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Erratic fruit set in almond under warm climates
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Summary: The cause for the erratic yields of the two main almond cultivars grown in Morocco has been searched in order to recommend
possible solutions for a high and stable production. The lack of sufficient bloom overlap between ‘Marcona’ and ‘Fournat de Brézenaud’
in many years may be one of the reasons of this erratic behavior, but not the only one, as the same behaviour may be observed in two
simultaneously blooming cultivars, ‘Ferragnes’ and ‘Ferraduel’. The relatively high temperatures observed during the blooming period
significantly reduced the stigma receptivity of these cultivars and, as a consequence, their effective pollination period, showing that stigmatic
receptivity is a limiting factor for fruit set in ‘Marcona’ and ‘Ferragnes’ and their subsequent yield reduction under warm conditions. Thus, in
the present context of global warming, the search for cultivars tolerant to heat stress during flowering will acquire a special interest, as well
as the combination of cultivars with the same chilling and heat requirements to ensure a simultaneous bloom.
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Introduction

Almond [Prunus amygdalus Batsch syn. P. dulcis (Mill.)
D.A. Webb] cultivars are, with few exceptions, self-incom-
patible (Socias i Company, 1990). Therefore, in order to en-
sure that flowers may be efficiently pollinated to reach an
economically acceptable fruit set, insect-dependent cross-
pollination of inter-compatible and simultaneously blooming
cultivars is required (Kester & Griggs, 1959). The pollina-
tion process involves the release, transport, and deposition
of pollen from the anthers of the flowers to the stigma, but
the success of this process depends on many variable factors,
such as pollinating insects, climatic conditions and stigma
receptivity. The lack of pollinating vectors or the occurrence
of inadequate climatic conditions during bloom that could
affect the pollinator activities may render pollen transfer dif-
ficult (Socias i Company et al., 1994). Consequently, a good
fruit set has been reported to depend on a number of factors
related to the efficiency of the pollination process, including
the number of pollinated flowers, the effective pollination pe-
riod (EPP), including stigma receptivity, pollen tube kinetics
and ovule longevity, as well as temperature, flower quality,
and chemical treatments during blooming time (reviewed by
Sanzol & Herrero, 2001). Kodad & Socias i Company (2008)
have also reported that besides all these factors, the inbreed-
ing level of the genotype and its effective autonomous self-
pollination must also be taken into the account when evaluat-
ing fruit set and yield.

The concept of EPP was introduced by Williams (1965)
to assess floral receptivity in apple, and was defined as the
period during which pollination was effective in producing
fruit. This period is determined by the longevity of the ovules

minus the time-lag between pollination and fertilization, pro-
vided that this resulting value does not exceed the length of
stigma receptivity (Sanzol et al., 2003). Several studies have
shown that stigmatic receptivity in almond is limiting the
EPP, resulting as a consequence in a reduction of fruit set
and yield (Griggs & Iwakiri, 1964; Kodad & Socias i Com-
pany, 2009; Ortega et al., 2004; Vezvaei & Jackson, 1994).
The delay in the blooming period between the main cultivar
and its pollenizer may accentuate this situation in self-in-
compatible cultivars in commercial orchards due to the lack
of simultaneous flower opening and pollen release. Adequate
distribution of honeybee hives and orchard design (Socias i
Company et al., 1994) are required to ensure early pollination
of flowers at anthesis.

‘Marcona’ and ‘Ferragnes’ are two important cultivars
in commercial almond orchards in many Mediterranean
countries, including Morocco. These cultivars appear to be
adapted to the climatic conditions of different growing re-
gions and are highly appreciated by consumers and grow-
ers (Felipe, 2000). ‘Marcona’, a traditional Spanish cultivar,
has been generally associated in Morocco with ‘Fournat de
Brézenaud’, a traditional French cultivar. ‘Ferragnes’ is nor-
mally associated with ‘Ferraduel’, having been both cultivars
obtained in the INRA French breeding program, issuing from
the cross ‘Cristomorto’x ‘A1’ (Grasselly & Crossa-Raynaud,
1980). However, these cultivars are prone to erratic fruit sets,
giving as a consequence low to nil yields in some years. This
situation was attributed to a delay in flowering between the
main cultivars and their pollenizers. Nevertheless, a good
blooming overlap has been observed in some years, but the
resulting crop was low (Loussert et al., 1989). Thus, our ob-
jective was to assess the possible influence of EPP on fruit
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set and consequently on yield in ‘Marcona’ and ‘Ferragnes’
under warm climatic conditions.

Materials and methods
Plant material and experimental area

All cultivars included in this study were represented by
three juxtaposed trees, planted in the experimental station
established in January 2002 at the Institut National de la Re-
cherche Agronomique (INRA), Meknes, located at 33°55’N
and 5°13°W, at 499 m over sea level. The orchard was man-
aged according to commercial recommendations for the area,
and the trees were formed as open vase.

Flowering time and effective pollination period

The blooming date was determined according to the Inter-
national Plant Genetic Resources Institute (IPGRI) descrip-
tors (Giilcan, 1985). The evaluation of the EPP was carried
out during two consecutive seasons (2008—-2009) according
to Williams (1970). Several branches (3—4) around the trees
were selected and assigned randomly to the treatments. At
least 100 flower buds at stage D (Felipe, 1977) per treatment
were emasculated and hand self-pollinated 0, 2, 4, 6 or 8 d
after emasculation. All pistils were cross-pollinated with pol-
len of ‘Desmayo Largueta’, chosen because of its inter-com-
patibility with all the studied cultivars and to avoid the effect
of pollen source on fruit set. Pollen was obtained by desic-
cating anthers for 48 h at room temperature and storing them
at 4 °C in glass vials until pollination. Pollen viability was
determined by observing the percentage of germinated pol-
len grains in vitro. Initial fruit set was recorded 5 weeks after
pollination time and the final fruit set was recorded in June.

Stigma receptivity

Stigma receptivity was determined on the same three
trees. Flowers were emasculated and hand cross-pollinated
by ‘Desmayo Largueta’ pollen 0, 2, 4, 6, or 8 d after emas-
culation. After each pollination treatment, 30 flowers were
collected 1 d after pollination, fixed in 1:1:18 (v/v/v) formal-
dehyde-acetic acid-70% ethanol (FAA), rinsed several times
in water, and autoclaved in a 5% solution (w/v) of Na,SO,
for 12 min at 1.2 kg cm™. Samples were maintained at 2-4 °C
until examination of pollen germination on the stigmas. The
number of pollen tubes in the upper part of the style were
determined using a Leitz Ortholux II (Wetzlar, Germany) mi-
croscope with UV illumination via an Osram HBO 200 W/4
mercury lamp after staining with 0.1% (w/v) aniline blue in
0.1M potassium phosphate (Linskens & Esser, 1957). Each
stigma was considered receptive when it was able to support
pollen hydration, germination, and initial pollen-tube growth
into the transmitting tissues of the style (Sanzol et al., 2003).
The percentage of stigmas with pollen that germinated 1 d
after pollination out of 25-30 stigmas examined was deter-

mined as an index of stigma receptivity (altogether 25-30
stigmas were analyzed for each combination).

Statistical analysis

The statistical analyses were performed with the SAS
program (SAS Institute, Cary, NC, USA). The analysis of
variance with the PROC GLM procedure was applied to dis-
tinguish the effect of the genotype, time of pollination and
the year on the traits studied. The genotype was considered
the fixed effect and the year as the random effect. The mean
separation was done using the LSD test.

Results and discussion

Bloom evolution

The phenological behaviour of any cultivar has to be
known in order to establish the most adequate orchard man-
agement for obtaining satisfactory productions (Valentini et
al., 2001), especially when two or more self-incompatible
cultivars are planted together to ensure cross-pollination.
During the two years of observations there were differences
in the length and starting time of blooming for the studied
cultivars (Figure. 1). In 2008, ‘Marcona’ bloomed four days
earlier than its pollenizer ‘Fournat de Brézenaud’; in 2009,
however, these two cultivars showed a good flowering over-
lap (Figure I). A delayed blooming period has been also
observed between these two cultivars for some years during
the last 20 years. Bloom date changes from year to year de-
pending on the climatic characteristics, mainly temperature
(Alonso et al., 2005; Socias i Company et al., 2003). Lang et
al. (1987) reported that blooming date is considered depend-
ent on the winter progression of temperatures, which affect
differently the different stages of dormancy. ‘Marcona’ has
been reported to have a low chilling requirement and a high
heat requirement; on the contrary, ‘Fournat de Brézenaud’
has a very low chilling requirement and a very high heat re-
quirement (Alonso et al., 2005; Tabuenca et al., 1972). Thus,
the year-to-year differences in blooming date of these cul-
tivars could be due to the differences in their heat require-
ments, as reported in other almond cultivars (Alonso et al.,
2009). ‘Ferragnes’ and ‘Ferraduel’ coincided in their bloom
time in both years. These cultivars show a similar behaviour
independently of the climatic conditions of the year, prob-
ably because of their similar chilling and heat requirements
(Alonso et al., 2005).

The high frequency of years characterised by a delayed
blooming between ‘Marcona’ and ‘Fournat de Brézenaud’
could explain the erratic fruit set often observed in ‘Mar-
cona’. These cultivar has been extensively planted in mixed
blocks with ‘Fournat de Brézenaud’ in all growing regions
of Morocco, but their not sufficiently overlapping bloom
periods may explain the low productivity of ‘Marcona’. In
the context of the global warming experienced and of the
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Figure 1. Season of flowering in 2008 and 2009. Percentages indicate the amount of open flowers
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Figure 2. Initial fruit set of the studied cultivars after pollination dates from emasculation (day-0) to day-8 over
two consecutive years. Different letters indicate differences in fruit set between pollination times in each year
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cultivar, such as bud density
and the factors determining
the floriferous capability of a
genotype, as well as the abil-
ity for the flower population
to be pollinated and fertilised
(Dicenta et al., 2006; Godini, 2002; Kodad & Socias i Com-
pany 2006, 2008, 2009; Ortega et al., 2004). Other factors
are related to the climatic and environmental conditions (Ko-
dad & Socias i Company, 2006; Socias i Company et al.,
2005). The optimum fruit number that an almond tree may
sustain is between 25% and 40% of the total number of flow-
ers produced (Godini, 2002), a goal that can be reached if the
percentage of pollinated flowers is nearly 100% (Kester &
Griggs, 1959).

Initial and final fruit set was greater in ‘Ferragnes’ than in
‘Marcona’ in both years (Figure 2 and 3). Fruit set by open
pollination was 27.2% for ‘Ferragnes’ and 20.8% for ‘Mar-
cona’ in 2008, and 43.2% for ‘Ferragnes’ and 31.64% for
‘Marcona’ in 2009. The low fruit set for ‘Marcona’ in 2008
could be due to the lack of enough pollination because of the
delayed blooming of its pollenizer (Figure I). However, the
higher fruit set of ‘Ferragnes’ than ‘Marcona’ in 2009 could

(P <0.05)
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Figure 3. Final fruit set of the studied cultivars after pollination dates from emasculation (day-0) to day-8 over two
consecutive years. Different letters indicate differences in fruit set between pollination times in each year

be related to the environmental conditions during bloom of
‘Marcona’, including temperature (Figure 4). Both cultivars
are characterized by medium to high bud density, with 0.62
and 0.98 bud/cm in 2008 and 0.96 and 1.12 bud/cm in 2009
for ‘Ferragnes’ and ‘Marcona’, respectively. Such values are
considered enough to ensure an acceptable fruit set if the pol-
lination process was adequate (Kodad & Socias i Company,
2008). Thus, bud density was not a limiting factor for fruit
set in 2009.

The global analysis of variance showed significant differ-
ences among genotypes, pollination time and the interaction
genotype x year and year X pollination time; however, the
year and the interaction genotype x time of pollination effect
were not significant (7able 1). When the analysis of variance
was done for each pollination time, the results showed that
the year effect was significant at each pollination time (7able
2). The significance of the year and the interaction genotype
x year showed clearly that fruit set depends on the genotype
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and the climatic conditions of the year (Socias i Company
et al., 2005). The effect of the pollination time was signifi-
cant, confirming that flower age greatly affects fruit set. The
significance of the interaction year x pollination time indi-
cates that the magnitude of the initial fruit set for each pol-
lination time changed from year to year. In ‘Ferragnes’, the
initial fruit set for pollination at day-O was higher in 2009
than 2008, whereas for the remaining pollination times fruit
set was higher in 2008 than 2009. This different behaviour
could be due to the higher ratio of mature pistils at anthe-
sis in 2009 than 2008. In ‘Marcona’, the steeper decrease
of initial fruit set with pollination time may be due to the
higher temperatures registered in 2009 leading to a decrease
in stigma receptivity. For both cultivars, the maximum fruit
set was obtained during the first two days after emascula-
tion, with a progressive decrease thereafter (Figure 2 and
3). The statistical analysis at each pollination time (7able 2)
showed that the genotype effect was significant during the
first 4 days after emasculation, but not after the days 6 and
8. These differences indicate that fruit set depends primarily
on the genotype during the first four days after anthesis, but
thereafter the environmental conditions from the main reason
for the decrease of fruit set. Fruit sets for day-0 were lower
than those for day-2 and day-4 (Figure 2 and 3). Vezvaei &
Jackson (1994) reported the highest fruit set in newly opened
flowers of ‘Nonpareil’, which may be similar to 2 days af-
ter emasculation at stage D. In the present study, acceptable
fruit sets were obtained following pollination from day-0 to
day-4 after emasculation. A final fruit set after pollination
at day-6 was considered commercially acceptable in ‘Fer-
ragnes’ only in 2008 (Figure 3). Temperatures at bloom are
considered one of the main factors affecting fruit set (Hedhly
etal., 2003; Vasilakakis & Porlingis, 1985) and a shorter EPP
has been related to high temperatures recorded during bloom
in pear (Toyoma, 1980) and apricot (Burgos et al., 1991). In
our study, the warm temperatures during bloom (Figure 4)
could explain the reduction of initial fruit set with pollination
at day-4 in both years for ‘Marcona’.

Stigma receptivity

EPP duration in fruit trees is related to stigma receptivity,
pollen tube kinetics and ovule longevity, which are highly
influenced by climatic factors such as temperature (reviewed
by Sanzol & Herrero, 2001). The evaluation of stigma recep-
tivity, assessed by the percentage of flowers with germinated
pollen, revealed that in ‘Marcona’ and ‘Ferragnes’ the stig-
mas at anthesis were mature and were able to support pollen
grain adhesion, germination and penetration. The highest ini-
tial fruit set was obtained at day-2 after emasculation in both
years of study, coinciding with the highest stigma receptivity
(Figure 5). In ‘Ferragnes’, all the stigmas were receptive at
day-0 after emasculation in both years, but in ‘Marcona’ the
percentage of pistils with pollen grains on the stigma at day-0
was higher in 2009 than in 2008. The lack of stigma recep-
tivity just after emasculation could be due to immature stig-
mas, as already suggested in almond (Yi et al., 2006) and pear

Table 1. Analysis of variance for initial and final fruit set
in 2008 and 2009

Source of variation df ::;{f::_le F-Value P-value

Initial fruit set
Genotype (G) 1| 11334 30.77 < 0.0001
Year (Y) 1 0.22 0.01 0.9383
GxY 1 | 1973.16 53.57 <0.0001
Pollination time (PT) 4 [32839.54 222.9 <0.0001
G x PT 4 922.72 1.51 0.2045
Y x PT 4 | 2734.89 18.56 <0.0001
GxY xPT 4 278.47 1.89 0.1180
Error 100 36.83

Final fruit set
Genotype (G) 1 510.9 15.84 <0.0001
Year (Y) 1 842.1 26.11 < 0.0001
GxY 1 763.1 23.66 <0.0001
Pollination time (PT) 4 | 5906.54 183.12 < 0.0001
G x PT 4 10.45 0.32 0.8611
Y x PT 4 1 11322 35.03 <0.0001
GxY xPT 4 20.5 0.64 0.6383
Error 100 32.25

Table 2. Analysis of variance for initial and final fruit set at each
pollination time in 2008 and 2009

L. Mean Square”
Source of variation df
Initial fruit set | Final fruit set
0-day
Genotype 1 [295.26* 198.62*
Year 1 |632.83%* 1972.06%**
Year x Genotype 1 |77.76 ns 47.94ns
Error 20 [5038 52.87
2-days
Genotype 1 [723.36%* 88.01ns
Year 1 |341.03* 1785.72%%*
Year x Genotypes 1 |964.94%* 82.06ns
Error 20 [41.7 38.7
4-days
Genotype 1 [189.07*%* 202.42%
Year 1 |301.89%* 527.34%%
Year x Genotypes 1 [592.62%** 331.97**
Error 20 |50.5 38.9
6-days
Genotype 1 [106.01 ns 61.40 ns
Year 1| 1261.79%%%* 832.25%#%*
Year x Genotypes 1 |320.76%* 226.25%*
Error 20 [30.05 18.61
8-days
Genotype 1 |62.46ns 42.29ns
Year 1 |397.55%%* 252.85%%*
Year x Genotypes 1 [295.54%%* 156.87%*
Error 20 | 11.04 12.1

ns, ¥, #* FEE: pot significant or significant at P < 0.05. 0.001, or 0.0001.
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Stigma receptivity decreased
4 days after emasculation,
with greater differences in the
rate of decrease in 2009 than
in 2008. The loss of receptiv-
ity in almond cultivars, as in T a
pear (Sanzol et al., 2003) and
sweet cherry (Hedhly et al.,
2003), is related to desiccation
of the stigma, and the percent
of desiccated stigmas has been
related to temperature increase (Ortega et al., 2004). Yi et al.
(2006) reported that the stigma tissue of almond can become
necrotic even when the flowers are still receptive. This could
explain the high initial fruit set obtained 4 days after anthesis,
especially in 2009, when pistils showed a high percentage of
necrotic and desiccated stigmas at days 6 and 8 days after
emasculation, especially in ‘Ferragnes’. Temperatures dur-
ing the days following anthesis were high in both years of
study, ranging from 19°C to 24°C (Figure 4), and could desic-
cate the stigmas four days after emasculation.

A high positive correlation was found between fruit set and
percentage of flowers with germinated pollen, the trait used
to assess stigma receptivity, in both years and for both culti-
vars. The correlation was 2 = 0.97 (P = 0.0034) in 2008, and
? =0.98 (P =0.0001) in 2009 for ‘Marcona’, and r* = 0.96
(P = 0.0064) in 2008 and #* = 0.97 (P = 0.0024) in 2009 for
‘Ferragnes’. This correlation also decreased with the delay in
pollination time, with a sharper decrease in 2009 than in 2008
for both cultivars. These results indicate that the length of EPP
depends on stigma receptivity, which is controlled by tem-
peratures at bloom, as reported previously (Kodad & Socias i
Company, 2009; Ortega et al., 2004). Fast stigma degradation,
with a subsequent shorter EPP, was the main factor limiting
fruit set under warm conditions in several fruit species (Guer-
rero-Prieto et al., 1985; Burgos et al., 1991; Gonzalez et al.,
1995; Sanzol et al., 2003). The present results clearly indicate
that stigmatic receptivity could be an important factor limiting
almond flower receptivity and subsequent reduction of yield
performance under warm climatic conditions in Morocco, as
observed during blooming of these cultivars.
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Figure 4. Maximum, minimum and mean daily air temperatures during blooming of ‘Marcona’ and ‘Ferragnes’ in
2008 and 2009 at the experimental site
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Figure 5. Percentage of pistils with pollen grains on the stigma 24 h after each pollination date in the studied
cultivars over two consecutive years. Different letters indicate differences between pollination times in each year

Conclusion

Our results show that stigmatic receptivity is a limiting
factor for fruit set in ‘Marcona’ and ‘Ferragnes’ and their
subsequent yield reduction under warm conditions. In ad-
dition, the present study points out to the importance of
searching for suitable pollenizers for ‘Marcona’, not only
inter-compatible and with similar fruit characteristics, but
also with a better overlapping flowering period than ‘Four-
nat de Brézenaud’. This requirement emphasizes the impor-
tance of searching for a pollenizer with the same chilling
and heat requirements as ‘Marcona’. Another Spanish culti-
var, ‘Jordi’, showing similar chilling and heat requirements
as ‘Marcona’, as well as a completely overlapping flower-
ing period (Alonso et al., 2005), could be used as a pollen-
izer instead of ‘Fournat de Brézenaud’. The selection of au-
togamous cultivars tolerant to heat stress during flowering
is another solid alternative to be taken into account under
warm climatic conditions to avoid the problems related to
the synchronization of the flowering period and pollination
deficiencies.
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