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Abstract. The architecture of the lychee tree and the structure of the inflorescence are described according to the
terminology of Hallé et al. and Weberling. The lychee tree has rhythmic modular growth and the inflorescence is a
heterocladic pleiothyrsoid. Additional paracladia may develop from a second serial bud below the first-order paracladia.
Male and female flowers are borne at variable positions on the dichasia. Therelation between the position and gender of

the flowers on the partial inflorescences (dichasia) varied with cultivar and time.

Inflorescence terminology has, for a long time, been in an unsat-
isfactory state. Rickett (1944) stated that “names applied to inflores-
cences were confused from the beginning.” It is, therefore, not
surprising that descriptions of inflorescences in the applied fields of
botany have not always kept pace with more recent terminologies.
Weberling's (1992) book on morphology of flowers and inflores-
cences contributed greatly to a better understanding of the inflores-
cence structure, as well as terminology, and supplies clear descrip-
tions of the different types. Most of Weberling's descriptions are,
however, based on the inflorescences of annual herbaceous plants
where the whole plant is usually hapaxanthic and the vegetative part
is very often subordinate to the inflorescence. When applying these
inflorescence types to woody plants, the tree architecture is involved
and must be considered.

The way in which inflorescences are borne on a tree is closely
related to the branching and growth pattern of the species involved.
Tree models for the avocado and mango, based on the branching
pattern and position of the inflorescence, were described by Hallé et
al. (1978). Such amodd has not yet been described for the lychee
(Litchi chinensis Sonn.), an important crop of the subtropics.

It has become customary to describe the lychee inflorescence as
a panicle (Banerji and Chaudhuri, 1944; Joubert, 1985; Menzel,
1983, 1984), dthough this does not fit Weberling's (1992) general
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description. According to Menzel (1984), and Menzel and Simpson
(1992) and references therein, the flowers are, in order of appear-
ance, functionaly male, functionaly femae and functionaly
male, but no mention is made about relation between the position
of the flowers on the inflorescence and their gender. Banarji and
Chaudhuri (1944) mention that the flowers occur in cymes which
are entirely male, entirely female, terminated by a male flower with
lateral female flowers, terminated by a female flower with lateral
male flowers, or terminated by a male flower with lateral flowers
of different sexes. Mustard (1960) and Joubert (1985) aso mention
male, female, and functionally male flowers without relating sex
to position.

In this paper, the architecture of the air-layered lychee tree is
described and related to the position of the inflorescence. We re-
evd uate the structure of the inflorescence and provide information
on the position of the flowers on the cymes and their sex. The
terminology for the tree model was adopted from Hallé et al.
(1978), and for the inflorescence from Weberling (1992).

Fig. 1. Diagrammatic presentation of the lychee tree model in different stages of
development. (A) Second year of flowering, (B) third year of flowering, (C)
fourth year of flowering. Rm = most recent module, Ti = module terminating
in an inflorescence, Mt = main trunk.
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Material and Methods

Architectura studies were made by visua observations of five
12-year-old ‘“HLH Mauritius' and five ‘Red McLean’ trees grow-
ing a Nelspruit, South Africa (25°S). Phenological studies of
inflorescences were made by observing 7-year-old air-layered
trees growing at Bet Dagan, Israel (32°N). Three inflorescences
per tree were used. From the cultivars ‘HLH Mauritius and
‘Floridian’, three different trees were used, while for the cultivars
‘Bengd’, ‘Early Large Red’, ‘Garnet’, ‘Red McLean’, ‘Late
Seedless and ‘Fay Zee Sui’ two trees were used. Sixty-four cymes
on four inflorescences on four 12-year-old ‘HLH Mauritius' trees

Fig. 2. Branch with terminal (Lt) and latera inflorescences (Li).

Fig. 3. Branch with inflorescence formed on previous season’s (Ps) or new seasons growth (Li).
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growing at Nelspruit in South Africa were tagged just after bud
break and the sex of the flowers observed weekly until the end of
the flowering period. For all other phenological studies, observa-
tions were made daily over the entire flowering period (Isragl: 22
Apr.-22 May 1993; South Africa 11 Sept.-7 Oct. 1993), which
lasted for about 3 to 4 weeks. Young air layered trees in 20 liter
containers were also used. These trees consisted of two batches.
One batch of 20 ‘HLH Mauritius (‘Ta So’) and 20 ‘Madras
(‘Bengal’) trees were obtained during August 1992 from a com-
mercial nursery in Magoebaskloof (23°S), South Africa. Trees
with young inflorescences about 1 week after budbreak were
transported to a greenhouse in Pretoria (26°S). The second batch
of 20 trees, from the same nurs-
ery were obtained during Au-
gust 1993. Flower induction in
the latter trees took place in the
greenhouse in Pretoria. Five
cymes per tree on inflorescences
on these trees were also tagged.

Results and Discussion

Tree phenology. According
to the terminology of Hallé and
Martin (1968), growth of the
lychee tree is rhythmic, meaning
that “the shoots have a marked
endogenous periodicity of ex-
tension.” Periods of extension
growth or flushes alternate with
periods during which new |eaf
primordia are initiated from the
apical dome, but without shoot
elongation. Once a year, during
cool weather, inflorescence
primordia are initiated at the api-
cal domes of the terminal buds.
The same sequence of events was
described by Banarji and
Chaudhuri (1944). Inflorescences
are, therefore, terminal and the
branches on which they are pro-
duced are hapaxanthic (term used
by Hallé et al., 1978), meaning
that the “shoot apical meristem
becomes wholly transformed
into a flowering axis after a pe-
riod of vegetative growth.” All
branches are morphologically
equivalent and are borne on re-
lay axes, repesting the construc-
tion of the parent axis. Growth
of thetree is, therefore, modular
(Fig. 1), representing Leeuwen-
berg's model (Halle et al., 1978).
In young, nonflowering trees
branching occurs after sponta
neous abortion of the terminal
bud. But in flowering trees,
branching usually occurs only
after the terminal bud has been
transformed into an inflores-
cence, and ‘the fruit produced
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Fig. 4. Detail of the lychee branching system and suggested pruning (line AB). Ti
= termina inflorescence, Ab = subterminal branching as a result of pruning, Bb
= basal dormant buds, Li = lateral inflorescence, Rm = most recent module
(vegetative flush), Mt = main trunk.

have been clipped from the trees at harvest. Under adverse condi-
tions, side shoots and inflorescences may aso develop further
down the branch and even on the trunk.

According to Menzel (1983), “panicles are normally produced
terminaly in clusters of 10 or more, but in some trees a high
percentage of axillary panicles may also be produced”. According to
our view, the agpica bud of a modular branch can only produce one
inflorescence. One or more of the lateral buds directly below the
apical bud may, however, aso be transformed into inflorescences,
resulting in more than one inflorescence at the tip of a module (Fig.
2). After the fruit has been harvested, and under favorable growing
conditions, one or more of the buds below the zone of inflorescence
production will flush to produce new modules (branches). Such
modules represent what is known in the literature as “the present
season’s wood” (Menzel, 1983) or “new growth” (Joubert, 1985), on
which the next season’s inflorescences will be formed.

Some authors indicate that new modules are a prerequisite for
flower production. According to our observations it is clear that, at
least in the cultivar ‘Mauritius', inflorescences can aso develop
directly from buds on the previous season’s wood, situated at the base
of the withered axes of the past season’ s inflorescences (Fig. 3). Buds
on the new flush branches normally have to reach a minimum age
before they can flower. It would be beneficid if the trees could be
manipulated or pruned so that flushes appear as soon as possible after
harvesting, giving buds sufficient time to mature before flower
induction. Lateral inflorescences and new modules (vegetative flush)
develop from subtermina buds, while the basal buds on the modules
remain dormant (Fig. 4). By pruning the modules after harvesting, as
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Fig. 5. Semi-diagrammatic presentation of lychee inflorescence (thyrsoid) (A)
compared to a panicle (B). A Ma=main axis, Dc=dichasium (partid inflorescence),
Sf = synflorescence from superposed bud, Pcs= paracladium from subordinate
bud, P = first-order paracladium, P’ = second-order paracladium, P*’ = third-
order paracladium. Ri = racemose partial inflorescence.

indicated in Fig. 4, the basal buds could be forced to flush, and by
regular pruning, more compact trees can be created. Recent work in
Isragl (Goren, 1990) indicates that by pruning trees just after harvest,
flowering is induced, and small trees are obtained without reducing
productivity. The exact period of rest or quiescence of the buds before
becoming receptive for induction has not been precisely determined,
but appears to be between one to three months for most cultivars. The
influence of different environmental factors on flowering has been
discussed by Menzel and co-workers (Menzel and Paxton, 1986;
Menzel and Simpson, 1988, 1991), but since the purpose of this paper
was to look a the structure of the inflorescence, these factors will not
be discussed here.

Inflorescence structure. The inflorescence (Fig. 5A) of the lychee
consists of amain axis terminated by the first (primary) flower of the
apica dichasium. One or two first-order lateral branches (paracladia)
develop from the axils of minute, decussate, or distorted decussate,
bracts on the main axis. Proceeding distaly along the main axis, the
first and higher-order branches are gradually reduced until only the
terminal dichasia remain. The axillary buds that give rise to these
lateral branches are found in series of two with the dominant bud
superposed on the subordinate bud (term used by Bell, 1991). The
occurrence of such serial buds has also been reported in inflores-
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cences of other species (Weberling, 1992). Sprouted subordinate
buds which have formed subordinate paracladia (Fig. 5A) are con-
stantly found in association with highly branched paraclades, and can
drastically alter the appearance of the inflorescence and contribute to
the uniqueness of the lychee thyrsoid. Similar to the main axis, the
lateral branches are also terminated by dichasia. The dichasia or
partia inflorescences (Fig. 6) are the basic flower bearing units of the
inflorescence and may be borne on first-, second-, or third-order
branches or paracladia. All flowers on the dichasia are subtended by
minute bracteate prophylls.

The above conforms to Weberling's (1992) description of a
pleiothyrsoid or determinate, compound thyrse. Different authors
(Banarji and Chaudhuri, 1944; Joubert, 1985, 1986; Menze,
1983;) described the lychee inflorescence as a panicle. Both the
panicle and the thyrsoid are compound inflorescences, and in both
the main and lateral axes are terminated by flowers (Fig. 5 A and
B). Superficialy, a panicle and thyrsoid look very similar, but
differ in that the partial inflorescences or end branches are cymose
in the thyrse but racemose in the panicle (Weberling, 1992). We
suggest that the inflorescence of the lychee must be regarded as a
thyrsoid, but due to its compound structure it is a pleiothyrsoid.
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Fig. 6. Forms of lychee dichasiain lateral view (A) and top view (B) with numbers
showing the sequence of flower anthesis.
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Structurally, the lychee inflorescence conforms to the inflores-
cence of the mango, which was described by Barford (1988) as a
conjunct, heterocladic pleiothyrsoid.

Flowers. The flowers are borne on the partia inflorescences or
dichasia. Depending on the size of the inflorescence, the basal parts
of the first-order paracladia can go through several branch orders
before terminating in the dichasia. The basic plan of the lychee
dichasium is given in Fig. 6. The first flowers to open on the
inflorescence are the no. 1 flowers on proximally situated dichasia
and in most cases represent first male phase (M,) flowers. The no.
2 flowers follow after a few days (usualy femae) and no. 3 flowers
a few days later [usualy second male phase (M,)]. Number 4
flowers usualy remain in the undeveloped bud stage (Fig. 7A), but
in more richly branched inflorescences these buds may aso
develop into flowers. Variation in the gender of the flowersin the
different positions on the inflorescence can occur (Table 1; Figs.
6 and 7). The striated and dotted areas in Fig. 8 represent the
number of dichasia of ‘HLH Mauritius trees with the sex of
flowers related to different positions on the dichasia (Fig. 6). In the
first inflorescence on amature tree to start with anthesis, the no. 1
flowersare usualy M, (Fig. 8A and Fig. 9), but they can be female
on inflorescences developing later in the season or inflorescences
of late flowering cultivars (Figs. 8 B and C and 9). Although female
flowers in the no. 1 position were found in most of the late cultivars
(Fig. 9), female flowers also occurred in the no. 2 position of the
dichasia. Later in the flowering season, more dichasia were ob-
served with female flowers in the no. 2 position, but were less than
the number of dichasia with M, flowers at this position (Fig. 8B).
The M, flowers are, however, not limited to position no. 2, but also
occur at position no. 3 and position no. 4 in richly branched
inflorescences (Fig. 8C and D).

Due to the construction of the dichasium, the number of open
flowers on an inflorescence will, theoreticaly, be doubled every
time as anthesis proceeds from the first generation of flowers (Fig.
6) to second and third flower generations, provided no buds abort.
Inflorescences starting with the female phase (most of no. 1
flowers female), followed directly by the second mae phase
would, theoreticaly, have only half the number of female flowers
available for fertilization compared to inflorescences starting in
the male phase (most of no. 1 flowers male and no. 2 flowers
female) (Table 1). In practice, the gender sequence is not followed
strictly, as can be seen in Fig. 4 and Table 1. If the no. 1 and no.
2 flowers are femal e, followed by the second male phase in the no.
3 flower position, as in the “atypica” Situation, the sex ratio
between the female to male flowers will be 3:4 compared to the
“typical” condition with M, flowers in the no. 1 position, female
flowers in the no. 2 position and M, flowers at position no. 3,
where the sex ratio is 2:5. The “atypical” condition was observed
inthe small air-layered trees grown in the greenhouse at the Univ.
of Pretorig, young treesin orchardsin Israel, and at Nelspruit, and
some late flowering mature trees. According to M. Goren (per-
sonal communication, 1993), this is well recorded among young
trees, and has been observed in many cultivars.

According to Stem (1993), the pollen of the first male flowers
are less viable than pollen from the second ‘male flowers, and it
would therefore be expected that trees with female flowers at the
no. 1 and no. 2 positions and M, flowers at the no. 3 and no. 4
positions on the dichasia would set more fruit in a normal season.
However, the no. 4 flowers were only found in late flowering and
richly branched inflorescences. The idea situation would be to
manipulate trees to produce female flowers at the no. 1 and no. 2
positions and male 2 flowers at the no. 3 and no. 4 positions
(usually M, flowers) either by pruning or by careful site selection.

917



Fig. 7. Photographs of different dichasia showing different stages of development. Numbers represent the position of the flowers on the dichasium according to Fig. 5.
(A) 1,2 = Functionally female, 3 = functionally M,, 4 = undeveloped bud. (B) 1 = Functionally M,, 2 = functionally female, 3 = flower bud. (C) 1,2 = Flowers aborted,
3 = functionally M,. (D) Highly branched dichasmm. (E) 1,2,3 = Functionaly female.
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Table 1. Observations regarding gender, position and sex ratio of flowers
on dichasia of ‘HLH Mauritius’ trees in Nelspruit.

Dichasia Flower position on dichasium

observed and sex of flower Sex retio*
(no.) 1 2 3 4 M, F:M,
2 Made 1 Female Femde Mae?2 1:6:8
12 Male 1 Femae Mae 2 1.2:.4
1 Made 1 Female Mae 2 Male 2 1:2:12
15 Femae Female Male 2 0:3:4
15 Female Male 2 Mae 2 0:1:6
12 Female Mae 2 0:1:2
2 Female Female Femae Mae?2 0:7:8
1 Female Female 0:3.0
1 Male 2 Mae 2 _ 0:0:3

F = femae, M'= first male, M’= second male

No. of dichasia
30

This will not only induce richly branched inflorescences but will
also enable female flowers to be pollinated with the more viable
pollen of the M, flowers.

As previoudly stated, the existing descriptions of lychee inflo-
rescences are rather vague, especially when it comes to the relation
between the flower gender and position on the inflorescence
(Joubert, 1985; Menzel, 1984). We hope that our interpretation of
the lychee inflorescence will contribute to a better understanding
of flowering in this species, and emphasize the importance of
having a reliable model of flower development when studying
factors affecting fruit set. It is clear that the sex ratio of the flowers
on the same inflorescence is to a great extent determined by the sex
of the no. 1 flowers on the dichasia. Due to the existing variation
in this regard, it may be possible to manipulate the sex of the no.
1 flowers. It is aso possible that the position of the female flower
on the dichasium could play arole in fruit abscission.
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Fig. 8. Phenophases of lychee inflorescences of trees, growing at Nelspruit, South Africa, from anthesis in the first male phase (Mae 1) until anthesis in the last male

phase (Male 2). (A-D). Positions 14 on dichasia according to Fig. 6.
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Fig. 9. Phenograms of eight lychee cultivars grown at Bet Dagan, Israel. Positions
14 on dichasia according to Fig. 6.
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