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Abstract

The associations ‘Marcona’-‘Fournat de Brézenaud’ and ‘Ferragnes’-
‘Ferraduel” are the cultivar combinations mostly planted in commercial orchards in
Morocco. The blooming time and the effective pollination period (EPP) were
determined for these associations in order to determine the effect of blooming and
pollination times on the irregular yields observed in Morocco with these cultivars.
‘Marcona’ bloom was earlier than for ‘Fournat de Brézenaud’, but ‘Ferragnés and
‘Ferraduel’ coincided in blooming. Fruit set and percentage of pistils with pollen
grains showed a maximum when pollination was done at day 2 after emasculation.
Fruit set and stigmatic receptivity decreased drastically from day 4 after
emasculation. Fruit set in the open pollination treatment was lower than that
obtained after hand pollination at days 0 and 2 after emasculation, especially in
‘Marcona’. These results emphasize the importance of early pollination as well as
the selection of new cultivars with the same flowering period than ‘Marcona’ to
improve almond yields in Morocco.

INTRODUCTION

Almond (Prunus amygdalus Batsch) is one of the most important of the temperate
tree fruits cultivated in Morocco after olive, with a total production reaching around
120.000 mt of kernels (FAO, 2007). The associations ‘Marcona’-‘Fournat de Brézenaud’
and ‘Ferragnes’-‘Ferraduel’ are the mostly planted cultivar combinations in commercial
orchards in Morocco. These cultivars are self-incompatible, thus insect-dependent cross-
pollination is required to reach an economically acceptable production in commercial
orchards.

Almond yields in Morocco have been reported to be erratic (Loussert et al., 1989;
Oukabli et al., 2008) because the pollination process is affected by weathers conditions
during flowering and because of delayed blooming among cultivars. Fruit set has been
shown to be dependent on the number of pollinated flowers (Kester and Griggs, 1959),
but other factors affect final crop level. DeGrandi-Hoffman et al. (1989) reported that
yield in almond is determined by the number of flowers per tree and the effective
pollination period (EPP), and includes factors related to pollination efficiency, such as
stigma receptivity, pollen tube kinetics, and ovule longevity (Sanzol and Herrero, 2001).
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 at producing
fruit. This period is determined by the longevity of the ovules minus the time-lag between
pollination and fertilisation, provided that this resulting value does not exceed the length
of stigma receptivity (Sanzol and Herrero, 2001). Our objective was to assess the possible



influence of EPP on fruit set and consequently on yield in ‘Marcona’ and ‘Ferragnées’
under Moroccan climatic conditions.

MATERIALS AND METHODS
Plant Material

Two cultivars, ‘Marcona’ and ‘Ferragnés’, were included in this study. Each
cultivar was represented by three contiguous trees, planted in the experimental station
established at the Institut National de Recherche Agronomique (INRA), Meknes, located
at 33°55’N and 5°13’W, at 499 m over sea level. These cultivars were managed according
to commercial recommendations for the area, and formed in an open vase.

Flowering time and Effective pollination period

Blooming date of the studied cultivars was determined according to IBPGR
descriptors (Gilcan, 1985). EPP was estimated according to Williams (1970) on four-five
homogenous branches selected at random around the canopy of the three trees. Flowers
buds at stage ‘D’ were emasculated and hand self-pollinated 0, 2, 4, 6 or 8 d after
emasculation. Fruit set (i.e., the percentage of pollinated flowers that produced fruit) was
recorded in June.

Stigma receptivity

Stigma receptivity was determined on the same three trees. Flowers were
emasculated and hand self-pollinated 0, 2, 4, 6, or 8 d after emasculation. After each
pollination treatment, 10-15 flowers were collected 1 d after pollination, and prepared
according to Socias i Company et al. (1976) in order to be observed under microscope
with UV illumination. Each stigma was considered receptive when it was able to support
pollen hydration, germination, and initial pollen-tube growth into the transmitting tissue
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 determined as an index of stigma
receptivity.

RESULTS AND DISCUSSION

The bloom evolution of the studied cultivars showed that ‘Marcona’ was 4 days
earlier than its pollinator ‘Fournat de Brézenaud’ (Fig 1). Oukabli et al. (2008) reported
that during the last 20 years, a delay of bloom between these two cultivars was observed
in some years. As a consequence, a deficient pollination and a reduction of fruit set and
yield resulted. However, Ferragnés’ and ‘Ferraduel’ coincided in the flowering period
(Fig 1). The delay of bloom periods between ‘Marcona’ and ‘Fournat’ could probably be
due to their different heat requirements (Alonso et al., 2005).

Fruit set was higher in ‘Ferragnes’ than in ‘Marcona’ (Fig 2) and also varied
depending on the time of pollination. Fruit set in the open pollination treatment was
27.2% for ‘Ferragnés’ and 20% for “Marcona’. These results clearly indicate the negative
effect of a deficient pollination on fruit set and yield of ‘Marcona’. In both cultivars
maximum fruit set was obtained 2 d after pollination, as also obtained in other almond
cultivars (Kodad and Socias i Company, 2009; Ortega et al., 2004), with a progressive
decrease thereafter (Fig 2). However, fruit set after pollination at day-6 was considered
commercially acceptable in ‘Ferragnes’ but not in “‘Marcona’. Temperatures at bloom are
considered the main factors affecting fruit set (Vasilakakis and Porlingis, 1985), and in



the present study warmer temperatures during the first days after emasculation (Fig 3)
could explain the reduction of fruit set with pollinations at day-4, particularly in
‘Marcona’.

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
(Sanzol and Herrero, 2001). The evaluation of stigma receptivity, assessed by the
percentage of flowers with germinated pollen, revealed that at 2 d after emasculation the
stigmas were mature and were able to support pollen grain adhesion, germination and
penetration. The highest fruit set was obtained at this stage, coinciding with the highest
stigma receptivity (Fig 2). The reduction of fruit set 4 d after pollination in ‘Marcona’
could be due to the loss of stigma receptivity, as reported in other studies (Kodad and
Socias i Company, 2009; Ortega et al., 2004). The percentage of stigmas with pollen
grains used to determine the stigma receptivity in our study showed a close fit with fruit
set in both cultivars (Fig 2), indicating that EPP is limited by stigma receptivity and this is
limited by temperatures at bloom. Burgos et al. (1991) also observed a rapid stigma
degradation under high temperatures in apricot, with a subsequent shorter EPP.

CONCLUSIONS

The present study shows that the varietal association chosen by the farmers is not
adequate, especially for ‘Marcona’-‘Fournat de Brézenaud’. Thus, the selection of new
cultivars with the same flowering period than ‘Marcona’ to improve almond yields in
Morocco is advised. Our results show that the EPP, stigma receptivity and warm
temperatures during bloom are possible limiting factors for fruit set and fruitfulness in
‘Marcona’ and ‘Ferragnes’. These results emphasize the importance of early pollination
to ensure an acceptable yield. Finally, in the context of the warming context experienced
in Morocco, the introduction and selection of adapted autogamous cultivars is advisable
to increase and ensure almond production in Morocco.
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Figure 1. Bloom evolution of the studied cultivars at the experimental site
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Figure 2. Fruit set and percentage of pistils with pollen grains on the stigma 24 h after
each pollination date from emasculation (day-0) to day-8
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Figure 3. Maximum, minimum and mean daily air temperatures from emasculation to
day-8 after emasculation at the experimental site.



