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OPENING AND RESUPINATION IN BUDS AND FLOWERS OF DENDROBIUM
(ORCHIDACEAE) HYBRIDS'
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Observations of flower buds of Dendrobium Tomie *Tokyo.’ D. Indonesia, and seedlings of a Dendrobium
hybrid flowering for the first time showed that all flower buds were borne with the labellum uppermost.
Just before or during opening, the buds turned, positioning the lip below all other floral segments in a
process known as resupination. The degree of turning depended on the orientation of the inflorescence
relative to the ground and position of the pedicel. Individual flowers, at successive nodes along the inflo-
rescence, alternated in turning clockwise and counterclockwise. Our results indicate that (1) only buds,
flowers in the process of opening, and newly opened blossoms can undergo resupination: (2) mature flowers
cannot reorient themselves if the angle of the inflorescence is changed: and (3) bending and twisting of the
pedicel contribute to the final position of the flower.

Introduction

Resupination was defined by LEE (quoted with-
out a reference or initials by AMES [1946]) as “.
when the upper Lip of the Corolla looks toward the
Ground, and the under Lip toward Heaven.” JOHN
LINDLEY (1853; cited in AMES [1938]) also de-
scribed orchid flowers as being resupinate. This
phenomenon has been attributed to torsion, twist-
ing, or turning of the ovary, pedicel, or both
(PFiTZER 1882; ZIMMERMANN 1933; ZIEGENSPECK
1936). The result of resupination (usually a 180°
turn) is generally to orient the flower so that the
labellum is lowermost, regardless of the angle of
the inflorescence (AMES 1938; WITHNER et al. 1974;
SCHLECHTER 1977; GoH et al. 1982). Degrees of
torsion may vary, and in Hammarbya (Malaxis)
paludosa . . . the ovarium [is] twisted twice as
much . . . as usual” (DARWIN 1904), or 360°, and
positions the labellum uppermost (AMEs 1938).
Angraecum eburneum also turms 360° (VAN DER PL
and DopsoN 1966).

Torsion may be clockwise or counterclockwise
in Spiranthes gracilis and causes the entire inflo-
rescence to appear spiral (AMES 1938). In Tricho-
pilia suavis the flowers are oriented with the lip
lowermost by a slight torsion of the pedicel rather
than the ovary (AMES 1947). Some orchids are not
resupinate, e.g.. Satyrium (VAN DER PUL and Dob-
SON 1966). Others that are resupinate are borne with
the labellum uppermost because their inflores-
cences are nodding and hanging (VAN DER PuL and
DopsoN 1966). However, there are also species with

' This paper is dedicated to the memory of Mrs. EMma D.
MENNINGER, a long-time generous supporter of orchid research.

Manuscript received April 1983, revised manuscript received
September 1983,

Address for correspondence and reprints: JOSEPH ARDITTI,
Department of Developmental and Cell Biology, University of
California, Irvine, California 92717.

similar inflorescenses in which the flowers tumn and
the labellum is lowermost (ZIMMERMANN 1933).
Pistillate flowers of Carasetum are nonresupinate,
whereas male blossoms may turn (SCHOMBURGK
1837; AMES 1945; DressLER 1981). The final po-
sition of the labellum depends on the species, de-
gree of torsion, and position of the inflorescence
(ZIMMERMANN 1933).

Resupination functions to place the labellum in
a position that facilitates pollination (AMES 1948).
This was apparently understood almost 200 yr ago
(SPRENGEL 1793) but was explained more fully much
later (DARWIN 1904; AMES 1938; vAN DER PUL and
DobsoN 1966; DRESSLER 1981). Resupination has
been used as a diagnostic character by system-
atists. However, there are very few studies of the
process itself and the factors that control it (PFITZER
1882; ZIMMERMANN 1933 ZIEGENSPECK 1936; AMES
1938:; GoH et al. 1982). This investigation was un-
dertaken to establish the relationships among re-
supination and bud size, stage of development, and
position of the inflorescence.

Material and methods

Racemes (figs. 1, 2), buds (figs. 3-5), and
flowers (figs. 6, 7) of Dendrobium Indonesia and
D. Tomie ‘Tokyo™ and seedlings of a Dendrobium
hybrid flowering for the first time were observed
at the Flora Sari Orchid Nursery in Jakarta, Indo-
nesia. Diameters of buds were measured with cal-
ipers, and angles of inflorescences (relative to the
ground), and buds and flowers (relative to the in-
florescence) were determined with a protractor. At
least 10 racemes and 60-80 buds were measured.
To determine whether fully opened flowers were
capable of torsion, the positions of inflorescences
bearing such blossoms were altered. Theoretical
degrees of torsion necessary to position the label-
lum lowermost were obtained by turning a card-
board flower model mounted on a metal rod tilted
at 0°-90° to simulate various inflorescence angles.
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Figs. 1-7.—Racemes, buds, and flowers of Dendrobium Tomie ‘Tokyo.’ Fig. 1, A raceme in which the basal flower is fully
open and completely resupinate; the bud above it has completed resupination and is starting to open; buds 3-9 from the base are
in various stages of resupination; the pedicels of the remaining buds are bent and/or twisted, but resupination has not started. s,
spur. Fig. 2, Unopened bud (top), a bud in the process of opening and resupination (middle), and a fully open, completely
resupinate flower (bottom). Fig. 3, Nonresupinate bud. Fig. 4, Resupinate bud. Fig. 5, Resupinate bud that is starting to open.
Fig. 6, Completely resupinate, fully open flower. Fig. 7, Rare, nonresupinate, fully open flower.

Observations

Very young buds of Dendrobium Indonesia and
D. Tomie ‘Tokyo’ (fig. 1) were green, hard, and
had spurs pointing upward (fig. 2, uppermost bud;
fig. 3). Buds started to turn while relatively young
(fig. 1, ninth bud from base) shortly before and
during opening (fig. 2, third bud from base) and
for a short period after the flower had opened.
Perianth segments started to separate before or after
(figs. 4, 5) torsion had been completed and the la-
bellum had been positioned lowermost (fig. 6). Very
few flowers were nonresupinate even after they had
opened (fig. 7).

Some buds of the unnamed Dendrobium hybrid
started to open on reaching a diameter of 3.5 mm.
In general, opening started when the bud diameter
was 4.0-4.9 mm, but all buds opened when their
diameters were 9 mm (fig. 8). Buds of D. Indo-
nesia started to open when their diameters were at
least 8.0-8.9 mm. More than 40% of the buds

opened on reaching a diameter of 10.0-10.9 mm
(fig. 9). Buds of D. Tomie ‘Tokyo’ started to open
when their diameters were 12.0-12.9 mm. More
than 50% opened by the time they reached a di-
ameter of 14.0-14.9 mm (fig. 9).

Buds on any one inflorescence of the unnamed
Dendrobium seedlings were generally resupinate
alternately clockwise and counterclockwise (table
1). Clockwise:counterclockwise ratios of open
flowers varied from 33.3%:66.7% through
50%:50% to 65%:35%; for all flowers the ratio
was 46.4%:55.3% (fig. 8; table 2). The last ratio
totals slightly more than 100% since the figures for
each direction were averaged separately (fig. 8; ta-
ble 2).

The model indicated that when inflorescences are
at a 90° angle to the ground, buds must turn 180°
to position the labellum lowermost and proportion-
ately less when the flower stalks are tilted at a lesser
angle (fig. 12). Resupination of ca. 90% of all buds
was within 1 or 2 SDs of the values predicted by



100

70

3

Percent of open flowers
s @
o =]

w
o

n
o

10 jaszeer
——Standard deviation
0
01 2 3 4 5§ 6 7 8 9 1011 12 13 14
Diameter,cm
180 g-"-w'.:tc::fﬁ
Dendroblum  Tomia | s
“Tokyo ']
170
{
]
160 H
5
180
140
ol
130 6\"
!
120 .g? i
é 110 / !
§ 100 /;5 g
B
00
” Flowars{from bassa)
18] O —
70 y 50 e
80
bl
N
@ ._\Nu'nbus near data pointa are stendard deviationa
>

Dendrobium, unnamed hybrids F

50:50 il,-'--»-

g

/
55:45: /

*43:57

Counterclockwise

H
i Clockwise
i Numbers near data points are
;‘ clockwise:counterclockwise

ratios

/ wenmOpen flowers

3 2 1 ] 1
Days belore opening Opan

2 3 4 5 6
Days atter opening 1 0

wuue Dendrobium Indonesia
=== Dendrobium Tokyo

sol — Standard deviation

70

3

L]
o

Percent of open flowers
@ »
o o

n
o

10

e
s s
-

0123456 789101112131415161718
Diameter,cm 9

150

Dendrobium Indonesia

L]

@

5

o

é Flowers(trom base)
5 181 De—

= 2nd g

3rd Se—e-

50
3 2 1 o 1 2 3 4
Days before opening Open Days after opening

14

FiGs, 8—11.—Opening and resupination of Dendrobium buds and flowers. Fig. 8, Bud size and opening and direction of re-
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TABLE |

RESUPINATION AND ITS DIRECTION IN FLOWERS OF AN
UNNAMED DENDROBIUM HYBRID

ANGLE OF
e DEGREES OF TORSION
RELATIVE TO Average of
GROUND (°) Clockwise Counterclockwise all flowers” Theoretical
0 100.0 = 103.9° 108.0 = 74.2° 104.0 = 79.8° 90
10 300° 100
40 225.0 = 354 1350 £ 332 165.0 £ 55.4° 130
45 126.7 £ 35° 100.0 = 47.3° 135
50 142.5 = |87 63.0 = 48.7° 97.0 = 92.5° 140
60 180¢ 150
70 113.0 = 7.4 1720 2.9 138.0 = 6I° 160
75 170 165
80 87.0 322 118:0 % 177" 99.0 = 29.7 170
90 111.0:%x 545 139.0 = 34 125.0 + 44.6° 180
* Value = SD.

" This average was calculated using the following formula:

(total clockwise + total counterclockwise /total number of flowers).

‘ Theoretically expected degrees of torsion are within | SD,

¢ Only one value available,

* Theoretically expected degrees of torsion are within 2 SDs.

the model (tables 1, 3). When the positions of in-
florescences of the unnamed Dendrobium seed-
lings bearing fully open flowers were altered, the
blossoms did not change orientation.

Among the racemes of D. Indonesia, 33.3% had
a perfect sequence of alternating clockwise and
counterclockwise directions of turning. The re-
maining 66.7% had one sequence of two succes-
sive clockwise or counterclockwise torsions, but
the direction of resupination for other buds alter-

TABLE 2

DIRECTION OF RESUPINATION 1N DENDROBIUM INDONESIA
AND D. ToMIiE *TOKYO'

D. D.
Indonesia ~ Tomie "Tokyo
Sequence, % of racemes:
All clockwise and
counterclockwise ..... 333 50.0
One repetition® ....... 66.7
Two repetitions® .. .... 50.0
Clockwise torsion:
9 of total no. of
open flowers ........ 51.1 40.0
No. of open flowers
per raceme® ......... 26 =1 3.0% 1.4
Counterclockwise torsion:
% of total no. of
open flowers ........ 48.9 60.0
No. of open flowers
per raceme” ..l 2:6 £ 1.1 4507

* Clockwise followed by clockwise. or counterclockwise fol-
lowed by counterclockwise.
" Value = SD.

nated (table 2). In D. Tomie ‘Tokyo,” 50% of the
inflorescences had a perfect sequence of alternate
clockwise and counterclockwise resupination. The
other half had two sequences in which two suc-
cessive buds were resupinate in the same direction
(table 2). Half of all open flowers of D. Indonesia

Arcs represent degrees of torsion

30

Angle of inflorescence relativelo ground degress

150
down degrees

140 170

160

180

FiG. 12.—Torsion necessary to position the labellum (lip) in
lowermost position as a function of the angle of the inflores-
cence relative to the ground. The arcs indicate degrees of tor-
sion. Data were obtained from a model consisting of a card-
board flower mounted so that it could be turned on a metal

bar, which was tilted to simulate angles of inflorescence rel-
ative to the ground.



1984}

NYMAN ET AL.—RESUPINATION IN ORCHIDS

219

TABLE 3

RESUPINATION OF FLOWERS OF DENDROBIUM INDONESIA
AND D. Tomie “Tokyo'

ANGLE OF DEGREES OF TORSION®
INFLORESCENCE T 5 3

RECATIVETS D. Indonesia D. Tomie ‘Tokyo

GROUND (%) Average Average Theoretical
By o5t 30.0 = 14,1 90
B sogevecs 95
10 100
I3 v 111.7 = 44.8° 105
2 v 71.5:% 15 90 110
23 e 55.0-x 7.4 115
A cassy 62.8 = 22 925 + 40.3° 120
R 125
40 ... ... 7502 37:5° 130
" R - e 135
<1 AN, 83.3 = I1L.5 80° 140
55 anwsa 105¢ 145
[ 1 — 81.4 = 36.1 112.5 = 66.5° 150
[+ J— 144.0 = 41.6° 155
T wissans 90.7 £ 15.9 150° 160
i — . ey 165
80 . ... 107.1 £ 35 180° 170
83 wswmen ; 175
L ) IO 136.7 = 45.1° 180" 180

* Value = SD.

" Within | SD of theoretically predicted degrees of torsion.
* Within 2 SDs of theoretically predicted degrees of torsion.

* Only one value available.

turned clockwise, and the rest were resupinate in
a counterclockwise direction. In D. Tomie ‘To-
kyo," the percentage of flowers that turned in a
counterclockwise direction was slightly higher than
in D. Indonesia (table 2).

In D. Tomie ‘Tokyo," the resupination of basal
flowers on the day they opened was 157.5° or
87.5% of the final torsion, which was 180° (fig.
10). The second flower from the base was com-
pletely resupinate (180°) at the time of opening.
Resupination of the third flower at the time of
opening was 100° or 55.6% of the completed tor-
sion (fig. 10). The basal flower continued to turn
for 1 day after opening, whereas the second was
fully resupinate and the third completed its torsion
in 4 days.

At the time of opening, resupination of the basal
flowers on racemes of D. Indonesia was 101°, or
77% of the final theoretical value, and never reached
180° (fig. 11). Corresponding values for the sec-
ond and third flowers from the base were 90.6°
(75%) and 105° (81%), respectively (fig. 11). Re-
supination of the basal flower continued 4 days after
opening. The second and third flowers continued
to turn for | day after they opened (fig. 11).

Discussion

For these experiments it would have been pref-
erable to use plants which are genetically identical.

A clone of a species would have been most desir-
able, but such clones are not available. Another
problem with research that utilizes orchid blossoms
is that many flowers and/or inflorescences are de-
stroyed, and commercial growers (the only estab-
lishments that have enough plants and flowers) are
generally unwilling to sustain the losses. There-
fore, we were limited in our work to the available
plants and flowers.

The parents of the unnamed hybrid were not di-
vulged to us for commercial reasons. Dendrobium
Indonesia (syn. D. Arcuatum) is a primary hybrid
(D. phalaenopsis X D. violaceo-flavens). Like the
overwhelming majority of all orchids, its parent
species produce resupinate flowers. The plants we
used were not a named clone of this hybrid. With
D. Tomie ‘Tokyo’ (D. Theodore Takiguchi x D.
Jaquelyn Thomas), we used a selected (and there-
fore named) clone of a more complex hybrid. The
immediate parents as well as the species in its
background (D. phalaenopsis, D. stratiotis, D.
gouldii, D. tokai) produce resupinate flowers.

Each hybrid studied has a characteristic bud and
flower size; therefore, it is not surprising that dif-
ferences in bud size at the time of opening were
observed. There is a positive correlation between
bud diameter at the time of opening and mature
flower size.

It is unlikely that the direction of torsion of an
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individual flower would be of any ecological or
evolutionary advantage. However, it is clear that
the direction of turning is not random since we did
not observe inflorescences in which all or even more
than two adjacent blossoms turned in one direc-
tion. Torsion of basal buds may be in one direc-
tion, causing the second bud to turn in the other.
The second blossom may then affect the turning of
the one immediately above it. Also, the direction
and sequence of turning may be established during
the development of each bud. The observation that,
when buds are missing, the sequence continues
normally supports the second hypothesis. Exis-
tence of imperfect sequences would argue against
both hypotheses presented here unless such imper-
fections are the result of damage, unexpected phys-
iological changes, errors in data recording, or the
hybrid nature of the plants. Leaves of Aloe poly-
phylla (Liliaceae) exhibit a clockwise and coun-
terclockwise twist (JEPPE 1974; REYNOLDS 1974),
but not enough information is available about this
phenomenon to allow comparisons.

[t may seem disturbing that not all buds turn to
the extent predicted by the model or that resupi-
nation does not appear to be as constant and reg-
ular as claimed. However, resupination functions
to place the labellum lowermost, and the amount
of torsion per se is not the only factor that deter-
mines the final position of the flower because
bending and twisting of the pedicel also have an
important effect (PFITzER 1882; ZIMMERMANN 1933;
ZIEGENSPECK 1936; AMES 1947, 1948). Torsion may
play a major role, but it only completes the posi-
tioning of each blossom, and its extent is deter-
mined by the initial position of the bud and the
raceme. For example, if the angle of the pedicel
contributes 20° of the positioning of a flower on a
90° raceme, the required torsion would only be 160°
and not 180° as predicted by the model. The con-
tribution by the pedicel is technically difficult to
measure, and it may change daily or more often in
the same bud. Even with the unpredictability of the
variations introduced by the pedicel, the observed
torsion was within | or 2 SDs of the predicted val-
ues, indicating that resupination is a regular, con-
stant, and reproducible process.

Some buds complete resupination before they
open; others do not, and the open flowers continue
to turn for up to 4 days. This and the fact that,
after the process has been completed, the flowers
no longer turn, even if their positions are changed,
suggest that physiological and/or structural changes
take place following completion of the process in
Dendrobium flowers. These changes probably pre-
vent further perception of the stimulus or stimuli
that control resupination and/or render the flower
incapable of turning.

In Epipogon aphyllum, Dactylorchis, Gymna-
denia odoratissima, Platanthera bifolia, and other
orchids, pollination reverses the torsion (ZIEGEN-
SPECK 1936), and the flowers are no longer resu-
pinate. This suggests the involvement of auxin (be-
cause orchid pollen is a rich source of this hormone)
and/or ethylene (since pollination induces produc-
tion of the gas by orchid flowers) or other sub-
stances produced by pollen or pollinated orchid
flowers (ARDITTI 1979; GoH et al. 1982). Partici-
pation of auxin is also indicated by (1) transport
of "“C-IAA into ovaries from stigmas and (2)
movement of auxin into receiver blocks from ova-
ries (STRAUSS and ARrDITTI 1982). Auxin can,
therefore, reach and affect ovaries and pedicels, i.e.,
the segments in which torsion and movement take
place.

Buds of Anacamptys pyramidalis failed to turn
when placed on a clinostat; only a few flowers of
Ophrys were resupinate under similar conditions;
and on racemes of Goodvera repens the oldest buds
exhibited torsion, but the young ones did not (ZIE-
GENSPECK 1936). These findings have been inter-
preted to suggest that resupination occurs in re-
sponse to gravity and is a special form of
gravitropism (ZIEGENSPECK 1936; AMES 1946, 1948;
ScHLECHTER 1977). They also indicated that the
process cannot be stopped or reversed once it has
been initiated (ZIEGENSPECK [1936] did not state
the duration of the experiment). In Cyrisus la-
burnum (Fabaceae), the axis of the inflorescence
is erect while the flowers are in bud and the stan-
dards are uppermost. Later the inflorescence be-
comes pendent, and the position of each bud is
changed placing the keel uppermost. When the
flowers open, each . . . twists round through
nearly 180°, so that the standard 1s again brought
uppermost” (VON MARILAUN 1896). If the young
racemes are prevented from becoming pendent, the
flower stalks fail to turn or do so to a very limited
extent. This indicates that this process, which is
very similar to orchid resupination, may be grav-
itropic. If so, this is an additional reason to believe
that auxin and/or ethylene may be involved in both
orchids and C. laburnum.
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