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Abstract 

'Guara' is a self-compatible almond of recent introduction that in a few years has become the most planted cultivar 

in Spain. However, 'Guara' produces a high percentage of fruits with two seeds. The occurrence of double kernels 

in almond fruits seriously depreciates the price of nuts as the resulting seed are destined to less profitable uses. 

In the present work, the effects of pollination treatment, shoot vigor, and the blooming time on the production of 

double kernelled fruits in 'Guara' were determined. Our results indicated that the paternal genotype did not have a 

significant effect on pollen tube growth, fertilization rate, fruit set, and double kernel appearance on 'Guara'. No 

significant effect of shoot vigor was observed, despite differences in flower density and size. Early flowers were 

more prone to the production of double kernels than late flowers. Early flowers were also significantly heavier. 

Results suggest a positive effect of the size of the flower on the development of both primary and secondary ovules 

leading to a higher production of double kernels. 

Almond (Primus dulcis (Mill.) DA Webb.) 

is a typical Mediterranean crop widely planted 

in Spain, where its importance is not only 

economic, but also social, since almond is 

mostly located in depressed areas with scarce 

agricultural resources and strong migratory 

pressures (1). Spain is the leading almond 

producer in Europe and the second in the 

world, after USA, with 16 % of the world's 

total (7). 

The wide diversity of Spanish almond 

germplasm represents a great genetic richness. 

However, such variability negatively affects 

commercialization, because products are not 

uniform (9). Almond breeding programs in 

Spain have focused on self-compatibility and 

late bloom. As a result of these programs, 

some selections such as 'Guara', 'Ayles', 

'Moncayo', 'Masbovera', 'Glorieta', 

'Francoli', 'Antoneta' and 'Marta' have been 

obtained and offered to farmers. More than 

80 % of the new plantations and topworkings 

have used these new cultivars, with 'Guara' 

being the most planted (9). 'Guara' is a self-

compatible late blooming cultivar which is 

able to produce high yields in the absence of 

insect pollinators (17). Its kernels are oval, 

medium-sized, sweet and with very good 

commercial quality. Despite its advantages, 

'Guara' is not free from defects, including 

the presence of 10-20 % of double kernelled 

fruits (9). Double seeds have irregular shape 

that are not suitable for uses where the whole 

kernel is visible. Therefore, cultivars prone to 

produce a high percentage of double kernels 

face reluctance of fanners to plant them. 

Most members of Rosaceae subfamily 

Prunoideae, including almond, produce 

drupes that develop from the single pistil of a 

perigynous flower. Drupes are single-seeded. 

However, the almond pistils contain two 

ovules; the so-called primary ovule is more 

advanced in its development, whereas the 

secondary ovule is often delayed (3, 13). The 

secondary ovule is normally not fertilized and 

aborts. The degeneration of the secondary 

ovule normally begins after pollination, 

but before the fertilization of the primary 

ovule takes place (13). If the degeneration 

of the secondary ovule does not occur, both 

ovules can be fertilized and two kernels are 

formed inside the shell (10). In apricot, the 

degeneration of the secondary ovule also 

happens before fertilization of the primary 

ovule and is independent of pollination 

(15). Rodrigo and Herrero (15) interpret 

secondary ovule abortion as a programmed 

developmental process. This interpretation 
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considers the formation of two seeds within a 

single endocarp as an accident from a maternal 

plant point of view, since two seeds dispersed 

together will presumably negatively affect 

seedling growth and survival. 

The determinants of double kernels 

including its inheritance are not clear (16). It 

is well known that certain cultivars produce 

a high percentage of double almonds (5, 12). 

According to Egea and Burgos (6), the cultivars 

with small differences in ovule development 

show higher propensity to produce double 

kernels. Apart from the long-known maternal 

effect, pollen genotype may affect the 

frequency of fertilization of both ovules (3). 

Asensio and Socias i Company (2) cited the 

need for more analyses on the influence that 

the pollen that accomplishes the fertilization, 

and the pollen-pistil interaction might have 

on double kernel incidence. On the other 

hand, a strong environmental influence on the 

production of double kernel fruits is inferred 

from the marked annual differences within 

cultivars or seedlings (5,12, 16). Asensio and 

Socias i Company (2) point out as determinant 

the environmental conditions during the 

last stage of ovule development and during 

pollination. Egea and Burgos (5) concluded 

that warm pre-bloom temperatures decrease 

the incidence of double kernelled fruits, and 

that the small increase in temperature achieved 

by bagging experimental shoots decreases the 

percentage of doubles in 'Malaguena'. 

The aim of the present work is to determine 

the effect that the pollination treatment, 

fruiting wood with different vigor (spurs 

and shoots with different length and flower 

density), and blooming date may have on the 

percentage of double seeds in 'Guara'. 

Materials & Methods 

The effect of the different factors implicated 

in the appearance of double kernelled fruits 

was studied in three different experiments 

carried out during 2002, in a private, solid, 

dry-farming block of 'Guara' located in Tahal 

(Almeria, SE of Spain). For each experiment, 

four-year-old trees grafted on GF677 almond 

X peach hybrid were used. The experimental 

design was randomized complete blocks for 

all trails, considering every tree as a block, 

and selecting a total of five trees for each 

experiment. 

To determine the paternal effect, three 

pollination treatments, self-, cross- and open-

pollination, were applied on every flower 

from 10 one-year-old shoots per tree and 

pollination treatment. Self-pollination was 

achieved through isolation of the shoots with 

micro-perforated bags that excluded almond 

pollinators. To ensure the deposition of its 

own pollen over the stigma, fresh 'Guara' 

pollen was collected and applied on intact 

flowers with a paintbrush every day during 

bloom. Cross-pollination was performed 

with 'Ferragnes' pollen on 'Guara' flowers 

previously emasculated at balloon stage 

to exclude self-pollen (8). 'Ferragnes' is a 

cultivar that produces a very low percentage 

of doubles (6). Open-pollination was achieved 

through the exposure of the branches to the 

action of pollinating insects. Two strong 

healthy beehives were in the vicinity of the 

experimental trees. Simultaneously blooming 

'Ferragnes' trees were cultivated next to 

the 'Guara' block providing opportunity for 

cross-pollination. Bloom of'Guara' extended 

from February 6 to February 28, 2002, while 

'Ferragnes' trees bloomed approximately from 

February 4 to February 26, 2002. Fruits from 

tagged shoots were harvested on August 8, 

2002. Immediately, the shell was manually 

broken and the fruits classified according to 

the number of seeds contained. The proportion 

of double kernelled fruits in the different 

treatments was compared by means of a Chi-

square test. 

For the determination of the effect of the 

vigor of the fruiting wood on the percentage of 

double kernelled fruits, 10 fruiting structures 

per tree, either spurs or short or long one-year-

old shoots, were tagged. Their characteristics 

are listed in Table 1. Flowers were open-

pollinated. Fruits were harvested August 8, 

2002 and processed as above. 

In the last experiment, the percentage 

of double kernelled fruits in early and late 

flowers was compared. For each blooming 

type, 10 long one-year-old shoots per tree 

were marked. To differentiate fruits developed 

from early flowers, all the closed buds were 

eliminated on February 14,2002, leaving only 

opened flowers. In this way all the fruits were 

developed from flowers that opened February 

14,2002 or before. Late flowers were selected 

in another set of shoots, by eliminating all 
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Table 1. Length and flower density of the different fruiting organs. Mean jJSE. 

Fruiting organ Length (cm) Flower density (flowers/cm) 

Long 1 -year-old shoots 43.2 ± 2.3 

Short 1 -year-old shoots 13.3+0.5 

Spurs 3.1 ± 0.2 

0.36 ± 0.04 

0.34 ±0.03 

1.97 ±0.06 

opened flowers on February 21 and leaving 

only closed buds. With this procedure, all the 

fruits had their origin in flowers that opened 

after February 21. Flowers were open-

pollinated. After harvest, fruits with one or 

two kernels were separated, and processed as 

before. 

The pollen-pistil interaction and the level of 

fertilization under self- and cross-pollination 

was assessed by fluorescent microscopy 

according to Pimienta and Polito (14). To 

determine pollen tube growth dynamic and 

the level of fertilization, 40 flowers per 

treatment were harvested at 3 and 5 days after 

pollination. Open-pollinated flowers were not 

analysed because of lack of controls on the 

moment and circumstances in which pollen 

transfer occurred. To learn more about the 

reasons for the possible differences among 

flowers on different types of fruiting wood or 

with different blooming dates, we estimated 

the size of the flower as the dry weight of the 

newly opened flower with its petals. Constant 

dry weights of 25 sampled flowers per tree 

and treatment were obtained after 72 hours in 

a drying oven set at 60 °C. 

Results 

Effect of the pollination treatment. 

Unrestricted open-pollination increased 

significantly seed set with respect to hand 

cross- and self-pollination (P < 0.001). 

Under open-pollination treatment 58 % 

of flowers set fruit versus 34 and 28 % 

measured in self- and cross-pollinated flowers, 

respectively. Despite such effects on seed 

set, no significant differences were observed 

between the different pollination treatments in 

the occurrence of doubles (x2= 0.94, P = 0.23). 

That is to say that the type of pollination did 

not affect the seed pattern in 'Guara' (Table 

2). Nevertheless, in the case of self-pollination 

a tendency to produce a higher percentage 

of double kernelled fruits was observed. For 

open- and cross-pollination a majority of 

single kernelled fruits were produced showing 

no deviations in the seeding pattern. 

The pollen-pistil interaction also did not 

show any major difference, between self- and 

cross-pollination in the number of pollen tubes 

found in the middle part, or in the base of the 

style (Table 3). The number of pollen tubes 

was high (between 14 and 27) in the middle 

Table 2. Effects of pollination treatment on seeding pattern of 'Guara' almond. 

2x3 Contingency table. 

X2 total = 2.94, No deviation from expected distribution (P = 0.23, df = 2) 
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Table 3. Effects of cross- versus self-pollination on pollen tube number and fertilization. 

Mean + SE. 

Pollen tube number in 

the style after 3 days 

Pollen tube number in 

the style after 5 days 
Fertilization (%) Fertilization (%) 

Treatment Middle Base Middle Base 1 ovule 2 ovules 

Self-

pollination 

Cross-

pollination 

26.5±8.4 3.7±1.8 26.5110.5 4.0+1.7 

20.4±6.1 3.711.3 13.918.1 2.912.2 

83 

83 

17 

17 

part of the style in both treatments and small 

at the base of the style, where only between 

3-4 pollen tubes were detected on average in 

both treatments. The pollination treatment did 

not affect the percentage of flowers with one 

or two ovules penetrated by a pollen tube. The 

percentage of flowers in which fertilization of 

both ovules was observed was around 7 %, 

which in turn represented 17 % of the flowers 

in which fertilization took place (Table 3). 

This level is higher than the average value 

(7 %) of double kernelled fruits found in this 

experiment (Table 3). A certain level of seed 

abortion, mostly affecting to the second smaller 

seed, was detected when cracking endocarps 

in this and in the next experiments; however, 

seed failure to complete development was not 

rigorously quantified. 

Effect of the fruiting wood. The different 

kinds of fruiting shoots (either spurs or 

short and long one-year-old shoots) did not 

show significant effects on the seed pattern 

of 'Guara' (x2 = 0.86, P = 0.65). Thus, the 

number of seeds in a single fruit was not 

affected by the type of wood on which the fruit 

developed (Table 4). This result was obtained 

despite marked differences in flower density 

(Table 1) and in spite of the highly significant, 

although modest, differences in flower dry 

weight (P < 0.001). Short one-year-old shoots 

produced the heaviest flowers (49.9 ± 0.9 

mg; Mean±SE). The lightest flowers were 

produced in the spurs (45.6 ± 0.8 mg). Long 

one-year-old shoots developed flowers with an 

average weight of 47.7 ± 0.4 mg. The average 

percentage of double kernelled fruits found in 

this experiment was 11%. Final seed set was 

not significantly different among the different 

kind of fruiting organs (P = 0.19). Long and 

short one-year-old shoots set a 47 and a 45 % 

of pollinated flowers, whereas only a 33 % of 

flowers became fruit in the spurs. 

Effect of the blooming date. Timing of 

anthesis had a significant effect on the seed 

Table 4. Effects of fruiting organs vigor on seeding pattern of 'Guara' almond. 

2x3 Contingency table. 

Seed Number Cases Spurs Short shoots Long shoots Total 

X total = 0.86, No deviation from expected distribution (P = 0.65, df = 2) 
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Table 5. Flowering date effects on seeding pattern. 2x2 Contingency table. 
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X2 total = 7.69; Significant deviation from expected distribution, {P adjusted (Yates) = 0.01; df = 1) 

pattern of the almond 'Guara' cultivar (x2 

= 7.69, P < 0.01). Early flowers produced 

more double kernelled fruits (16 %) than 

expected (Table 5). Late flowers formed an 

appreciably lower number of double kernelled 

fruits (6 %) than expected. Early flowers were 

significantly heavier (P < 0.001), with an 

average dry weight for each flower of 46.5 

± 0.7 mg, against a value of 33.2 ± 1.6 mg 

obtained for the late flowers. On the contrary, 

no differences in seed set were found between 

early and late flowers (P < 0.99). A 32 % of 

early flowers set fruit versus a 31 % found in 

late flowers. 

Discussion 

Almond is predominantly allogamous, 

although 'Guara' is reportedly self-compatible 

and autogamous (17). Yet, in many cultivated 

species where self-compatibility has been 

introduced, pollen tube growth under cross-

pollination is frequently faster and more 

abundant than under self-pollination leading 

to higher levels of cross-fertilization. It is, 

therefore, reasonable to inquire about the 

effects of cross-pollination on the incidence of 

double kernelled fruits in 'Guara'. However, 

contrary to our expectations, the results 

clearly indicate that neither cross- nor open-

pollination increased the levels of doubles 

in 'Guara' (Table 2). These results coincide 

with those obtained by Kumar and Das (11) 

who observed that the source of the pollen 

did not have any effect on the percentage of 

double seeds in 15 different almond cultivars. 

The absence of difference in the dynamic of 

the pollen tube growth, concerning speed 

and abundance, between self- and cross-

pollination, previously documented by Socias 

i Company and Felipe (17), is confirmed 

in the present work (Table 3). The lack of 

differences in the growth of the pollen tube 

and the coincident levels of fertilization and 

fruit set also confirm the well-known self-

compatibility of 'Guara' and suggest that the 

double kernel character is primarily maternal, 

with little, if any, effect of the pollen source. 

It could be argued, however, that it is not 

the pollen genotype but the intensity of the 

pollination and the more abundant pollen tube 

growth what determines the levels of double 

kernels. According to Grasselly and Gall cited 

by Egea and Burgos (5), the environmental 

conditions that favor pollination increase the 

appearance of double kernels in almond. In 

this sense, Palasciano et al. (12) observed 

in 'Ferrante', 'Filippo Ceo', 'Scorza Verde' 

and 'Tuono' a higher percentage of double 

kernelled fruits under artificial pollination 

(more than 100 pollen grains per stigma) 

compared to natural pollination (about 20 

pollen grains per stigma). Similarly, Cousin 

and El Maataoui (3) justified the tendency of 

'Lauranne' to produce double kernelled fruits 

by the high number of pollen tubes in the base 

of its style (an average of eight pollen tubes) 

in opposition to the reduced number (three 

pollen tubes) observed by Pimienta et al. (14) 
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in 'Nonpareil', a cultivar that hardly produces 

double kernelled fruits. Our results do not 

agree with such an argument. In our work, the 

growth of the pollen tube was similar under 

both pollination treatments and equivalent 

to that observed in 'Nonpareil' by Pimienta 

et al. (14). However, in our experiments the 

fertilization of both ovules was observed in 17 

% of the fertilized flowers (Table 3). 

Despite 17 % of flowers with both ovules 

being fertilized, only an average of 7 % of 

double-seeded fruits were found at harvest. 

The decrease in the proportion of double 

kernels along fruit development was, at least 

partly, due to seed abortion, that was found to 

affect more often to the smaller developing 

seed. Unfortunately, no comparison of seed 

abortion incidence was made between single-

and double-seeded fruits. However, in olive 

(Olea europaea L.), also commonly a single-

seeded drupe, we have found that the presence 

of a second developing seed within the same 

endocarp increases seed abortion (Gonzalez 

and Cuevas, in prep.). 

The double kernel although primarily 

a cultivar characteristic has an important 

environmental component in almond. In 

this sense, the literature points out that the 

frequency of double seeds is largely variable 

for a given genotype between years and 

locations (5, 12, 16). In our experiments, 

the percent of doubles has reached levels 

somehow below average values for 'Guara' 

(9). The differential contribution that early 

or late flowers make to the incidence of 

double kernelled fruits (Table 5) suggest that 

a variation in fruit set between these two kind 

of flowers, for instance due to frost damage 

or an insufficient pollination during a certain 

stage of the bloom, will have a variable impact 

on annual variations depending on flower type 

affected. 

Socias i Company and Felipe (18) indicate 

that a good nutritional status may also favor 

secondary ovule development and increase 

the levels of double kernelled fruits. In this 

sense, our hypothesis has been that factors 

improving flower quality can increase the 

frequency of double-seeded fruits. In our 

experiments, flower quality was estimated by 

its dry weight. Although we found significant 

differences among different fruiting organs, 

they were small (5 % in weight) and did not 

have a significant influence on the frequency 

of double kernelled fruits among different 

shoots (Table 4). 

The results were different when flower dry 

weight differences were more pronounced. 

Our results show that early flowers produce 

significantly more double kernelled fruits than 

late, significantly lighter, flowers (Table 5). 

Differences in flower weight were important 

in this experiment, with increases of 40 % in 

flower dry weight observed in early flowers 

with an 3-fold increase in the appearance of 

double kernelled fruits (19.2 % versus 5.7 

%). Socias i Company and Felipe (18) also 

observed in 'Guara' that the first flowers 

produced more fruits with two seeds: 18.5 

% of double seeds in early flowers versus 

6.8 % and 3.6 % obtained in those flowers 

with middle and late bloom, respectively. 

Levels of double kernelled fruits were also 

similar to the results reported in this paper. 

To explain this trend, Socias i Company and 

Felipe (18) suggest that better nurtured early 

flowers extend the viability of the secondary 

ovule allowing so the fertilization of both 

ovules. Coinciding with such an argument, we 

have compared flower size and double kernel 

appearance in different experiments and we 

have found that large early flowers with a dry 

weight over 45 mg generate an average of 13 

% of doubles, whereas late flowers, with a 

noticeably lower size (33 mg), only produced 

6 % of doubles. Such coincidence suggests 

the existence of a flower size threshold value 

below which the development of the secondary 

ovule and its fertilization is less likely. Poorer 

pistil development is more frequent in late 

and shaded flowers and in flowers formed 

on weak shoots (Felipe, 2000). As noted by 

Socias i Company and Felipe (18), it might 

look paradoxical, but our results and theirs 

indicate that more fecund flowers increase the 

proportion of less profitable double kernelled 

fruits, suggesting that flower quality and fruit 

quality may be, indeed, conflicting objectives 

in almond. 
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