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Studies on the morphology of stamens and  pollen grains in some cultivars of 
Spanish chestnut (Castanea sativa Mill.)
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ABSTRACT

Sweet chestnut (Castanea sativa Mill.) is a multi-purpose species cultivated for  timber and nuts. However, recent years have seen 
a reduction in chestnut production. There are several reasons for this including abandonment of traditional cultivation practices, 
plant diseases, and problems during pollen differentiation. It appears that reduction in chestnut yield, recorded over recent 
decades, is associated with a decrease in the trees with longistaminate catkins, which are low yielding, but are fundamental for 
efficient pollination and the successive fertilization. Present study has been undertaken to provide new insights into the stamen 
and pollen morphology of four Andalusian chestnut cultivars (‘Helechal’, ‘Temprana’, ‘Vázquez’,‘Ancha de Alàjar’). It was 
observed that catkins in these cultivars are brachistaminate, and poor fertilization capability. The cultivar ‘Vázquez’ showed the 
longest stamens, and also the highest percentage of normal pollen and therefore, show highest fertilization capacity. On the other 
hand, shortest stamens and the lowest percentage of normal pollen grains, were recorded in cultivar ‘Ancha de Alàjar’ which 
cannot be considered a good pollinator.
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Sweet chestnut (Castanea sativa Mill.) is a multi-purpose approximately 70% of the chestnut orchards in this region. In 

species that is cultivated in Atlantic regions of France, Spain both of these areas, chestnut is cultivated forits fruit, in 

and Portugal the most important areas for its timber and its plantations with traditional varieties grafted onto seedling 

nuts, and it provides a positive contribution to the forestry rootstock. Many of these plantations include very old trees, 

landscape (Pereira-Lorenzo et al. 2009). It is a native tree of with some in groves and others catalogued as ‘singular’ 

mountainous regions of western Asia, northern Africa and (Sanchez Lancha 2004a, b). Furthermore, these are located in 

southern Europe. The Atlantic regions of France, Spain and areas of environmental protection, such as the ‘Natural Park of 

Portugal are the most important areas of the native European Sierra de Aracena y Picos de Aroche’ in Huelva, and around 

chestnut species, C. sativa Mill. (Conedera et al. 2004, Krebs the ‘Natural Park of Sierra de las Nieves’ in Malaga.

et al. 2004). In Andalusia (southern Spain) chestnut occupies Recent years have seen a decrease in chestnut production, 
more than 12,000 ha, and it is considered an agro- and the reasons for this might be many, they include the 
environmental crop because its maintenance generates abandonment of traditional cultivation practices (Fernández 
income that helps to sustain the rural population. López 1984). Between 1981 to 1999, the costs of chestnut 

The distribution of chestnut in the Spanish territories is production saw an increase of 287%, while the production 

disjointed, with monospecific stands that occupy 137,657 ha decreased by 70% and the price of the fruit increased by 238%; 

(Melicharová and Vizoso-Arribe  2012).The greate strange is consequently the gain for the farmers decreased by 41%. The 

in northern Spain, between Galicia and Navarra, with 70% of farmers have started collecting chestnuts, without taking care 

the total area. The grafted chestnut is dominant in the centre of the trees, and the new generation considered this kind of 

and east of Galicia, while in Asturias, low-forest and high- crop not profitable. They continued to cultivate the traditional 

forest stands dominate, which have developed as a result of varieties because of certain special adaptation and 

recolonisation processes. In the region of Galicia, chestnut technological traits, and so to meet the demands of the market 

occupies an area of 28,689 ha, which accounts for a bout 50% that nowadays higher typical products of superior quality are 

chestnut production in Spain (Melicharová and Vizoso-Arribe  required (Negri 2003, Torello Marinoni et al. 2013). In a 

2012).In Andalusia (southern Spain), chestnut occupies more narrow sense, the conservation of local varieties or landraces 

than 12,000 ha, and it is considered an agro-environmental implies the cultivation of these materials in their origin zones 

crop because its maintenance generates income that helps to and by traditional techniques (Maxted et al. 1997). This 

sustain the rural population (OPDM 2000, CEDER 2006). The conservation has been considered as problematic due to its 

main orchards are in Huelva and Malaga, and these represent complexity and economic cost. However, these methods are 
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now receiving increasing attention at international level, with MATERIALS AND METHODS
the aim to re-evaluate and preserve the genetic diversity in Plant material—Samples were collected from chestnut trees 
these traditional varieties (FAO 1996, Esquinas-Alcázar belonging to cultivars Temprana, Helechal, Vázquez and 
2005). The age of the plants, which in some cases is great and Ancha de Alájar and located in the country estate “La 
this can also be a limiting factor for chestnut production, even Allanada” (37º 53 ‘21’ ‘N-6º 41’ 4'’W, around 800m. of 
if 400 years old  plants produce the same quantity of chestnuts altitude) municipality of Castaño del Robledo, province of 
as young plants. Moreover, plant diseases have also Huelva, Spain (Fig.1) in the SW of Europe, within the 
contributed to decrease in production. Prevalence  of ink boundaries of the Sierra de Aracena and Picos de Aroche 
disease  caused by Phytophtora cinnamomi and canker Natural Park. This Natural Park has more than 5,000 hectares 
disease also cause extensive damage to chestnut trees in dedicated to the cultivation of Castanea sativa as 
Atlantic areas, and especially in coastal sites at low altitude monospecific formations or mixed mainly with oaks, cork 
(Fernández López 1984, Vieitez Cortizo et al. 1996, Mansilla oaks and olive trees. The average age of these chestnut trees is 
Vázquez et al. 2000, Álvarez-Álvarez and Rodríguez- around 200 years, some specimens exceeding 400 years. In 
Soalleiro 2003). this area the annual rainfall exceeds 900 mm. and the average 

The decline in chestnut production is also related to temperature is 15.15 ° C (Rubio 1997).
problems in pollen differentiation. Chestnut trees produce two 

types of flowers: staminate (flowers with stamens) and 

astaminate (flowers without stamens and pollen grains). There 

are three types of staminate flowers: (1) brachistaminate 

(filaments 1 to 3 mm long and pollen in anthers are  rarely 

present), (2) mesostaminate (filaments 3 to 5 mm long and 

pollen in the anthers are either absent or present in small 

quantities); (3) longistaminate (filaments 5 to 7 mm; large 

quantities of pollen). In Spain, longistaminate cultivars are 

predominant (43% of total accessions; 66% in Asturias, 84% in Fig. 1 Map showing the locations of the study area.
Andalucia) (Pereira-Lorenzo et al. 2006). In the high rainfall of 

Morphological observations—From each cultivar, 30 Galicia, mesostaminate cultivars are most frequent, while 
stamens were collected from 10 male inflorescences at Castilla-León appears to be a transition region between the 
anthesis. Stamen length was measured under light microscope mesostaminate cultivars of Galicia and the longistaminate 
(BX53; Olympus, Tokyo, Japan) with an integrated digital cultivars of Asturias (Pereira-Lorenzo et al. 2006). For the fruit 
camera (Olympus XC50) and using the ‘cell Sens’ image setting, better pollination is guaranteed for the longistaminate 
analysis software (Olympus, Tokyo, Japan). cultivars, which are the only ones that produce abundant pollen. 

Cyto-histological observations—For the cyto-histological In Andalusia, information on the chestnut varieties is 
observations, portions of the catkins were fixed in 3% (w/v) fragmentary and sometimes contradictory. The cultivar 
glutaraldehyde in 0.075 M sodium cacodylate buffer at pH 7.2, ‘Helechal’, for example, was considered astaminate by Martin 
for 5h. The samples were then washed four times for 15 min et al. (2009), but longistaminate by Pereira-Lorenzo et al. 
each in 0.075 M sodium cacodylate buffer at pH 7.2, post-(2006). Moreover, there is the conviction that the decline in 
fixed in 1% (w/v) OsO in the same buffer, dehydrated in chestnut yield recorded over the last decades is associated with 4 

increasing concentrations of ethanol, and finally embedded in a decrease in trees with longistaminate catkins, which are low 
resin (Epon, 2-dodecenylsuccinic anhydride, methylnadic yielding but efficient pollinator. 
anhydride mixture) (Reale et al. 2016). Semi- thin sections (1-The aim of the present study was to examine the stamen 
2 µm thick) were cut with an ultramicrotome equipped with a and pollen characteristics of four Spanish chestnut cultivars: 
glass blade (OmU2; Reichert, Heidelberg). The sections of ‘Helechal’, ‘Temprana’, ‘Vázquez’ and ‘Ancha de Alàjar’. 
flowers were stained with 0.5% (w/v) toluidine blue in 0.2% Their pollen morphology was investigated, to determine the 
NaHCO  buffer, and observed under light microscope 3anomalies in pollen differentiation, and to eventually 
(BX53;Olympus,Tokyo, Japan). For each cultivar, 30 semi-correlate these to fruit yields. The information collected in 
ultra thin sections were considered to define the percentage of the present study will be useful for the development of 
empty pollen grains and to measure the pollen grain area, further strategies towards the conservation of this important 
underlight microscope (BX53;Olympus, Tokyo, Japan), with cultivar.
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the integrated digital camera (Olympus XC50)and the ‘cell 

Sens’ image analysis software (Olympus, Tokyo, Japan).

Statistical analysis—The data were analysed statistically 

using analysis of variance (ANOVA) and Fisher LSD 

(P<0.01) multiple comparison tests. 

RESULTS AND DISCUSSION

The first aim of the present study was to determine which 

type of stamens were present in the catkins of each cultivor that 

were analyzed. All this cultivars collected from Andanusia 

showed brachistaminate catkins. The length of the stamens in 

the flowers at the time of anthesis ranged between 0.91 mm to 

1.85 mm (Figs. 2A, B, C, D, E). Longest stamens  were 

recorded in cultivars ‘Helechal’ and ‘Vázquez’ and the stamens 

emerged more from the flowers at the time anthesis (Figs. 2C, Fig. 3. A-D. Semi-thin sections of anthers of the ‘Temprana’ (A), 
‘Helechal’ (B), ‘Ancha de Alàjar’ (C) and ‘Vázquez’ (D) cultivars. E). On the other hand, shortest stamens which remained inside 
Exotecium (e) and endotecium (ed) are evident; empty pollen marked 

the flowers were observed in cultivars ‘Ancha de Alàjar’ and by white arrows and normal pollen grains in higher quantity are 
present.‘Temprana’. 

The size of pollen grains and the percentage of normal 

pollen was recorded, but no significant difference in pollen 

size was observed between these cultivars (Fig. 4A). 

Differences in the percentages of normal pollen were observed 

across the cultivars (Fig. 4B). ‘Vázquez’ showed the highest 

percentage of normal pollen, while in ‘Ancha de Alàjar’ the 

percentage of normal pollen grains was lowest. 

Fig. 2.A. Stamen length at anthesis. Different letters (a-c) 
indicate significant differences between the means (P<0.01). 
Stereomicrographs of catkins of the ‘Ancha de Alàjar’ (B), ‘Helechal’ 
(C), ‘Temprana’ (D) and ‘Vázquez’ (E) cultivars. Black arrows indicate 
anthers. Scale bars = 4 mm. 

In oder to examine the characteristics of pollen grains, 

semi-ultrathin sections of the anthers were prepared and the 

pollen grains were observed under light microscope (Fig. 3). 

The anthers exhibited normal structures in all the cultivars, 

with the distinct exotecium and endotecium (Fig. 3) and Fig. 4. Pollen size (A) and percentages of normal pollen (B). Different 
letters (a-d) indicate significant differences between the means presence of pollen grains. However, some studies have 
(P<0.01). Cultivar ‘Vazquez’ has largest pollen grains and cultivar 

indicated that this is rare for brachistaminate cultivars. These ‘Ancha de Alajar’ has smallest pollen. 
pollen grains in the anthers of such cultivars were at the 2- Some contradictory reports have been made on the types 
celled stage (data not shown). utilization of plant genetic resources for food and of stamens 
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in different cultivars of chestnut. Pereira-Lorenzo et al. (2006) REFERENCES
recorded that the cultivars 'Vázquez', 'Helechal' and Álvarez-Álvarez P and Rodríguez-Soalleiro R 2003. 
'Temprana'(collected from Andalusia) are longistaminate Plantacionesy distribución actual del castañoen Galicia. 
cultivars. On the other hand,  Diajara-Hidalgo (2003) reported In: Elcastaño en Andalucía. Consejería de Medio 
that the cultivars 'Ancha de Alàjar', 'Helechal' and ''Comisaria' Ambiente de la Junta de Andalucía, Sevilla, Pp. 91–104
more abundant in Sierra de Aracena (Andalusia), were not 

aCEDER 2006. Elestado de loscastañares en Andalucía. 3  Feria longistaminate, while Martin et al. (2009) considered 
andaluza de la castaña. Málaga, Spain: Serranía de Ronda.cultivars 'Helechal' and 'Comisaria' as astaminate. According 

to Martin et al. (2009), the main difference between the Diajara-Hidalgo DV 2003. Anomalías en la fecundación del 
brachistaminate and astaminate types is that in the former the castañar onubense. In: Costa JC. El Castaño en 
stamens remained inside the flower because of their short Andalucía. Consejería de Medio Ambiente, Junta de 
lengths (1-3 mm), while in the latter, the male flowers failed to Andalucía; 2003. Pp. 157-161.
open. However, according to Feijò et al. (1999), the 

Esquinas-Alcázar J 2005. Protecting crop genetic diversity for astaminate flowers were devoid of stamens. 
food security: political, ethical and technical challenges. 

Present observations provide better characteristics of Nat Rev Genet 6 946–953.
some chestnut cultivars, and support the view that over recent 

FAO1996. Global plan of action: for the conservation and decades the trees with longistaminate catkins have decreased. 
utilization of plant genetic resources for food and Allthe cultivars presently studied were brachystaminate, and a 
agriculture. FAO, Rome, Italyhigh variability within these brachistaminate cultivars was 

also observed for the stamen length. Long stamens detected in Feijó JA, Certal AC, Boavida L, Nerum IV, Valdiviesso T, 
cultivars 'Helechal' and 'Vázquez' provided greater chance of Oliveira MM and Broothaerts 1999. Advances on the 
pollen dispersal andtherefore, these can be considered the best study of sexual reproduction in the cork-tree (Quercus 
pollinators among the cultivars analyzed. Previous studies suber L.), chestnut (Castanea sativa Mill.) and in 
have demonstrated that the percentage of empty pollen is Rosaceae (apple and almond). In: Fertilization in higher 
correlated to the ability of the pollen to geminate (Mert and plants: molecular and cytological aspects, 26 Pp. 377 

396, Springer-Verlag: Berlin, GermanySoylu 2007), and consequently, with the possibility to fertilize 

the ovule and to produce fruit. Therefore, a very low 
Fernández López J 1984. Técnicas culturais dos 

germination rate in cultivar 'Ancha de Alàjar', which had the 
soutos.Ministerio de Agricultura Pesca y Alimentación. 

lowest percentage of normal pollen, was expected. 
INIA,CRIDA-01, Departamento Forestal de 

Valdiviesso et al. (1993) reported that in brachistaminate 
zonashúmedas, Pontevedra. Pp.24.

cultivars, the mature poll grains, tetrads, and pollen mother 
MansillaVázquez JP, Pérez Otero R, PintosVarela C, cells were present in the same anther at the time of anthesis. 

SalineroCorral C and Iglesias Vázquez C 2000. Plagas y Our observations demonstrated, however, the presence of only 
enfermedadesdel castaño en Galicia. Xunta de Galicia mature pollen grains, suggesting also for these traits a high 
(Conselleríade agricultura, Ganadería e política variability. 
Agroalimentaria). Pp.129 

 Present study has also demonstrated that all of the 
Martin MA, Alvarez JB, Mattioni C, Cherubini M, Villani F cultivars studied have brachistaminate catkins, and therefore, 

and Martin LM 2009. Identification and characterization they have poor fertilization capability. The stamen and pollen 
of traditional chestnut varieties of southern Spain using characteristics were highly variable among these cultivars and 
morphological and simple sequence repeat (SSRs) this should be considered in the organization of new orchards. 
markers. Ann Appl. Biol 154 389 398.The cultivar ‘Vázquez’ had the longest stamens and also the 

highest percentage of normal pollen. Therefore, among the 
Maxted N, Ford-Lloyd BV and Hawkes JG 1997. 

cultivars analysed here, ‘Vázquez’can be considered to have Complementary conservation strategies. In: Maxted N, 
the highest fertilization capacity while, the cultivar ‘Ancha de Ford-Lloyd BV and Hawkes JG (eds.). Plant Genetic 
Alàjar’, with the shortest stamens and low percentage of Conservation London, UK: Chapman & Hall. Pp. 15–39.
normal pollen, cannot be considered to be a good pollinator.
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