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Abstract 
 Hybrid tuberoses with pink, reddish-purple, purple, orange and yellow flowers 
were bred by crossing and backcrossing using Polianthes tuberosa ‘Single’ and ‘Double’ 
and Polianthes howardii. In addition, their pigment constituents were analyzed. Among 
the selected nine bred lines, one hybrid contained only carotenoids, four hybrids had only 
anthocyanins and the other four had both carotenoids and anthocyanins in their petals. 
The main anthocyanidin in the anthocyanin containing petals was cyanidin with some 
hybrids also containing delphinidin. Variation of pigment contents contributed the 
diversity of flower colors in hybrid tuberoses.  One of the lines, ‘77A05’, of which the 
main pigment was anthocyanin showed reddish-purple flowers when cultivated at 20ºC 
under natural light, whereas the color was white at 30ºC. It was almost white at 25ºC with 
45% shading of natural light, but pale with 25% shading.  Cultivation of ‘77A05’ in open 
fields was carried out at four different altitudes, 25, 75, 500 and 1,200 m in Taiwan. Days 
to flowering from planting at 25 and 1,200 m were 80.3 and 89.5, respectively. The higher 
the altitude, the longer the flower stalk, but there was no significant difference in 
inflorescence length. The anthocyanin content at 500 and 1,200 m was approximately two 
and three times higher than that at 25 m, respectively. The site selection for cultivation of 
colored tuberose when the primary pigment is anthocyanin must be carefully considered. 
 
INTRODUCTION 
 Tuberose (Polianthes tuberosa L.) is a popular fresh cut flower in tropical and 
subtropical countries. In Taiwan, it is one of the major flowers (Shen et al., 1987, 1991). There are 
a few cultivars in production worldwide. In Taiwan only two cultivars ‘Single’ and ‘Double’ (‘The 
Pearl’) are cultivated. Flower color in existing cultivars is limited only to white.  
 We have bred and selected more than 50 hybrids having pink, reddish-purple, purple, 
orange and yellow flower colors (Shen et al., 1997) by the crosses with P. howardii , a species 
native to Mexico (Howard, 1985). Color fluctuation has been observed during experimental 
cultivation of these hybrids. Temperature and light intensity are two environmental factors affecting 
petal pigmentation (Harborne, 1965). 
 Pigment composition of the petals of some selected hybrids and their parents were 
analyzed. Subsequently, effects of temperature and shading on flower characteristics and 
pigmentation in one anthocyanin-containing hybrid were investigated. Cultivation trials of the 
hybrid at different altitudes in Taiwan were also carried out to determine locations for commercial 
production of colored tuberoses. 
 
MATERIALS AND METHODS 
 
Pigment Analysis 
 Nine selected hybrids and their parents were grown in the farm of National Chiayi 
University, Chiayi, Taiwan. Common color names of the petals and their code numbers of Royal 
Horticultural Society Colour Chart were recorded at full-bloom. The petals were dried at 40ºC 
and then stored in a desiccator. 
 Dried petals were soaked overnight in 0.1% hydrochloric acid-methanol. The extracts 
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were filtered and their absorption was measured by a spectrophotometer (UV-160A, Shimadzu, 
Japan) to determine the presence of anthocyanins and carotenoids at 530 and 400-500nm, 
respectively. 
 The extracts were concentrated and hydrolyzed with 2 ml of 2N hydrochloric acid at 
100ºC for 1 h. The hydrolysates were adsorbed on a Sep-Pak C18 cartridge. The cartridge was 
washed twice with water to eliminate the water-soluble or hydrophilic contaminants, then the 
anthocyanidin were eluted by 0.1N hydrochloric acid-methanol. A small portion of the filtrate was 
passed through Millipore filter, and the filtrates were analyzed by HPLC (Shimadzu LC-6A pump, 
SPD-6AV spectrophotometric detector) with Cosmosil-C18 column (4.6mm i.d. 250mm) set at 
530nm. The eluent was a mixture of acetonitrile-4% phosphoric acid (15:85, V/V) with a flow rate 
of 1.0 ml min-1. Anthocyanidins were determined by comparison with the retention times of 
cyanidin and delphinidin standards obtained from the petals of Rhododendron kaempferi and 
Commelina communis, respectively. 
 
Environmental Effects on Flower Characteristics and Anthocyanin Pigmentation 
 The bulbs of reddish-purple tuberose ‘77A05’ grown in the farm of National Chiayi 
University, Chiayi, Taiwan were harvested at the end of February 1998 and stored at room 
temperature. They were planted on 21 May 1998 in plastic container (20  65  22 cm) containing 
10 cm deep sand, and grown at 20, 25 or 30ºC under natural light (0% shading), shaded with 
white (25% shading of natural light) or black lawn cloth (45% shading) in the phytotron of the 
Biotron Institute, Kyushu University. Flower characteristics were recorded at anthesis. 
Anthocyanin analysis was carried out as described above. 
 
Culture in Taiwan 
 Cultivation of ‘77A05’ in open fields was carried out at four locations in Taiwan; Pingtun 
(altitude = 25m), Chiayi (75m), Hsinsya (500m) and Tapan (1,200m). Tuberous rhizomes of 
‘77A05’ were planted on 1 April 1999 and grown in open fields. Average, minimum and 
maximum temperatures during cultivation are provided in Table 4. The procedure for anthocyanin 
analysis was as described above. 
 
RESULTS AND DISCUSSION 
 
Pigment Analysis 
 Petals of two common tuberose cultivars, ‘Single’ and ‘Double’ were white, whereas 
those of P. howardii were reddish purple (Table 1). The nine hybrids had flower colors of orange, 
pink, purple and yellow. Some showed different colors in their inside and outside petals. From the 
pigment analysis, ‘Single’ and ‘double’ had neither carotenoids nor anthocyanins, ‘84A07’ had 
only carotenoids, four hybrids, ‘82R16’, ‘84D03’, ‘84D04’ and ‘84E14’ had only anthocyanins 
and other four hybrids ‘82O04’, ‘84G02’, ‘84J08’ and ‘85A05’ and P. howardii had both 
carotenoids and anthocyanins (Table 2). 
 The variation in petal colors in the hybrids is due to carotenoids, anthocyanins and their 
combinations: the ratio of anthocyanins and carotenoids being the important factor. Additional 
color variations can be obtained by changing this ratio.  
 Certain double forms of P. tuberosa are sterile (Trueblood, 1973) and, thus, cannot be 
used as pollen parents (Howard, 1977). In our experiments, however, ‘Double’ is fertile in early 
stage of the flowers and was used as both pollen and seed parents. It is also reported that P. 
tuberosa is self-incompatible (Shen et al., 1987). Our experiments proved that selfed progenies 
are obtainable. 
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Environmental Effects on Flower Characteristics and Anthocyanin Pigmentation 
 Days to anthesis from planting were about two weeks longer at 20ºC than at 25 or 30ºC 
(data not shown). Floret size was larger at 30ºC but other flower characteristics e.g., flower stalk 
length and number of florets, were not significantly different at any temperature and light intensity 
(data not shown). The anthocyanin content of the petals of 77A05 were extremely low at 30ºC 
(Table 3). The percentage of cyanidin was about 80% at 20ºC; whereas, it was about 90% at 
30ºC. Flower color was reddish-purple at 20ºC, but it was almost white at 30ºC under any light 
intensity. The flowers were also almost white with 45% shading, but they showed pale 
reddish-purple with 25% shading and without shading (0% shading) at 25ºC. The cultivation of 
anthocyanin-containing hybrid tuberose can be carried out at temperatures lower than 25°C with 
high light intensities.  
 Higher temperatures result in a lower concentration of anthocyanins in roses (Brian et al., 
1973) and pigment production ceased at temperatures above 30ºC (Shisa and Takano, 1964). 
Reduction of anthocyanins at high temperature was also reported in the petals of cherry and peach 
(Maekawa and Nakamura, 1979). The cause of reduction of anthocyanin contents at high 
temperature is considered to be the reduction of the supply of carbohydrate, an important 
substance for the structure of anthocyanins (Ratsek, 1944). Thus, the fading of flower color in the 
reddish-purple tuberose at high temperatures may be due to a suppression of the carbohydrate 
supply. Anthocyanin biosynthesis in flowers requires a light stimulus (Dong et al., 1998; Katz and 
Weiss, 1998). Chalcones, precursors of anthocyanin, are formed from 4-coumaroyl-CoA and 
three molecules of malonyl-CoA by chalcone synthase (CHS) and this enzyme activity in the petals 
is increased by a light stimulus (Gleitz and Seitz, 1989). Thus, excessive shading might weaken the 
CHS activity and cause decoloration of the flowers. 
 
Culture in Taiwan 
 Days to flowering from planting at 25 and 1,200 m were 80.3 and 89.5, respectively (data 
not shown). Flower stalk length was 98.2 and 124.2 cm at 25 and 1,200 m, respectively. The 
higher the altitude, the longer the flower stalk. There was, however, no significant difference in 
inflorescence length at any altitude. Floret size increased by increasing the altitude, but number of 
florets was not affected.  
 The anthocyanin content at 500 and 1,200 m was approximately two and three times 
higher than that at 25 m, respectively (Table 4). Delphinidin ratio to cyanidin increased at higher 
altitudes. The site selection for cultivation of colored tuberose when anthocyanin is the primary 
pigment must be carefully considered. Cultivation at low altitudes during a high temperature 
season, particularly in greenhouses, may reduce their value. 
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Tables 
 
Table 1. Coloration of on the petals of Polianthes species and their hybrids. 
 
Species/strain Petal color by eye R.H.S. Colour Chart No.  
  Inside Outside 
P. tuberosa ‘Single’ White 155D 155D 
P. tuberosa ‘Double’ White 155D 155D 
P. howardii Reddish purple 64A 67D 
82O04 Orange 23C 43C 
82R16 Pale purple 63C 63C 
84A07 Yellow 10A 10A 
84D03 Pale red 66D 66D 
84D04 Reddish pink 52B 52B 
84E14 Pale red 62D 62D 
84G02 Reddish purple 64C 63D 
84J08 Deep reddish purple 59A 59D 
85A05 Pale purple 80C 80C 
 
Table 2. Distribution of pigments in the petals of Polianthes species and hybrids. 
 
Species/strain Carotenoid Anthocyanin Anthocyanidin constituent (%)  
 occurrencez occurrencez Cyanidin Delphinidin 
P. tuberosa ‘Single’ - - - - 
P. tuberosa ‘Double’ - - - - 
P. howardii + + 81.7 18.3 
82O04 + + 100 0 
82R16 - + 84.8 15.2 
84A07 + - - - 
84D03 - + 100 0 
84D04 - + 100 0 
84E14 - + 100 0 
84G02 + + 90.0 10.0 
84J08 + + 81.4 18.6 
85A05 + + 91.9 8.1 
z+; present, -; absent. 
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Table 3. Effects of temperature and shading on anthocyanin content and anthocyanin constituent in 
‘77A05’. 

 
Treatment  Anthocyanin Anthocyanidin constituent (%) 
Temperature (ºC) Shading (%)z contenty Cyanidin Delphinidin 
20 0 3.3 bcx 81.1 18.9 
 25 3.7 bc 80.4 19.6 
 45 3.9 c 81.8 18.2 
25 0 3.7 bc 86.0 14.0 
 25 3.3 bc 85.2 14.8 
 45 2.9 b 83.8 16.2 
30 0 0.9 a 88.0 12.0 
 25 0.7 a 89.6 10.4 
 45 0.5 a 88.6 11.4 
z % shading of natural light. 
y Absorbance at 530 nm. 
x Mean separation within a column by Duncan’s multiple range test, 5%. 
 
 
 
 
 
 
 
 
Table 4. Minimum, average and maximum temperatures during cultivation, pigment content and 

anthocyanin constituent in ‘77A05’ at different altitudes. 
 
Altitude (m)  Temperature (ºC)  Anthocyanin Anthocyanidin constituent (%)  
 Min Ave. Max. contentz Cyanidin Delphinidin 
25 23.2 26.5 30.6 0.54 ay 76.2 23.8 
75 21.8 25.6 30.0 0.72 b 75.7 24.3 
500 19.9 23.0 26.9 1.04 c 72.2 27.8 
1,200 15.9 20.6 25.6 1.40 d 71.3 28.7 
z Absorbance at 530 nm/g dw/25ml. 
y Mean separation within a column by Duncan’s multiple range test, 5%. 
 


