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ABSTRACT
The mango is andromonoecious, it having both staminate (male) and hermaphrodite (perfect) flowers on each
inflorescence. The staminate flowers predominate. The ratio between these flower types is called the flower sex
ratio. The flower sex ratio for a cultivar varies from inflorescence to inflorescence and from one position to
another on an inflorescence. In all of the cultivars studied, a gradual increase in the percentage of hermaphrodite
flowers was found when examining inflorescences from base to apex. The mango flowers are borne in units
(dichasia) which make up the heterocladic, compound, thyrsoid mango inflorescence. The ratio of hermaphrodite
to male flowers on an inflorescence varies between cultivars. The question was raised as to whether the sex ratio
can be linked to poor fruit retention in the poor yielding cultivars. Further, it was hypothesised that the sex ratio
can be manipulated. It is on record that only 1% or less of flowers set fruit. The average number of flowers on
mango inflorescences taken from adult trees generally varies from between 2000 and 4000 per inflorescence. The
sex ratio and the general positions of the two flower types on the inflorescence were determined in the present
study for the cultivars Heidi, Keitt, Kent, Sensation, and Tommy Atkins. In each cultivar, 15 inflorescences were
randomly selected. The results indicate a flower sex ratio (hermaphrodite: staminate) of 1:98 in Heidi, 1:4.5 in
Keitt, 1.3:1 in Kent, 4:1 in Sensation, and 27:1 in Tommy Atkins. An experiment in which trees were deblossomed
to investigate the effect of delayed flowering on the sex ratio was also performed. Deblossoming was not always
found to enhance the proportion of hermaphrodite flowers occurring on the inflorescences. Ambient tempera-
tures at the time of flowering probably influenced the sex ratios that were found.

UITTREKSEL
Die mango is 'andromonacious' dit het beide stamen (manlike) en hermafrodiet (perfekte) blomme op elke
bloeisteel. Die stamen blomme oorheers. Die verhouding tussen hierdie blomtipes word die blom seks verhouding
genoem. Die blom seks verhouding vir 'n kultivar varieer van bloeisteel tot bloeisteel en van een posisie tot 'n
ander op 'n bloeisteel. In al die kultivars wat bestudeer is, is gevind dat die persentasie hermafrodiet blomme
geleidelik toeneem waneer die bloeisteel van basis na punt ondersoek word. Die mango blomme word gedra in
eenhede (dichasia) wat die 'heterocladic, compound, thyrsoid' mango bloeisteel. Die verhouding van herma-
frodiet tot manlike blomme op 'n bloeisteel wissel tussen kultivars. Die vraag is dus gevra of die seks verhouding
gekoppel kan word aan swak vrugretensie by die kultivars met swak opbrengste. Verder is dit gehipotetiseer dat
die seksverhouding gemanipuleer kan word. Dit is op rekord dat slegs 1% of minder van die blomme vrugte set.
Die gemiddelde aantal blomme op 'n bloeisteel van 'n volwasse boom wissel tussen 2000 en 4000 per bloeisteel.
Die seks verhouding en die algemene posisies van die twee blomtipes op die bloeisteel is bepaal in die huidige
studie vir die cultivars Heidi, Keitt, Kent, Sensation en Tommy Atkins. Vir elke kultivar is 15 bloeistele
willekeurig gekies. Die resultate dui op 'n seks verhouding (hermafrodiet: stamen) van 1:98 in Heidi, 1:45 in
Keitt, 1:3:1 in Kent, 4:1 in Sensation en 27:1 in Tommy Atkins. 'n Eksperiment waarin bomme ontblom is om
die invloed van vertraagde blom op die seksverhouding te bestudeer is ook gedoen. Ontblomming was nie altyd
suksesvol om die verhouding van hermafrodiet blomme wat voorkom op 'n bloeisteel te verbeter nie. Omgew-
ingstemperature tydens blom beinvloed moontlik die seks verhouding wat gevind is.

1989). Each flower has one fertile stamen and varying num-
bers of staminodes, some of which are simply small thread-
like appendages.

The mango inflorescence is a determinate thyrse and not a
panicle as is generally stated. The main difference relates to
the composition of the paracladia. In a panicle, all of the first
order paracladia (also called primary or first order branches)
have the same construction as a raceme, the flower buds open
acropetally, and an indefinite number of flowers occur along
the paracladial axes. The paracladia of a thyrse branch di-
chotomously one to several times, and end in small dichasial

The mango is widely grown in tropical and subtropical
regions. It is reported to be one of the top five fruit crops
(Amm, 1990). In South Africa and elsewhere it is notorious
for its low and erratic yield (Whiley et al., 1989). The reason
for this has proven to be complex due to a large gene pool and
variable growing conditions. The flower sex ratio may be of
importance.

The mango is andromonoecious, which means that each
inflorescence bears both hermaphrodite and staminate flow-
ers. The staminate flowers predominate (Sedgley and Griffin,



cymes of three flowers each. In each cyme, the oldest flower
is at the apex. In a thyrse, the first order paracladia are
complex at their base. However these paracladia become
shorter and less complex toward the apex of the main axis. An
inflorescence of pyramidal form mostly has single dichasia
attached to the top-end of the of the main axis. The three-
flower dichasia all open basipetally. The apical flower is
usually perfect, and the two basal ones staminate. If this is the
arrangement in all dichasia, an ideal flower sex ratio of two
staminate flowers to every hermaphrodite flower would re-
sult.

According to Spencer and Kennard (1955), each mango
flower has the potential to be perfect, but may fail to express
femaleness due to genetic control. The variability in sex
expression in mango has been investigated by many re-
searchers (Majumder and Mukherjee, 1961). A gradual in-
crease in the percentage of hermaphrodite flowers has been
found to occur in moving towards the inflorescence apex from
its base. Randhawa and Damodaran (1961) and Chada and
Singh (1963) found that the percentage of hermaphrodite
flowers is positively correlated with yield.

The percentage hermaphrodite flowers found per inflores-
cence varies between cultivars. Factors which may addition-
ally influence sex expression, and therefore the sex ratio, are
rainfall, temperature, tree age, and position of the inflores-
cences on the tree (Pandey, 1988). Of these, temperature
appear to play the most prominent role. Low temperatures (10
- 15°C) during flowering usually give rise to a predominance
of staminate flowers (Pal and Chada, 1982; Tseng and Chang,
1983). Higher temperatures favour the occurrence of a higher
percentage of hermaphrodite flowers (Tseng and Chang,
1983).

It has been recorded in mango that the average number of
flowers per inflorescence varies from 200 to 4000 depending
on the cultivar, the cultural practices adopted, and the climatic
conditions experienced by the trees (Sen, 1962; Scholefield
and Oag, 1984; Chada and Pal, 1985). It was also found that
inflorescences tend to increase in size as trees age, the average
number of flowers amounting to more than 2000 per inflores-
cence once a certain age is attained.

As mango is a very important fruit crop, new and more
successful methods of increasing fruit quality and yield are
being sought. This study was conducted with the main aim of
determining the flower sex ratio of some of the established
commercial cultivars grown in South Africa. The effect of
deblossoming to delay flowering on the sex-ratio was also
investigated.

Whole inflorescences were collected at two farms, namely,
Mariepskop Estate near Hoedspruit, and Lisbon Estate near
Hazyview. At Mariepskop Estate, the trees are less than 10
years old. The trees used at Lisbon Estate are more than 10
years old. The number of flowers per inflorescence, and the
flower sex ratio was determined for a number of cultivars. The
flowers were separated according to sex and counted. A
comparison between older and younger trees regarding sex
ratio was made in Heidi.

In each cultivar, a single, large inflorescence having open
flowers was selected per tree. Maps showing the positions of
the staminate and hermaphrodite flowers on each inflores-
cence were drawn. The maps also show the nature of
paracladial ramification in the various cultivars.

To assess the effect of flowering time on flower sex ratio,
two randomized blocks experiments were laid out on Mariep-
skop Estate, one using Tommy Atkins, and the other using
Heidi. On Aug. 8,1994, the terminal shoots on five of the trees
in each group were pruned to remove the apical buds and
inflorescences present~ At the time of pruning, the inflores-
cences were in full-bloom. The axillary inflorescences that
subsequently developed on the pruned trees attained the full-
bloom stage in late September. Inflorescences were sampled
from each of the control trees at the time of pruning. Inflores-
cences were sampled from each of the pruned trees on Oct. 5.
Sampling was done to assess the number of perfect and
staminate flowers on each inflorescence. The number of fruit
per tree was counted in late Nov. 1994.

Table 1 shows the flower count data for the Heidi and
Tommy Atkins trees at Mariepskop. We were expecting the
sex ratio of Heidi to compare poorly with that of the other
cultivars studied. It was extraordinary to find that Heidi's sex
ratio was approximately 33 staminate flowers for each her-
maphrodite flower. It was also evident from the diagram of a
complete Heidi thyrse, that most of the hermaphrodite flowers
occurred terminally in this cultivar (Fig. 1). In Tommy Atkins,
the hermaphrodite flowers were more evenly distributed on
the thyrse (Fig. 2).

In comparing the inflorescences taken from three-year-old
Heidi trees at Mariepskop with those taken from older trees
on a neighbouring farm, it was found that the average sex ratio
in the older trees compared better (Table 2).

Table 1 Flower count for the inflorescences sampled at
Mariepskop Estate.

Av. no. of
flowerslinfl

Av. no. hermaph Av. % hermaph
flowerslinfl flowerslinfl

Tommy Atkins

Heidi

1027.2

976.6

716.8 69.78

28.8 2.95

Av. no. of Av. no. hermaph Av. % hermaph
Cultivar flowers/infl flowerslinfl flowerslinfl

Heidi < 6 years 976.6 28.8 2.95

Heidi> 10 years 746.3 48.8 6.54

Table 3 Flower sex ratio for the inflorescences on the
pruned and unpruned trees at Mariepskop.

Av. no. Av.% Av. sex
Cultivar and Av. no. of hermaph hermaph ratio male
treatment flowerslinfl flowers/infl flowerslinfl hermaph

Heidi
unpruned 976.6 28.8a 2.9 532.9: 1.0a

pruned 339.0 74.6b 22.0 3.5: l.Ob

Tommy Atkins
unpruned 1027.2 716.8c 69.7 81.0:2.31 c

pruned 355.2 44.2d 12.4 47.0: 1.0d

'Means within columns not sharing a common letter are significantly dif-
ferent at P < 0.05



Fig 1 Diagram of a Heidi thyrse. Open circles represent male flowers and closed circles represent hermaphrodite flowers.
Note that the first hermaphrodite flower occurs only on the 23rdfirst order paracladium.

Fig. 2 Diagram of a Tommy Atkins thyrse. Open circles represent male flowers and closed circles represent hermaphrodite
flowers. Note that all of the first order paracladia have hermaphrodite flowers. These flowers were more or less evenly spread
along the entire inflorescence.



Fig. 3 Diagram of a Sensation thyrse. Open circles represent male flowers and closed circles represent hermaphrodite flowers.
Although all of the first order paracladia have hermaphrodite flowers, these flowers are not so numerous in the lower third of
the inflorescence.

Table 4 Flower sex ratio for Heidi inflorescences sampled at
Mariepskop Estate.

Mariepskop Heidi Tommy Atkins

Heidi Heidi Heidi Mariepskop 32.9: 1 1: 2.32
(unpruned) (pruned) (pruned) Lisbon 17.38: 1 1.64: 1

Male: hermaph Male: hermaph Male: hermaph

130.3 : 1 10.56: 1 17.54: 1 Table 7 Average number offruit retained per tree.
103.0: 1 13.88 : 1 1.64 : I

Control Pruned
183.7: I 27.5 : I 3.45 : 1

Heidi 18.6a 7.4b
88.9: 1 184.7 : 1 4.86: 1

Tommy Atkins 28.0a l7.4b

53.3: 1 43.7: 1 4.95: 1

Table 6 Flower sex ratio of mango inflorescences sampled
at Mariepskop and Lisbon Estates.

Means within rows followed by a different letter are significantly different
atP<O.15

Table 5 Flower sex ration of inflorescences sampled at Lisbon Estate.

Lisbon

Heidi Tommy Atkins Sensation Kent Keitt

Male: Hermaph Male: Hermaph Male: Hermaph Male: Hermaph Male: Hermaph

15.85 : 1 1.27 : 1 1 : 3.72 1 : 6.75 1 : 1.22

16.37 : 1 2.58: 1 1: 4.12 2.92: 1 1.03 : I

18.52 : 1 1.20: 1 1 : 3.15 11.96 : 1 1 : 1.10

19.72 : 1 1.54: 1 1: 4.62 2.69: 1 1 : 7.1

Av. 17.68: 1 Av. 1.64 : 1 Av. 1: 3.98 Av. 2.27: 1 Av. 1 : 1.09



The tables presented do not give one a complete picture of
what was found. In Heidi, all of the hermaphrodite flowers
were found to occur at the apical end of the inflorescence
(Fig. 1). In Tommy Atkins, and more so in Sensation which
is a prolific bearer, the hermaphrodite flowers were evenly
spaced on the inflorescence (Figs. 2 and 3). These findings
have important implications in view of many farmers believ-
ing that the first group of flowers to open are the most fertile
and the most vigorous. It would seem that bees should be
placed in orchards during the entire flowering period in view
of positional differences occurring between cultivars con-
cerning flower types.

At Lisbon Estate we determined the sex ratio for Heidi,
Tommy Atkins, Sensation, Keitt, and Kent (Table 5). The
results indicate real differences between cultivars. We also
compared cultivars in different regions (Table 6). The sex
ratio differed in relation to region and cultivar. The two
cultivars, Heidi and Tommy Atkins, had similar flowering
periods. The differences can only be attributed to differences
in climatic conditions between the locations.

We tried to manipulate the flowering time of Heidi and
Tommy Atkins by deblossoming. The results for the pruned
and unpruned trees concerning flower sex ratio are shown in
Tables 3 and 4. Here, we recorded significant changes in the
flower sex ratio. We succeeded in improving the number of
hermaphrodite flowers in Heidi. Pruning had a negative effect
on sex ratio in Tommy Atkins, however. A reduction in
number of fruit retained was found in both Tommy Atkins and
Heidi after pruning (Table 7). The results found here probably
relate to the fact that conditions continued to remain cool well
into the month of October 1993 due to the recurrence of cold
fronts in the region.

The mango inflorescence is a thyrse and not a panicle. It
would appear that the sex ratio varies between cultivars, varies
between cultivars in different regions, varies in relation to tree
age, and varies between inflorescences on the same tree.
Knowledge of methods to manipulate the flower sex ratio
would be of paramount importance to the Mango Industry, as
well as to breeding programs designed to increase the quality
and yield of new cultivars.

The results of this preliminary study will be followed up.
Future work will also involve the spraying of trees with a
growth regulator or a combination of growth regulators.
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