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Abstract. The polymorphism of the dictyosomcs in the root meristeme of Fagepyrum is 
connected with their various functions in secretory processes and cell differentiation. The dietyo- 
seines containing vesicular dilatations of the cisternae, which in this object occur more fre- 
quently than in others, probably participate in a similar way as the Golgi apparatus of the 
animal cell in the formation of lysozomes, in the formation of elements belonging to the group 
of dense bodies analogical lysozomes. These bodies are present in large numbers in the cyto- 
plasm of cells, containing dictyosomes with vesicular dilatations. The other forms of the dictyo- 
somes reveal indications of their participation in the production of the carbohydrate material 
of the cell walls, like most dictyosomes of other plant objects. However, no fusion of the Golgi 
vesicles with the plasmalemma was observed. According to their morphological appearance the 
typical forms of dictyosomes were classified on the basis of their relationship to secretory pro- 
cesses. Simultaneously the morphology and function of the Golgi apparatus was compared in 
the animal and plant cell. Several morphological varieties of the dictyosomes of plant cells, 
observed after the action of pathogenic factors and the effect of the fixation procedures, were 
also noticed in small quantities in the cells of the investigated objects. 

A l r e a d y  in  c l a s s i ca l  c y t o l o g y  t h e  Golg i  a p p a r a t u s  in  t h e  cel ls  was  c o n s i d e r e d  
a s t r u c t u r e ,  e m p l o y e d  i n  t h e  f o r m a t i o n  o f  v a r i o u s  s e c r e t e s  a n d  p r o d u c t s ,  d e -  
p e n d i n g  on  t h e  s p e c i a l i z a t i o n  o f  t h e  cel l  i n  t h e  o r g a n i s m  (li t .  see  H m S C H  
1939). T h e  o p i n i o n  " . . .  A g r e a t  d e a l  o f  w o r k  s t r o n g l y  s u g g e s t s  t h a t  t h e  Golg i  
a p p a r a t u s  n e i t h e r  s y n t h e t i s e s  s e c r e t o r y  s u b s t a n c e s  n o r  is  t r a n s f o r m e d  d i r e c t l y  
i n t o  t h e m ;  b u t  t h a t  i t  a c t s  a s  c o n d e n s a t i o n  m e m b r a n e  ' fo r  t h e  c o n c e n t r a t i o n '  
i n t o  d r o p l e t s  o r  g r a n u l e s ,  o f  p r o d u c t s  e l e b o r a t e d  e l s e w h e r e  a n d  d i f f u s e d  i n t o  
c y t o p l a s m "  (KIRKMANN a n d  SEV~RINGHAUS 1938) is  v e r y  c lose  t o  t h e  p r e s e n t  
s t a t e m e n t  o n  t h e  f u n c t i o n  o f  t h e  Go lg i  a p p a r a t u s  in  t h e  cel l ,  e v e n  o n  t h e  
bas i s  o f  e l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s .  

I n  t h i s  p a p e r  wi l l  b e  p a i d  to  t h e  s t r u c t u r a l  c h a n g e s  o f  t h e  Golg i  a p p a r a t u s  
r e l a t e d  to  t h e  s e c r e t o r y  p roces se s  in  t h e  p l a n t  cell .  S i m u l t a n e o u s l y  t h e y  wi l l  
b e  c o m p a r e d  w i t h  t h e  Go lg i  a p p a r a t u s  in  t h e  a n i m a l  cell .  

* Last address: Institute of Experimental Biology and Genetics, Czechoslovak Academy 
of Sciences, Praha 6 - Dejvice, Flemingovo n~tm. 2. 
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438 I. HR~EL 

Material and Methods 

The object is the root meristeme of Fagopyrum L. The roots were fixed 
with 2% KMn04 and embedded in araldite according to the procedure re- 
ported in HR~EL (1965a, b). 

Morphology of the Golgi Apparatus 

a) Golgi apparatus in the animal cell 
The,Golgi apparatus in the animal cell contains flat sacks limited by the 

membrane, so-called cisternae, (the term cisterna was first used for some 
structures of the endoplasmic reticulum, see PALADE 1956). The cisternae of 
the Golgi apparatus are edged by vesicular dilatations. The cisternae lie close 
to each other so that the whole formation looks like a bundle in cross-section. 
Two main forms of the Golgi apparatus have been described in animal objects: 
1) The anastomosing form, containing bundles of cisternae connected by 
anastomoses and branches, which form reticular structures in the cell; 2) The 
dictyosomes, composed of a bundle of short bundles of cisternae without 
anastomoses. The changes of the morphology of the Golgi apparatus are 
caused by the functional orientation of the Golgi apparatus, by differences in the 
ultrastruetural composition of the cells of different tissues and by pathological 
effects. The cells of glands and neurons often contain the anastomosing form, 
the sex cells and unicellular organisms mostly contain dictyosomes (see HR~EL 
1965b). Pathological changes of the Golgi apparatus of the hypertrophic type 
have been described in tumor cells of the hypophyse and prostata (ref. OB~R- 
LING 1959). 

b) Golgi apparatus in the plant cell 
In plant cells the Golgi apparatus has only the form of the dictyosomes 

(see HRw 1965b). The dictyosomes of the plant cell change also through 
the effect of their function, the function of the cell in the organism and patho- 
logical effects. 

Of the organic changes of the dictyosomes the hypertrophic and stretched 
form from older cells near the periphery of the root cap of Zea maya have 
been described (WKALEY, KEPKART and MOLL~:H~IAIIER 1959; MOLLEI~HAUER, 
Wm~LEY and LEECH 1961). Vesicularly segmented cisternae of dictyosomes 
have been observed in the root cells of Zea maya (W~ALEr, MOLLEHHAUER 
and KEPBA_~T 1959 and others). This formation originated in this case from 
the edge position of the dictyosome at the cutting of the object. In the cells 
of the root meristeme of Fagopyrum the following forms of dictyosomes were 
found in the area below the apical point: dictyosomes with straight oriented 
cisternae, separating from edges the vesicular elements which are of larger 
size than the diameter of the cisternae (Fig. 3).  In most of the investigated 
cells the dictyosomes contain cisternae with the vesicular dilatation in centre 
(Fig. 4). In small quantity curved dictyosomes have also been found (Fig. 5) 
or have a circular appearance (Fig. 6). 

In the cells of the root cap other forms of dictyosomes are present besides 
those described above: A straight form with separating small vesicles whose 
size is completely or almost equal to the diameter of the cisternae (Fig. 7). 
In another case all the cisternae contained in the bundle representing the 
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dictyosome, segment chain-like and spontaneously disintegrate to single small 
vesicles (Fig. 8). This form probably does not represent a dietyosome cut on 
the edge. In another case cisternae segmented vesicularly were observed 
placed only in the cisternae on the edge of the dictyosomes (Fig. 9). I t  is 
difficult to determine in this case whether a dictyosome is concerned fixed 
atypically by the cut or vesiculation of the dictyosomes. In other cells the 
cisternae of the dictyosomes are edged by comparatively large hypotrophic 
vesicles. In these dictyosomes the individual cisternae are often released and 
found distributed in the ground plasma (Fig. 10). The above mentioned 
varieties of the dictyosomes apparently reflect different functions and diffe- 
rentiation of the cells from different anatomic areas of the object (see below). 

In the case of plant cells changes of the form of the dictyosome, connected 
with pathological cases and artefacts, have also been described. The release 
of cisternae from the bundle in the dictyosomes was observed after treatment 
of seedlings of Cinapsis alba with streptomycin (Ross~ER 1960). The curved 
forms of dictyosomes with objects fixed by OsO4 were found in the meristeme 
of Allium cepa roots after X-irradiation (WRISCHER 1960). Destruction changes 
arise with the root meristeme of Avena sativa after irradiation with ~'-rays 
(Gff~THER 1962). Dictyosomes edged by osmiophilic instead of clear vesicles 
were described in small leaves of Cucumis sativa infected with Cucumber 
virus 4 (HH~EL 1962). Dictyosomes, separating small vesicles, were observed 
in the cells of the root apex of Zea mays, neighbouring with the area of exci- 
sion (MOLLENHAUER, WtL~LEr and LEECH 1960). The curved form of the 
dictyosomes observed after fixation with KMnO 4 is considered an artefact 
caused by KMnO a (WRISCHER 1961). However, similar curved forms of dictyo- 
somes were also found in Micrasterias rotata after fixation with OsO~ (DRA- 
WERT and MIX 1961). Dictyosomes with swollen cisternae were found with 
AlIium cepa epidermis cells (DRAWERT and Mrx 1963). Dictyosomes with 
hypertrophic cisternae, accumulated in the vicinity of the vacuoles, were ob- 
served in the root meristeme cells of Triticum vulgare after vital staining with 
neutral red (KoN~XLOVA-MACv, ROVA 1964). Some of the mentioned forms of 
dictyosomes, observed as pathological cases according to the above mentioned 
references, occurred in small quantities in the cells of the root tips of Fago~ 
pyrum germinated under normal conditions. Although the origin of some of 
the changed forms from pathogenic effects cannot be excluded, the changes 
observed after this interference have to be evaluated very carefully. 

Function of the Golgi Apparatus 

a) Golgi apparatus in the animal cell 
In electron microscopy the Golgi apparatus is mostly assigned a role in 

secretory processes. One of the first works on the Golgi apparatus dealing with 
exocrine cells of mouse pancreas assumed that some of its components are 
transformed into secretory products (SJSsTI~AND and HANSON 1954). Formation 
of zymogenic granules has also been observed in guinea pig pancreas cells in 
the area containing the Golgi apparatus (Golgi zone) (PALADE 1955). The 
opinion has also been expressed that one of the functions of the Golgi apparatus 
is the removal of water from the secretory products (DALTON and FELIX 1956). 
Secretion of material, forming the acrosome in spermatocytes by the Golgi 
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apparatus has been reported on cats and Helix pomatia L. (BuRGos and 
FAWCETT 1955); GRASSY, CARASSO and FAVAI~D 1956). In the acidophilic cells 
of rat hypophysis and in the pancreas cells of mice formation of secretory 
granules in the Golgi apparatus has been  described (FARQUm~R and WEL- 
LINGS 1957). In the cells of the salivary glands of Myzus persicae the functional 
rhythm of the formation and degradation of the structures of the Golgi ap- 
paratus was followed during the secretory process (WoHLFARTH-BOTTERMANN 
1959). The role of the Golgi apparatus in the formation of the melanine granules 
in human malignous melanome (WELLINGS and SIEGEL 1959), in the secretion 
of milk by rats and mice (BERGMAN~ and KNOOp 1959; WELLI~GS and DEOME 
1961), in the formation of glycogen in chicken embryo liver (KARRER and 
Cox 1960), in the formation of mucous secretes in the Brunner glands of cats 
(Mox 1960), in the formation of collagen in the chondryocytes of rabbit ears 
(SHELDOI~ and KIMBA~LL 1962) etc. was investigated. 

The production of secretory products by the Golgi apparatus is based on 
the separation of vesicular elements containing a prosecrete or a secrete from 
the edges of the cisternae. The content of the vesicles can be of two types. 
In the first case the vesicles contain a secretory material, stained darkly with 
osmium or having the typical appearance of the complete secrete already 
before separation of the vesicle from the cisterne of the Golgi apparatus 
(KARRER and Cox 1960; WELLINGS and DEOME 1961; SHELDON and KIMBALL 
1962). In the second case the vesicular elements contain a light presubstance 
before separation from the cisternae, which only after separation of the vesicle 
from the cisternae becomes osmiophilic (WELLII~IGS and SIEGEL, 1959) or keeps 
further its original light appearance. In the latter case it is difficult to de- 
termine whether the free vesicular element actually had separated from the 
Golgi apparatus. 

Electron microscopical analysis of the secretory mechanism of the animal 
cell has been summarized by KuRosuMI (1961). 

Besides the relationship of the Golgi apparatus to secretory processes con- 
densation of absorbed fat was observed in the area of the Golgi apparatus 
during the digestive processes in mice and rats (WEISS 1955; PALAY and 
K~LIN 1959). 

A relationship of the dictyosomes to the centrosphere and the centriol was 
observed with human plasmoblasts (PoLICARD, BESSIS, BRETON and THIERY 
1958). 

Participation of the Golgi apparatus in the formation of virus particles of 
the Bittner milk factor is assumed in cells of milk gland carcinoma of mice 
(OBERLING 1959). 

Based on the electron microscopical localization of phosphatases the form- 
ation of the so-called lysozomes was observed, containing the acid phosphatase, 
from the separated vesicles from the periphery of the cisternae of the Golgi 
apparatus. Cisternae give the reaction for nucleoside-diphosphatase (ESS~ER and 
:NOVIKOFF 1962, NOVlKOFF, ESSNER, GOLDFISCHER and HEUS 1962). In studies of 
the epidermis cells of mouse embrya during differentiation the assumption was 
expressed that the Golgi apparatus apparently also plays a role in osmore- 
gulatory processes (MENEFEE 1957). 

According to observations in the animal cell the Golgi apparatus is con- 
sidered a structure which controls permeation of substances through the cell 
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by concentrating or transforming the substances leaving or entering the cyto- 
plasm. The Golgi apparatus appears ideally adjusted for performing circulatory, 
secretory and osmoregulatory functions. This role is of primary importance 
for the cellular functions and is in agreement with the universality of this 
structure (OBERL:•G 1959). According to other opinions the Golgi apparatus 
has greater importance than the function in the formation of secretes. I t  is 
also assumed to be the morphogenetic centre of the cell, the "store of mem- 
branes" (WoHLFARTH-BOTTERMAN:N 1963). 

b) Golgi apparatus in plant cells 
There are two ultrastructural manifestations of the secretion by the Golgi 

apparatus in plant cells similar to those in the animal cells. 
I t  has been observed in the first case that the substance is stained by osmium 

or permanganate already directly in the vesicular edges of the eisternae of 
the dictyosome so that separation of vesicles containing the secretory sub- 
stance from the dietyosomes can be observed (Fig. 1). The dictyosomes 
showing the mentioned type of secretory activity were found in the secretion 
of mucous products in the cells of the carnivorous plant Drosophyllum luisi- 
tanicum (ScH~EPF 1960), which contain a polysaccharide composed of ga- 
lactose, arabinose, xylose, rhamnose and glueuronic acid, but no protein 
SCH~CEPF, 1963a). The effect of various factors (temperature, time of the ex- 
periments and water deficit) on the ultrastructural manifestations of the 
secretion by the dictyosomes was also investigated (ScH~EPF 1961). In the 
cells of the calyptra of Zea mays (•OLLENHAUER, WHALEY and LEECH 1961), 
Micrasterias rotata (DRAWERT and MIx 1962b), the root hairs of Zea mays 
(SIEVERS 1963) and in the root meristeme of Triticum vulgare (BuvAT 1963) 
separation of vesicles, containing a dark material from the dietyosomes and 
their fusion with the plasmalemma was also observed. In the root meristeme 
of Zea mays separation of vesicles was observed which contain a stainable 
substance from the dictyosomes after fixation with OsO a at a simultaneous 
reproduction of new cisternae (MOLLENH:UER and WHALEr 1963). 

b ~ ~ 0 ~ 0  o o 0 
o ~ 0 - . . . .  0 ~ ~ 0 ~ 0  0 ~ - - - - - - - ~  0 -.... 0 

Fig. 1. Diagram of steps of the secretion processes by dictyosomes in plant cells 
a-b Forms secreting dense vesicles, c form separating clear vesicles. 

Participation of the vesicles, separated from the dietyosomes, in the form- 
ation of cell walls was proved also by another method, i.e. by their accumula- 
tion and the presence of separated vesicles in the area of the formation of 
a cell plate wall (phragmoplast) in mitosis in the root meristeme of Zea mays 
(LEEcR, MOLLENKAUER and WHALEY 1963; WHALEu and MOLnENHAUER 1963) 
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and in the root apex of Phalaris canariensis (FBEY-WYSSLINO, LoPgz-SXEz 
and Mt)HL]~T~ALER 1964). 

Secretion of mucoid substances by  the Golgi apparatus has been observed 
in the cells of the brown algae JLaminaria hyperborea (ScHNEPF 1963b). 

In  the area of the dictyosomes in the apex and young leaves of Triticum 
vulgare localization of acid phosphatase (Povx 1963) was observed like in 
animal cells (see ESS~R and NOWKO~F 1962). The lead precipitate appears 
to be localized in the vesicles of the dictyosomes in some cases. 

I n  the second case the dictyosomes produce vesicles with a light substance 
(Fig. lb, c), which after separation of the vesicle either becomes dark or re- 
mains light. Here belong besides other things the dictyosomes in the root 
meristeme of Fagopyrum which were investigated in the area below the apical 
point as well as in the area of the calyptra. 

The dictyosomes below the apical point have the vesicular edging of cis- 
ternae, having though a larger diameter than those (Fig, 3, 4). Dictyosomes 
occur frequently which have a vesicular dilatation in the centre of the cisternae 
(Fig. 4). This phenomenon can be explained by the accumulation of the 
secreted substance in the centre of the cisterne and by its movement  towards 
the edge. Dictyosomes of this type are often grouped into the Golgi zones 
containing a vesicle in the space between the individual dictyosomes as well 
as short cisternae of uncertain origin (Fig. 11 ). 

In  the neighbourhood of the Golgi zones dense lobulated or stellate elements 
occur frequently in large numbers which are similar to those presently con- 
sidered as spherosomes (DRAwERT and MIX 1962a) or as transient forms be- 
tween the spherosomes and the fat bodies (FREY-WYSSLI~O, G~IESm~UER 
and Mt)HLETHALER 1963). In  contrast to these they have smaller dimensions 
(Fig. 3, 4, 5, 6, 10 and 11). They are in close contact with the vesicles and the 
short cisternae themselves (Fig. 10) or are placed in the spaces between the 
dictyosomes in the Golgi zones (Fig. 11 and 15). Their assumed origin from 
the vesicular elements, separating from the dictyosomes, cannot be proved 
directly because of the light content of the separating vesicles. Their formation 
by this way appears indicated on the following grounds: they are present in 
large numbers in the proximal distance of the dictyosomes grouped in the 
Golgi zones (Fig. 11). Their dimensions are similar to those of the vesicles 
separated from the dictyosomes. Accumulation of the elements occurs mostly 
with the dictyosomes having vesicular dilatations in the centre of the cis- 
ternae. In  cells containing a large amount  of dense elements, most of  the 
dictyosomes with vesicular dilatations are placed in the centre of the cisternae. 
Since similar dictyosomes appear only occassionally in other objects and since 
dense elements of this type are isolated in this case (see WRALEY, KEPR~T 
and MOLL~AU~R 1959), it can be assumed that  they  are produced by these 
dictyosomes. 

Another manifestation of the secretory activity of the dictyosomes of Fago- 
pyrum is their accumulation in the vicinity of the cell plate which is the 
ground of formation on: the  new cell walls during mitosis (Fig. 12 and 13). 
The vesicular elements in the vicinity of the cell plate have the same appear- 
ance and size as the vesicles, separating from the dictyosomes (Fig. 13), which 
is in agreement with the observations of other authors mentioned previously. 

In  the cells of the calyptra two forms of dictyosomes were found besides 
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those described below the apical po in t .  One of these produces the vesicles 
which in contrast to the preceding form are in a size equal to the diameter 
of the cisternae of the dictyosome (microvesicle) (Fig. 7). In  some eases the 
dictyosome spontaneously break down into microvesieles (Fig. 8). 

The second form of the dictyosomes is similar to that  described as hyper- 
trophic in the calyptra of the Zea mays root (~r WItA_LEY and 
LEEC~ 1961) (Fig. 10). I ts  cisternae are edged by  large vesicles (Fig. 9 and 10). 
In contrast to the dictyosomes of Zea mays the vesicular edges of the cisternae 
as well as the vesicles themselves are light. The single cisternae released from 
the bundles of the dictyosomes are deposited freely in the ground plasma 
(Fig. 10). Fusion of the vesicles with the plasmalemma, observed with Zea 
mays (MOLLENHAUER, WI-IALEY and LEECK 1961; SIEVERS 1963) and with 
Arena 8ativa (GffNTHER 1962), was not seen. 

The cisternae of the electron microscopical Golgi apparatus contain larger 
or smaller vesicle dilatations on the periphery and within the membrane 
bundle. These dilatations were called "Golgi vacuoles" and described in 
animal and plant objects (DALTON and FELIX 1956; SITTE 1958 etc.). These 
elements are now described as Golgi vesicles. However,  the true vacuolar 
system of plant cells appears to be independent of the membranes of the 
Golgi apparatus in most objects investigated (BuvAT 1958, DR~_WERT and 
MIx 1961--62, etc.). 

In spontaneous hypert rophy of the Golgi cisternae in the periphery cap 
cells of corn, swollen Golgi cistcrnae were described which can be mistaken 
for the true vacuoles (W~ALEY, KEPHART and ]~r 1959). How- 
ever, they differ from these  by  different grouping and prolonged KMnO4 
fixation also causes different staining of the content of the dictyosome vesicles 
as compared to the content of the true vacuoles. Other authors are of the 
opinion that  the 'dictyosomes have nothing in common with the true vacuoles 
which are stained with neutral red and they assume that  the term "Golgi 
vacuoles" should not be used for vesicles and vesicular dilatations, since this 
designation could lead to their confusion with other vacuolar elements in the 
plant cell (DRAWERT and MIx 1961--62). In contrast to these observations 
a close connection was noticed between the Golgi membranes and the young 
vacuoles in the apical point of barley. Vacuoles can be formed by  dilatation 
of the intra-membrane space of the cisterna on the periphery of the dictyo- 
some (MARINOS 1963). 

I~  the root meristeme of Fagopyrum no direct relationship of the vacuoles 
to the Golgi apparatus was observed, although the dictyosomes sometimes lay 
close to the dense and light vacuoles (Fig. 14), and to the vesicles within 
the cisternae of the dictyosomes attain only exceptionally considerable di- 
mensions (Fig. 15). 

The relationship of the Golgi apparatus to the true vacuoles is apparently 
in conformity with the functional characteristics of the membrane structures 
in various objects. 

A close spatial arrangement of the chloroplasts and dictyosomes has been 
observed in Micrasterias rotata (DRAwERT and Mix 1961--62). This arrange- 
ment, according to the authors, can be connected with the similar function 
of the dictyosomes and chloroplasts in the production of carbohydrates.  The 
carbohydrate metabolism of the chloroplasts and of the Golgi apparatus was 
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discussed in older work of studies of the Golgi apparatus in the germ cells of 
t~olytrichum. Although the opinion on the identity of the Golgi apparatus 
with the chloroplasts (WEIE~ 1932) cannot be accepted, the electron micro- 
scopical observations of the membrane systems of the chloroplasts and the 
Golgi apparatus show a certain similarity in the arrangement of the flat 
membrane types, especially when the chloroplast grana of higher plants and 
of the membrane of the Golgi apparatus are compared. No relationship be- 
tween plastids and dictyosomes was observed in the root meristeme of 
Fagopyrum. 

Discussion 

On the basis of the morphological varieties observed in Fagopyrum and 
other objects the dictyosomes can be classified as follows: 1) Secreting dictyo- 
somes. 2) Forms changed in the differentiation processes. 

The secreting dictyosomes can be approximately compared with three known 
types of cells, forming secretes, i.e. apocrinic merocrinic and holocrinic cells, 
shown in Fig. 2. The dictyosomes of the first type do not change during separa- 
tion of the vesicles containing the secreted substance. They are found in the 
meristeme cells below the apical point and in the cells of the internal part of 
the calyptra of the root meristeme of Fagopyrum (Fig. 2, pict. la, b, c). The 
dictyosomes of the second type secrete a large quantity of a substance at 
simultaneous disintegration or vesiculation of the peripheral cisternae. These 
dictyosomes can reduplicate new cisternae (see MOLLENItAUER and WHALEY 
1963) (Fig. 2, pict. 2a, b). The dictyosomes of the third type desintegrate 
completely when the substance is secreted. In these dictyosomes hypertrophy 
of vesicular edges of the cisternae is observed and the cisternae are released 
from the bundle (see SCHN~.PF 1960, Fig. 17; MOLLENI-IAUER, WtLALEY and 
LEECH 1961) (Fig. 3a). In other objects the cisternae is divided into two 
vesicles, containing the excreted substance or the whole cisterne is enlarged 
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Fig. 2. Forms of secreting dletyosomes 
1 " A p o c r i n i c " ,  2 " m e r o c r i n i c ' " ,  3 " h o l o c r i n i c " .  
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(Fig. 2, pier. 3a) and gives rise to vesicular formations (see WKALEY, KE- 
PHART and ~r 1959; MOLLENt tAUER,  WHALEY and LEECH 1961; 
GONTHER 1962) (Fig. 2, pict. 3b). I t  is also possible that  total disintegration 
takes place and whole cisternae segment into microvesieles or vesicles (Fig. 2, 
pict. 3c). Total disintegration of cisternae of dictyosomes, as well as its seg- 
mentat ion to microvesicles was observed in the cells of the calyptra of 
Fagopyrum. 

The forms of the dictyosomcs changed during differentiation were found 
in the internal part  of the root meristeme below the apical point. In  cells 
differentiating to phloem and xylem elements, disintegration of the bundle 
of cisternae was observed at simultaneous vesiculation in a similar way as in 
the cells of the external part  of the calyptra (see HRSEL, MOHELSK• and 
WOLFOV~ 1964). 

The present view on the Golgi apparatus of the plant cell follows from the 
following information: 

Based on cytochemical studies of the polysaccharides of the Golgi apparatus 
by the HIO4-Schiff reaction in the light microscope the opinion has been 
expressed previously tha t  this structure is connected with carbohydrate meta- 
bolism and its function in the formation of cell walls in plant cells (GERs~ 
1949). Based on electron microscopical observations the Golgi apparatus in 
the plant cell like in the animal cell is considered primarily as a structure con- 
nected with secretion. In  plants it secretes substances containing carbo- 
hydrates compounds necessary for the formation of cell walls (see DRAWERT 
and MIX 1961--62). In  other cases it produces polysaccharides of mucoid 
character which are secreted by the cell (ScHNEPF 1963, 1963a, b). In  special 
cases the Golgi apparatus can also participate in the formation of true vacuoles 
by dilatations of the cisternae (MARINES 1963). The comparatively large poly- 
morphism of the dictyosomes in the root meristeme cells of Fagopyrum as 
compared to other objects can be explained by their participation in the 
secretion of carbohydrates as well as in the production of dense bodies. The 
dictyosomes with Vesicular dilatations of the cisternac have a similar function 
as the Golgi apparatus of the animal cell which in the described cases parti- 
cipates in the formation of lysozomes belonging to similar elements (lit. see 
NOVIKOFF, ESSNER, GOLDFISCHER and HEUS 1962). This opinion is supported 
by the observation of acid phosphatase localization in the vesicles connected 
and unconnected with the dictyosome in the plant object Triticum vulgare 
(Poux 1963). 
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I v a n  HR~EZ, l~stav experiment~lnl  botaniky,  (~eskoslovensks akademie v~d, Praha:  Morfoo  
l o g i e  a f u n k e e  G o l g i h o  apar l i tu .  - -  Biol. P lant .  7 : 4 3 7 - - 4 4 8 ,  1965 .  

Polymorfismus dictyosomfi v ko~inkov6m meris t6mu _Fagopyrum souvisi s jejich rhznou 
funkci p~i sekre6nich pochodech a diferenciaci bun6k. Dictyosomy obsahujici  vesikul~rni dila. 
race cisteren, kter6 so vyskytuj i  u tohoto objektu  6ast6ji nelt u jin~eh, se pravd6podobn6 ti6astnl 
analogick:~m zpflsobem jako Golgiho aparh t  ~ivo6i~n6 bufiky vzniku lysozomfi p~i tvorb6 titvarfl, 
nAle~icieh podobn6 jako lysozomy, do skupiny hust:~ch t61isek. Taro t61iska jsou v cytoplasmit 
u bun6k, kter6 obsahujl  dictyosomy s vesikul~rnimi dflatacemi, vo velk6m mno~istvl. U ostat-  
nlch forem dictyosomfi byly nalezeny zn~mky, kter6 sv6d6i, ~ie spolupfisobi p~i produkci poly- 
sacharidov6ho materihlu bun66n~ch st6n podobn6 jako v6t~ina dictyosomfi j in2ch rost l inn~ch 
objektfl. Nebylo v~tak p o z o r o v ~ o  spl~vKnl Golgiho vesikulfi s plasmalemmou. Podle morfolo- 
gick6ho vzhledu bylo provedeno ut~id6nl typick~ch forem dictyosomfi na  z~klad6 jejich vz tahu  
k sokreSnlm pochodfim. Z~rovefi byla srovn~vKna morfologio a funkce Golgiho aparh tu  v bufice 
~ivo6i~n6 a rostlirm6. ~ a d a  morfologick~'ch fichylek dictyosomh rostlinn~'ch bun6k, kter6 byly 
nalezeny po fi6inku patogennich faktorfl a v l ivu fixa6nich postupfi, byla  v mal6m mno~tstvi 
pozorov~na tak6 v bufik~ch studovan6ho objektu. 

H. FpIIIEJI, I/IHcTI~TyT 3Kcnep~MeHTaJISHO~ 6 O T a H ~  q C A H  ~ I/IttcTI~TyT 3I~CIIepl~MeH- 
TaabHOfi 5 H o a o r ~  ~ re~eT~K~ q C A H ,  I Ipa ra :  M o p ~ o a o r n n  n r annapaTa  r o a b -  
~mn. - -  Biol .  P l a n t .  7 : 437- -448 ,  i965.  

HO~MOp~H3~ ;~HnT~OCOM B ~opaenofi  Mep~cTeMe Fagopyrum c~aaaH c ~x paai~ofi qSyun" 
I~ef i  np~  npo~eccax  ce~pe~uH ~ ~qSqSepeu~poB~rI  KJIeTOI~. ~gI~THOCOMt, I, c o ~ e p ~ a m u e  
BecuKy~apa~e  ~Iii~iaTali~l~i ~CTepH, l~OTOphIe BCTpeqaIOTC~ y 3TOrO o6%eKTa 6o~Iee qaCTO 
no cpa~neHum c ~pyrnMI~, y'~acT~yIOT-l~OB~aMOMy-a~aaor~HH~ o6pa3ov[ naK annapaT 
FOJIL~H H~HBOTHO~I KJIeTKII B B o a u u i ~ o ~ e n ~  aHCO30M npH 0 5 p a a o B a u ~  cTpy~Typ, np~-  
H a ~ a e m a ~ a x  no~06~o n~30coMa~ K r p y n u e  ryCTI~X Teaei~. 3T~ TezIbRa Haxo~aTCH B ~OJIbIHOM 
I4OX~HqecTBe B I~[ITOnXia3Me K~IeTOK, ~oTop~ie co~ep~aT ~HI~THOCOMBI G s e c ~ n y ~ p ~ M n  
~I~J~aTaII~i~iMU. ~ ~ p y r u x  ~OpM JIHKTHOCOM Hafi~eu~ n p n a n a ~ ,  CS~IeTeJ~bCTBymn~r~e O TOM, 
qTO OH~ co~e~CTBy~OT np~ npo~y~r  n o a ~ c a x a p ~ n o r o  MaTep~aHa I~ieTO'~H~X CTeHO~{ 
no~oSHO 60~bIm~ncTBy 7IHI(TI~OCOM ~Ipyr~x pacTI4Te~IbH~X oS~e~TOB. O ~ a ~ o ,  He ~a6a~o- 
~Ia~oc~, c~Ir~aa~ft Becnny~oB F o ~  c rtJIaaMaJIeMMO~I. T~nrt~ia~e ~)opMhI ~rtKTrIOCOM 6~JIrI 
~ a c c n ~ n ~ r t p o B a ~ u  no Mop~o~orHqecun~t npnanaKa~  ~a OCHOBaHnr~ ~X OTuomeur~a ~ npo-  
~4ecca~ c e ~ p e ~ H .  Conocwaaae~a T a ~ e  Mop~oaorng  ~ dpyni~Ur~a annapaTa  F o a b ~ r [  
n ;~BOTnO~ ~ paCT~TeabnOfi ~ e T ~ a x .  Pa~  Mop~o~or~,~eci~x OT~OHen~f~ ~I~KT~IOCOM 
paCTHTeJIbHhIX I~JIeTOK, KOTOp~e Hafi~e~I~ nocae  ~Ie~CTBHH IiaTOFeHHBIX qbanTopoB r~ BaI~aH~n 
npoaeccoB qSn~caunn, ~ a 6 a m ~ a a c a  ~ MaJIOM t(o~qeCTBe TaRme B ~ e T ~ a x  uayqaeMoro 
06%eKTa. 
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GOLGI APPARATUS 

Fig. 3. 

Fig. 4. 

Dietyosomes from the area below the apical point 
Dietyosome with normally developed cisternae. DB Dense body. Magnification 40 000 •  
Dictyosomes from the area below the apical point 
Most frequent form of dictyosomes with vesicular dilatation (V) in the centre of the 
cisterna. DB Dense body in close vicinity of the cisternae of the dietyosome. Magni- 
fication 40 000 X. 

Fig. 5. Dictyos3mes from the area below the apical point 
Dictyosomes with curved cisternae. Magnifcation 25 000 x .  

Fig. 6. Dictyosomes from the area below the apical point 
Dictyosome with concentrically shaped cisternae, V = vesicle, DB (lense body in the 
immediate vicinity of the dictyosome. Magnification 40 000 • 

Fig. 7. Dictyosome from the area of the calyptra 
Dictyosomes (D) producing mierovesicles. M Mitochondria, N nucleus. Magnification 
20 000 x .  

Fig. 8. Dictyosome from the area of the calyptra 
Disintegrating segmenting dictyosomes producing microvesicles. Magnification 20 000 x �9 

Fig. 9. Dictyosome from the area of the calyptra 
Dictyosomes, containing large numbers of vesicles on the peripheral cisternae, and 
vesiculated cisternac, apparently due to interception of the edges of the dictyosomes 
during cutting. D Dictyosome, DV dense vacuole, M mitochondria. Magnification 
20 000 x .  

Fig. 10. Dictyosome from the area of the calyptra 
Dictyosome with released cisternac. One isolated cisterna (C). DB Dense body in im- 
mediate vicinity of the cisterna. Magnification 45 000 x .  

Fig. 11. Cells below the apical point 
Golgi zone, containing dictyosomes surrounded in the immediate vicinity by groups 
of dense bodies (DB). Magnification 25 000 x .  

Fig. 12. Ceils below the apical point 
Dictyosomes (D) in the immediate vicinity of the formation of the cell plate, N Nu- 
cleus. Magnification 16 000 X. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Cells below the apical point 
Dietyosomes (D) in the vicinity of the formation of the cell plate, producing vesicular 
elements corresponding to the vesicles in the structure of the cell plate. Magnification 
23 000 x .  
Cells below the apical point 
Two dictyosomes (D) closely adhering to the dense vacuole (DV). Magnification 
20 000 •  
Cells below the apical point 
Dictyosomes with enlarged vesicular dilatation (V). In  the vicinity a group of dense 
bodies (DB) in connection with vesicles and cisternae of uncertain origin. Magnification 
24 000 •  



Fig. 3 

I. HR~EL 
GOLGI APPARATUS 

Fig. 

Fig.5 Fig. 6 



Fig. 7 

I. HR~EL 
GOLGI APPARATUS 

Fig. 8 

_~ig. 9 



Fig. lo 

I. HR~EL 
GOLGI A P P A R A T U S  

Fig. i i  



Fig. 12 

L HR~EL 
GOLGI APPARATUS 

Fig. 13 

Fig. 14 Fig. 15 


