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BLOOMING AND FLOWER MORPHOLOGY OF
CAMELLIA HIEMALIS GROWN UNDER
WARMER CONDITION
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We investigated the blooming period and the morphology of the flowers in Camellia hiemalis for the
plants grown under several controlled temperature conditions of the outdoor temperature altered by +4.5°C,
+3.0°C, +1.5°C, +0.0°C and -1.5°C. The results showed that the blooming period began earlier under cool
conditions. There were a greater number of fruitful flowers under warmer conditions, with a greater number
of petals and stamen, and longer\ pistils. Thus, the development of flower buds was encouraged but resulted
in inhibited sprouting under warmer conditions. It was thought that the blooming period and morphology
of the flowers of Camellia hiemalis should change under warmer conditions.
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1. INTRODUCTION ecosystem, agricultural management and human
lives are expected to change as a result of these

In recent years, attention has been drawn to the effects. The human contribution to global
effects of global warming, such as significant warming must be halted. However, it is suspected
changes to certain environmental conditions and that we do not really know the full range of
effects on the growth and phenology of many effects of global warming, and further research
living beings 1) 3)6). 8), 10)-14). The earth's  must be conducted in order to manage wilderness
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Photo.1 Flowers of Camellia hiemalis (23rd. Mar 2000)

areas properly.

Several researchers of the physiology of woody
plants have mentioned that global warming will
affect tree growth, morphology and phenology.
Following several experiments into temperature
Nakashima, and Kushida

that warming will exert

control, Nagata

concluded global
considerable effects on growth patterns and
sprouting of tree buds 3); 4), 10)-14),

Similar conclusions have been drawn by other
authors 2)» 5)-9). However, the temperature control
experiments conducted by these authors utilized
conditions that do not exist in nature, for example
constant temperatures of 25°C These results may
therefore not lead to prognostications reliable or
accurate enough to allow ecological engineers to
monitor and manage real environments.

In this paper, Camellia hiemalis (Photo 1) were
grown under three variations of warm conditions,
by adding 1.5°C, 3.0°C and 4.5°C to outdoor air
temperature conditions in real time, in order to
determine the effects of warming on blooming
behavior and flower morphology. This paper
provides more usable information for C hiemalis
growth than previous works 2), 8)-10), 12)_ because
the
resembled natural scenarios than past works.

experimental conditions more closely

C hiemalis represents a favorable species for
examining the effects of heat conditions from
summer to autumn on the growth of buds without
dormancy. The effects of warming during this
period will be shown by flower morphology of C

hiemalis 2)> 8)-10),12). Many people in Japan
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Photo.2 Growth chambers used for the experiment
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Fig.1 Temperature conditions of growth chambers and outdoor
would easily recognize a level of warming by
observing blooming behavior and morphology of
C hiemalis, as this species is present over a large
area of Japan.

2. MATERIALS AND METHODS

Five-year-old cuttings of C hiemalis were grown
in five growth chambers (Photo2) at temperatures
altered from outdoor temperatures by +4.5°C,
+3.0°C, +1.5°C, +0.0°C and -1.5°C in real time
(Fig.1) from July 3rd, 1999 to August 31st, 2000.
Plants were potted in vinyl pots of diameter 15 cm
in peat moss and granite soil (1:1 by volume).
Each growth chamber contained five test plants.
Test plants were grown in the south-most rows of
growth chambers, and were positioned without
crowding each other to remove the effects of
different setting position in growth chambers.

Flowers were counted every five days. The
number of petals, number of petals with stamen,
number of stamen, length of pistil and length of
petals of all flowers were also recorded.



3. RESULTS AND DISCUSSION

(1) Blooming period

Fig.2 shows blooming behavior as a blooming
percentage under each temperature condition.
Flower buds of the test plants began to bloom on
November 22nd under the -1.5°C and +0.0°C
conditions. Blooming began on December Sth,
24th and January 12th under the +1.5°C, +3.0°C
and +4.5°C conditions, respectively.

Table 1 shows the commencement of blooming
and the results of Duncan's test to compare
conditions resulting in faster blooming cycles
-1.5°C and =+0.0°C
conditions. Blooming commenced earlier under

than plants under the

cooler conditions and later under the warmer
conditions. The difference between the com-
mencements of blooming was 39 days between
the +0.0°C and +4.5°C conditions. From these
results it is concluded that the commencement of
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blooming is delayed under warmer conditions.

The end of the blooming period under the
-1.5°C condition was on March 13th. The
blooming period ended on March 2nd, 3rd,
February 14th and March 3rd under the +0.0°C,
+1.5°C, +3.0°C +4.5°C
respectively.

and conditions,

The lengths of the blooming periods were 112,

Tablel Date of commencement of blooming

Commencement  10%1) Result of
Duncan's test?)
-15°C Dec. 4 £10.6 Dec.12 £159
+0.0°C Dec. 4= 69 Dec. 7+ 7.7 a
+15°C Dec26 194 Jan. 1 +168 b
430°C Jan 2 + 88 Jan10 = 5.1 bc
+45°C Jan. 12 + 0.8 Jan.13 = 3.0 -

Note :1) Date of reached at 10% of blooming percentages.
2)Duncan's test were calculated to compare the time between
the temperature conditions by using the data from commence-
ment to reached at 10% of blooming, percentage (a<b<c time
inorder, P<0.05).

+3.0°C

0 T T
1007 452
751

Blooming Percentage (%)

501
257
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Fig.2 Blooming behavior as a blooming percentage
under each growth condition
Note : Temperature conditions as shown in Fig.1
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Fig.3 The morphology of the flowers for the specimens in the experiment.
Note : 1) Vertical bars show standard deviation. 2) Symbol-O show maximum value and symbol-@ show
minimum value. 3) The a,b, cin the figure show the results by Duncan's test ( a> b> ¢, p=<0.05)

102, 85, 52 and 51 days for the temperature
Thus, the
blooming period was longer at cooler conditions.
The +1.5°C, +3.0°C and +4.5°C conditions
resulted in a faster blooming cycle than that of
the -1.5°C and =0.0°C

conditions. Blooming percentages of test plants

conditions in increasing order.

the plants under
were over 80% under all conditions until spring.
Flower buds that failed to bloom by spring
remained on the plant until early summer.
Nakashima, Kushida and Nagata have suggested
that the blooming period of C hiemalis may be
high
during late-summer and mid-autumn 8), 9). They

delayed under temperature conditions
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mentioned that the growth activity of leaf buds
under high temperature conditions immediately
prior to the dormant state inhibits the growth of
flower buds upon emergence from dormancy.
Hence, flower bud growth at the end of dormancy
is low under warm conditions. In the experiments
in this paper, we observed this result. Warmer
result

conditions would thus in a delayed

blooming period for C hiemalis.detailed

(2) Flower morphology

Fig.3 shows the morphology of flowers for
specimens in the experiment.

Greater numbers of petals were present under



warmer conditions, and with fewer petals under
test). A clear
relationship between temperature conditions and

cooler conditions (Duncan's
length of petals was not observed, no significant
differences were found in numbers of petals with
test).
Greater numbers of stamen were present under

than

stamen between conditions (Duncan's

warmer  conditions cool conditions
(Duncan's test). Some flowers were observed to
possess very few stamen under the -1.5°C and
+0.0°C that

bloomed early in the blooming period. Pistil

conditions, including flowers
lengths under -1.5°C conditions were shorter than
under any other conditions (Duncan's test).
Morphology of flowers therefore changed with
temperature conditions. Flowers ~ were more
fruitful under warmer conditions. Goi considered
that flower bud formation in C hiemalis was
promoted at over 20°C 2), because the growth of
flower buds was highest under constant 25°C
conditions compared to 5°C, 10°C, 15°C and
20°C After

mid-summer, the growth of flower buds was most

conditions until mid-summer.
pronounced under constant 15°C conditions, and
flower buds bloomed earliest under the same
condition. The most favorable temperature
conditions for flower bud formation, growth and
blooming varied with the season. Nakashima,
Kushida and Nagata 3). 4, 10)-14) and Goi 2)
concluded that sprouting is independent of the
development of flower buds, as many flowers
without pistils were observed in their experiments.
However, no flowers without petals or stamen
were observed. The most favorable temperature
conditions for blooming therefore differ from
those for pisfil growth in flower buds.

In the present study, test plants were grown
under the same variable temperature conditions as
the experiments of Nakashima, Kushida and
Nagata and Goi 2)» 9)-12). The most suitable
temperature conditions for flower bud growth

therefore remain unclear. However, warmer
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conditions would seem likely in the flowers of C

hiemalis being more fruitful.

4. CONCLUSION

Global warming is not a simple phenomenon,
and involves numerous other effects in addition to
simple increases in global temperature, such as
altered environmental conditions of atmospheric
CO,-concentrations, humidity, rainfall and solar
intensity. Strictly speaking, all these effects must
be understood if we are to properly manage
wilderness areas during periods of rapidly
changing conditions under new global warming
conditions. This is, of course, a monumental task.
Studies of multiple smaller effects contribute to
our overall understanding of the effects of global
warming.

To this end, the authors studied the effects of
warming on blooming behavior and flower

morphology in C hiemalis. Blooming was
observed to commence earlier under cooler
conditions and later under warmer conditions.
The length of the blooming period was shorter
under warmer conditions, and flowers were more
fruitful.

therefore be delayed and length of blooming

Blooming commencement would
period shortened under conditions of increased
temperatures. Such changes could act as a good
indicator of climate changes in real environments.

Some researchers have suggested that warmer
conditions will result in changes to the phenology
of many woody plant species 1), 3)-6), 8), 10)-14),
This hypothesis has certainly been substantiated
in respect to the blooming of C hiemalis in the
the
phenology of other species remain unclear. The

present study. However, the effects on
effects of warmer conditions on the growth of
other woody plant species should be clarified to
assist planning and management of wilderness

arcas.
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