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The chrysanthemum is an important flower crop which can be grown both under glass 

and in the field. It is a short-day plant for flower initiation which provides a means of 

controlling the timing of flowering. Long-day effects can be achieved in winter by 

interrupting the long nights with light from tungsten filament lamps, while short days can 

be achieved in summer using blackouts. When grown in long days, primordia initiated by 

the shoot apical meristem develop as leaves. In commercial cut flower production, stem 

cuttings are taken from stock plants kept vegetative under long days. A further period of 

long days is then given to the rooted cuttings to permit the initiation of sufficient leaves 

and stem internodes so as to provide an adequate length of flower stem. Transfer to short 

days then induces flower initiation which also occurs eventually when a genetically 

determined number of leaves has been initiated if the plant is grown continually in long 

days. This number is about 40 in ‘Snowdon’ but can range from 20 in ‘Bright Golden 

Anne’ to 94 in ‘Bright Yellow Shoesmith’ (Cockshull, 1976; Langton, Royce & 

Cockshull, 1982). In continual long days, the apical meristem steadily enlarges and 

flower initiation is associated with the attainment of a critical size of apex (Horridge & 

Cockshull, 1979). 

 The inflorescence of ‘Snowdon’ is a terminal capitulum consisting of a receptacle 

surrounded by bracts and supporting 300 to 500 florets. The most prominent of these are 

the ray florets which are zygomorphic and elongated so that they emerge radially from the 

capitulum. They surround and hide a small central group of 30 to 50 actinomorphic disc 

florets, so called because in some other cultivars they make up a much higher proportion 

of the floret complement and form a .very noticeable disc in the centre of a daisy-like 

inflorescence. The apical diameter, a useful quantitative assessment, is highly correlated 

with development and can be measured using a low-power microscope (Horridge & 

Cockshull, 1979). 

         Cathey & Borthwick (1957) described a series of discrete developmental stages 

 

 

 

 

170 



of the apex and these are illustrated by the scanning electron micrographs presented here. 

 Shoot samples were taken at suitable intervals throughout their growth in a production 

programme for cut flowers. Using a dissecting needle, the apex of each shoot was exposed by 

removing most of the surrounding leaves under a x 50 dissecting microscope. The shoot tip was 

then prepared for scanning electron microscopy by the method described by Atkey and Pegler 

(see preceding article). 

 

 

Description of the plates 
The apical stages described by Cathey and Borthwick and the corresponding 

micrographs are as follows: 

 

 

 

 

 

 

 Apical    Description      Plate 

 stage          No(s) 

 

      0   Stem terminal flat; typical of vegetative 

   condition                  1—3 

      l   Stem terminal slightly enlarged        4 

      2   Stem terminal forming capitulum; first bracts 

    of receptacle present 

      3  Capitulum spherical with twelve or more bracts 

   around its rim          5 

      4   Capitulum becoming flattened; many bracts but 

   no floret primordia present        6 

      5   Two or three rows of floret primordia on rim  

   of receptacle          7 

      6   About six rows of floret primordia on 

   capitulum 

      7   Capitulum covered with floret primordia except 

   at tip        8 & 9 

      8   Entire capitulum covered with floret primordia     10 

      9   A few floret primordia not yet having beginnings  

   of perianth 

     l0   Perianth primordia present on all florets    11-13 

 > 10          14-18 

 

Flower stage 7 (Cockshull & Hughes, 1967) is shown in Plates 19-32 
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Plate 1. Almost invariably, the first leaves initiated on a chrysanthemum shoot have an associated 

axillary meristem sited in their axils close to or actually on the stem. 

 This meristem is elongated tangentially to the main stem which is visible at top left and at 

bottom right are the damaged cells where the mature leaf petiole was removed. Later, the first two 

leaves will be aligned on either side of a radial projection from the main stem while the third leaf 

will be initiated distal to the main stem but biased to either left or right of the mid-line. The bias 

to left or right occurs with equal probability and determines whether subsequent primordia will be 

initiated in a clockwise or anticlockwise spiral (Berg, 1976). 

 On an intact, vegetative shoot, the axillary meristem remains relatively inactive and 

initiates leaves slowly. After decapitation of the main stem, as occurs when cuttings are taken, 

leaf initiation in the axillary meristem accelerates, internodes extend and the axillary shoot grows 

out. 
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Plate 2.  A third leaf primordium has now been initiated and the first two have begun to develop 

marginal indentations and two types of trichome are developing on their abaxial surfaces. The 

third primordium already shows some signs of this occurring as there are several epidermal cells 

protruding from the leaf surface. One type of trichome displays a single anticlinal cell division or 

in some cases one anticlinal and one or two periclinal divisions. Vermeer & Peterson (197921, 

1979b) described similar glandular trichomes but they were found only on the florets and were 

invariably biseriate indicating that only one anticlinal division had occurred. They did not 

mention the second type of trichome which may, therefore, be found only outside the capitulum. 

This second type appears to be made up of two cells one of which is attached to an epidermal cell 

of the leaf and supports the second which is extended parallel to the leaf surface. 

 The torn surface of the petiole, where the subtending leaf has been removed, can be seen 

at bottom right. Mature horizontally-elongated trichomes arising from the epidermis of the main 

stem are visible at the top left. 

 

 

 

 

 

 

Plate 3.  The axillary shoot is now at a much later stage in its development. The three leaves 

which were primordia in Plate 2 have been removed along with many others initiated since. Five 

primordia remain and, in contrast to Plate 2, only one has marginal indentations, indicating that 

the shoot is well advanced in its course of leaf production. 

 

 

 

 

 

 

 

Plate 4.  This shows the apical meristem with four primordia one of which is slightly indented. 

The apex is now much larger and an axillary meristem is just visible in the axil of the fourth 

primordium. Further down the shoot the 6th and 7th primordia have been removed and their 

axillary meristems are larger and easier to see. The rapid enlargement of both the apical dome and 

the axillary meristems just below it are clear indications that flower initiation has begun. 

 Horridge & Cockshull (1979) showed that the size of the shoot apex steadily increases 

during leaf initiation and its size above a critical level is correlated with stage of flower 

development. Berg & Cutter (1969) described a steady increase in the size of the apex associated 

with a decrease in the rate of leaf initiation which was, at first, high following decapitation of the 

main axis during the vegetative development of the shoot in long days. 
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Plate 5. All leaves have been removed to show the first primordium to follow the course of bract 

development. The numerous bract primordia have entire margins and the apex enclosed within the 

bract is enlarging rapidly. There are at least six times as many cells on its surface as there are in 

Plate 4. The rate of primordium initiation has also increased markedly. These rates and numbers 

of primordia can be predicted using the mathematical 

model of flowering in chrysanthemum devised by Charles-Edwards er al. (1979). Their main 

assumptions were that each primordium initiated by the apical meristem is a source of an inhibitor 

for the initiation of further primordia, and that its concentration decreases as the increase in fresh 

weight of the tissue dilutes the inhibitor. 

 Horridge & Cockshull (see Annual Report for 1979, pp. 66—67) removed leaves of 

different ages throughout vegetative development and found that only leaves between l 

and 10 mm long inhibited vegetative development. In their presence, flowering was induced 

autonomously in long days substantiating the idea that leaves become transient sources of 

inhibitor during their development. 

 During each plastochron the primordia developing as bracts do not increase in size as 

rapidly as those undergoing leaf development. This results in there being many bract primordia of 

roughly equal size in contrast to the difference in size between successive leaf primordia (see 

Plates 2 and 3). Many young bracts have not yet developed trichomes 
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as might be expected if the rate of trichome development remains constant and that of primordium 

initiation increases. 

 

Plate 6. The initiation of bract primordia is almost at an end but the yet larger apical dome is still 

smooth and has become flatter. At one side of the terminal apex the last axillary meristem to have 

been initiated on the new shoot is visible. It shows a more advanced stage of development than 

the axillary meristem in an equivalent position in Plate 4. As the plant was in short days the 

meristem is initiating bracts but if it had been in long days it would have been initiating leaves. 

Consequently there would be a much larger increase in the fresh weight of tissue generated by the 

vegetative axillary meristems than in those destined for reproductive development. Also the last 

leaves initiated in short days expand to about one third the size of equivalent leaves fully 

expanded in long days. Both factors may determine the difference between short- and long-day 

terminal flower bud development. Flower development in long days, but in the absence of axillary 

meristems, proceeds to the same stage of development as it does in short days, but more slowly 

(Schwabe, 1951). 

 

Plate 7. About 35 bracts have been formed, some of which have been removed and the initiation 

of bract primordia has now ceased. The apical dome has formed the capitulum upon which floret 

initials can be discerned. These, like all of the previous primordia, are arranged in a phyllotactic 

spiral. Unlike the other primordia, however, they will form their own centre of activity around 

which petal primordia will develop. Schwabe (1951) pointed out that within the Compositae the 

subtribe Anthemiae, which includes the genus Chrysanthemum, is normally distinguished by 

having no bracts present amongst the florets and yet he found large numbers of bracts on 

inflorescences exposed to long days. These resembled the innermost papery bracts that normally 

surround the inflorescence and each appeared to subtend a floret. Although florets do not 

normally develop in the axils of leaf or bract primordia they are more like axillary buds in their 

developmental behaviour. 

 

Plate 8. The central, uncommitted region of the terminal capitulum is now beginning to decrease 

in diameter as the tissue becomes committed to floret development. The axillary meristem beside 

it is now similar to the terminal apex in Plate 5. 

 

Plate 9. Each floret initial closely resembles the axillary meristem in Plate 1 and there are 

trichomes of only one type positioned between them on the surface of the capitulum. Schwabe 

(1951) described a type of inflorescence developed in long days and then grown on in the absence 

of the lateral vegetative axillary meristems. The outer “floret” initials of these inflorescences 

continued to enlarge after the stage at which they would normally have shown signs of floret 

development and instead proceeded to initiate bracts. When inflorescences were isolated from the 

whole plant and re-rooted, the “floret” initials developed indented leaves on an elongated shoot 

bearing several inflorescences. This is further evidence that floret initials are modified axillary 

meristems immediately committed to floret development. 

 

Plate 10. The whole surface of the capitulum is now covered with floret initials. The true apical 

meristem has, therefore, ceased to exist. At the periphery of the capitulum at the top of this Plate a 

few florets are showing the beginnings of perianth development. 
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Plate ll. All but a few florets are still without stamen primordia yet both ray and disc florets are 

clearly distinguishable (see also Plates 12 and 13). 

 

 

 

 

Plate 12. This Plate shows a group of the florets in Plate 11 that are destined to become ray 

florets. Apparently when fully developed they have only one petal but comparison with florets of 

other species and with disc florets initiated later on this capitulum suggests that, at this early stage 

of development, five petal primordia have fused together. Five primordia are discernible and the 

floret is still actinomorphic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 13. One of the disc florets in Plate 11 is shown further magnified. Disc florets are initiated 

later than ray florets and they remain actinomorphic with five or more petal primordia arranged 

symmetrically. Compared with adjacent ray florets that were initiated earlier, their rate of growth 

has been faster. Development has also moved ahead so that stamens are visible. 

 

 

 

Plate 14. Disc floret petals have increased in size and now hide the stamens. Many glandular 

trichomes of the type described by Vermeer & Peterson (1979a, 1979b) have arisen from petal 

epidermal cells. None has formed where the upper surface is in contact with bracts or on the inner 

surface of the floret. 
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Plates 15 and 16. Further observations required the receptacle to be split by inserting a scalpel 

blade in the stem and cutting upwards to reveal a side view of the florets. The perianths of both 

ray (Plate 15) and disc florets (Plate l6) have now increased in height and hide the stamens and 

pistils from view. The petals of the ray florets have fused and the florets have become 

asymmetrical. Petals have developed glandular trichomes similar to, but more elongated than, 

those found on the disc florets. There are trichomes, probably those visible in Plate 10 but at a 

later stage, at the base of the florets between the floret primordia. These trichomes are different 

from the other two types observed previously and have six or seven small stalk cells supporting 

two large terminal cells. It is difficult to deduce in what order cells have divided to reach these 

structures. The resultant trichomes appear more similar to the glandular trichomes of vegetative 

tissue than to those of the florets. 

 

 

 

 

 

 

 

 

 

 

Plates 17 and 18. The scalpel also occasionally divided a floret into two parts longitudinally, 

and more commonly it was a ray (Plate 17) rather than a disc floret (Plate 18) that was split. The 

development of stamens is arrested but the pistil is rapidly elongating within the ray floret. The 

disc floret is not split along its centre line and the petal that has been removed reveals only a large 

stamen reaching up to the top of the petals with the pistil still hidden from view.  

 Every floret is supported by an expanded base which is in turn attached to the receptacle 

by the short thin stem. The base of the disc floret, shown split here, appears to contain the ovary. 

 To one side of this disc floret is a structure with longitudinally elongated cells reminiscent 

of those constituting bracts. Several of these structures were observed. The floret in Plate 9 is 

developing radial asymmetry with a smaller abaxial (outer) process and it may be that this became 

independent of the main floret to form one of these bract-like structures. If so, it would lend more 

support to the idea that florets are modified axillary shoots. 

 A floret with dramatically reduced petals can be seen to the left of the disc floret.  
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Plate 19. The base of a style of a ray floret is shown at an advanced stage of development. A 

cellular process can be seen on the adaxial surface of the petal. Its position suggests that it is a 

vestigial stamen. These were always present on all of the ray florets observed. 

 

Plate 20. The stigma of the style shown in Plate 19 showing the region of as yet unexposed 

spherical cells which are capable of receiving pollen grains. Long cylindrical cells provide 

support tissue. 

 

Plate 21. Detail, at a higher magnification, of the stigma before it has split open. 

 

Plate 22. The same structure after splitting open. The spherical cells are only along the edges of 

the three parts. 

 

Plates 23 and 24. Detail of the lower and central regions of the spherical cells. 
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Plate 25. Epidermal cells of the petal tissue. 

 

Plate 26. The base of the petal of a ray floret at a higher magnification to show the vestigial 

stamen, previously shown in Plates l7 and 19. 

 

Plate 27. The base of a disc floret showing the ovary and filaments of stamens originating each 

side of the style. 

 

Plate 28. The same pistil surrounded by the stamen‘s dehisced pollen sacs and tips of the petals. 

 

Plate 29. The stigma of the same disc floret with some of the plant's own pollen grains adhering 

to the spherical cells. 

 

Plate 30. Detail of adhering pollen grains. These will not successfully fertilize the ovary because 

the chrysanthemum is an out-breeding plant and only those pollen grains from another genetically 

discrete individual are compatible (Langton, 1976).  

 It is perhaps significant that the spacing of the spines on the pollen grains closely matches 

the diameter of the spherical cells on the receptive area of the stigma. 
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Plates 31 and 32. These are photographs of the mature ray and disc florets and of the capitulum 

cut transversely to show the insertion of florets. 
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 This pictorial sequence of shoot and flower development in chrysanthemum demonstrates 

a steady progression from the initial axillary meristem through a series of well-defined stages to 

the final formation of the inflorescence. It is, however. difficult to discern the point at which a 

vegetative shoot apex becomes reproductive. At any time during this progression the cells 

involved show varying degrees of commitment ranging, for example, from a cell on the surface of 

a leaf primordium destined to become either an epidermal cell or the first of a series comprising a 

glandular trichome, to a cell on the surface of the capitulum destined to become either a ray or 

disc floret. 

 Even in short-day conditions which strongly induce flowering, axillary meristems low 

down on the subterranean portion of the shoot axis may escape this influence and thus remain as a 

source of material for vegetative propagation. 
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