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\ Isolated buckwheat cotyledons can be induced to dedifferentiate and
produce a callus tissue, in which the merstemoids give rise to either roots,
or shoots. A high 24-D content is optimal for dedifferentiation, while
roots appear when its concentration is lowered. Buds are induced at high
cytokinin (BAP) and low auxin (IAA) levels. Callus anatomy has been
observed in the course of organ initiation and development. It has been
demonstrated that after 2 weeks in culture the whole interior of leaf lamina
is changed and transformed into numerous merstematic nodules. They
consist of larger, vacuolated cells in the center and smaller, densely stained
cells on the perifery. After decreasing 2 4—D content, some of the periferal
cells divide more intensively and organize as root meristems. During the later
subcultures, the entire callus tissue is gradually transformed into root
initials; when the roots elongate, the tissue becomes necrotic. These cultures
stop growing after 5—6 passages. In contrast, tissue grown on bud induction
medium contains meristemoids which soon give rise to typical shoot apical
meristems. In this case the callus is capable of permanent proliferation and it
constantly produces numerous bud initials. Xylogenesis is also frequently
observed in that tissue.
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INTRODUCTION

The capacity of isolated leaves and cotyledons to develop organogenic callus tissue
in vitro has been demonstrated in many plant species so far. As in all plant explants,
callus tissue was usually initiated by the action of auxins and cytokinins, although
different plant species may have specific requirements in respect to the kind and ratio of
these hormones in the medium. It has been reported in the previous paper (Srejovi¢
and NesSkovié, 1981) that isolated buckwheat (Fagopyrum esculentum Mo -
ench.) cotyledons have the capacity to produce callus tissue, in which organs and
whole plants can be regenerated. Sequential changes of the hormones in the medium were
essential for the formation of either roots, or shoots in the callus. The present paper
describes the anatomy of callus tissue in the course of root and shoot initiation. It has
been demonstrated that meristemoids, which develop in the initial leaf explants, can be
determined at an early stage towards roots or shoots by spemflc hormonal composition of
the medium.

MATERIAL AND METHODS

Cotyledons of buckwheat (Fagopyrum esculentumn M oe nch.), of the tetraploid
variety Pennquad, were isolated from imbibed seeds as described previously (Srejo -
vié¢ and NeSkovié, 1981). They were cut transversely into two pieces and
cultivated in a nutrient medium, which contained mineral solutionBs (Gamborg er
al., 1968), 3% sucrose, 1% agar and (in mg 1—'): thiamin 10 , pyridoxin 1, nicotinic acid
1, m—inositol 100 and casein hydrolysate 2000. Auxins 2 4—D 4- dlchlorophenoxy
acehc acid) and IAA (indolyl-3—acetic acid) and cytokinins kinetin and BAP
(6—benzylaminopurine) were added in different concentrations, as indicated in the text.
Growth conditions were as previously described (Srejovié¢ and Neskovig,
1981).

Pieces of callus tissue were fixed in Carnoy fixative, embedded in paraffin, and
sections of 10 um were stained with safranin and light green.

RESULTS

Cotyledon fragments were initially put on a medium containing 24D 5 mg [—*
and kinetin 0.1 mg 1—' . During the first 5 days the surface of the explants enlarged 2—3
times and the lamina acquired nommal green colour. As already reported, changes in the
anatomy of cotyledon fragments could be observed within 3—5 days in culture. In the
cotyledons, having the structure of a typical leaf, mesophyll cells between the vascular
bundles and around the main leaf vein start dividing. Cell divisions proceed soon in other
mesophyll cells and after 2 weeks the whole interior of the leaf was transformed and
contained numerous meristematic nodules (Fig. 1). After 2—4 weeks a callus tissue
developed, particularly on the cut surfaces of the leaf. The callus was nodulated, pale in
colour, but comprised also red regions, due to the presence of anthocyanin. The callus
was composed of large, vacuolated cells, while small cells with dense cytoplasm formed a
rather uniform layer near the surface (Fig. 2).

If the explants remained in the initial medium with high 2 4D content, the callus
rather quickly deterorated and became necrotic. However, if the explants were
transferred within 2—4 weeks to the medium containing 0.1 or 1.0 mgl—* 2,4-D, ahighly
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Figs. 1—4. — Root development in cotyledon explants and callus.
Fig. 1. — Meristematic nodules in cotyledon explant after 2 weeks in culture on 2,4-D (5
mg 1—') and kinetin (0.1 mg 1—'), 70 x.
Fig. 2. — Section of callus tissue after 30 days in culture, 50 x.
Fig. 3. — Section through a small callus nodule during the first subculture, transferred to
24-D 1 mg 1—!; note the periferal meristem and localized root initials, 30 x.
Fig. 4. — Section through the callus tissue during the 5th subculture; note numerous root
initials and the absence of parenchymatous tissue between them, 30 x.

nodulated callus developed during the subsequent subcultures. Microscopic examination
of a small nodule, fixed during the first subculture, reveals parenchymatous cells in the
center, surrounded by a continuous layer of rectangular, deeply stained meristematic
cells. These cells in some parts divide more intensively, to form root primordia (Fig. 3). A
nodule fixed in the fifth subculture consisted mainly of root primordia, or some
elongated roots, with very little parenchymatous tissue between them (Fig. 4). During the
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passages on media with decreased amount of 2 4—D, numerous root initials develop into
roots, but this eventually leads to the death of the callus. It was not possible to maintain
that callus longer than for 5—6 passages.

Development of buds could be initiated only if the cotyledon explants were
removed from the high 2,4-D medium after 3—5 days, and cultivated further on a
medium supplemented by 10— M BAP and 10—° M IAA. On this medium a callus tissue

Figs. 5—8. — Bud development in callus tissue.
Fig. 5. — Section through a callus tissue after 45 days on BAP (10— M) and 1AA (10—
M) medium, showing bud primordia and meristematic centers, 90 x.
Fig. 6. — Section through a caulogenic callus at the end of 8th subculture ; note numerous
N bud initials, 65 x.

Fig. 7. — Leafy bud initials at the end of 8th subculture, 37 x. _ o

Fig. 8. — Vascular nodule formed during the 2nd subculture on BAP (10—° M) and [AA
(10— M) medium, 120 x. '
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was also obtained. Observation by the end of the first subculture or during the second
one, showed that callus proliferations were composed of large vacuolated cells and
meristematic zones in the periferal parts, which represent bud primordia. Small scattered
groups of meristematic cells are seen also deeper in the parenchymatous tissue (Fig. 5).
The callus retains similar structure during many later subcultures (Fig. 6) and bud
primordia constantly develop into normal buds (Fig. 7). The capacity for budding of that
callus was persistent for more than 3 years.

It is characteristic for the caulogenic callus, that meristemoids inside the tissue
frequently develop into vascular nodules, with concentric layers of tracheidal cells (Fig.

8).

DISCUSSION

The understanding of root and shoot development in callus cultures is mainly
based on two concepts, put forward about 20 years ago. Skoog and Miller (1957)
demonstrated that the balance between auxin and cytokinin in the medium is most
important in determining whether root or shoot primordia will be organized. Although in
the years that followed some exceptions were reported, this balance has been widely
recognized s the main factor of organ determination. A few years later, Steward
et al. (1967) pointed out to the importance of sequential changes in hormone
complement, as to the possible means to induce organogenesis in some recalcitrant
tissues. It has become clear that the whole process of organogenesis consists of separate
phases, each requiring a specific hormonal composition and balance (Séndahl and
Sharp, 1977; Walker etal, 1979).

The results obtained with buckwheat tissue can be considered as a support to both
concepts. Callus tissue can be induced in cotyledon fragments in all media used, but organ
formation depends on the ratio of auxins and cytokinins. The structure of the callus
tissue is in the beginning typical (see Gautheret, 1959), and consists of a mass of
parenchymatous cells with meristematic centers, responsible for callus growth. The
inductive hormone combinations switch the development of these meristemoids into root
or shoot primordia.

The second concept, conicerning the necessity of sequential hormone changes, is
illustrated by the development of organ initials. The best conditions for cell dedifferen-
tiation and division (high 24-D content) are not suited for organ induction. Auxin
concenfration has to be lowered to permit root growth, while both ratio and kind of
hormones have to be altered, in order to obtain abundant bud development. Thus, in the
first phase cells are stimulated to divide and produce meristematic centers, which for
some time remain capable for dual role. The first phase may not be indispensible for
organogenesis, however. Buds can be induced when the cotyledon explants are put
directly on the inductive medium, but the frequency of organogenesis and the number of
buds in that case is much reduced, in comparison to the explants grown initially on
24-D (results in preparation). A sequence of the media is, therefore, required for the
expression of full regeneration potential of callus tissue.

Microscopic examination of calluses grown in the twoe media, reveals differences
between them. Although 2,4—D induces high rate of cell proliferation, true callus tissue is
apparently not obtained. It seems that the ,tissue” largely consists of root initials; when
they elongate, there is little tissue left to be subcultured. Similar structure was described
for maize tissue culture (Mott and Cure, 1978). On the contrary, callus developed
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on BAP — IAA medium has a potential for permanent growth, although it also produces
organs constantly. Formation of vascular nodules inside that callus is probably due to the
high cytokinin content in the medium (Bergmann, 1964).
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Izolovani kotiledoni heljde (Fagopyrum esculentum) proizvode u kulturi kalusno
tkivo sa visokom organogenom sposobnos$éu. Prou¢avana je anatomija kalusa u toku
inicijacije i razvica korenova, odnosno izdanaka. Utvrdeno je da su dediferencirane
meristemske Celije sposobne za dvojak razvoj, ali da postaju determinisane za razviée u
koren ili u pupoljak pod dejstvom adekvatnog odnosa citokinin/auksin.





