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Souhrn  

Bylo sledovgmo mnoEstvl kallosy v kompatibilnlch a inkompatibilnich pylov3~ch 
lfi6khch kulturni odrfldy jablon5 (Pirus malus L.) a tabAku (Nicotiana alata 
LINK et OTTO) po zbarvenl resorcinovou mod}i. Pon6vadE je toto barvenl specifick6 
na kallosu, je velmi vhodn4 k selektivnimu barveni pylov~ch 1A6ek v 6n~lkov6m 
pletivu. V inhibovan~ch lg~6khch vyrostl:~eh po samosprAw je kallosy relativn6 
k jejich d61ce nejm~n6 dvakrht tolik nee v normAln8 rostouclch 1A6kAch kompati- 
bilnich. Toto je d~.no u jablon6 p~edev~im v~t~i d61kou kallosov3~ch z~tek, u ta- 
bAku vedle toho v6t~i jejich hustotou. V lg~6kAch kompatibilnlch se kallosa uklAdA 
pravideln6ji nee v 1ASkg~ch inkompatibilnlch. Intensita hromad~ni kallosy se 
v jabloflov3~ch 1A6khch obojlho typu zvy~uje s 6asem. Jejich rflst se naopak po- 
stupn6 zpomaluje. Oba tyto jevy jsou pat rny p~edev~im u lh6ek inkompatibilnich. 
Obecn~ tedy existuje nep}imy vztah mezi mnoitstvlm kallosy v pylov3~eh 1A6kAch 
a rychlostl jejich rflstu. 

Byla vyslovena domnClnka, Ee fysiologickA podstata tvorby kallosy spo6ivs 
v omezen6 schopnosti pylov:~ch 1A6ek vyuEivat v procesu d3~chAnl pyranovou 
sloEku metabolisovan~ sacharosy. Glukopyranosa toffee podle t~to p}edstavy 
v pylov3%h ls slouEit p}evAEn6 ke stavb~ jejich blan, jeji p~ebytek, ktery 
vznikA zvlh~t6 v p}ipad6 omezen6ho rflstu, se v nich uklhdA ve form5 polygluko- 
sidu kallosy. 

Summary 

1. Attention is called to the possibility of using resorein blue for the 
staining of pollen tubes within the style tissue and the method of staining 
is described. 

2. In  pollen tubes, the growth of which is inhibited due to incompatibility, 
there is at least twice the amount of callose relatively to their length as there 
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is in normally growing compatible tubes. In apple this is primarily due to 
the greater length of the callose plugs, in tobacco also to their greater density. 

3. The regularity of the formation of callose in pollen tubes increases with 
the rate of their growth. 

4. I t  is suggested that  the physiological basis of callose formation consists 
in the limited capacity of pollen tubes to use the pyran components of meta- 
bolized saccharose in the process of respiration. 

Introduction 

Callose occurs in pollen tubes primarily in the form of the well-known 
callose plugs. In addition it forms a component of pollen tube walls, where 
together with cellulose it composes the inner lamella (MOLLER-SToLL and 
LERCH 1957a). Callose plugs in pollen tubes are formed acropetally. During 
the cultivation of pollen in artificial media no particular system was found 
to govern their location (M~LLER-STOLL and LERCIt 1957a, 1957b). 

Following the hydrolysis of callose from the fungus Bornetina corium 
(MARGIN 1910) and of that  contained in the cystoliths of Ficus elastica and 
Ficus triangularis (Esc~Ric~ 1954) and from the sieve plates of the grape 
vine (FREY-Wu EPRECHT and KESSLER 1957) D-glucose was found. 
As a result of a more detailed analysis of callose from the sieve plates of 
grape vine the presence of a polysaccharide containing chains of 1 : 3 - -  
linked fl--D-glucopyranose residues was demonstrated (AsPINALL and KESS- 
LER 1957). 

Very little is known as yet  about the physiological mechanism of the form- 
ation and function of this polysaccharide. Most frequently the conception 
has been advanced that  the callose plugs act as mechanical barriers to the 
reverse flow of plasma from the growing tips to the older basal parts (MoLIsc~ 
1923, ESCHRIC~ 1956). MULLEIC-STOLL and LERCg (1957b) put  forward 
a number of objections to this conception and express the opinion that  
"callose is a necessary product of metabolism in pollen tubes, probably 
originating after a special irritation in the cytoplasm in contact with the cell 
wall and which may be locally accumulated under conditions of degeneration". 
LINSKENS and ESSER (1957) pointed out the connection between callose form- 
ation in pollen tubes and incompatibility. After staining with fluorochrome 
they observed the number and size of callose plugs in the styles of autosterfle 
petunias. They ascertained that  in incompatible pollen tubes their number 
was nearly twice as great as in compatible tubes. The size of the callose plugs 
was the same in both cases. 

The aim of the present authors' work has been to s tudy callose formation 
in relation to the growth rate of pollen tubes in styles as determined by  the 
compatibility or incompatibility of pollination. An a t tempt  has also been 
made to elucidate the physiology_of callose formation in the light of present 
knowledge. The paper further deals with the method of ,~o.lective staining of 
pollen tubes in the style tissues. 
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Material and Method 

Autosteri le  Nicotiana alata L i ~ x  et OTTO and frui t ing apple trees (Pirus malus L.) ear.  Lord 
L a m b o u r n e  on  EM I X  stocks were used as exper imenta l  material .  I n  the case of apple, pollen 
f rom the var ie ty  Golden Pearmain  was  used for cross pollination. All exper iments  were carried 
out  under  field conditions. Emascula ted ,  isolated flowers were picked at  definite intervals  af ter  
pollination. They  were frozen freely in the air  a t  a t empera tu re  of about  - - 2 0  ~ C and kept  in 
the frozen state  unt i l  needed. The average day t empera tu res  during the exper iments  wi th  apple 
were, for the  first day  17"5 ~ C and for the  second day 21 ~ C. The exper iments  wi th  tobacco 
took place a t  average day t empera tu res  of  14 ~ C, 14.2 ~ C and 11 ~ C. 

For  the  purpose  of following the format ion  of callose plugs in pollen tubes  g rown in artificial 
media, pollen was  cult ivated in a 10% solut ion of saccharose containing 0.001% ttaBO a a t  
a t empera tu re  of 25 ~ C. The concentra t ion of pollen was  5 rag. in 0.5 ml. of  cu l ture  solut ion 
over an  area of 10 cm ~. 

Resul ts  were worked up  by  usual  stat ist ical  methods.  I n  the case of the length  of eallose 
plugs n = 120, in determining the  distances between them 30 measurements  were made  in 
each case. 

Results and Discussion 

1. Method of staining pollen tubes 

One of the specific reagents for callose is resorein blue prepared according 
to Esc~I~IC~ (1953). I t  was found that  this stain is also admirably suited to 
the staining of pollen tubes in the style tissue. Only ca]lose in the pollen tubes 
is stained blue, while the style tissue remains unstained. In view of the fact 
that  resorcin blue does not stain callose following fixation and conservation 
by the usual methods which involve dehydration of the object, the styles 
must be treated in the fresh state or else they can be frozen and kept for any 
length of time until they can be treated. The advantage of this method is 
tha t  the preparation of the conducting style tissue is easier after thawing. 
The tubes stain very rapidly and the preparations can be examined im- 
mediately. When more pronounced staining is required it is necessary to 
leave the stained specimens for at least a day in a moist environment. The 
chief points in favour of this method of staining pollen tubes are its specificity 
and simplicity. 

2. The accumulation of ca]lose in compatible and incompatible pollen tubes 

Results of the measurement of size of callose plugs and their distances from 
each other are set out in tab. 1 and 2. 

In the case of apple striking differences can be seen here between the amount  
of ca]lose in pollen tubes from self-pollination and cross-pollination and its 
progressive accumulation in respect to the growth rate of the tubes. The 
differences in distances between ca]lose plugs are not significant, bu t  24 hours 
after pollination their length in the short incompatible pollen tubes is nearly 
twice the length of those in the longer compatible pollen tubes (fig. 1 and 2). 
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Tab. 1. Length of and distance between callose plugs in apple 

Self- pollin- 
ation 

Number of 
hours after 
pollination 

24 

48 

Approx. length 
of pollen tubes 

4400 

4900 

Length of Distance between 
callose plugs callose plugs 

# # 

13.83 • 3.0.62 428 4- 3. 15.65 

Accumulation of eallose along almost 
entire length of pollen tubes 

Cross-pollin- 
ation 

24 

48 

56OO 

11000 
style length 

7-44 • 3.0.18 

21-704- 3.0.81 

4624-3. 15.72 

4904- 3. 17.79 

Following the second day,  when the incompatible  tubes  had  grown th rough  
a very  short  section of the style, t hey  were stained by  resorcin blue for almost  
their  entire length (fig. 3). The amoun t  of  callose in the incompatible tubes  
is greater par t icular ly  on the second day  after pollination, not  only in pro- 
port ion to length of  the tubes, bu t  also absolutely. 

Clearly there exists here an inverse relation between the growth  ra te  of  
pollen tubes and the intensi ty  of callose format ion  or a l ternat ively  a direct  
relation between degree of inhibition of  their growth  due to incompat ib i l i ty  
and the format ion of this polysaccharide.  The incompat ibi l i ty  of  pollen tubes  
is also marked  by  the accumula t ion  of callose in the  swollen t ips (fig. 4), 
a phenomenon  which was never observed in the case of  compatible  pollen 
tubes. 

Thus the rate  of accumula t ion  of  callose in pollen tubes can serve as a physio-  
logical indication of  compat ibi l i ty  or incompat ibi l i ty  in apple. Since the choice 
of suitable pollinators is also connected with the degree of compatibi l i ty,  a basis 
could be provided here for working out  a l abora to ry  method  for its de- 
termination.  

Essentially the same results as regards the accumulat ion of callose in pollen 
tubes and its relation to incompat ibi l i ty  have been obtained for 2gicotiana as 
for apple. 

Tab. 2. Length of and distance between callose plugs in Nicotiana 
(60 hours after pollination) 

Self-pollination 

Cross-pollination 

Approx. length of 
pollen tubes 

# 

9000 

41000 

Length of 
callose plugs 

12-24 • 3.0.25 

6.51 • 3.0.02 

Distance between 
callose plugs 

562 • 3.56.80 

1015 • 3.30.10 
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The relatively greater amount of callose in pollen tubes from self-pollina- 
tion in relation to their length is not only due to greater size but  also to the 
greater density of the callose plugs. There is an evident regularity in the 
spacing of callose plugs in compatible pollen tubes in comparison with that  
in incompatible tubes. As in the case of apple (v. tab. 1), the length of callose 
plugs in Nicotiana is more regular in tubes formed after cross-pollination than in 
those with inhibited growth. In addition, in the case of incompatible pollen 
tubes an abnormally increased accumulation of callose in the cell wall some- 
times occurs, in others sections of some mm. in length are found to be uni- 
formly stained with resorcin blue. Callose is very frequently accumulated 
to varying degrees in the expanded tips of this type of tube (fig. 5 and 6). 
In compatible tubes, on the other hand, callose is laid down exclusively in 
the form of short, regular plugs (fig. 7) and is never formed in the tips of the 
tubes (fig. 8). The distance of the first callose plug from the tip of the tube 
is here about 6 to 7 mm. 

The way in which callose collects in incompatible pollen tubes is very 
similar to the irregular formation of callose described for pollen tubes grown 
in an artificial medium (M(~LLER-SToLL and LERCH 1957a, 1957b). In this 
connection a comparison was made for apple between the regularity of plug 
formation in tubes growing in the style and those growing in an artificial 
medium. While in natural conditions the median error of the average for 
values expressing the distance between callose plugs is approximately 16, the 
median error for the corresponding values for tubes grown in vitro is 29.54. 
I t  was further ascertained that  a greater amount of callose is formed in apple 
pollen tubes in articifial culture than under natural conditions of growth in 
the style (v. seq.). In the light of these facts it can be assumed that  the in- 
creased accumulation of callose in incompatible pollen tubes is not a primary 
result of incompatibility, but  that  it is caused secondarily by inhibition of 
their growth. In general it can be said that  t h e  m o r e  o p t i m a l  t h e  
c o n d i t i o n s  f o r  p o l l e n  t u b e  g r o w t h  t h e  m o r e  r e g u l a r  
i t s  f o r m a t i o n  a n d  t h e  s m a l l e r  i t s  a m o u n t .  

3. An a t tempt  to elucidate the physiology of callose formation in pollen tubes 

I t  is well known that  the best medium for the cultivation of most pollen 
in vitro is one containing saecharose. This fact could be explained by  Lvov 's  
hypothesis (1950) on the significance of saccharose as an active carbohydrate 
for respiration. I t  is supported by  the observation that  of three sugars used, 
glucose, fructose and saccharose, germinating pollen takes the greatest amount 
of saccharose from the environment for its respiration (O'KELLEY 1955). 
Similarly, in styles through which pollen tubes have grown primarily a de- 
crease in saccharose can be observed (LINSKENS 1955). According to Lvov  
(1950) saccharose is of importance as a substrate for respiration mainly in 
older organs, where the enzymatic systems which activate hexoses and make 
them available for the respiratory process, are ceasing to act. He further 
assumes that  the significance of saccharose consists in its active fructo- 
furanose content and that  respiration in older organs takes place exclusively 
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at the expense of this active furan component. Glucopyranose then remains 
as a secondary, unconsumed component of the respiratory process. I f  it is 
assumed tha t  there exists a weakly active enzymatic system for the utiliza- 
tion of pyran forms of sugars in pollen tubes, this would serve as an explana- 
tion of the formation of the polyglueoside callose in them, the function of 
which is as yet  unknown. According to this hypothesis the glucose part  of 
metabolized saccharose in pollen tubes is mainly used as a component in the 
formation of their walls, while the residue, as a result of the limitations of 
its use in respiration, is laid down in the form of polysaccharide callose. 

In this manner it is possible to explain the increased accumulation of 
callose in pollen tubes which are inhibited by the incompatibility reaction. 
Where growth is inhibited the use of glucopyranose for the formation of the 
tube walls is not possible to such an extent as in rapidly growing pollen tubes. 
I f  at the same time sugar consumption in incompatible pollen tubes is ap- 
proximately the same as in compatible ones (LINSKENS 1955), much more 
unconsumed glucose will remain in the short inhibited tubes, particularly in 
proportion to their length, with the result that  callose will accumulate to 
a greater extent. Similarly, in artificial medium, where optimal conditions for 
the growth of pollen tube are not present, callose accumulates more than  
under natural  conditions of compatible pollination. Thus for example, in the 
case of pollen from the apple variety Golden Pearmain the length of callose 
plugs in cultures in vitro was 33.37 /~ ~ 3 .3 .19 after 24 hours, the distance 
between them was 241 # • 3.29.54; in pollen tubes of the same variety 
growing in styles these values the day after pollination were, as has already 
been stated, 7.44 # ~= 3.0-18 and 462 # _~ 3.  15.72. 

In the same way it is possible to explain the fact tha t  the amount of callose 
in pollen tubes increases with the concentration of saccharose in the nutrient 
environment not only absolutely but also in proportion to length ()/[~LLER- 
STOLL and LERCIt 1957a); where there is a sufficiency of saccharose in the 
environment a pollen tube consumes the easily metabolized furan component 
primarily in respiration, while pyranose is deposited to an increased extent 
as its polymer callose. 
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0 6 p a a o B a n n e  R a a ~ o 3 M  B HbI~b~eBblX T p y 6 ~ a x  H a B ~ e H H e  

HeCOBMeCTHMOCTH 

HPOC~AB T V H ~  

Pealo~te 

M u  ~3yua~H HO~HqeCTBO Ka~JI03I)I B COBMeCTHMbIK II HeCOBMeCTgMbIK Tpy6nax  m , J a ~ u  
nya~Typnb ,  x COpTOB gSo70}I~ (Pirus maIus L.) H wa6a~a (Nicotiana alata LI~K et OTwo) 
noc~Ie o I ~ p a c ~  ~x peaop~mnoBofi cnHe~. T a n  Ka~r oKpac~a a~aaeTca  cHe~nq~Hqeci~ofi 
11o OTHOIIIeHHtO H t<3JVI03C, TO ol-Ia BecLMa y~oSHa ~ a a  ceJienTnBnoro oi~pamHBaHnu n~I~L- 
I~eBblX wpySoK B TI~aHgX necwHna. B ~mrH6~po~anH~X Tpy6~ax,  pa3~Hnmgxca  Heckle CaMO- 
OYIStJIeHHH, I<OJIHqeCTBO ]~anno3bi no  OTHOIHeHHtO I< fIX J~/lI4He He MeHoe, qeM B ~sa  paaa  zas~I- 
llIeHo no r C HOpMant, HO pacTylKHM~I COBMeCTHMMMH Tpy6I~aMFI. ~TO HBJIeHHe 
y ~I6$IOHH BLI3BaHO, IlpemAe BCeFO, 5o:mmefi ~FIHOH I~aJ[,r[O3HI~IX 3aTI, IqeH, y Ta6aHa, Hpo~e 
Toro, eme H 6onsmefi nx rycTOTOfi. B COBMeCTHMhlX Tpy6Kax Ka~lao3a OTl<~la~MBaeTca 
6o~lee peFyJl~pHO, "4eM B HeCoBMeCTHMb, X. ]/]HTeHCHBHOCTb Hal{OnJleHl4~[ Ha~JIOahl O6OHX 
THI]OB HhLIIblleBhIX Tpy6oK ~6~IOHH ItOBbIIzIaeTcH CO 8peMel-lC~L HaoSopoT, poc~ ~IX IIOCTe- 
IIeHHO 3aMe)~JDIeT(~I. 0 5 a  DTII HB~eHH~I 3aMeTHhI, npem~e BCOFO, y HeC0BMeCTHMbIX 
TpN6OR. C~e~IoBaTe~bHO, 06IKHM fln~eHi, eM a B ~ e w c a  ~OCBeHHoe OTHOmeHne Me~Ay I<O~IH- 
~IeCTBOM Ha:I~O3ht B IlbIJIhI~eBhIX Tpy6HaX I~ cKopoCTMO HX pocTa. 

Bl)icHaaaHo llpe&noJlome}Ine, qTo ~13goJiornqec}~aa Cyl~InOCTb o6pa30BaH~la HaJ~O3kl 
3aHJiioqaeTc~l B OFpaHIItIeHHo~ CHOCO6HOCTH IIMJII, KeBbIX Tpy~ol{ HCIIOJI},3OBaTb B llpol~ecce 
~MXaHII~I lil~IpaHOBylO qaCTh MeTa~0:IH3~Ip0BaHHO~ caxapo3u. ]TJIIOKOIIHpaHoBa, c~le2iyg 
3TO~ty npe;IcTaB:IeHHlO, eJIyH<HT B IIhVIblIeBMx Tpy@Hax llpegMyll~eCTBeiIHO RJla HOCTpOfil<g 
~IX CTeHOI~. Ee H3~BITOH, BOBHHKaIOtRH~[ Oc06eHI{O B c~lyqae oFpaHHqeHI-IOFO pot'.Ta, OTi{JIa~bt 
BaeTcH B (~OpMe IIOJIHF2IIOI{O3H~a KaJIJI031,1. 


