
primordium in some cultivars. A 5-lobed floral envelope was 
frequent in ‘Caddo’ and ‘Chickasaw’. The ‘Stuart’ cultivar con
sistently had only 4 involucral primordia. There was thus a 
variation in the size and number of foliar structures of the flower. 
In cases with 2 adaxial bracteoles, considerable variation was 
evident in their connation from the onset of their development. 
This resulted, in many cases, with mature flowers having 4 
distinct involucral projections, the adaxial one being bilobed. 
Usually, connation of the 3rd and 4th bracteoles is complete so 
that dehiscence of the involucre is 4-valved at fruit maturity. 
However, in some infrequent cases, connation does not occur 
and the involucre is 5-valved at maturity. In addition, 2 reduced 
foliar structures occasionally were observed interior to the 2 
lateral bracteoles in ‘Stuart’ pistillate flowers. Hjelmqvist (8) 
has reported similar structures in Cary a tomentosa, C. ovata 
and C. cordiformis and refers to them as perianth-leaves above 
the involucre.

The pecan pistillate inflorescence is a spike. Flowers are suc
cessively differentiated acropetally from the inflorescence apex. 
Shuhart (16) reported the initiation of a group of 5 lateral pri
mordia, each of which develops as an individual flower. We 
found the number of floral primordia per inflorescence to be a 
variable within and among cultivars. This agrees with Woodroof 
and Woodroof (17) and confirms field observations of mature 
flower clusters.
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Characteristics of Four Sets of Reciprocal Crosses 
in Dendrobium (Orchidaceae)
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Abstract. Progenies of 4 sets of reciprocal crosses in Dendrobium were compared including an intraspecific cross, 2 
interspecific crosses, and an amphidiploid cross. With the reciprocal crosses involving 2 accessions of D. canaliculatum 
(D173-2 and D129), offspring with cytoplasm of D173-2 (Papua, New Guinea accession) were taller, produced more 
pseudobulbs, and gave a higher flower yield than with D129. Offspring with the same D. canaliculatum cytoplasm 
also produced taller plants and more pseudobulbs in reciprocal crosses between D. canaliculatum and D. strebloceras. 
Reciprocal crosses of D. schulleri x D. X Sunset differed in chromosome number and flower quality. D. schulleri x
D. X Sunset produced triploid offspring, while the reciprocal produced diploid offspring. Reciprocal matings of 2 
amphidiploid D. X Jaquelyn Thomas selections did not differ in height, yield, number of pseudobulbs, or floral 
characteristics.

Dendrobium orchids are grown commercially for cut and lei 
flowers in Hawaii. Intersectional hybrids involving Dendrobium 
phalaenopsis of the Phalaenanthe section and D. gouldii or D. 
grantii of the Ceratobium section have been particularly im
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portant for cut flower production because of their high yields, 
long flowering season, prolonged vase life, and low bud drop 
(2). These species hybrids generally exhibit low fertility due to 
lack of complete homology of the parental genomes, which 
reduces their usefulness for further breeding (6, 8, 11). However, 
by doubling the chromosome number fertile amphidiploids may 
result (8). Amphidiploids have been assuming considerable im
portance in the University of Hawaii’s dendrobium breeding 
program (5). These newly formed amphidiploids can be expected 
to produce relatively uniform progenies.

Recently the University of Hawaii released a cultivar, Den
drobium X Jaquelyn Thomas ‘Uniwai Supreme’ (4). This is a
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Table 1. Mean values ( ± sd) of characters in the first set of reciprocal crosses of D. canaliculatum D173-2 and D. 
canaliculatum D129.

Cross
No.

plants

Plant
height
(cm) Yield7

Scape
length
(cm)

Raceme
length
(cm)

No.
pseudobulbs

No. flowers 
per

raceme

D173-2 x D129 10 10.9 ± 0.7 7.6 ± 1.5 14.3 ± 0.5 27.1 ± 1.7 16.1 ± 1.4 23.6 ± 1.4
D129 X D173-2 10 7.1 ± 1.0 4.0 ± 0.6 14.1 ± 0.6 23.7 ± 2.0 9.8 ± 0.6 18.5 ± 2.0
Significance ** * NS NS ** NS

zMean no. racemes per plant over 16 months.
ns, *, **Nonsignificant (ns) or significant at 5% (*) or 1% (**) by t test.

seed-propagated amphidiploid hybrid produced from reciprocal 
crosses of 2 individual amphidiploid clones, K44-50 and 2085- 
4N.

Reciprocal crosses generally are assumed to produce similar 
progenies. However, differences have been found, especially in 
interspecific and intergeneric crosses. Kihara (9) reported that 
the cytoplasm of Aegilops spp. and Triticum spp. had specific 
effects on the expression of various genotypes. Irregular chro
mosome transmission in orchids was reported for reciprocal crosses 
involving diploid D. phalaenopsis ‘Lyon’s Light No. 1’ (1, 7).

Preliminary observation of an intraspecific cross, D. canali
culatum D 173-2 X D. canaliculatum D129, and the reciprocal, 
showed considerable differences in growth characteristics de
pending on which was used as the maternal parent. Progenies 
of another set of reciprocal crosses between D. canaliculatum 
D 173-2 and D. strebloceras D38-3 appeared to show minor 
differences. Progenies from a third set of reciprocal crosses 
between D. X Sunset and D. schulleri showed marked differ
ences in horticultural characteristics. These dissimilarities raised 
a concern whether or not reciprocal cross progenies of D. X 
Jaquelyn Thomas ‘Uniwai Supreme’ released earlier to the grow
ers were uniform as expected. This study was initiated, therefore, 
to determine the cause of the differences between progenies of 
the above 3 sets of reciprocal crosses and the differences, if any, 
between the reciprocal crosses of D. X Jaquelyn Thomas ‘Uniwai 
Supreme’.

Fig. 1. Offspring of reciprocal crosses of 2 Dendrobium canalicu
latum accessions. Top row: D 173-2 x D129. Bottom row: D129 x 
D173-2.

Materials and Methods

Plant materials. The 4 sets of reciprocal crosses investigated 
were as follows:

1. D. canaliculatum D173-2 and D. canaliculatum D129. 
D 173-2 and D129 are 2 accessions of D. canaliculatum (section 
Eleutheroglossum). Reciprocal crosses were made on July 14,
1975. After transplanting to 5-cm pots on January 24, 1977, 
differences in growth were noted. Ten plants of each cross were 
transplanted to 10-cm pots and were paired by similar size. Data 
obtained from January 1979 to May 1980 were analyzed by the 
paired Student’s t test. Somatic chromosomes were counted to 
determine whether differences were due to changes in chro
mosome number.

The reciprocal crosses were remade in February 1979, and 
seedlings were transplanted into 5-cm pots in March 1981. Growth 
of seedlings was compared visually.

2. D. canaliculatum D173-2 and D. strebloceras D38-3. This 
is an intersectional hybrid involving the sections Eleutheroglos
sum (.D. canaliculatum) and Ceratobium (D. strebloceras). The 
cross was registered as D. X Autumn Lace (10). Reciprocal 
crosses were made on August 8, 1975, germinated on November 
11, 1975, planted in community pots on March 15, 1976, trans
planted to 5-cm pots on May 23, 1977, and transplanted to 10- 
cm pots on September 8, 1978. Fourteen plants of each cross 
were completely randomized on a bench in a greenhouse. Data

Fig. 2. Comparison of flowers of reciprocal crosses of D. schulleri 
and D. X Sunset. Left: D. schulleri x D. X Sunset. Right: D. X 
Sunset X D. schulleri.
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Table 2. Mean values ( ± sd) of characters in reciprocal crosses of D. strebloceras D38-3 X D. canaliculatum 
D173-2.

Cross
No.

plants

Plant
height
(cm) Yield7

Scape
lenth
(cm)

Raceme
length
(cm)

No.
pseudobulbs

No. flowers 
per

raceme

D38-3 x D173-2 14 29.4 ± 1.8 9.9 ± 1.7 16.0 ± 0.6 33.6 ± 1.0 16.6 ± 1.3 18.7 ± 0.8
D 173-2 x D38-3 14 38.9 ± 2.7 13.1 ± 1.8 15.1 ± 0.4 32.8 ± 1.1 22.4 ± 2.1 18.6 ± 0.5
Significance ** NS NS NS * NS

zMean no. racemes per plant over 16 months.
ns, *, **Nonsignificant (ns) or significant at 5% (*) or 1% (**) by t test.

obtained from January 1979 to May 1980 were analyzed using 
Student’s t test.

3. D. schulleri and D X Sunset. A commercial dendrobium 
breeder made a cross between 2 diploid plants, D. schulleri and 
D. X Sunset, which resulted in several award winning plants. 
The cross was repeated, but the parents were reversed. Two 
plants of the first cross and 10 plants of the 2nd cross were 
available for determining the somatic chromosome number. Off
spring from reciprocal crosses were compared visually.

4. D X Jaquelyn Thomas K44-50 and D. X Jaquelyn Thomas 
2085-4N. ‘Uniwai Supreme’ is a seed-propagated cultivar pro
duced by crossing 2 amphidiploid D. X Jaquelyn Thomas, K44- 
50 and 2085-4N. K44-50 has white flowers with a lavendar 
tinge, while 2085-4N has 2-toned purple violet flowers. Recip
rocal crosses were made on September 10, 1975, germinated on 
January 8, 1976, planted in community pots on March 4, 1977, 
and transplanted to 5-cm pots on August 8, 1978. A randomized 
complete-block design consisting of 4 crosses and 10 replications 
was used (2 crosses were omitted in this paper). The plants were 
grown in a greenhouse with data obtained from July 1978 to 
May 1980.

Somantic chromosome counts. Counts were made by sam
pling root tips between 9:00 and 10:00 a m . Root tips were 
pretreated for 4 hr in 0.002 m  8-hydroxyquinoline solution at 
about 18°C. Samples were fixed in modified Carnoy’s solution 
(1:1:2, 95% ethanol, chloroform, glacial acetic acid) for 12 min. 
Root tips were hydrolyzed in I n  HC1 for 10 min at 50°, washed 
in deionized water, stored in 45% acetic acid, and smears stained 
with 1% aceto-orcein.

Plant characteristics measured. Scape length was measured 
from the bottom of the raceme to the lowest flower. The total 
length of the raceme was measured from the base of the raceme 
to the tip. The percentage of bud drop was determined from the 
ratio of dropped buds to the total number of flowers at the time

of harvest. Flower width was determined by measuring the broadest 
spread of the 3rd lowest flower of the raceme. The height of 
the plants was determined by measuring from the base to the 
shoot apex of the tallest growth as of May 1980. Yield was 
measured as the total number of racemes produced by the plant 
through May 1980. Keeping quality was defined as the number 
of days until a harvested raceme wilted or half of its flowers 
senesced. Keeping quality was evaluated only for the cut flower 
cultivar, ‘Uniwai Supreme’.

Results and Discussion
D. canaliculatum D173-2 and D. canaliculatum D129. The 

progenies of the reciprocal crosses showed large differences in 
plant height, number of pseudobulbs, and yield (Table 1). The 
progeny with the higher values for the characters had D 173-2 
as the maternal parent. Chromosome counts of all offspring were 
In — 38, the expected number for Dendrobium species.

The repeat set of reciprocal crosses showed no difference 
while the seedlings were in flasks. After the seedlings were 
planted in community pots, differences became apparent (Fig. 
1). Since progenies from reciprocal crosses had the same chro
mosome number, the character differences of the reciprocal 
progenies probably can be attributed to the difference in cyto
plasm.

D. canaliculatum D173-2 and D. strebloceras D38-3. The 
progenies of these reciprocal crosses differed only in height and 
number of pseudobulbs (Table 2). Offspring with D. canali
culatum cytoplasm (D173-2 x D38-3) were taller and produced 
more pseudobulbs. All offspring were diploid with In = 38 
chromosomes, and therefore the differences obtained in the re
ciprocal crosses again appear to be cytoplasmic-related. D. can
aliculatum D 173-2, when used as the maternal parent in this set 
of reciprocals as well as the previous set, produced offspring

Table 3. Mean values ( ± sd) of characters in reciprocal matings of amphidiploid D. X Jaquelyn Thomas K44-50 X 
D. X Jaquelyn Thomas 2085-4N.2

Plant Scape Raceme No. flowers Flower Keeping Bud
No. height length length per width quality drop

Cross plants (cm) Yieldy (cm) (cm) raceme (cm) (days) (%)

K44-50 x 2085-4N 10 121.4 7.2 19.1 50.1 14.2 6.2 13.8 0.2
2085-4N x K44-50 10 114.8 7.5 19.0 52.7 14.7 6.1 14.4 0.1

differences of character values between reciprocals are not statistically significant. 
yMean no. racemes per plant harvested over 22  months.
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which were taller and had a larger number of pseudobulbs.
D. canaliculatum D 173-2 was introduced from Lae, Papua, 

New Guinea, while D. canaliculatum D129 was obtained from 
a local orchidist and is probably of Australian origin. The dif
ferences encountered through cytoplasmic effects of D 173-2 em
phasize the need to consider the transmission of cytoplasm, 
especially with interspecific and intersectional hybridization in 
the genus Dendrobium.

D. schulleri and D. X Sunset. The reciprocal matings pro
duced progenies with different ploidy levels. The 2 offspring of 
D. schulleri xD . X Sunset were determined to be triploid, while 
all the reciprocals were diploids. This indicates that one of the 
parents, D. X Sunset, produced functional, unreduced gametes 
when used as the pollen parent. The triploid offspring resulting 
from D . schulleri X D. X Sunset resembled D. X Sunset (Fig.
2), while the reciprocal, D. X Sunset X D. schulleri was about 
intermediate between the 2 parents. The triploid offspring must 
have received 2 sets of chromosomes from D. X Sunset and 
only one of D. schulleri. The reciprocal progeny received one 
set each from both parents.

The transmission of chromosomes similar to that observed in 
D. X Sunset was encountered earlier with D. phalaenopsis ‘Lyon’s 
Light No. L (1, 7). Unreduced gamete formation in ‘Lyon’s 
Light No. 1’ was associated with irregular meiosis in pollen 
mother-cells. Thus, when ‘Lyon’s Light No. 1’ was used as a 
pollen parent, the offspring were predominantly triploid, but 
when it was used as a female parent, the offspring were diploid.

It is interesting to note that D. schulleri X D. X Sunset pro
duced several award-winning plants, while the reciprocal D. X 
Sunset X D. schulleri produced no award winners and only me
diocre hybrids.

D. X Jaquelyn Thomas K44-50 and D. X Jaquelyn Thomas 
2085-4N. No differences were observed between the progenies 
of the reciprocal crosses (Table 3). Thus, it can be concluded 
that seed of ‘Uniwai Supreme’ can be produced safely in either 
direction for commercial cut-flower production.

D. X Jaquelyn Thomas is a hybrid between D. phalaenopsis 
and D. gouldii. Although it is not known in which direction the 
original crosses were made, it is likely that both K44-50 and 
2085-4N contain D. phalaenopsis cytoplasm. If the cytoplasm 
of one of the amphidiploids were from D. gouldii, perhaps some 
differences in the reciprocal progenies might have developed.
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