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Euphorbia pulcherrima and Bouganwillea sp. are two short-day plants in which 

photoperiodic stimulus influences floral initiation (Hackett and Sach 1965, Salisbury 
and Ross 1969, Vince-Prue 1975). In both plants embryonal hypsophylls are green 
and subsequently during their development they acquire a progressive pigmenta
tion. The pigmentation of both these hypsophylls is due to vacuolar pigments: 
anthocyans for Euphorbia (Stewart and Arisumi 1966) and betalains for Bouganwillea 

(Piattelli 1974). The synthesis of these pigments has been studied in several plants 
and it seems to be dependent on day length (Vince-Prue 1975).

As etioplast development and transformation to chloroplast and to chromoplast 
is phytochrome dependent (Bradbeer and Montes 1976, Kirk and Tilney-Bassett 
1978) it has been considered interesting to investigate the plastid metamorphosis in 
these two plants from the embryonal green hypsophyll to the expanded pigmented 
one.

The choice of these two different plants was mainly due to the fact that pigmented
 hypsophyll and green leaves in Euphorbia derive from the same shoot apex whereas 

in Bouganwillea they derive from two distinct buds (Hackett and Sachs 1965 and 
1967).

In Euphorbia, hypsophylls and photosynthetising leaves look alike and these 
latter show, under the photoperiodic stimulus, numerous coloured spots that pro

gressively overlap the green colour, whereas in Bouganwillea the hypsophyll mor
phologic feature is more distinct from the photosynthetising leaf.

As the morphology and ultrastructure of the green leaves have been studied in 
both plants as a control, it has been verified if in the sieve tubes of Bouganwillea 
were present the P-plastid typical of few taxa of Angiospermae and particularly of 
Caryophyllales. In fact recently the taxonomy of Angiospermae has been reviewed 
in the light of this last principle (Benke 1972).

Materials and methods

Plants of Euphorbia pulcherrima were purchased from a floriculturist that forced 

them to flower in the month of October. To obtain this result the plants were grown 

in the open air untill the temperature descended below 16•Ž. The plants were 

subsequently transferred to a glass-house where the temperature was mantained

 constant at eighteen degrees. Nearly a month before the flowering process was to 

be obtained, the plants were submitted to photocycles progressively shorter and
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shorter.
Plants of Bouganwillea were living at the open air in Mediterranean climate and 

the drawing of samples was done in the period June-September.
For both plants specimens were collected from:
1) embryonal green hypsophyll, 2) pigmented expanded fully hypsophyll, 3) 

green leaf fully expanded. For Euphorbia two more specimens were collected: 4) 
green leaf fully expanded with red pigmentated zones, 5) fully expanded leaves which 
showed dark red colour resulting from red pigmentation superimposing on normal

 photosynthetising leaf.
Small pieces of leaf tissues were fixed in 3% glutaraldehyde in 0.1M cacodylate 

buffer pH 6.89 for 4 hours and postfixed in 1% osmium tetroxide in 0.1M cacodylate
 buffer for 2 hours. The specimens were then dehydrated in a graded water ethanol 

series, 1% uranylacetate was added to the 70% ethanol. Subsequently the pieces 
were embedded in Epon-Araldite mixture. Thin sections were made with an LKB 
Ultratome III using glass knives. The sections collected on copper grids were 
stained with lead citrate (Reynolds 1963). The examinations of specimens were 
made under a Hitachi HU 11 B at 75 KV.

Results

Optical microscope
In Euphorbia the embryonal green hypsophyll has a typical organization and the 

palisade mesophyll is already recognizable from the spongy one. The cells are 
very rich in cytoplasm (Fig. la). The organization of the green leaf (Fig. Id) and of 
the stages in which the red pigmentation is progressively superimposing (Fig. lc) 
is practically alike and representative of a fully expanded leaf. The only difference 
detectable at optical microscope is the different density of vacuolar content in the 
epidermal layer of the pigmented ones, probably due to the presence of anthocyans. 
In the red mesophyll (Fig. lb) we observed that the normal foliar structure has 
changed into a structure constituted by few cells where it is impossible to recognize a 

palisade and a spongy mesophyll as it has been described by Goedbloed Gill et al. 
(1958 a, b). The cellular content in the mesophyll layers was progressively decreas
ing while in the epidermal layers the anthocyan content was kept.

In Bouganwillea hypsophyll we never recognized the distinction in palisade and 
spongy mesophyll (Fig. 8a, b and c). Besides, we assisted to a gradual lessening of 
cells parallely to the appearing of the pigmentation (Fig. 8b and c). The anatomy of 
the green leaf, studied as a control, showed a bifacial structure (Fig . 8d).

Electron microscope
In Euphorbia pulcherrima the embryonal green hypsophyll (Fig . 2) revealed a 

normal ultrastructure of young cells, very rich in cytoplasm and with numerous 

young chloroplasts characterized by large starch grains and few thylakoids.

Figs. 1-3. 1a, embryonal green hypsophyll of Euphorbia pulcherrima . Its anatomy is characterized 

by numerous mesophyll cells not distinguishable in palisade and spongy layers
. •~80. 1b, red 

expanded hypsophyll. Mesophyll cell number is strongly reduced . Cell profiles are not too larger
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than the embryonal ones and have an empty feature. •~80. 1c, green expanded leaf with red 

islets. In this case the palisade and the spongy layers are clearly distinguishable. •~80. 1d, green 

expanded photosynthetising leaf. The anatomy is very similar to the precedent. •~80. 2, embry

onal green hypsophyll. The plastids have a young typical feature. •~5,500. 3, red expanded 

hypsophyll. Note that the cell have an empty aspect, but their profile and the plastid size are very 

similar to the embryonal one (cfr. fig. 2). •~5,500.
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Figs. 4-7. 4, plastid of the red expanded hypsophyll. Its feature and size are closer to the one of 

the green young hypsophyll than to those of the expanded leaf. Also the photosynthetic lamellae 

are not too developed and are not organized to give large grana. •~42,000. 5, plastid of green 

leaf palisade cell. Typical feature of a mature photosynthetising plastid, large plastoglobuli are 

present. •~14,500. 6, plastid of a palisade cell of dark red leaf. Both palisade and spongy cell 

chloroplasts in this leaf reveal a moderate swelling of thylakoids. •~18,000. 7, plastid of a spongy 

cell of a green leaf with red islets. In this leaf the spongy plastid starts to reveal a thylakiod swel

ling while the palisade one has a normal feature. •~14,500.
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A striking change in the ultrastructure has been observed in the red hypsophyll. 
The cells are now poor in cellular content and cytoplasm is reduced to a peripheral 
thin layer. At the level of tonoplast is evident a deposition of dense material. The 
chloroplasts show a particular feature. In fact they have dimensions below the 
average of mature chloroplasts, but they don't seem completely degenerated as 

photosynthetic membrane feature and the presence of amidon globules demonstrates 
(Fig. 3).

The observations of the leaves which present some red spots revealed that the 
chloroplast ultrastructure in the palisade layer is very similar to the one present in 
the green leaf, while the chloroplasts of the spongy mesophyll show a moderate 
swelling of photosynthetic lamellae and the appearance of dense little plastoglobuli 

(Fig. 7). This phenomenon is more evident when the red pigmentation has complete
ly overlapped the green leaf. In this case the same process concerns also the palisade 
mesophyll (Fig. 6). The chloroplast ultrastructure in the normal green leaf didn't 
reveal anything particularly remarkable (Fig. 5).

In Bouganwillea the study at electron microscope of the green leaf revealed a 
normal structure with mature chloroplasts possessing a well developed photo
synthetising lamellar system and large plastoglobules (Fig. 9). In these specimens 
we have investigated if P-plastids were present in the phloem tubes. We noticed them 
and they were characterized by a central proteic core with peripheric fibrils of the 
same nature (Fig. 10). This morphology of protein inclusions has been described 
as typical of Caryophyllales (Behnke 1972).

The examination of the stages that lead from the embryonal hypsophyll to the 
mature one, has confirmed that we assisted to a progressive decrease of cellular 
content. With regard to the plastids, we have observed that the plastid of the green 

young hypsophyll reached a quite developed structure showing some grana, when 
the hypsophyll was of a pale pink colour (Fig. 11).

When the hypsophyll showed a pink pigmentation we have remarked chloro

plasts undergoing a senescent process with consequent swelling of thylakoids. Some 
plastids showed also a peripheral vesiculation and large plastoglobuli (Fig. 12).

In the mature violet hypsophyll we have noticed a very thin residual cytoplasmic 
layer. Stages of progressive degeneration were characterized by chloroplasts with a 
lower density of the stroma and few swollen membranes. In this case chloroplast 
had a vacuolized feature. Besides these degenerating plastids we remarked another 
kind of plastids, with few residual membranes and numerous large plastoglobuli 

(Fig. 14).

Discussion

It was already known that the light has a stimulatory effect on plastids develop

ment and that the morphogenetic effect of the light on etioplast has to be considered 

as a phytochrome-dependent process. Nevertheless there was no information on 

a phytochrome direct action on proplastids and their transformation to chloroplasts.

From the results of this investigation it appears that, after floral initiation under 

photoperiodic stimulus, the development of plastids present in hypsophyll of Eu-
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phorbia or Bounganwillea has taken two different ways. In the embryonal green hyp
sophylls of both the considered plants, young plastids little differentiated has been 
observed; in the mature hypsophylls instead the plastid feature was deeply different.

In Euphorbia pulcherrima we have noticed that under the photoperiodic stimulus 
the anthocyans pigmentation becomes evident and the plastid observed in the red 
bract seems to derive directly from the plastid of the embryonal hypsophyll without 
a further differentiation. In fact its dimensions and its feature are more similar to 
those of a young chloroplast that has not completed its differentiation to those than 
of a mature one undergoing senescence. When the photoperiodic stimulus reached 
also the lower green expanded leaves, the red pigmentation is overlapping with dif
ferent intensity degrees, and in this case the mature chloroplast undergoes a sene
scence with is connected to red pigment superimposition.

Completely different is the result of photoperiodic influence on Bouganwillea. 
In this plant in fact, the hypsophyll pigmentation is accompanied by the presence of a 
certain number of chloroplasts that show a degenerative process, while other chloro

plasts are undergoing to morphological modifications, that lead to organelles resembl
ing chromoplasts both for derivation and for certain morphological aspects.

These two different behaviours of the studied plants could be correlated with the 
fact that, even if in both plants hypsophylls are present, the situation is very different. 
In Euphorbia green leaves and hypsophylls derive from the same shoot apex and under 

optical observations have revealed also an anatomical equality. On the contrary, 
in Bouganwillea green leaves and hypsophylls take origin from two different buds 

(Hackett and Sachs 1967) and show two distinct anatomic features. The described 
situations are probably responsible on the fact that the young plastids, present in the 
two different embryonal hypsophylls have in reality two unlike destiny. This would 
be in accord with the opinion of Kirk and Tilney-Bassett (1978) that assert that even 
if phytochrome would stimulate chloroplast morphogenesis, it is not proved its 
essential role. In higher plants would be present internal morphogenetic factors 
which would first control the plastids differentiation, more than the environmental 
factors, i.e. light.

Two more consideration have to be made. The first regards the presence of 
P-plastids in the Bouganwillea phloem. This fact would be a further confirmation 
that it is valid to assume the presence of this kind of plastids as a systematic criterion.

Figs. 8-10. 8a, section of green young hypsophyll of Bouganwillea sp . It is impossible to dis

tinguish a palisade and a spongy layer. The cell profiles are typical of an embryonal condition . 

•~ 80. 8b, section of a pale pink hypsophyll. The number of the mesophyll cells is reduced . •~80. 

8c, in the pink hypsophyll the mesophyll is characterized by few cells with an empty aspect
. •~80. 

8d, section of a normal green photosynthetising leaf. This last shows a typical bifacial structure
. 

•~ 80. 9, chloroplast ultrastructure of a plastid of a normal green leaf . •~26,000. 10, plastids 

present in the phloem tubes of a green leaf. In this case the plastids are charactreized by a central 

core and by peripheral fibrils of proteic nature. 56
,000.

Figs. 11-13. 11, young differentiate plastid present in a young green hypsophyll
. •~19,500. 12, 

plastid observed in the pale pink hypsophyll. Morphological modifications concern a peripheral 

vesiculation and the increase of large osmiophilic glubules
. Thylakoid lamellae don't seem swollen, 

•~ 22,000. 13, plastid present in the pink expanded hypsophyll
, where completely degenerated chlo

roplasts are also present. This kind of plastid is characterized by few lamellae and numerous large 

osmiophilic globules. •~22,500.
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The second concerns the presence of chloroplasts in the red hypsophyll of Euphorbia 

plucherrima, opposite to what described by Goedbloed-Gill et al. (1958).

Summary

The fine structure of plastids in hypsophyll at different stages of development and 

pigmentation has been followed in two short-days plants: Euphorbia pulcherrima and 
Bouganwillea.

In Euphorbia the young chloroplasts observed in the embryonal green hypsophyll 

change into plastids of small dimensions when contained in the red expanded hypso

phyll. Moreover in the green leaves, where red colour is afterwards superimposing, 
chloroplasts are undergoing a degenerative process. In Bouganwillea the plastid 

ultrastructure is changing from a young embryonal feature to a moderately develo

ped state, while in the fully expanded hypsophyll degenerated chloroplasts are 

present together with a population of plastids characterized by numerous large glo
bules and few residual membranes. The unlike chloroplasts behaviour observed in 

the two different hypsophylls is discussed keeping in consideration pigment syn

thesis and hypsophyll derivation.

In Bouganwillea phloem tubes characteristic P-plastids have been observed and 

have confirmed the importance of this plastid as a systematic character of Caryo

phyllales.
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