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Abstract 17 

Previous studies in mango (Mangifera indica) had reported how low pollen viability can 18 

reduce yields. In this work, an improved in vitro pollen germination method for mango is 19 

used to assess germination range at different environmental conditions. Since mango is 20 

an andromonoecious species, pollen performance was studied in hermaphrodite and male 21 

flowers. The results showed a similar number of pollen grains per anther and pollen 22 

viability and germination between the two mango flower morphs. Pollen germination was 23 

also studied at different temperature conditions, and results showed that percentage of 24 
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pollen germination improved along the flowering season with increasing temperatures. 25 

Pollen germination at controlled temperatures slowed down at low temperatures. 26 

Differences were found between genotypes in pollen behavior at different temperatures 27 

opening the possibility of selecting mango genotypes with pollen more adapted to cold 28 

temperatures, especially for subtropical conditions. 29 

 30 

Keywords 31 
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 33 

1. Introduction 34 

Mango (Mangifera indica L., 2n = 40), a woody perennial species originating from South 35 

Asia (Mukherjee, 1972), belongs to the Anacardiaceae in the Sapindales, an order with 36 

mainly a tropical or subtropical distribution, with a few species in temperate regions. The 37 

family contains over 800 species classified into 70 genera (Bompard, 2009) and includes 38 

other cultivated fruit tree species such as pistachio (Pistacia vera L.), cashew 39 

(Annacardium occidentale L.), ambarella (Spondias dulcis Forst.), or yellow and purple 40 

mombins (Spondias mombin L. and Spondias purpurea L.). The genus Mangifera 41 

contains about 70 species mostly restricted to tropical Asia (Kostermans and Bompard, 42 

1993). Total world mango production has reached about 50 million tons in 2017 43 

(FAOSTAT, 2019) making mango one of the five most important fruit crop worldwide 44 

(together with bananas, oranges, grapes and apples). A few countries (India, China, 45 

Kenya, Thailand, Indonesia, Mexico and Pakistan) account for over 75% of mango 46 

production worldwide (FAOSTAT, 2019).  47 
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In addition to the traditional production of mango under tropical conditions, there is an 48 

increasing interest to expand the range of cultivation of this crop to regions with 49 

subtropical climates (Galán-Saúco, 2009), with clear different environmental conditions 50 

than those from the area of origin of this species. The mean optimal temperature for 51 

mango ranges between 24-30ºC (Galán-Saúco, 2009), and this species has proven to be 52 

more sensitive to cold than to warm temperatures. Mango trees can tolerate for short 53 

periods temperatures close to 50ºC (Mukherjee, 1953), but trees are usually damaged after 54 

a few hours below 0ºC (Campbell et al., 1977). However, when temperature is lower than 55 

15ºC, a number of problems have been reported, such as the inhibition of vegetative 56 

development (Davenport, 2003; Galán-Saúco, 2009). 57 

Nevertheless, probably, the most sensitive process to relatively low temperatures in 58 

mango seems to be the reproductive process with a decrease in pollen viability (de Wet 59 

et al., 1989; Issarakraisila et al., 1992; Issarakraisila and Considine, 1994), pollen 60 

germination (Dag et al., 2000; Sukhvibul et al., 2000), fertilization failure (Sukhvibul et 61 

al., 2000; Huang et al., 2010), and embryo abortion (Lakshminarayana and Aguilar, 62 

1975). Indeed, in plants in general, the reproductive phase is highly sensitive to 63 

temperature stresses (Hedhly et al., 2005b; 2009; Thakur et al., 2010; Zinn et al., 2010; 64 

Hedhly, 2011) and temperature is a clear limiting factor for the geographical expansion 65 

of most plant species and crops (Saxe et al., 2001; Hall, 2010). Temperature plays an 66 

important role in the development of male and female reproductive structures and 67 

processes (Young et al., 2004; Hedhly et al., 2005a; 2009; Hedhly, 2011) especially 68 

during meiosis, which is the most sensitive phase (Young et al., 2004; Hedhly, 2011). 69 

After gamete formation, during the progamic phase, which takes place from pollination 70 

to fertilization (Linskens, 1975), temperature affects pollen germination and stigmatic 71 

receptivity (Hedhly et al., 2003), pollen tube kinetics (Lewis, 1942; Hedhly et al., 2005a; 72 
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2005b) and the effective pollination period (Sanzol and Herrero, 2001; Hedhly, 2011). 73 

Moreover, temperature also influences additional factors involved in reproductive 74 

success, such as pollinator activity, which is necessary for an adequate pollination in 75 

entomophilous species (Arroyo et al., 1985). 76 

Mango is an andromonoecious species (Maheshwari, 1934), with hermaphrodite and male 77 

flowers in the same inflorescence (Bertin, 1982) with a variable proportion of male and 78 

hermaphrodite flowers depending on the genotype and temperature (Singh, 1954; Singh 79 

et al., 1966; Abourayya et al., 2011). Andromonoecy occurs in a reduced proportion 80 

(1.7%) of angiosperms, in about 4000 species, since most angiosperms have 81 

hermaphrodite flowers, or present a dioecious reproductive system (Yampolsky and 82 

Yampolsky, 1922). The presence of different floral sexual morphs in the same tree has 83 

been reported in different tropical fruit trees (Ruiz Zapata and Arroyo, 1978), as cashew, 84 

litchi or longan (Wunnachit and Sedgley, 1992; Davenport et al., 2005, Pham et al., 2015), 85 

and in other species of agronomic interest such as olive (Cuevas and Polito, 2004; Rosati 86 

et al., 2011), caper (Zhang and Tan, 2009), pomegranate (Wetzstein et al., 2011), or melon 87 

(Poole and Grimball, 1939; Noguera et al., 2005). In mango, hermaprodite and male 88 

flowers have one single functional anther, sometimes two depending on the genotype, per 89 

flower that produce pollen. But little is known on pollen performance in these different 90 

flower morphs.  91 

An increasing concern for temperature increase in different areas of the world due to 92 

global warming (Hedhly et al., 2009) is prompting research to select temperature tolerant 93 

genotypes that can yield crops in areas with different conditions from their area of origin 94 

(Hall, 2010). These areas also provide an excellent opportunity to evaluate the limits of 95 

the species regarding temperature and bring out genotypic differences between cultivars, 96 

reflecting their adaptability to limiting environmental conditions. Indeed, the South of 97 
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Spain at latitude 36º N is the farthest region from the equator with a significant 98 

commercial mango production in the world (Mukherjee, 1997; Calatrava and Sayadi, 99 

2005). Information from this region situated in the environmental limits of mango 100 

cultivation can also help to improve crop establishment in other regions with temperate 101 

climates. The aim of this work is to evaluate pollen performance under these limiting 102 

conditions. This main goal is developed along three steps: a) to optimize an in vitro mango 103 

pollen germination medium, b) to analyze pollen performance in hermaphrodite and male 104 

flowers, and c) to understand the effect of temperature in pollen germination.  105 

 106 

2. Material and methods 107 

 108 

2.1. Plant material 109 

Mango trees of the cultivars ‘Kensington’, ‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’ located 110 

in a mango cultivar and rootstock collection at IHSM-La Mayora in Algarrobo-Costa 111 

(Málaga, Spain) (36º 45’ N; 4º 2’ W; 35 m above sea level) were used in this work. As a 112 

first step, flowers from ‘Kensington’, ‘Osteen’ and ‘Kent’ were used to optimize an in 113 

vitro pollen germination medium for mango. 114 

 115 

2.2. Optimization of an in vitro pollen germination medium  116 

Fresh flowers collected in the morning in the field were kept in Petri dishes placed on top 117 

of wet filter paper in a tray covered with an aluminum foil, as a humid chamber, in order 118 

to keep them under a high relative humidity and maintain flower turgidity. Since each 119 
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mango flower of these varieties has only one functional stamen, pollen from 25 just 120 

dehisced anthers, from 25 flowers, were placed in a 35 mm diameter Petri dish with 2 mL 121 

of liquid germination medium. Pollen was removed from the anthers and distributed in 122 

the germination medium using a disposable Pasteur pipette by suction-expulsion 123 

movements.  124 

We started the experiments with a germination medium consisting of 20% sucrose, 15% 125 

PEG 4000, 0.2 gL-1 MgSO4, 0.1 gL-1 KNO3, 0.1 gL-1 H3BO3, 0.7 gL-1 Ca(NO3)2 126 

(Sukhvibul et al., 1999, excluding N-morpholino ethanesulfonic acid). However, since we 127 

obtained a high percentage of burst pollen grains, we tried different concentrations of 128 

polyethylene glycol (PEG) and sucrose, both involved in the regulation of osmotic 129 

process and prevention of pollen grain bursting. Thus, following Alcaraz et al. (2011) we 130 

modified the concentrations of PEG and sucrose evaluating the effect of PEG 8000 at 131 

15%, 20%, 23% and 25% and sucrose at 10%, 15% and 20%. 132 

Following incubation for 24 hours at 20ºC, pollen germination was observed using a 133 

Leica DML microscope. For each different concentrations of sucrose and PEG, two Petri 134 

dishes were analyzed, scoring germinated pollen grains in each one from at least 200 135 

pollen grains. Pollen was considered germinated when the pollen tube length was equal 136 

or longer than the diameter of the pollen grain. 137 

 138 

2.3. Pollen counting in hermaphrodite and male flowers 139 

Along the flowering season, anthers of hermaphrodite and male flowers from 140 

‘Kensington’, ‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’ (Figure 1) were fixed in ethanol: 141 

acetic acid (3:1). Anthers were collected at anthesis, the day of flower opening, and prior 142 

to anther dehiscence. After that, 20 fixed anthers were placed in a 1.5mL tube with 100μl 143 
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distilled water that contain a small drop of detergent. The detergent was used to avoid the 144 

clustering of the pollen grains in the hemocytometre. The anthers were pressed gently to 145 

the tube walls with a stick to release the pollen grains. Then, a drop of the solution was 146 

placed in a hemocytometre and covered with a coverslip (modified of Niesenbaum, 1992). 147 

Pollen grains of the four big squares of the hemocytometre diagonal were counted with 148 

between 10 to 17 replicates for each genotype and flower type. 149 

 150 

2.4. Pollen viability and germination in hermaphrodite and male flowers. 151 

Pollen viability and germination was analyzed in ‘Kensington’, ‘Ataulfo’, ‘Osteen’, 152 

‘Kent’ and ‘Keitt’ in both flower morphs: hermaphrodite and male flowers. Pollen 153 

viability and germination were evaluated using pollen from freshly opened flowers at 154 

anthesis, with pollen pre-hydrated in a humid chamber. 155 

To assess pollen viability, fresh pollen from 25 anthers of each flower type were placed 156 

in a 35mm diameter Petri dish with the optimized in vitro pollen germination medium 157 

and a drop of fluorescein diacetate (FDA) in acetone (2mg/mL) (Heslop-Harrison and 158 

Heslop-Harrison, 1970). After 15 minutes in the dark, viable pollen grains were counted 159 

in a Leica DN LB2 epifluorescent microscope (Leica, Wetzlar, Germany). Viable pollen 160 

fluoresce bright yellow-green and no viable pollen show only exine autofluorescence. 161 

Two replicates were performed in each flower morph and genotype, counting a minimum 162 

of 200 pollen grains per dish.  163 

To evaluate pollen germination, fresh and pre-hydrated pollen was germinated in the 164 

optimized medium. For each floral morph and cultivar, pollen from 25 flowers was used. 165 

Small Petri dishes were incubated for 24 hours under each environmental condition. 166 

Pollen germination was observed using an optical Leica DML microscope, counting a 167 
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minimum of 200 pollen grains per Petri dish. Pollen grains were recorded as germinated 168 

when pollen tube length was equal or longer than the diameter of the pollen grain. 169 

 170 

2.5. Temperature effect on in vitro pollen germination 171 

The effect of temperature on pollen germination was studied in three cultivars 172 

‘Kensington’, ‘Osteen’ and ‘Kent’. Experiments were performed along the flowering 173 

season that, under the environmental conditions of Southern Spain, takes place from April 174 

to June. 175 

Flowers were collected in the field at anthesis, but prior to anther dehiscence, from 9:00 176 

to 11:00 a.m., and were brought to the laboratory. The effect of temperature on in vitro 177 

pollen germination was evaluated following the optimized germination medium 178 

developed in this work.  179 

We performed two experiments: one to evaluate the effect of temperature in the field 180 

during the flowering season and another to evaluate pollen germination at controlled 181 

temperatures (10ºC, 20ºC and 30ºC) in growth chambers.  182 

For the first experiment, flowers of ‘Kensington’ and ‘Osteen’ were collected daily for 183 

four weeks during the flowering season, May to June. To relate pollen germination with 184 

temperature during pollen development, a data logger (HOBO pro v2 ± 0.2ºC) was 185 

installed in the field and set up to control temperature every 30 minutes. Pollen from 186 

freshly opened flowers was incubated for 24 hours. 187 

For the second experiment, the effect of temperature on pollen germination was studied 188 

under controlled temperature chambers at 10ºC, 20ºC and 30ºC, and at room temperature 189 

(25ºC). The temperature treatments were performed in Aralab FitoClima S600 (Rio de 190 
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Mouro, Portugal) growth chambers. This was evaluated with pollen from ‘Osteen’, 191 

‘Kensington’ and ‘Kent’. For each cultivar two Petri dishes were incubated for 24 hours 192 

at each temperature.  193 

 194 

2.6. Statistical analysis 195 

To test significant differences between cultivars (number of pollen grains, pollen 196 

viability, pollen germination, pollen germination in the field during the flowering season 197 

and pollen germination at controlled temperatures) an ANOVA test was applied and post 198 

hoc analyses were done using the Turkey HSD test. Differences between flower types (in 199 

the number pollen grains, pollen viability and pollen germination) were compared 200 

applying a General Lineal Model (GLM). In all cases, percentages of germinated pollen 201 

grains were also arcsine-transformed prior to analysis. All statistical analyses were 202 

performed using SPSS 19.00 (IBM Cop., Armonk, NY). 203 

 204 

3. Results 205 

3.1. Optimization of an in vitro pollen germination medium for mango 206 

Pollen germination of ‘Kensington’, ‘Osteen’ and ‘Kent’ was assessed in 12 germination 207 

media with different concentrations of sucrose and polyethylene glycol (PEG): 10%, 15% 208 

and 20% sucrose; and 15%, 20%, 23% and 25% PEG. The results showed differences in 209 

pollen germination between the cultivars studied (Figure 2, a). The best pollen 210 

germination for the three genotypes was obtained with a concentration of 15% sucrose 211 

and 23% PEG. Germination failure was related to pollen bursting. Thus, burst pollen 212 

grains were higher in the germination media with lower sucrose and PEG concentrations, 213 
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and decreased as PEG and sucrose concentrations increased (Figure 2, b). Consequently, 214 

the best pollen germination was obtained with a germination medium consisting of 15% 215 

sucrose, 23% PEG 8000, 0.1gl-1 KNO3, 0.2 gl-1 MgSO4 7H2O, 0.1gl-1 H3BO3, 0.7 gl-1Ca 216 

(NO3) 4H2O.  217 

 218 

3.2. Pollen performance in hermaphrodite and male flowers  219 

To evaluate differences in pollen performance between hermaphrodite and male 220 

flowers, the number of pollen grains, pollen viability and pollen germination were 221 

compared in these two types of flowers (Figure 1).  222 

The number of pollen grains in the single anther of different flowers was counted. A 223 

large variability was found between flowers of each cultivar. ‘Ataulfo’ was the cultivar 224 

with the lowest number of pollen grains per anther (464 ± 32 for hermaphrodite and 379 225 

± 19 for male flowers), and ‘Keitt’ the cultivar with the highest number of pollen grains 226 

per anther (1267 ± 109 for hermaphrodite and 981 ± 46 for male flowers). Intermediate 227 

values were registered in ‘Kent’ (898 ± 100 for hermaphrodite and 825 ± 45 for male 228 

flowers), ‘Kensington’ (585 ± 39 for hermaphrodite and 651 ± 28 for male flowers) and 229 

‘Osteen’ (626 ± 49 for hermaphrodite and 578 ± 41 for male flowers) (Figure 3). 230 

Overall, the number of pollen grains per anther was slightly higher in hermaphrodite 231 

than in male flowers, but these differences were only significant in ‘Ataulfo’ (P<0.05) 232 

and ‘Keitt’ (P<0.01).  233 

Pollen viability and germination were also compared in hermaphrodite and male flowers 234 

in the five cultivars: ‘Kensington’, ‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’. Pollen 235 

viability (Figure 4, a) was higher than 85% for all the cultivars with slight differences 236 

between cultivars (P<0.001). Slight differences were also observed in pollen viability 237 
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between male and hermaphrodite flowers although they were only significant for 238 

‘Ataulfo’ (85% in male and 93% in hermaphrodite flowers, P<0.001). 239 

Pollen germination (Figure 4, b) showed differences between genotypes (P<0.001). 240 

‘Keitt’ had the highest percentage of germination (81%), followed by ‘Kensington’ 241 

(70%), ‘Osteen’ (53%), ‘Kent’ (53%), and ‘Ataulfo’ (48%). No significant differences 242 

were observed for the interaction between genotype and flower type.  243 

 244 

3.3. Changes in pollen germination along the flowering season 245 

Weekly pollen germination was highly variable, ranging from 41% to 68% for 246 

‘Kensington’, and from 38% to 58% for ‘Osteen’. While ‘Kensington’ showed overall 247 

higher pollen germination (60%) than ‘Osteen’ (46%), in both cultivars pollen 248 

germination and temperature followed a similar pattern (Figure 5). Pollen germination 249 

was lower during the first week of the flowering season, with minimum temperatures 250 

close to 10ºC. In the second week, with higher minimum temperatures, pollen 251 

germination increased significantly for ‘Kensington’, but not for ‘Osteen’. In the third 252 

week, with maximum temperatures above 25ºC, pollen germination increased 253 

significantly also for ‘Osteen’. In addition, the highest germination rates were obtained 254 

for both cultivars in the fourth and final flowering week, with minimum temperatures 255 

over 15ºC. Significant differences were found for both genotypes between weeks, 256 

‘Kensington’ (P<0.001) and ‘Osteen’ (P<0.001). 257 

 258 

3.4. The effect of controlled temperatures in pollen germination  259 
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The three cultivars showed differences in pollen germination at room temperature (25ºC): 260 

‘Kensington’ (67%), ‘Osteen’ (45%) and ‘Kent’ (58%). Pollen germination at different 261 

controlled temperatures showed that the three cultivars performed well at 20ºC and 30ºC 262 

(Figure 6), although at 30ºC pollen germination was slightly higher and pollen tubes were 263 

longer. Pollen germination was significantly constrained at 10ºC for the three cultivars 264 

compared to the other temperatures (‘Kensington’, P < 0.01; ‘Osteen, P < 0.01; ‘Kent’, P 265 

< 0.01). However, differences were observed among cultivars. While ‘Osteen’ and ‘Kent’ 266 

had a very poor performance at 10ºC, ‘Kensington’ was the cultivar with the highest 267 

germination percentage at that temperature, although with poor pollen tube growth. This 268 

cultivar also showed higher pollen germination at all temperatures compared to ‘Osteen’ 269 

and ‘Kent’.  270 

 271 

4. Discussion 272 

The optimization of a germination medium for mango allowed the evaluation of pollen 273 

germination of different mango genotypes and the effect of temperature on pollen 274 

germination.  275 

 276 

4.1. Optimization of the in vitro pollen germination medium for mango 277 

Different in vitro pollen germination media were tested in mango after poor results with 278 

some of the germination media reported before (Sukhvibul et al., 1999; 2000, Khan and 279 

Perveen, 2009, and Huang et al., 2010). Since in most entomophilous species, such as 280 

mango, pollen grains are usually bound together to optimize insect transport (Pacini and 281 

Franchi, 1993), we used a liquid medium to facilitate the separation of the individual 282 
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pollen grains. The medium was optimized by modifying sucrose and polyethylene glycol 283 

concentrations to prevent pollen grain bursting. Both sucrose and polyethylene glycol are 284 

involved in the osmotic regulation (Visser, 1955; Shivanna and Sawhney, 1995), playing 285 

a role in pollen grain bursting (Vasil, 1987); in addition, sucrose also plays an important 286 

nutritive role for pollen tube growth. We started as a control with the germination medium 287 

previously used in mango (Sukhvibul et al., 1999; 2000) and modified the PEG and 288 

sucrose concentrations following the results of Alcaraz et al. (2011) in avocado. The 289 

modifications performed resulted in higher pollen germination percentages with reduced 290 

pollen bursting, and the germination medium developed was suitable for pollen 291 

germination of the three cultivars of mango evaluated.  292 

 293 

4.2. Pollen and andromonoecy in mango. 294 

In mango, both hermaphrodite and male flowers have anthers with the capacity to produce 295 

pollen, although only hermaphrodite flowers can produce fruits. In order to study if 296 

differences are present in pollen from the two types of flowers, the number of pollen 297 

grains per anther, pollen viability and germination were analyzed in five mango cultivars. 298 

Small differences were observed between the pollen from male or hermaphrodite flowers 299 

in the cultivars analyzed. Our results showed that the number of pollen grains in 300 

hermaphrodite flowers was only slightly higher in all the cultivars analyzed except 301 

‘Kensington’, which was the only genotype with slightly higher number of pollen grains 302 

in male flowers. However, significant differences were only obtained for two genotypes 303 

of the five analyzed (‘Ataulfo’ and ‘Kent’). A similar study carried out in ‘Ataulfo’ in 304 

seven localities in Mexico showed a significantly higher number of pollen grains in 305 

hermaphrodite flowers (average 913 pollen grains/anther) than in male flowers (average 306 
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643 pollen grains/anther) (Gherke-Vélez et al., 2011). This higher number of pollen 307 

grains in hermaphrodite flowers could be related to the possibility that hermaphrodite 308 

flowers have more nutritive reserves at anthesis since they will have to set fruits, allow 309 

also a better development of the anther. Results in avocado, a species, similarly to mango, 310 

with a very low flower to fruit ratio, showed significant differences in nutritive reserves 311 

between flowers with flowers with the highest reserves being more likely to produce fruits 312 

(Alcaraz et al., 2010; 2013).  313 

Pollen viability was high in all the cultivars studied for both flower types. Only in 314 

‘Ataulfo’ lower pollen viability was observed in male flowers, although that was not 315 

reflected in differences in pollen germination. Similar results have been reported in 316 

pomegranate where similar pollen germination was observed between bisexual and 317 

functionally male flowers (Wetzstein et al., 2011). Consequently, our results in mango 318 

support that differences in pollen germination are present between cultivars but not 319 

between flower morphs. A similar genotype-dependent pollen germination has been 320 

previously reported for mango by Duta et al (2013).  321 

 322 

4.3. Pollen germination along the flowering season 323 

Although pollen germination was variable along the flowering season for two cultivars 324 

studied, ‘Osteen’ and ‘Kensington’, we observed an increase in pollen germination at the 325 

end of the flowering season in both cultivars. This increase corresponded with an increase 326 

in temperatures. Similar results have been reported for ‘Kensington’, in which pollen 327 

viability increased along the flowering season (Issarakraisila et al., 1992). Other studies 328 

in regions with subtropical climates have also shown a negative effect of low temperatures 329 

on pollen development and viability (Issarakraisila and Considine, 1994; Sukhvibul et al., 330 
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1999; Dag et al., 2000; Sukhvibul et al., 2000; Huang et al., 2010; Gaurang et al., 2015). 331 

Recently the effect of low temperatures on pollen development in mango was related to 332 

problems in pollen wall development (Lora and Hormaza, 2018).  333 

The results obtained in this work support the hypothesis that temperatures under 15ºC 334 

restrict pollen germination in mango (Issarakraisila and Considine, 1994; Sukhvibul et 335 

al., 2000, Huang et al., 2010) and could be a key parameter to consider when expanding 336 

mango cultivation to new regions. This situation is often encountered in the growing area 337 

where the experiments were performed. Thus, at the beginning of the flowering season 338 

minimum temperatures were close to 10ºC. Additional factors, such as the possibility of 339 

a better flower quality at the end of the flowering season, should not be discarded.  340 

4.4. Pollen germination under controlled temperature conditions  341 

In order to study the possible differential behavior of pollen from different cultivars, 342 

pollen performance was studied at controlled temperatures. The results showed that low 343 

temperatures affect pollen germination in the three cultivars studied (‘Kent’, ‘Osteen’ y 344 

‘Kensington’) confirming the results obtained under field conditions. At 10ºC pollen 345 

germination was reduced and also pollen tubes grew shorter. Within the optimal range of 346 

temperature for mango tree development (24-30ºC; Galán-Saúco, 2009), we observed an 347 

adequate pollen germination. These results were consistent with previous work of pollen 348 

germination both in vitro (Sukhvibul et al., 1999; 2000; Huang et al., 2010) and in vivo 349 

(de Wet et al., 1989; Dag et al., 2000). Optimal temperatures for mango pollen 350 

germination were similar to those reported for some subtropical fruit tree species, such as 351 

25-30ºC for avocado (Alcaraz et al., 2011), or 30ºC for lychee (Stern and Gazit, 1998) or 352 

23-24ºC for longan (Pham et al., 2015). 353 
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Pollen performance was different for the three cultivars studied. While pollen germination 354 

was reduced at 10ºC for all the cultivars, ‘Kensington’ maintained higher pollen 355 

germination at that temperature than the other two cultivars. In a previous report, 356 

Sukhvibul et al., (2000) also found an acceptable pollen germination at this temperature 357 

for this genotype. This could reflect a different adaptation to cold temperatures at 358 

flowering between the different cultivars. A genotype dependent response to temperature 359 

has also been reported in other species as pistachio (Acar and Kakani, 2010), avocado 360 

(Alcaraz et al., 2011), peach (Hedhly et al., 2005a), longan (Pham et al., 2015) or sweet 361 

cherry (Hormaza and Herrero, 1999; Hedhly et al., 2004), suggesting that significant 362 

differences in pollen response to low temperatures can be found among different 363 

genotypes of the same species. These differences could reflect the adaptation to different 364 

flowering times of the different cultivars as it has been shown in pistachio (also a member 365 

of the Anacardiaceae), where early flowering cultivars have higher germination rates at 366 

low temperatures than late cultivars (Polito et al., 1988). Differences between genotypes 367 

in reproductive performance should be taken into account to select the best genotypes for 368 

each geographic area (McKee and Richards, 1998). Studies in tomato showed that genes 369 

involved in low resistance to low temperature are expressed by the haploid pollen (Zamir 370 

et al., 1981; 1982; Clarke et al., 2004) and similar results were obtained for high 371 

temperatures in cotton (Rodriguez-Garay and Barrow, 1988), giving support to the ideas 372 

that these difference could be used in breeding programs (Hormaza and Herrero, 1992; 373 

1996; Hedhly, 2011).  374 

Taken together the field and control temperature experiments, it appears clear that low 375 

temperature has an effect on mango pollen viability and also that there is a differential 376 

genotypic response. This opens a way to understand temperature limit conditions at 377 

flowering for mango providing a basis for cultivar selection for these suboptimal 378 
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conditions. Additional work is underway to analyze the implications of these observations 379 

on final fruit set under field conditions. 380 
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Figure 1. Mango flower types: hermaphrodite (⚤) and male (♂) of ‘Kensington’, 563 

‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’. Pistil (pt) and stamen (st). Bar = 2mm.  564 

 565 

 566 

 567 

Figure 2. Effect of varying concentration polyethylene glycol (PEG) and sucrose (SUC) 568 

in a liquid medium on three mango cultivars (‘Kensington’, ‘Osteen’ and ‘Kent’): a) 569 

percentage of pollen germination (+) indicates the relation PEG and SUC with a higher 570 

pollen germination b) percentage of burst pollen grains in the 12 germination media. Bars 571 

represent mean ± SE. 572 

 573 

 574 

 575 
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 576 

 577 

 578 

Figure 3. Number of pollen grains per anther, in hermaphrodite and male flowers, in five 579 

different mango cultivars: ‘Kensington’, ‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’. 580 

Significant differences between cultivars are shown with different letters, and significant 581 

differences between type of flowers are indicated with (*), in both cases when p<0.05. 582 

Bars represent mean 25% of the values.  583 

 584 
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 585 

Figure 4. Pollen viability (a) and pollen germination (b), in hermaphrodite and male 586 

flowers in five mango cultivars (‘Kensington’, ‘Ataulfo’, ‘Osteen’, ‘Kent’ and ‘Keitt’). 587 

Significant differences between genotypes are expressed with different letters, and 588 

significant differences between type of flower are indicated with (*), in both cases when 589 

p<0.05. Bars represent ± SE. 590 

 591 

 592 

Figure 5. Relationship between pollen germination and minimum, maximum and average 593 

weekly temperatures recorded for two mango cultivars: a) ‘Kensington’, and b) ‘Osteen’. 594 

Differences in pollen germination for each week are expressed with different letters 595 

(p<0.05). Error bars ± SE of germination percentage.  596 
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 598 

 599 

Figure 6. Pollen germination at controlled temperatures: 10ºC, 20ºC and 30ºC in three 600 

mango cultivars: ‘Kensington’, ‘Osteen’ and ‘Kent’. Differences in germination 601 

percentages for each cultivar at the same temperature are shown in lowercase letters; same 602 

letters show no significant differences (p<0.01). Capital letters show different percentage 603 

of germination in only one temperature for the three cultivars; same letters show no 604 

significant differences (p<0.05). Error bars ± SE of germination percentage. 605 
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