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Midday flowers (common name for members of the family) 
occur in numerous growth and life forms and many drought 
tolerant species possess attractive, intensively colored flow-
ers. Despite the prevalent popularity of some highly succu-
lent genera (e.g., Lithops), which are occasionally offered as 
potted plants, the genetic resources of midday flowers were 
left largely unexploited by plant breeders and producers up 
to now. Unfortunately, this is also true for many other South 
African taxa with desirable features for floriculture (Reinten 
et al., 2011). One reason for the low-level presence of mid-
day flowers on commercial markets (particularly in Cen-
tral Europe) is that cultivation methods are underreported. 
Most producers of ornamentals wish to sell blooming plants 
at fixed dates. The achievement of this objective requires 
knowledge of flower inducing factors, which have not been 
determined in most Aizoaceae species so far. A collection of 
Aizoaceae genotypes, which was maintained in a greenhouse 
at Leibniz Universität Hannover from 2011-2015 showed 
vigorous growth when cultivated under long-day conditions 
(photoperiods of at least 16 hours) at relatively stable mean 
daily temperatures of 20°C. However, the majority of plants, 
which belong to the genera Cephalophyllum, Lampranthus 
and Delosperma, formed relatively low numbers of flowers 
throughout the year and seasonal flowering periods were 
not identifiable. Obviously, cues which naturally trigger 
flowering in these succulents were missing in the artificial 
greenhouse environment. Due to the fact that to our knowl-
edge experimental approaches on flowering of Aizoaceae 
species have so far not been conducted in a horticultural 
context, learning about the environmental conditions and 
the seasonal onset of bloom in the plants’ natural habitat is 
the only mean to limit the number of potential flower induc-
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 Summary
Midday flowers (Aizoaceae), whose origin and 

main area of distribution are located in southern 
Africa, represent the most species-rich family of 
succulent plants. Because of their intensively colored 
flowers, a high diversity of growth forms and relatively 
high tolerance to drought, several Aizoaceae species 
are attractive candidates for breeding approaches 
or direct use as ornamental plants. Despite their 
advantageous characteristics, midday flowers are 
rarely offered for sale in Central Europe and only a few 
commercially traded cultivars were developed so far. 
A wider use of midday flowers as ornamental plants 
requires intimate knowledge of means to control their 
cultivation (e.g., control of flowering time), which is 
underreported up to now. The present study aimed 
at determining the effects of different photoperiods 
and temperatures on flower induction in the genera 
Delosperma, Cephalophyllum and Lampranthus in 
two separate experiments conducted in controlled 
environments. Day length could be ruled out as a 
flower-inducing factor, because flower organs were 
observed irrespective of photoperiods (16 h, 9 h and 
9 h + 2 h night interruption) in genotypes of all three 
genera. However, only plants cultivated under long-
day conditions (16 hours of daily exposure to light) 
had a desirable appearance, which was reflected in 
significantly higher dry matter contents. Cultivation 
in climate chambers for several weeks revealed 
distinct impacts of mean daily temperatures (MDT) 
on flower formation. The investigated Delosperma 
genotype tended to develop more flowers at 20°C 
than in two variants in which the plants were exposed 
to 14°C MDT. In contrast, cultivation at 14°C MDT 
resulted in significantly higher flower numbers in two 
Lampranthus genotypes. High numbers of flowers 
were found in the investigated Cephalophyllum 
genotype at both MDTs and significant differences 
were not detected.
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Significance of this study
What is already known on this subject?
• Flower induction of Aizoaceae species has not 

been investigated in a horticultural context before. 
Flower induction is influenced by water availability 
and temperature in plants of arid South African 
ecosystems.

What are the new findings?
• The investigated genotypes are neither obligate short-

day plants nor long-day plants. In Lampranthus, flower 
induction was stimulated by low-, and in Delosperma 
by elevated mean daily temperatures.

What is the expected impact on horticulture?
• The study contributes to the development of cultivation 

schedules and provides information about the 
feasibility of production of Aizoaceae in Central Europe.

Introduction
The Aizoaceae, which covers a total of more than 1,800 

species, is the largest of all succulent plant families. Its or-
igin and main area of distribution is located in the South 
African Greater Cape Floristic Region (GCFR) (Klak et al., 
2003), which consists of different biomes (Milton et al., 
1997) with diverging climatic conditions (Peel et al., 2007). 
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ing factors. Cephalophyllum and Lampranthus occur in the 
southwestern part of South Africa (Hartmann, 2001), which 
is characterized by winter rainfall and, depending on the ex-
act position, mediterranean, cold semi-arid or cold desert 
climate (Peel et al., 2007). The genus Delosperma is more 
widely distributed in summer rainfall regions (Hartmann, 
2001), which are mainly influenced by subtropical or oceanic 
climates (Peel et al., 2007). In Namaqualand (northwestern 
Cape), which is a diversity hotspot of the family Aizoaceae 
(Cowling et al., 1999), the flowering period of the vast major-
ity of plant species lasts from August to October (Le Roux et 
al., 1989). During that time (and the preceding months) day 
lengths mainly fall below 12 hours, indicating a conceivable 
photoperiodic impact on flower induction. However, several 
studies on South African plant species from other families 
revealed that temperature is the most crucial factor for flow-
ering. Particularly low temperatures were repeatedly found 
to promote flower induction (Van Rooyen et al., 1991; Struck, 
1994; Adams et al., 1998; Dreyer et al., 2006; Ehrich et al., 
2009, 2010; Thompson et al., 2011).

The aim of the present study was to gather first insights 
of how photoperiod and temperature impact the formation 
of flowers in the three Aizoaceae genera. Follow-up exper-

iments can contribute to the development of cultivation 
schedules for their use as bedding plants and provide infor-
mation about the feasibility of production in Central Europe.

Material and methods

Plant material and general culture conditions
Various genotypes of the Aizoaceae genera Delosperma, 

Lampranthus and Cephalophyllum were chosen for the two 
experimental set-ups described below (Figure 1). Delosper-
ma genotype II, which shared many morphological charac-
teristics with D. genotype I, is a traded cultivar (‘Ruby’) de-
veloped by the Japanese breeder Koichiro Nishikawa. Both 
investigated Cephalophyllum genotypes largely correspond-
ed to species descriptions of C. alstonii (syn. franciscii), and 
Lampranthus genotype II to descriptions of the species L. 
aureus (e.g., Van Jaarsveld and De Pienaar, 2004). The three 
genera form actinomorphic hermaphroditic flowers with 
inferior ovaries. Aside from various pigmentations and ge-
nus-specific morphological traits, the flowers differed most 
obviously in size. Flower diameters ranged from 10–18 mm 
in Delosperma, from 30–45 mm in Cephalophyllum and from 
40–60 mm in Lampranthus.
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FIGURE 1.  Flower portraits of the investigated genotypes; A) Delosperma I, B) Delosperma II, C) Cephalophyllum I, D) 
Cephalophyllum II, E) Lampranthus I, F) Lampranthus II 
 
  

Figure 1.  Flower portraits 
of the investigated genotypes; 
A) Delosperma I, 
B) Delosperma II, 
C) Cephalophyllum I, 
D) Cephalophyllum II, 
E) Lampranthus I, 
F) Lampranthus II.



206 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Braun and Winkelmann  |  Factors controlling flowering in three Aizoaceae genera

Those plants, which served as donors of cuttings used 
in the experiments, were cultivated in peat/sand substrate 
(3:1) at 20°C mean daily temperature. Relative humidity in 
the greenhouse was adjusted to 40–60% by automatic ven-
tilation. High pressure sodium lamps (Philips MASTER Agro 
400 W) were used to ensure minimum daily photoperiods 
of 16 hours and for supplemental lighting when solar radi-
ation fell below 25 klx. The plants were irrigated manually 
and fertilized once a week with 0.1% Hakaphos rot© (8% N: 
12% P2O5: 24% K2O, Compo, Münster, Germany).

Evaluation of photoperiodic impacts
Cuttings of the genotypes Delosperma I, Cephalophyllum 

I, Lampranthus I and L. II were harvested from non-flower-
ing donor plants in February 2013 and rooted in peat/sand 
substrate (3:1) at 20°C mean daily temperature (MDT), high 
relative humidity and photoperiods of 12 hours. After 15 
days, the rooted cuttings were potted in 11 cm-pots and dis-
tributed to three neighboring greenhouse chambers in which 
different photoperiodic regimes were realized (referred to as 
regime 1, 2 and 3 below):

Regime P1: 16 hours light/ 8 hours darkness;
Regime P2: 9 hours light/ 15 hours darkness;
Regime P3: 9 hours light/ 13 hours darkness
            + 2 hours night interruption.
In all greenhouse chambers, mean daily temperatures 

(MDT) were adjusted to 20°C by automatic ventilation, and 
high pressure sodium lamps were used to extend natural 
photoperiods (regime P1) and for supplementary lighting 
when solar radiation fell below 25 klx. In regime P3, night 
interruption was given by two fluorescent lamps (36 W, Os-
ram) for two hours in the middle of the dark period. Irriga-
tion and fertilization were applied as described above.

For each of the photoperiodic regimes, twelve plants per 
genotype were randomly chosen and divided in three groups 
(replicates) of four plants. These groups were randomly po-
sitioned on greenhouse tables and, in order to minimize pos-
sible edge effects, the experimental set-ups were surround-
ed by additional plants of a further Lampranthus genotype. 
During nine weeks, numbers of open flowers formed by each 
plant (and numbers of flower buds in Cephalophyllum and 
Lampranthus) were documented weekly. At the end of the 
experiment, all plants were cut at the stem base and fresh 

masses were determined. After drying at 80°C for seven days, 
dry masses and dry matter contents (% of fresh masses) of 
aboveground plant parts were determined. The results ob-
tained for each treatment and genotype (12 plants) were 
averaged in order to calculate mean values and standard de-
viations.

Evaluation of temperature impacts
In May 2014, cuttings of the genotypes Delosperma II, 

Cephalophyllum II, Lampranthus I and L. II were rooted as de-
scribed above and potted in 8 cm-pots. Twelve plants of each 
genotype (divided in three groups of four plants) were set 
up in three different climate chambers, respectively. Again, 
possible edge effects were avoided by margins of additional 
plants. Each climate chamber was equipped with four high 
pressure sodium lamps (Philips MASTER Agro 400 W), which 
were switched on for a daily duration of 16 hours. Light in-
tensities (PPFD) at plant level ranged from 100 to 130 µmol 
m-2 s-1. Temperature regimes in the different chambers were 
as follows:

Regime T1: 14°C steady;
Regime T2: 14°C MDT; 18°C day/ 6°C night;
Regime T3: 20°C steady.
During 13 weeks, numbers of flower buds, open flowers 

and wilting flowers formed by each plant were documented 
weekly. Wilting Cephalophyllum and Lampranthus flowers 
were labeled after acquisition to avoid wounding. Because 
Delosperma flowers drop off soon after wilting, they were 
removed after acquisition. Afterwards, all plants were col-
lectively transferred to one greenhouse (20°C MDT; culture 
conditions see above), where the evaluation was continued 
for another two weeks. Because flowering was further mon-
itored also during the subsequent weeks, aboveground fresh 
mass and dry matter content were not determined.

Statistical analysis
Data obtained for aboveground fresh mass and dry mat-

ter content in experiment 1 as well as numbers of flower 
buds formed in experiment 2 were checked for homogene-
ity of variance and compared using Tukey test (R-software 
version 3.0.2) to determine statistically significant differenc-
es (a= 0.05). Numbers of flowers recorded in experiment 1 
were not analyzed statistically, because firstly many plants 

Table 1.  Mean total numbers of open flowers per plant documented after three, six and nine weeks at different photoperiods 
(long-day 16 h, short-day 9 h, short-day with night interruption 9 h + 2 h NI) and 20°C mean daily temperature (flower buds 
were observed in all genotypes and treatments); ± Standard deviation, NI = night interruption

Genotype Week of experiment Long-Day Short-Day Short-Day (+ 2h Ni)
Delosperma I 3   2.4 ± 2.3   2.6 ± 0.1   1.9 ± 1.0

6 28.8 ± 1.9 21.7 ± 2.5 14.2 ± 2.2
9 39.8 ± 2.3 27.0 ± 2.9 21.3 ± 2.9

Cephalophyllum I 3   0.6 ± 0.4   0.1 ± 0.1   0.5 ± 0.3
6   2.1 ± 0.4   0.8 ± 0.8   1.6 ± 0.3
9  3.7 ± 0.4   4.0 ± 1.3   2.3 ± 0.5

Lampranthus I 3 0.0 0.0 0.0
6 0.0   0.2 ± 0.3   0.2 ± 0.3
9   0.6 ± 0.4   0.2 ± 0.3   0.6 ± 0.1

Lampranthus II 3 0.0 0.0 0.0
6 0.0 0.0 0.0
9   0.5 ± 0.3 0.0 0.0
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of the two Lampranthus genotypes did not form any flowers 
(zero values) and secondly the experiment was carried out to 
identify obligate photoperiodic effects (yes or no reaction).

Results and discussion
Generally, five different but interacting pathways are 

known to control flowering in plants. These comprise im-
pacts of temperature (vernalization and ambient tempera-
ture), photoperiod, gibberellin, endogenous regulators (au-
tonomous pathway) and plant age (Srikanth and Schmid, 
2011). 

The investigated genotypes are neither obligate short-
day plants nor long-day plants

As the flowering periods of most plants native to the 
northwestern Cape last from August to October (Le Roux 
et al., 1989) when day lengths mainly fall below 12 hours, a 
photoperiodic impact on flower induction in the investigat-
ed genera was conceivable. For the analyzed genotypes this 
assumption was disproved, as all of them formed flowers (or 
buds) (Table 1) irrespective of the photoperiod. First flower 
buds were recorded in Delosperma I and Cephalophyllum I un-
der all photoperiodic regimes after one week. Until the third 
week of the experiment, morphological differences between 
the Delosperma plants were not obvious and the formation of 
flower buds appeared to occur evenly in the three variants. 
From the fourth week onwards, Delosperma plants, which 
were cultivated under long-day conditions (regime P1), ex-
hibited a more compact habit, branches with higher stability 
and smaller leaves than those cultivated under regimes P2 
and P3. Flower buds were continuously formed in all vari-
ants till the end of the experiment and the highest average 
number of open flowers per plant was documented under re-
gime 1 (Table 1). Also in Cephalophyllum I flowers were con-

tinuously formed irrespective of the photoperiodic regime. 
The average number of documented flowers per plant was 
much lower than in Delosperma and highest under regime 
P2 (4.0) and lowest under regime P3 (2.3; Table 1). Cephalo-
phyllum plants which were cultivated under short-day con-
ditions (regimes P2 and P3) had softer leaves and slightly 
reduced flower diameters in comparison to those cultivated 
under long-day conditions (regime P1). First flower buds of 
Lampranthus I were observed under regimes P2 and P3 after 
one week. In these variants, formation of further flower buds 
was not recorded until the fourth week of the experiment. 
Plants of Lampranthus I, which were cultivated under long-
day conditions (regime P1), formed first flower buds after 
four weeks. The average total numbers of open flowers per 
plant were higher under regimes P1 and P3 (0.6) than under 
regime P2 (0.2; Table 1). In Lampranthus II, first flower buds 
were observed after one week under regime P1. The average 
number of documented open flowers per plant in this variant 
was 0.5 at the end of the experiment (Table 1). After three 
weeks, Lampranthus II plants formed a few flower buds also 
under short-day conditions (two buds under regime P2 and 
one bud under regime P3). These buds were much smaller 
(approx. 5–10 mm in length) than those formed under re-
gime P1 (approx. 20–25 mm) and dried off before anthesis. 
Particularly because the plants received different daily light 
integrals during the experiment, the obtained data are insuf-
ficient to identify facultative photoperiodic impacts on flow-
er induction. Nevertheless, a classification of the analyzed 
midday flowers as obligate long- or short-day-plants can be 
definitely ruled out. 

The determined fresh masses of aboveground plant parts 
are displayed in Figure 2. In Delosperma I and Cephalophyl-
lum I, the fresh masses of plants which were cultivated under 
regime P2 were significantly higher than those of the other 
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FIGURE 2.  Plant aboveground fresh masses (A) and dry matter contents (B) determined after nine weeks cultivation at 
different photoperiods; NI = night interruption, I = Standard deviation, Tukey test (α=0.05), different letters indicate 
statistically significant differences. 
 

 
 

Figure 2.  Plant aboveground 
fresh masses (A) and dry 
matter contents (B)
determined after nine weeks 
cultivation at different 
photoperiods; NI = night 
interruption, I = Standard 
deviation, Tukey test 
(α = 0.05), different letters 
indicate statistically 
significant differences.
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variants. Also in both Lampranthus genotypes cultivation 
under regime P2 resulted in the highest fresh masses, but 
the differences to the other treatments were not statistically 
relevant. More distinct differences between the three photo-
periodic regimes were found after determination of dry mat-
ter contents. In all investigated genotypes, plants cultivated 
under long-day conditions (regime P1) showed significantly 
higher dry matter contents (approx. 10–12% on average) 
than the plants which were grown under regimes P2 and P3 
(approx. 5–9% on average; Figure 2). Although this could be 
explained by higher received daily light integrals alone, sig-
nificant differences of dry matter contents were also found 
between regimes P2 and P3. As the low-energy compact 
fluorescence lamps, which were used for night interruption 
in regime P3, only marginally contributed to the daily light 
integrals, the increase of dry matter contents in this variant 
can presumably be ascribed to a photoperiodic response. Ac-
cording to Adams and Langton (2005), dry masses of sever-
al plant species are higher under long-day conditions even 
when the plants receive identical daily light integrals, but 
the physiological reasons have not been detected yet. Mor-
phological differences were observed between the plants 
cultivated under long-day conditions (regime P1) and those 
which had received lower daily light integrals (regimes P2 
and P3). Leaves and shoots of Delosperma and Cephalophyl-
lum, which were formed under regimes P2 and P3, were 
much softer and less compact than under long-day condi-
tions. Under Central European conditions the production of 
the investigated midday flowers probably requires high daily 
light integrals, which can only be realized through assimila-
tion lighting during winter and early spring. 

Mean daily temperature influences flowering
Some cuttings of Delosperma II had formed flower buds 

already during the rooting phase. For this reason, the average 
numbers of flower buds per plant ranged from 0.17 (20°C 
MDT) to 0.25 (both 14°C MDT variants) at the beginning 
of the experiment. Plants of this genotype formed flower 
buds in each variant during the duration of the experiment 
(Figure 3). While the formation of flower buds occurred al-
most identical in both 14°C MDT treatments, the bud set in 
Delosperma plants cultivated at 20°C appeared to be faster 
from week six onwards. However, statistically significant dif-
ferences between the regimes were not found before week 
eleven. From week 13 onwards, no newly formed flower 
buds were documented in regime T3. At the end of the ex-
periment, average numbers of formed flower buds per plant 
ranged from 2.9 (regime T2) to 8.2 (regime T3). Although 
the average number of buds per plant formed under regime 
T1 (4.1) was lower than under regime T3, significant differ-
ences were only detected between regime T2 and regime T3 
(Figure 3). Plants grown at 14°C MDT showed very compact 
habits, while those cultivated at 20°C formed longer shoots 
and internodes (Figure 4A). Although detected differences 
were not consistently significant, the data obtained for De-
losperma indicate that elevated temperatures stimulated the 
formation of flower buds in the investigated genotype (Fig-
ure 3). In addition, a promotion of plant growth at the higher 
temperature level was prominent particularly in Delosperma 
(Figure 4A). Despite the relatively small differences between 
regimes T1 and T2 with regard to flower bud numbers, the 
nightly temperature drop appeared to have a negative im-
pact on flower formation. The determination of aboveground 
fresh masses in future experiments could clarify whether the 
low night temperatures had an effect on plant growth as well. 

Due to its area of origin, Delosperma is most likely better 
adapted to growing and flowering periods during summer. In 
Central Europe, some Delosperma species and cultivars (e.g., 
the ‘Jewel of desert’ series by FlorSAIKA) are currently used 
as bedding plants in rock gardens, particularly because they 
tolerate frost (Van Jaarsveld and De Pienaar, 2004). 
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FIGURE 3.  Mean numbers of flower buds formed per plant during 15 weeks at different temperature regimes; I = 
Standard deviation of 3 replicates (of 4 plants each); different letters indicate statistically significant differences 
between treatments (Tukey test; =0.05). The red arrow indicates the end of the respective treatment, thereafter 
they were cultivated at 20°C (MDT) in the greenhouse. 
 
 

Figure 3.  Mean numbers of flower buds formed per plant 
during 15 weeks at different temperature regimes; I = 
Standard deviation of 3 replicates (of 4 plants each); different 
letters indicate statistically significant differences between 
treatments (Tukey test; a= 0.05). The red arrow indicates 
the end of the respective treatment, thereafter they were 
cultivated at 20°C (MDT) in the greenhouse.
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In Lampranthus I, first flower buds were observed af-
ter seven weeks at 20°C and after nine weeks in both 14°C 
MDT variants. After transfer to greenhouse conditions (week 
13), the numbers of visible flower buds increased rapidly in 
those plants, which were previously cultivated at 14°C MDT 
(regimes T1 and T2). Thus, flowering was induced during 
the cultivation in climate chambers. At the end of the experi-
ment, the average numbers of flower buds per plant in these 
variants were 8.5 (regime T1) and 8.9 (regime T2). Plants, 
which were grown at 20°C, formed significantly lower num-
bers of flower buds (5.4 buds per plant on average; Figure 
3). Most plants cultivated at 20°C had a less compact growth 
habit than at 14°C MDT. In the cooler variants, all Lampran-
thus I plants exhibited partial leaf yellowing, which was ini-
tially observed at the leaf tips (Figure 4C).

In Lampranthus II, first flower buds were observed after 
eight weeks under regime T1 and after nine weeks under re-
gime T2. Only a single bud was observed at 20°C during the 
whole experiment. Final average numbers of formed flower 
buds per plant were 2.5 in both 14°C MDT treatments. In con-
trast to the other investigated genotypes, differences in plant 
growth were not distinct in Lampranthus II (Figure 4D). 

For a duration of three years, Struck (1994) documented 
the flowering periods of 112 plants species in certain areas of 
Namaqualand with the aim to determine the relevant flower 
inducing factors in this ecosystem. The range of investigated 
plants comprised 14 Aizoaceae species, of which Cheiridop-
sis denticulata, Leipoldtia schultzei and four Ruschia taxa be-
long to the subfamily Ruschioideae. The flowering periods of 
these plants lasted from August–October (except for Ruschia 
robusta; Oct.–Nov.), but the exact dates for the onset of flow-
ering varied each year. Struck (1994) found no correlation 
between the precipitation patterns and flowering times. In 
contrast, the time point of the first temperature drop in au-
tumn (March/April) influenced the onset of bloom. Between 
March (start of the growing period after dry and hot summer 
months) and July/August (onset of flowering) mean tem-
peratures decreased from ~26°C to ~12°C (Struck, 1994). 
Because no differences with regard to the number of flower 
buds were found between regimes T1 and T2 in the inves-
tigated Lampranthus genotypes, mean daily temperatures 
rather than absolute temperature values appear to be crucial 
for flower induction. Although their final number was lower 
than in regimes T1 and T2, first flower buds of Lampranthus 
I were observed at 20°C and also the duration between the 
occurrence of buds and anthesis was shorter under regime 
T3. This can be explained by accelerated growth at higher 
temperatures and emphasize the importance to distinguish 
between flower induction and development in the context 
of flowering. In horticultural practice, synchronized appear-
ance of Lampranthus flowers could be obtained by elevating 
the temperature level after well-defined periods, in which 
the plants were cultivated in cooler environments. In addi-
tion, microscopic analyses of axillary meristems could help 
to determine the exact time of flower induction.

In Cephalophyllum II, flower buds were evenly formed ir-
respective of the temperature regime. After 15 weeks the av-
erage number of flower buds formed per plant ranged from 
7.7 (20°C) to 8.6 (18°C day-/6°C night temperature; regime 
T2) and significant differences were not detected. At 20°C, 
the leaves of Cephalophyllum plants were obviously longer 
than at cooler temperatures (Figure 4B)

Because in Cephalophyllum, flower bud numbers and 
the rates of their formation appeared to be unaffected by 

the chosen temperature regimes, future experiments should 
include higher and lower mean daily temperature variants 
in order to define appropriate ranges for the cultivation of 
this genus. During studies in South African winter rainfall 
regions, Hartmann (1983) detected strong correlations be-
tween precipitation patterns and morphological features 
(e.g., formation of runners) in some Cephalophyllum species. 
Whether the availability of water also influences flowering 
during the cultivation of this drought-adapted genus is un-
known and should be investigated in coming trials.

In other studies on flower induction in South African 
plant species temperature was revealed as the most import-
ant factor and in the majority of conducted experiments, 
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FIGURE 4.  Representative plants cultivated under temperature regimes 1 (14°C), 2 (18°C/6°C) and 3 (20°C; from left to 
right) after 13 weeks; A) Delosperma II, B) Cephalophyllum II, C) Lampranthus I, D) Lampranthus II; arrows indicate 
unopened flower buds in the Lampranthus genotypes 
 
 

Figure 4. Representative plants cultivated under tempe-
rature regimes 1 (14°C), 2 (18°C/6°C) and 3 (20°C; from left 
to right) after 13 weeks; A) Delosperma II, B) Cephalophyllum 
II, C) Lampranthus I, D) Lampranthus II; arrows indicate 
unopened flower buds in the Lampranthus genotypes.
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lower temperature levels were found to be promotive. Van 
Rooyen et al. (1991) detected no photoperiodic impact for 
the annual species Dimorphoteca sinuata, Ursinia calenduli-
flora (Asteraceae) and Heliophila pendula (Brassicaceae), but 
observed that flower primordia were formed faster at lower 
temperatures (in a range from 12°C to 27°C). However, also 
in these plants the time span between flower induction and 
anthesis was shorter at higher temperatures. Adams et al. 
(1998) obtained very similar results during investigations 
of Osteospermum jucundum (‘Cape Daisy’, Asteraceae). The 
optimal temperature for flower induction in this species was 
10.6°C and the subsequent development of inflorescences 
was fastest at 23.5°C.

Most studies on flower induction and development of 
South African plant species with a horticultural background 
focused on geophytes. Ehrich et al. (2009, 2010) investigat-
ed different Iridaceae species and observed that dormancy 
of corms could be maintained at temperatures above 20°C. 
Flower induction was achieved by decreasing night tempera-
tures to a maximum of 13°C. Ehrich et al. (2010) further-
more pointed out that low light intensity can as well cause 
the abortion of flower buds and that assimilation lighting is 
required for the production of plants with adequate quality 
under Central European conditions. Thompson et al. (2011) 
detected an obligate cold requirement for the formation of 
flower buds in one of three investigated Watsonia (Iridaceae) 
species. In none of the species, photoperiod was an obligate 
factor, but day lengths of at least 12 hours had a positive im-
pact on flower formation. After induction, flower buds dis-
continued their development when temperatures exceeded 
25°C. In line with the findings of Struck (1994), Dreyer et 
al. (2005) found a correlation between the time point of the 
temperature drop in autumn and the onset of flowering in 
Oxalis species, which occur in South African winter rainfall 
regions. Consequently, they postulated that the flowering pe-
riod of Oxalis could be a suitable indicator of climate change.

Generally, temperature is one of the well-known flower 
inducing factors. However, the effects of a prolonged peri-
od of cold (vernalization) and those of the ambient growth 
temperature should be distinguished (Srikanth and Schmid, 
2011). The requirement of a vernalization period to form 
flowers in the subsequent growing season and the molecu-
lar background of this pathway has been intensively studied 
in Arabidopsis thaliana. In this plant, floral repressors (e.g., 
FLOWERING LOCUS C; FLC) are epigenetically silenced in re-
sponse to vernalization (Srikanth and Schmid, 2011). Wheth-
er similar physiological reactions regulate flowering in the 
investigated Lampranthus genotypes and other South Afri-
can plant species that prefer cooler temperatures remains 
speculative, but screening for orthologues of known vernal-
ization-related genes could provide new evidence. A simple 
flower inducing effect of elevated ambient temperature was 
described in Arabidopsis and a protein with sequence simi-
larities with the vernalization-related FLC was identified to 
participate in this pathway (Balasubramanian et al., 2006). 
However, the knowledge of ambient temperature perception 
in plants is limited and thermosensor molecules have so far 
not been detected (Samach and Wigge, 2005).

In the annual Aizoaceae species Mesembryanthemum 
crystallinum, flowering starts after reaching a certain fresh 
mass under appropriate culture conditions, but any kind of 
stress (e.g., drought, salt) accelerates the onset of bud for-
mation (Adams et al., 1998). Struck (1994) observed higher 
flower numbers during moist years in most of the studied 
Namaqualand plant taxa, but Aizoaceae species flowered 

more prolifically in times with low precipitation. Future ex-
periments should therefore verify possible impacts of water 
availability on flower numbers and plant quality.

Conclusions
None of the investigated midday flowers showed an ob-

ligate photoperiodic response, although flowering in their 
natural areas of distribution either takes place during short 
winter days (Cephalophyllum and Lampranthus) or during 
summer (Delosperma). The experiment furthermore indi-
cated that high daily light integrals are required to obtain an 
adequate plant quality. 

In contrast to the plant community of the northern hemi-
sphere, many South African species have their vegetation 
period during winter when temperature and precipitation 
patterns are favorable. In Lampranthus, mean daily tempera-
tures of 14°C stimulated the formation of flower buds (Figure 
3), whereas 20°C repressed flowering almost completely in 
one genotype. As in several other plants from South Africa 
(see above), temperature appears to be the most crucial fac-
tor for flower induction in this genus. Given that other Lam-
pranthus species and cultivars exhibit a similar flowering 
phenology, Central European cultivators aiming at offering 
these plants in full bloom during summer could include a 
chilling period in their production cycle. 

Cephalophyllum, a genus which occurs in similar climates 
as Lampranthus, was not affected by temperature, although 
20°C (regime T3) presumably exceeded the mean tempera-
tures during its flowering period at the South African Cape. 

The observed stimulation of flower formation and plant 
growth at higher temperatures in the investigated Delosper-
ma genotype (Figure 3) is in line with the genus’ adaption 
to summer rainfall climates. For this reason, Delosperma 
cultivars are well-suited items for the sales period of garden 
plants in Central Europe.
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