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Abstract. Cultivars of Kalanchoe blossfeldiana Poelln. varied in number of long nights required for complete flower 
initiation and development. ‘Montezuma’ and ‘Texas Sunset’ requried 14 long nights, while ‘Pixie’, ‘Nugget’, 
‘Cactus Candy’, ‘Goddess’, ‘Tobasco’, ‘Osage Orange’, ‘Toltec’, ‘Adobe Rose’ and ‘Rotkappchen’ required 
15 to 28 nights. Height of apical meristems increased in ‘Montezuma’ after 7 long nights, but changes were not 
evident in ‘Pixie’ until 9 long nights. Scanning electron microscopic analysis showed first evidence of sepal primordia 
in ‘Pixie’ after 28 long nights—6 nights later than ‘Montezuma’. Differences in the number of long nights required 
for flower induction were related to delayed floral initiation rather than organogenisis or maturation.

With the development of new cultivars which vary in flower 
colors and time from floral induction to anthesis, kalanchoes are 
an important floricultural crop (6). Kalanchoes are short-day 
plants with the number of long nights required for plants to reach
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marketable flowering varying with cultivar (2, 7, 8, 14) and 
temperature (6, 8, 10, 14).

The number of long nights required for flower induction has 
been related to histochemical changes in meristems (12), hor-
monal translocation (12), and exogenous growth regulator ap-
plication (3,9). Early meristem dimensional changes have been 
reported to occur 8 to 10 days after photoinduction (5,13). How-
ever, the developm ental stage necessary for further development 
and anthesis to occur if plants are shifted to short nights has not 
been identified.

This study was initiated to relate the effects of longer se-
quences of long nights to floral induction, initiation, and de-
velopm ent in these new cultivars; and via m eristem atic 
examination, to determine the earliest induction, initiation, or 
development stage at which anthesis occurs with the minimum 
number of long nights.
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Materials and Methods
Cultural. Kalanchoe rooted cuttings were received from com-

mercial propagators and planted in the fall and winter of 1977 
and 1978. Plants were potted in 15-cm containers using a mixture 
of 1 sand:l peat:l perlite (by volume) amended with 5.6 kg 
dolomite, 2.9 kg superphosphate and 1.8 kg Perk/m3 (a mi-
cronutrient blend manufactured by Estech General Chemicals 
Corp., Chicago, 111.) Plants were fertilized at every watering 
with a 25N-OP-20.8K fertilizer source at a rate providing 200 
ppm N. Minimum night temperatures of 16°C were maintained.

1977 experiment. ‘Adobe Rose’, ‘Cactus Candy’, ‘Goddess’, 
‘Montezuma’, ‘Nugget’, ‘Osage Orange’, ‘Pixie’, ‘Rot-
käppchen’, ‘Texas Sunset’, ‘Tobasco’, and ‘Toltec’ kalanchoes 
were planted November 17, placed in a lightly shaded glass 
greenhouse (ca. 80 klx), and illuminated nightly from 2200 to 
0200 h r  for 2 weeks with a minimum of 6  W m "2 from an 
incandescent light source, after which long night treatments were 
provided by covering the greenhouse bench with a black, opaque 
woven cloth from 1700 to 0800 h r . Plants were provided long 
night conditions for 2 or 4 weeks and returned to short night 
conditions or given long nights until anthesis. There were 6 
plants of each cultivar per experimental unit with 4 replications 
arranged in a randomized complete block design. Plant height, 
plant width, and cyme length (distance from the last leaf to the 
uppermost flower) were measured at experiment termination.

1978 experiment. ‘Montezuma’ and ‘Pixie’ rooted cuttings 
were planted December 15 and grown in a double polyethylene 
covered greenhouse. Plants were given 7 short nights then trans-
ferred to long nights. Four plants were returned to short nights 
every other day beginning with the 5th long night through 49 
long nights. When each 4-plant group was returned to short 
nights, meristems from 4 companion plants were removed to 
trace meristem development. A randomized complete block de-
sign with 4 replications was used.

Leaf primordia were removed, then excised meristems were 
fixed in formalin acetic acid (FAA). Height and width of excised 
meristems were measured and stage of development determined 
using a binocular light microscope. A numerical scale was es-
tablished to determine the mean developmental stage, as has 
been previously done for Xanthium (11), with 0 = vegetative, 
1 = sepal primordia present, 2 = petal primordia present, 
3 = stamen present, and 4 = stigma present.

Fixed meristems remained in FAA for 48 hr, then were de-
hydrated in a graded ethanol series, 15 min per solution. They 
were then critical-point dried using clean liquid C 0 2. Meristems 
were mounted on aluminum stubs using Tube Coat adhesive, 
sputter coated with 550 Ä of gold-paladium, and viewed in a 
JEOL S-450 scanning electron microscope using an accelerating 
voltage of 20 Kv.

Results and Discussion
Kalanchoe cultivars responded differently to the number of 

long nights in the 1977 studies with all cultivars forming 3 or 
more cymes when given 28 long nights (Table 1). ‘Texas Sunset’ 
and ‘Montezuma’ plants flowered as a result of only 14 long 
nights, while 15 to 28 long nights were required to cause flow-
ering of other cultivars. Carlson (2) and Permit (10) previously 
indicated the number of cymes and percent flowering increased 
with more long nights. Long nights generally did not affect plant 
height and cyme length, but this response was cultivar depen-
dent. Plant height was reduced in ‘Nugget’, ‘Toltec’, ‘Monte-
zuma’, and ‘Rotkäppchen’ when more than 28 long nights were

Table 1. Influence of number of long nights on growth and flowering 
of kalanchoe cultivars.

Height (cm)z________ Cyme length (cm)y
No. long nights No. long nights

Cultivar 14 28 Continuous 14 28 Continuous

Adobe Rose __ w 24.7ax 26.0a —w 13.0a 12.8a
Cactus Candy — 29.3a 26.8a — 17.0a 16.3a
Goddess — 21.2a 20.7a — 14.0a 12.5a
Montezuma 31.6b 34.3a 29.3b 23.8a 25.5a 21.5b
Nugget . . . 23.7a 19.5b — 14.1a 13.3a
Osage Orange . . . 25.5a 23.2a — 17.8a 14.2b
Pixie . . . 30.3a 26.5a — 19.7a 18.5a
Rotkäppchen . . . 33.8a 25.7b — 20.0a 15.2a
Texas Sunset 22.3a 22.7a 22.3a 13.5a 10.3b 13.2a
Tobasco . . . 31.3a 28.0a — 18.7a 16.8a
Toltec . . . 35.8a 32.2b — 25.0a 20.3b

zHeight measured from pot rim to uppermost floret, 
yLength measured from uppermost leaf to terminal floret.
*Mean separation within rows by Duncan’s multiple range test, 5% level. 
wFlower development was observed only in ‘Montezuma’ and Texas Sunset’ 
with 14 long nights.

Table 2. Influence of number of long nights on growth and flowering 
of ‘Montezuma’ and ‘Pixie’ kalanchoes.

No.
long nights

Meristem 
height 

(pm ± s d )

Meristem
width

(pm ± s d )

Days to 
first open 

floret
No.

florets

0 90. ± 18
Montezuma 

47. ± 19 _y — y
5 92. ± 34 90. ± 16 . . . —-

7 115. ± 28 112. ± 19 . . . - - -

9 175. ± 49 77. ± 30 66.0 0.1
11 160. ± 39 95. ± 26 61.8 28.8
13 177. ± 41 127. ± 30 53.7 201.3
15 182. ± 43 155. ± 28 54.9 186.5
17 210. ± 34 195. ± 36 53.6 295.8
19 185. ± 46 170. ± 19 54.7 286.3
21 170. ± 24 157. ± 29 54.6 292.8
23 170. ± 24 157. ± 13 53.1 292.0
25 ___z ___z 54.6 339.0
27 — — 54.2 325.3
29 — — 53.7 330.3
31 . . . . . . 54.4 294.3

0 85. ± 19
Pixie 

60. ± 16 _y _y
5 72. ± 22 72. ± 18 — —

7 95. ± 28 92. ± 18 — —

9 107. ± 32 60. ± 22 . . . . . .

11 145. ± 38 80. ± 23 — —

13 135. ± 47 92. ± 29 — —

15 157. ± 32 112. ± 26 . . . —

17 175. ± 37 152. ± 28 68.3 35.0
19 162. ± 23 160. ± 18 67.6 41.3
21 160. ± 27 147. ± 19 69.1 56.0
23 165. ± 38 150. ± 22 66.6 29.3
25 142. ± 27 125. ± 11 66.5 90.8
27 145. ± 29 127. ± 26 63.5 163.8
29 ___z ___z 63.5 152.0
31 — — 62.9 172.5

zMeristem was not measured since floral organs were present. 
yRower development did not occur in treatments without values.
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applied. Continuous long nights reduced cyme lengths o f ‘Osage 
O range’, T o lte c ’, and ‘M ontezum a’.

Flowering responses of ‘M ontezum a’ and ‘Pixie’ to long night 
treatments were also observed in 1978 studies, where meristem 
size and floral development were evaluated at 2-day intervals 
(Table 2). M orphological expression of flower initiation was 
evident in both cultivars after 5 long nights in ‘M ontezum a’ and 
7 in ‘P ix ie’, as the flat, rectangular-shaped vegetative meristem 
(Fig. 1A) increased in width. The initial width increase was 
followed by a temporary reduction which was probably asso-
ciated with elongation of the primary floret (Fig. IB , Table 2). 
A sim ilar change in meristem height was observed after 7 long 
nights in ‘M ontezum a’ or 9 in ‘P ixie’ with the transition to 
flowering being more rapid in ‘M ontezum a’ (Fig. 1C). These 
dimensional changes preceded organ differentiation and were 
more rapid than previously reported by Stein and Stein (13) and 
Fredericq (5). They observed increases in height and width of 
the apex 8 to 10 days after the start of long nights. However, 
this difference might be expected, since cultivars used in these 
studies have been developed for earliness of flowering compared 
to seed-propagated types used in earlier studies. Leaves and 
bracts were arranged in a decussate phyllotaxy (Fig. 1C).

Floral development was evidenced by the presence of non- 
fused and pointed sepal primordia (Fig. 1C, 2A). Sepals were 
visible after 22 days in ‘M ontezum a’ and 28 days in ‘P ixie’. 
Axillary or lateral floret initiation occurred simultaneously with 
the sepals (Fig. 1C) and represented the earliest development of 
the dichasial cyme and served as the main axis of the infloresc-
ence. Petal, stamen, and stigma differentiation followed a similar 
time schedule in both cultivars once sepals were initiated (Fig. 
3). Rounded petals were present 2 days after sepals with stamen

and stigma differentiated about 5 and 13 days later, respectively. 
Petal primordia elongated to enclose the 8 stamens and stigma 
(Fig. 2A-C), and the meristem was nearly square once the gyn- 
oecium , with 4 carpels, had differentiated (Fig. 2D).

Schwabe (12) related flower initiation to production of an 
adaptively formed enzyme in sufficient quantity to promote flow-
ering, or to production of an inhibitor which interferes with 
enzyme formation under noninductive conditions. Therefore, 
cultivars reaching anthesis with few long nights may produce 
an enzyme in greater quantities than cultivars requiring longer 
inductive cycles, or the enzyme threshold required for the pro-
cess is lower in such cultivars. The numbers of long nights to 
cause anthesis in ‘M ontezum a’ and ‘Pixie’ were 17 and 27, 
respectively. This timing difference was observed at flowering 
as ‘P ixie’ flowered about 10 days later than ‘M ontezum a’. The 
enzymatic or hormonal changes leading to flowering must have 
become irreversible after sepal differentiation in both cultivars, 
because lateral shoots on plants which were shifted to nonin-
ductive conditions prior to sepal initiation did not reach anthesis. 
These chemical changes appear to be tem perature-dependent, 
since Turner (14) has shown ‘G oddess’, ‘Rhum ba’, ‘Rot-
käppchen’, and ‘Tobasco’ to be unaffected by night temperatures 
of 25 to 30°C while ‘Toltec’ and ‘M ontezum a’ showed incom-
plete flowering at these temperatures. Thus, enzymatic or hor-
monal changes following sepal differentiation must be involved 
in organogenesis and maturation rather than complete flowering 
of the cyme.

Differences in the number of long nights required by kalan- 
choes appear to result from a difference in time to floral induction 
rather than the period from organogenesis to maturation. This 
response has been observed in dahlias (1), but the variation in 
days to flowering in chrysanthemum (4) has been related to rate

Fig. 1. Scanning electron micrographs of ‘Montezuma’ kalanchoe showing vegetative and early floral development stages: A) vegetative, 
B) early reproductive meristem, and C) sepal primordia present in primary flower, axiliary flower present.
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Fig. 2. Scanning electron micrograph of ‘Montezuma’ kalanchoe showing late floral development stages: A) petal primordia present, B) stamen 
primordia present, C) petals and stamen elongated, stigma primordia present, and D) stamen elongated, stigma developed, septals and pentals 
removed.

J. Amer. Soc. Hort. Sei. 107(5):900-904. 1982. 903

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-04 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/



A

Time ( N u m b e r  of Short  Days)
Fig. 3. Floral development o f‘Montezuma’ and ‘Pixie’ kalanchoe. A = ‘Montezuma’, B = ‘Pixie’. Developmental 

stages are 0 = vegetative, 1 = sepal primordia, 2 = petal primordia, 3 = stamen present, and 4 = stigma 
present.

of development after initiation. Some previous studies have shown 
thartemperature affects the time of anthesis (10, 11), but there 
has been no work to identify the effect of temperature on the 
developmental relationships observed in this work.
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