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Abstract 

Mango (Mangifera indica) is a tropical fruit tree originated in Southeastern Asia, 
which is cultivated in regions with tropical and subtropical climates worldwide. Mango 
cultivation has significantly increased in the last decades, often spreading to areas 
where environmental conditions are not the most favorable for optimal fruit set. In this 
work, we describe the reproductive biology of mango in the coastal areas of Southern 
Spain, the furthest region from the equator where mango is produced commercially at 
a significant scale. As in other regions, mango trees produced several inflorescences 
per tree with hundreds to thousands of male and hermaphrodite flowers, depending 
on the cultivar, but only a very small percentage of the flowers are able to set fruits due 
to a massive drop of flowers and fruitlets. Although about half of the flowers in the 
inflorescence are male flowers and, consequently, contribute to this massive drop, a 
high proportion of the hermaphrodite flowers were not receptive to pollen 
germination. In receptive flowers, the characterization of the pollen tube pathway 
within the pistil showed chalazogamy. A detailed study of the ovules indicates that a 
high proportion of them showed degenerated embryo sacs, both before and after 
fertilization. Paternity analysis with molecular markers showed a high proportion of 
embryos resulting from self-pollination in orchards planted with a single cultivar. 
However, without pollination restrictions, the offspring shows a higher proportion of 
genotypes resulting from cross-pollination, suggesting preferential cross-fertilization. 
The variable response of this parameter, together to the variable proportion of 
hermaphrodite/male flower ratio, also obtained in response to environmental 
conditions, suggests a reproductive plasticity in this species.  
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INTRODUCTION 
Mango (Mangifera indica L.) is an evergreen tropical tree native from Southeastern Asia, 

where it was domesticated thousands of years ago, and still remains as an important crop. 
Mango cultivation has expanded from Asia to all tropical and subtropical regions of the world. 
Currently, mango is one of the five most economically important fruit crops together with 
bananas, oranges, grapes and apples, with an annual production over 40 million tons (FAO, 
2016). Increased mango cultivation and interest in this fruit in the last decades has resulted 
in its cultivation in areas where climatic conditions are not the best for optimal mango flower 
development and fruit set. An example is Southern Spain, the furthest region from the equator 
with a significant commercial mango production with a current extension of more than 3000 
ha (Magrama, 2015).  

Mango is a member of the Anacardiaceae, a family that includes other economically 
important crops as pistachio (Pistacia vera L.), cashew (Anacardium occidentale L.), ambarella 
(Spondias dulcis Frost.) or yellow and purple mombins (Spondias mombin L. and Spondias 
purpurea L., respectively). The genus Mangifera is composed of 70 species (Kostermans and 
Bompard, 1993) of which some of them, in addition to mango, are of local commercial 
importance (Bompard, 1993; Bally et al., 2009). However, despite the economic importance 
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of this crop, knowledge on the reproductive biology of this species is scarce. In this work the 
main factors limiting fruit set under the environmental conditions of Southern Spain are 
studied with the aim to understand and try to reduce the bottlenecks that limit fruit set in this 
species.  

 
MATERIALS AND METHODS 
 
Plant Material 

Experiments were carried out in four mango cultivars, ‘Osteen’, ‘Kent’, ‘Keitt’ and 
‘Kensington’, maintained in a mango germplasm collection at the IHSM la Mayora, Málaga 
(36°45’32’’N; 4°2’25’’W).  

 
Phenology studies 

To follow the pattern of flower opening, inflorescences were labelled and each day all 
the opened flowers were collected. Flower type (hermaphrodite or staminate), and flower 
position in the inflorescence (apical, medium and basal) was recorded. Also flower/fruit drop 
was controlled in another set of inflorescences by collecting daily the dropped flowers.  

 
Microscopy 

To study pollen tube kinetics, hermaphrodite flowers were collected in the field, carried 
to the laboratory and hand pollinated. Then, flowers were fixed in FAA at four hour intervals. 
Pistils were stained with 0.005% aniline blue in 0.15 M K3PO4 (O’Brien and McCully, 1981) 
and squashed. A Leica DM LB2 (Leica, Wetzlar, Germany) epifluorescent microscope with a 
340-380 excitation filter and LP 425 barrier filter was used. The number of pollen tubes in 
the stigma and in the upper, middle and basal sections of the style was counted. Pollen tube 
kinetics at the style was evaluated as the percentage of the style length traversed by the 
longest pollen tube. 

The pollen tube pathway in the ovary was studied in pistils hand-pollinated and daily 
fixed over five days in 2.5% glutaraldehyde in 0.03 M phosphate buffer (Sabatini et al., 1963), 
dehydrated in an ethanol series, and embedded in Technovic 7100 (Kulzer, Friedrichsdorf, 
Germany). Later, samples were sectioned at 2μm and stained with periodic acid-Shiff’s 
reagent (PAS) (Feder and O’Brien, 1968) and observed with a brightfield microscope. 

 
Pollen number, viability and germination 

To record the number of pollen grains per anther, anthers were collected from ‘Osteen’, 
‘Kent’ and ‘Keitt’ genotypes. Both male and hermaphrodite flowers were used. The anthers 
were fixed in 3:1 (v1/v2) ethanol/acetic acid. Then, 20 anthers were placed in 100μL distilled 
water with a drop of soap and transferred to a 1.5mL microtube where they were pressed to 
the microtube walls with a pellet pestle. The number of pollen grains was counted with the 
help of a haemocytometer, counting pollen grains under a brightfield microscope in the 
diagonal squares. 

To evaluate pollen viability and in vitro germination, flowers were collected from 
‘Osteen’, ‘Kent’ and ‘Keitt’ before anther dehiscence from 9 to 11a.m. Flowers were kept in the 
laboratory at room temperature and high relative humidity until anther dehiscence. Then, 
anthers were removed and placed on 35 mm Petri dishes containing 2mL of liquid 
germination medium following a modification of Sukhvibul et al. (2000), changing the 
concentration of sucrose and polyethylene glycol. To examine pollen viability, a drop of 
fluorescein diacetate at 2mg/mL  was added to the germination medium (Heslop-Harrison 
and Heslop-Harrison, 1970). Then, Petri dishes were observed under a fluorescent 
microscope. To evaluate pollen germination, other Petri dishes with pollen and the 
germination medium were incubated 24 hours, after the number of germinated pollen grains 
was counted. Pollen was considered as germinated when the length of the pollen tube was 
longer than the grain diameter. 
DNA extraction and paternity analysis 
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To perform paternity analyses, mango ripe fruits were collected in two orchards: a 
germplasm collection with different genotypes that could act as pollen donors and a 
commercial orchard, with two opposite single-variety blocks. Then, mango fruits were 
opened and embryos dissected. DNA from the embryos was extracted using the method 
reported by Hormaza (2002). PCR amplifications were performed according to Viruel et al. 
(2005), using the following temperatures: a step of one minute at 94°C followed by 35 cycles 
of 30s at 94°C, 30s at 50°C of annealing temperature and an extension step of five minutes at 
72°C. PCR amplified fragments were analysed by capillary electrophoresis in a CEQTM 8000 
capillary DNA analysis system (Beckman Coulter, Fullerton, CA, USA). LMMA6, LMMA7, 
LMMA8, LMMA9, LMMA10, LMMA11 and LMMA15 primers were used for paternity analysis 
in the multivarietal orchard and LMMA9, LMMA10, LMMA11 in the monovarietal orchard 
(Viruel et al., 2005). Paternity analyses were performed with Cervus 3.0 software (Marshall 
et al., 1998; Kalinowski et al., 2007). 

 
RESULTS AND DISCUSSION 

Reproductive biology in mango was studied with the aim to elucidate the main 
bottlenecks that limit fruit set in this crop. The results obtained show that different factors, 
such as the proportion of hermaphrodite flowers in the inflorescence, the development of the 
reproductive female structures, the interaction between the female sporophyte and the male 
gametophytes, pollen performance and fruit development, are involved in fruit set in mango. 

 
Andromonoecy in mango 

Mango inflorescences are composed thirsoids with a high number of hermaphrodite 
and staminate flowers. The proportion of both types of flowers depends on the genotype and 
the environmental conditions, especially temperature (Singh, 1954; Singh et al., 1966; 
Abourayya et al., 2011). Results obtained with ‘Kent’ (n=20 inflorescences) showed that 
approximately 50% of the flowers are staminate (staminate 258 ± 29,66; hermaphrodites 242 
± 21,77). Consequently, less than half of the flowers in an inflorescence can produce fruits. A 
greater proportion of hermaphrodite flowers were located at the top of the inflorescence 
(63%).  

 
Pollen performance 

Mango male and hermaphrodite flowers have one or two anthers per flower depending 
on the genotype (Mukherjee, 1997). Mango pollen grains measure approximately 25m in 
diameter. The results show differences in the number of pollen grains per anther, depending 
on the cultivars, but within the range recorded for other cultivars in other growing areas 
(Gehrke-Vélez et al., 2011). The highest numbers were recorded in ‘Kent’ and the lowest in 
‘Osteen’. No differences were found between the number of pollen grains in the two types of 
flowers: hermaphrodite or staminate. The number of pollen grains ranged from 578 to 981 in 
male flowers and from 625 to 1266 in hermaphrodite flowers. Pollen viability was high and 
pollen germinated properly in the three cultivars: ‘Osteen’ (97%; 52%), ‘Kent’ (97%; 53%), 
and ‘Keitt’ (94%; 68%). 

 
Pollen-pistil interaction 

Hermaphrodite mango flowers have a short style and only one anatropous ovule per 
flower (Robbertse et al., 1986). Following pollination, pollen grains germinated and pollen 
tubes grew through the transmitting tissue of the style, where a reduction in pollen tube 
number was observed. In most circumstances, just one pollen tube reached the base of the 
style 24 hours after pollination. The pollen tube then faced the ponticulus, a structure that 
bridges the ovary and the ovule (Joel and Eisenstein, 1980), entered the ovule through the 
chalaza (Maheshwari, 1950), bordered the embryo sac, and penetrated in the basal area of 
the embryo sac where the synergids and egg cell are located. Following fertilization, a good 
proportion of the ovules degenerated, but degeneration was also observed in unfertilized 
ovules.  
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Preferential cross-fertilization 
Mango fruit drop due to a putative incompatibility system has been proposed and 

supported by several authors (Singh et al., 1962; Mukherjee et al., 1968; Sharma and Singh, 
1970; Ram et al., 1976; Gehrke-Vélez et al., 2012). To check if an incompatibility system is 
operating in the varieties studied in this work, a paternity analysis was performed using 
microsatellite markers in fruits harvested in a multivarietal and in a monovarietal orchard. 
Paternity analysis with ‘Osteen’ and ‘Kent’ in the multivarietal orchard showed a high 
outcrossing rate, 95% and 52%, respectively. However, in the monovarietal orchard, in which 
two opposite single variety blocks were planted, one with ‘Osteen’ and the other with ‘Keitt’, 
only 21% and 24% of outcrossing rate was obtained, respectively. These results point out that 
when foreign pollen is available outcrossing is favoured, but self-fertilization is still possible.  
 
CONCLUSIONS 

Different factors can play a role in limiting fruit set in mango. First, only a small flower 
percentage has capacity to produce fruits in the inflorescence, reducing the likelihood of 
success. Of the pollen grains that  arrive to the stigma, few can reach the ovule inside the 
ovary. Finally, there is a preference for cross-fertilization. A better control of these and other 
factors could reduce the strong flower and fruit drop in this species helping to increase final 
yield. 
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