea, which 
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have a very wide septum (fig.10). From t h i s moment the po l len popula t ions of 

each two b o r d e r i n g l o c u l e s make c o n t a c t w i t h each o t h e r ( f i g . 11 ) . The 

s e p a r a t e d c e l l s of t h e septum may have been d i s s o l v e d c omp l e t e l y by t h i s 

t i m e ; i f n o t s o , t h ey can be obse rved be tween t h e p o l l e n g r a i n s ( f i g . 12 ) . 

Anyway they can be d i s loca t ed i n an e a r l i e r s t age a f t e r a r t i f i c i a l l y breaking 

t h e t a pe tum by m i c r o m a n i p u l a t i o n ( f i g -13 ) . From t h i s moment t h e a n t h e r i s 

c losed only by t he smal l epidermis c e l l s of t he stomium (fig.14). 

The t a n g e n t i a l s w e l l i n g of t h e e p i d e r m i s and t h e endo thec ium c e l l s 

e n l a r g e s t h e c i r c u m f e r e n c e of t h e l o c u l e w a l l . However, b ecause t h e i n n e r 

t a ngen t i a l wa l l s of t he endothecium c e l l s a r e r i g i d due t o t he in terconnected 

U-shaped wa l l t h icken ings , t he c ircumference of t he i n s ide of t he l ocu le wa l l 

1. A method t o o b se rve p r o c e s s e s i n s i d e l i v i n g a n t h e r s w i t h a s t e r e o 

m i c r o s c o p e (SM). A d e c a p i t a t e d f l o w e r b u d of L i l i um h y b r i d cv. 

Enchantment i s h e l d i n i t s p o s i t i o n by a c lamp (C), c l o s e d w i t h a 

cove r s l ip in p l a s t i c r i ngs (CS) and i l l umina t ed with g l a s s f i b e r d i r ec t ed 

c o l d l i g h t (L). 

2 . View through the cove r s l ip i n t o the f lower bud of f i g . 1 . The base of t he 

f l owe r i s s u r r ounded by wet p ape r (P) , which i s h e l d i n i t s p o s i t i o n 

between two lower s i t u a t e d p l a s t i c r i ngs . (4x) 

3 . A s t i l l c o m p l e t e l y c l o s e d a n t h e r i n t h e f l owe r of f i g . 2 . Note t h e l a r g e 

epidermis c e l l s (LE) near t he stomium. (25x) 

4 . The o p e n i n g a r e a of t h e Gj_ v e r r u c o s a a n t h e r . E p = e p i d e r m i s , En= 

endothecium, ML=middle l aye r , T=tapetum. Thick f resh c u t t i ng c l ea red wi th 

Herr 's s o lu t ion and observed w i t h an i n t e r f e r e n c e c o n t r a s t m i c ro scope . 

(625x) 

5 . The epidermis and endothecium c e l l s of G^ verrucosa swe l l and U-shaped 

wa l l th ickenings a r e deposi ted in t he endothecium c e l l s , t he c e l l s of t he 

septum (S) possess th ickened corners . Same technique as f ig .4 . (560x) 

6. In t he septum (S) of L i l ium hybrida cv. Enchantment t he absence of s t a r ch 

i s c l e a r l y v i s i b l e , c o n t r a r y t o t h e b o r d e r i n g t i s s u e s . Ep=ep ide rm i s , 

En=endothecium, C=connective t i s s u e . S ta ined wi th IKI. (800x) 

7. View from i n s ide t he l ocu le towards t he septum (S) of G^ verrucosa. Note 

t h e l o n g i t u d i n a l l e n g t h of t h e c e l l s a s compared w i t h t h o s e of t h e 

endothecium (En). Same technique as f ig .4 . (1400x) 

9. The c e l l s of t h e septum (S) of G. v e r r u c o s a c o n t i n u e t h e i r d i s s o c i a t i o n 

whi le t he t a pe t a (T) keep t he locu les c losed. (560x) 
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is fixed. This combination of an enlarging outside and a fixed inside bends 

the locule wall inward. Next the small epidermis cells of the stomium 

dissociate and the two locule walls bend further inwards (fig.15). The 

epidermis cells bordering the small ones work as a turning point, which is 

also clearly visible by the complementary molds of their cuticles (fig.16). 

In some species (e.g. Lilium spp.) these stomium bordering cells expand to a 

larger extent than the other epidermis cells (fig.3). The dissociation of the 

small epidermis cells is not preceded by visible gaps in the middle lamella 

like between the cells of the septum (fig.16). They remain unchanged until 

the sudden opening of the stomium, after which they all remain present and 

connected to the two locule walls. From this moment the locules are open, 

although their walls remain in the inward bent position (fig.15). This 

configuration of locule walls pressed tightly against the pollen remains 

until anthesis. All the steps mentioned above occur inside the closed flower 

bud. 

At anthesis the cells of the epidermis and endothecium lose most of their 

water and shrink, the thickened walls of the endothecium to a lesser extent. 

Contrary to the inward bending mechanism of the former step, this bends the 

locule walls outward. As evaporation appears to be the main reason for this 

rapid loss of water, this process can be shown in the high vacuum of the SEM 

8. Gaps appear in the middle lamellae of the cells between the septum (S) 

and the epidermis (Ep) of Ĝ_ verrucosa. Deeper in the septum the 

intercellular spaces have enlarged and are filled with pollenkitt (Pk). 

The tapetum cells contain only pollenkitt and tryphine and are bordered 

by sporopollenin containing membranes, partially covered with orbicules 

(0). (1925x) 

10. The cells of the septum of Fuchsia coccinea have disappeared. The 

expanding pollen have broken the tapetum of the left locule (L), the 

other tapetum (R) is still closed, as is the stomium (St). Fresh cutting 

in water. (440x) 

11. The two pollen populations of G. verrucosa have broken the tapeta and 

make contact with each other. Same technique as fig.4. (500x) 

12. Detail of fig. 11. The cells of the septum (S) continue their dissociation 

between the pollen grains (Pg). (1980x) 

13. A dissociated septum cell (S) of G^ verrucosa is set free after 

artificially breaking the septum. Same technique as fig.4. (780x) 
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(fig.17). As the length of the bar-supported endothecium walls is not 

absolutely fixed, the locule walls shrink in both tangential and longitudinal 

direction (figs.17 and 18). Beside the epidermis and the endothecium, the 

other anther tissues as well as a small apical part of the filament also 

dehydrate. 

In G^ verrucosa, as in most of the animal pollinated species, pollenkitt 

and tryphine stick the pollen on the anther, equally distributed over the 

entire, shrunken locule walls. This is the final configuration of the 

dehisced anther (figs.17 and 18). 

2. Additional observations in other species. 

Apart from Gasteria verrucosa and Lilium hybrida, we observed some other 

species, because of their declining behaviour during different steps of the 

opening process. 

In Ipomoea purpurea Roth the volume of the pollen does not exceed the 

14. The same configuration as fig.11. after removal of the pollen. The anther 

is closed only by the small epidermis cells (Ep). Same technique as 

fig.4. (780x) 

15. The stomium of G. verrucosa is opened due to the inward bending locule 

walls. Facing this stomium, some septum cells (S) are still connected to 

the connective tissue (C). Same technique as fig.4. (780x) 

16. The outer tangential wall of the stomium bordering epidermis cells (Ep) 

of G. verrucosa work as a turning point and form complementary 

templates. The radial walls (W) between the small epidermis cells are 

still intact. (1100x) 

17. A fresh anther of G^ verrucosa bends open due to evaporation in the 

vacuum of the scanning microscope. This is soon followed by the 

desiccation of the pollen, resulting in charging in the final stages. 

(24x) 

18. The transversely cut desiccated anther of Lilium hybrid cv. Enchantment 

shrinks strongly. It is covered with pollen, thanks to the sticking 

pollencoatings. Technique of fig.1. (45x) 

19. The final configuration inside the closed flower bud of Lilium hybrid cv. 

Enchantment. The inward bent locule walls have broken the tapeta and keep 

the pollen inside the opened anther. Technique of fig.1. (42x) 

18 
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capaci ty of t he locule and accordingly cannot break the tapetum. The l a t t e r 

i s broken contemporary wi th t he opening of t he stomium. 

Premature opening of t he stomium before the opening of t he septum, t h a t 

we could induce by manipulat ion, may occur spontaneously i n Ipomoea purpurea 

Roth, s ome t imes r e s u l t i n g i n a synchronous open ing of t h e two b o r d e r i n g 

l o cu l e s . 

In Nicot iana tabacum L. we found the opening of t he stomium t o t ake p lace 

a f t e r a n t h e s i s . 

I n Ipomoea p u r pu r e a Roth and Eu cha r i s g r a n d i f l o r a P l anch , e t L ind. t h e 

ou twa rd bend ing of t h e l o c u l e w a l l s o c cu r s b e f o r e a n t h e s i s i n t h e c l o s e d 

f l owe r bud. On t h e c o n t r a r y , i n H ippeas t rum h y b r i d a cv. Apple Blossom and 

Allium spp. t h i s p rocess may t ake p l ace a few days a f t e r a n the s i s . 

3. Experimental approach of t he p rocesses . 

To r e v e a l t h e d i r e c t c au s e s of t h e p r o c e s s e s t h a t we o b s e rved , some 

manipulat ions were c a r r i ed out , us ing s t e r eo , l i g h t and e l ec t ron microscopy. 

a. The opening of t he septum. 

To t e s t whether t he outward bending endothecium can open t he septum, t h e 

p e r i a n t h was removed from G. v e r r u c o s a and L. h y b r i d a f l o w e r s i n s i t u j u s t 

before t he s t age i n which we observed the f i r s t gaps in t he middle l amel lae 

of t h e septum c e l l s . D e s i c c a t i o n by open a i r , d ry a i r ( r .h . 35%), o r even 

p r oceeded h e a t i n g d i d no t open t h e s ep tum. To c o n t r o l whe the r t h e f o r c e of 

t he endothecium was indeed d i r ec t ed outward in t hese cases , t he septum was 

opened by m i c r o s e c t i o n i n g . Given t h i s s i t u a t i o n , t h e c r e a t e d s l i t i n t h e 

septum widened i m m e d i a t e l y , i n d i c a t i n g an ou twa rd d i r e c t e d f o r c e . On t h e 

con t ra ry , when dehydration of t he endothecium was prevented by f i l l i n g t he 

f lower bud wi th water v i a a m ic rop ipe t t e , t he septum opened in a normal way 

a f t e r one or two days. 

To t e s t t he theory of t he p r e s s ing po l l en (Strasburger , 1902; Schneider, 

1908,1909,1911) we removed t h e p o l l e n from t h e a n t h e r s of G. v e r r u c o s a i n 

s i t u by micromanipulat ion. After two days t he septum was found open, whi le a 

con t ro l showed t h a t immediately a f t e r t he manipulat ion i t was s t i l l c losed. 

In c a se t h e p o l l e n p l a y s a n on -mechan i c a l r o l e i n t h e open ing p r o c e s s , t h e 

experiment was repeated wi th j u s t p a r t i a l removal of po l l en , l eaving most of 

i t i n t he l o cu l e s , l eading t o the same r e s u l t . 
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b . The d i s rup t ion of t he tapetum. 

The opening of t he tapetum as a s epara te p rocess has not been i nve s t i ga t ed 

b e f o r e . At t h e s t a g e of i t s r u p t u r e t h i s c e l l l a y e r on ly c o n s i s t s of t h e 

t a p e t a l membranes and a smal l amount of p o l l e n k i t t and t ryphine . To observe 

t h e open ing p r o c e s s i n l i v i n g a n t h e r s we u sed t h e s t e r e o m i c r o s c o p i c a l 

technique (f igs.1,2 and 3). In Ĝ_ verrucosa and Fuchsia coccinea the swe l l ing 

p o l l e n mass was seen t o e n l a r g e t h e open ing of t h e s ep tum, s t r e t c h i n g t h e 

e l a s t i c t a p e t a l membranes t o a c o n s i d e r a b l e e x t e n t u n t i l t h ey b r oke , i n 

genera l not synchronously i n two adjacent l ocu les . In L̂ _ hybrida t he po l l en 

does not exceed the capaci ty of t he locule and here t he tapetum was ruptured 

t oge the r wi th the stomium by the inward bending of t he l ocu le wa l l s ( f ig . 19). 

As t h i s i s a sudden movement, i t o c cu r s s ynch ronous ly i n two a d j a c e n t 

l ocu le s . In general i t i s easy t o demonstrate t h a t t he force needed t o break 

t he t a p e t a l membranes i s very low. 

c . The opening of t he stomium. 

Also for t he opening of t he stomium we t e s t e d the proposed causes from the 

l i t e r a t u r e , b e i ng t h e ou twa rd b end ing endo thec ium (Sch rod t , 1885,1901; 

S t e i n b r i n c k , 1895, 1909), t h e p o l l e n p r e s s u r e (Schneider,1908,1909,1911) and 

t h e l y s i s of t h e c e l l w a l l s ( S t r a s b u r g e r , 1 9 0 2 ; Becque r e l , 1932 ) . For t h e 

f i r s t two we u sed t h e same methods a s f o r t h e septum open ing , l e a d i n g t o 

comparable r e s u l t s . Besides, we c on t ro l l ed the suggest ion of Woycicki (1924b) 

t h a t t h e s tomium i s b roken me chan i c a l l y by t h e sudden expans ion of t h e 

border ing epidermis c e l l s . As has been mentioned before , we observed not only 

t h e s e , bu t a l l t h e e p i d e r m i s c e l l s t o expand. I n our s t e r e o m i c r o s c o p i c a l 

observat ions t h i s was followed by t he inward bending of t he l ocu le wa l l s and 

t h e mechan i c a l d i s r u p t i o n of t h e s tomium ( f i g . 19 ) . We c ou l d a r t i f i c i a l l y 

e f f ec t t hese changes by f i l l i n g a decap i ta ted f lower bud with water , a f t e r i t 

had s u f f e r e d some c h i l l i n g d u r i ng 24 h ou r s . Immed i a t e l y a f t e r t h e w a t e r 

s u pp l y , t h e e p i d e r m i s c e l l s expanded and t h e l o c u l e w a l l s b en t i nwa rd , 

suddenly breaking the stomium. In t h i s way premature opening of t he stomium 

could be induced, even before the opening of t he septum, a s i t u a t i o n which i s 

shown i n f i g . 20 . The e x t e n t of t h e movement c ou l d be shown by r emoving t h e 

po l l en from the an the r s . Now the l ocu le wa l l s bent f u r the r inward, f i l l i n g 

t h e empty l o c u l e s (fig.21). 

We a l s o t e s t e d t h e s t a t e m e n t of Woycicki (1924b) t h a t an i n c r e a s i n g 
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osmotic p r e s su re i n the epidermis c e l l s precedes t he water uptake. Indeed the 

v i s ua l me l t ing po in t method of Bearce and Kohl (1970) showed an i nc rease of 

t he osmotic p r e s su re from 16.8 t o 28.1 bar over a pe r iod of 72 hours. 

d. The outward bending of t he locule wa l l s . 

Concern ing t h e ou tward b end ing of t h e l o c u l e w a l l s we c a r r i e d ou t some 

experiments t o show t he way of water l oss from t h e an the r s . We removed t h e 

t e p a l s from an L̂_ hybrida f lower bud s ho r t l y before an thes i s and removed one 

s t amen from t h e r e c e p t a c l e . W i t h i n h a l f an hour a l l t h e a n t h e r s s t a r t e d t o 

bend open, t h e a n t h e r of t h e d i s s e c t e d s t amen j u s t 3-5 m i nu t e s e a r l i e r . 

Larger d i f fe rences were found when not a whole stamen, but only an an ther was 

removed. The l a t t e r s t a r t e d t o bend open 10-12 minutes before t he an thers i n 

s i t u . A l l t hese experiments were c a r r i ed out i n a r e l a t i v e humidity of about 

60%. 

20. Premature opening of t he stomium (St) of Li l ium hybrid cv. Enchantment 

a f t e r t he f lower bud had been f i l l e d with water . The septum (S) i s s t i l l 

c losed. Fresh c u t t i n g i n water . (48x) 

2 1 . The same c o n f i g u r a t i o n as i n f i g . 19. , a f t e r r emova l of t h e p o l l e n . The 

l o c u l e w a l l s of L i l i u m h y b r i d cv. Enchantment bend i n t o t h e empty 

l ocu les (L). Fresh c u t t i n g i n water . (27x) 

22. The d i f f e r en t s t ep s of t he dehiscence p rocess . 

A. The depos i t ion of U-shaped wa l l t h ickenings i n t he endothecium r evea l s 

t he ex i s tence of a s p ec i a l t i s s u e between two border ing l ocu le s : t he 

septum. 

B. The c e l l s of t he septum d i s soc i a t e by enzymatic l y s i s of t h e i r middle 

l ame l l ae , t he border ing t ape t a remain i n t a c t . 

C. The two t ape t a a r e broken mechanically, i n t h i s case by the expansion 

of t he po l l en mass. 

D. The smal l epidermis c e l l s facing t he septum, c a l l ed the stomium, a r e 

broken mechanically by the inward bending of t he two adjacent l ocu le 

w a l l s , which i s due t o w a t e r u p t ake by t h e e p i d e r m i s and t h e 

endothecium c e l l s . 

E. The l ocu le wa l l s bend outward due t o evaporat ion from the epidermis 

and t h e endo thec ium. The p o l l e n i s e q u a l l y d i s t r i b u t e d over t h e 

d e s i c c a t e d anther . 
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