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1.1 Almond Taxonomy

Almond belongs to the genus Prunus, which in-
cludes all stone fruits, and belongs to the Rosace-
ae family. Almond is a diploid species with n = 8 
(Darlington, 1930), the basic ploidy number of  
Prunus. In contrast to the other species of  this 
genus, whose commercial interest lies in their 
juicy flesh or mesocarp, almond is the only Prunus 
species grown for its seeds, whereas the corky 
mesocarp is only utilized in animal feeding 
(Aguilar et  al., 1984) or as a manure (Alonso 
et  al., 2012). Thus, almond is often classified 
more as a nut than as a stone fruit, despite its 
very close genetic similarities with the other 
stone fruits, and mainly with peach.

The botanical name of  almond has been a 
subject of  diverse controversies and has been 
changing continuously since Linnaeus began bo-
tanical systematics. Although taxonomy aims at 
unambiguous identification of  species, different 
subjective criteria have led to different classifica-
tions, despite the application of  objective param-
eters for species description. Consequently, fre-
quent cases of  synonyms for almond and other 
related species have been – and continue to be – 
reported. Linnaeus considered Amygdalus as an 
independent genus, classifying the stone fruits in 
different genera, corresponding to the main crops: 

almond (Amygdalus), peach (Persica), cherry 
(Cerasus), apricot (Armeniaca) and plum (Prunus 
sensu stricto). This division seems excessive, par-
ticularly if  the possibilities of  hybridization 
among different stone fruit species are con-
sidered. At present, most of  these groups are con-
sidered subgenera of  the genus Prunus, a single 
genus including all the stone fruit tree species, as 
the genus Prunus sensu lato.

According to Linnaeus’ criteria, under 
which the taxa well known to him were exces-
sively subdivided, almond was designated as 
Amygdalus communis L. (1753, Sp. Pl. 1: 473). 
This same denomination was also adopted by 
A.A. von Bunge as A. communis Bunge (1833, 
Enum. Pl. Chin. Bor. 21), although this name is 
invalid because it is recurrent. The first change 
was made by P. Miller, who adopted the denomin-
ation A. dulcis Mill. (1768, Gard. Dict., ed. 8. n. 2), 
without taking into account the presence of  bitter 
kernels in almond and of  sweet kernels in other 
Prunus species, thus making the dulcis designa-
tion equivocal.

The first inclusion of  almond in the genus 
Prunus was made by A.J.G.K. Batsch with the de-
nomination P. amygdalus Batsch (1801, Beytr. 
Entw. Gewächsreich 1: 30). This name was 
widely accepted for a long time and was also 
adopted by J.S. Stokes as P. amygdalus Stokes 
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(1812, Bot. Mat. Med. 3: 101), although this is 
also an invalid name because of  recurrence. 
H.G.L. Reichenbach recovered the wrong de-
nomination of  dulcis, but in the genus Prunus 
under the name P. dulcis (Mill.) Rchb. (1832, Fl. 
Germ. Excurs. 644), a denomination reactivated 
more than a century later by D.A. Webb as P. dulcis 
(Mill.) D.A. Webb (1967, Feddes Repert. 74: 24). 
Finally, another illegal denomination was pro-
posed by G. Arcangeli as P. communis (L.) Arcang. 
(1882, Comp. Fl. Ital. 209).

The same diversity of  names, mainly due to 
consideration of  whether or not Amygdalus is a 
genus or a subgenus, is found for the wild species 
related to almond (Grasselly, 1976; Browicz and 
Zohary, 1996). The most rational classification 
is that of  Rehder (1940), which considered 
Amygdalus (L.) Focke as a subgenus under the 
genus Prunus L., although this classification 
was not fully adopted. Browicz and Zohary 
(1996) proposed a classification of  the species 
related to almond considering Amygdalus as a 
genus. Subsequently, Socias i Company (1998) 
proposed a classification of  all almond species 
under the subgenus Amygdalus (Box 1.1). Unity 
of  the genus Prunus has been confirmed at the 
molecular level by the Genome Database for 
Rosaceae (2016) and the synteny of  traits 
among all species (Arús et al., 2006).

The most recent phylogenetic studies con-
sider that all almond and peach species must be 
considered as forming the subgenus Amygdalus 
of  the genus Prunus (Yazbek and Oh, 2013), des-
pite the preference of  some botanists to main-
tain Amygdalus as a genus, mostly based on mor-
phological traits and the inconsistency of  
considering mesocarp dehiscence as a differential 
trait (Zohary, 1998).

1.2 Wild Almond Species

The interest in wild almond species emerged in 
the 19th century and was pursued mainly by 
botanists (Grasselly, 1976). However, observa-
tion of  the diversity of  fruit species in central 
Asia in the early 20th century, where not only 
wild almond species but also wild almond trees 
could be found (Popov et al., 1929), led to a new 
interest in these species (see Chapter 2). The ori-
gin of  the cultivated almond was attributed to 

hybridizations involving several of  these wild 
species due to the ease of  crossing (Kovalyov and 
Kostina, 1935), following the theory of  species 
evolution put forward by Vavilov (1930). Hy-
bridizations are frequent among all species of  
this subgenus, giving rise to hybrid forms receiv-
ing a botanical name and creating some confu-
sion about their real classification (Rehder, 
1940; Browicz and Zohary, 1996). Among 
these species, P. fenzliana Fritsch, P. bucharica 
(Korsh.) Fedtsch, P. kuramica (Korsh.) Kitam. 
and P. triloba Lindl. may have been involved in 
natural hybridizations, giving rise to the cur-
rent cultivated almond (Grasselly and Crossa- 
Raynaud, 1980; Kester et  al., 1990). Recent 
research with molecular markers has reinforced 
this previous hypothesis (Zeinalabedini et  al., 
2010).

Wild almond species are mostly distributed 
in western and central Asia and eastern Europe 
(Fig. 1.1), although some isolated populations 
are found in other locations such as southern 
Mongolia and central China (Denisov, 1988) 
and central Spain (Felipe and Socias i Company, 
1977). In these peripheral regions new hybrid-
izations may have occurred, as could be the 
case of  the wild Mediterranean species P. webbii 
(Spach) Vierh. (Godini, 1979; Socias i Com-
pany, 2004) when almond cultivation spread 
into the Mediterranean region, resulting in 
unique self-compatible populations found 
along the northern shore of  the Mediterranean 
Sea from Greece and the Balkans to Spain and 
Portugal.

Interest in the wild almond species in scion 
and rootstock breeding emerged later when they 
were considered as possible sources for some 
interesting traits, such as self-compatibility, early 
ripening, vigour control, drought resistance, dis-
ease resistance and kernel composition (Kostina 
and Ryabov, 1959; Grasselly, 1977; Vlasic, 
1977; Socias i Company, 1978; Denisov, 1988; 
Gradziel et al., 2001; Gradziel, 2003). As a con-
sequence, interest developed in maintaining 
some representatives of  these species in research 
centres, not only as botanical samples, but also 
as a source of  genetic variability and as possible 
donors of  some traits (Grasselly, 1976). Seeds 
of  some populations of  these wild species had 
been introduced into the arboretum in Davis, 
California (Kester et  al., 1990) and in the col-
lections of  INRA, France (Grasselly, 1975); 
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Box 1.1. Classification of almond species (Socias i Company, 1998) 

Genus: Prunus L. (1735)

Subgenus: Amygdalus (L.) Focke

Series: Icosandrae Spach (1843)
(Syn.: Subgen. Amygdalus Browicz et Zohary)

(i) Section: Euamygdalus Spach (1843)
(Syn.: Sect. Amygdalus Browicz et Zohary)

Group Amygdalus

1. P. amygdalus Batsch (1801)
(Syn.: A. communis L., A. dulcis Mill., P. communis (L.) Arcang., P. dulcis (Mill.) D.A. Webb). It 
includes P. korshinskyi Hand.-Mazz.)

2. P. trichamygdalus Hand.-Mazz. (1913)
(Syn.:  A. trichamygdalus (Hand.-Mazz.) Woronow)

3. P. fenzliana Fritsch (1892)
(Syn.: A. fenzliana (Fritsch) Lipsky)

4. P. webbii (Spach) Vierh. (1915)
(Syn.: A. webbii Spach, A. salicifolia Boiss. et Bal.)

5. P. haussknechtii C. Schneider (1905)
(Syn.: A. haussknechtii (C. Schneider) Bornm.)

6. P. zabulica (Seraf.) SIC, comb. nov. (1998)
(Syn.: A. zabulica Seraf.). It includes A. browiczii Freitag)

7. P. kuramica (Korsh.) Kitam. (1960)
(Syn.: A. kuramica Korsh.)

8. P. bucharica (Korsh.) Hand.-Mazz. (1913)
(Syn.: A. bucharica Korsh.)

9. P. tangutica (Batal.) Koehne (1912)
(Syn.: A. tangutica (Batal.) Korsh.)

Group Orientalis

10. P. argentea (Lam.) Rehd. (1922)
(Syn.: A. orientalis Duhamel, A. argentea Lam.)

11. P. discolor (Spach) C. Schneider (1905)
(Syn.: A. graeca Lindl., A. discolor (Spach) Roemer)

12. P. elaeagnifolia (Spach) E. Murray (1969)
(Syn.: A. elaeagnifolia Spach, A. kermanensis Bornm.)

13. P. kotschyi (Boiss. et Hohen.) Náb. (1923)
(Syn.: A. kotschyi Boiss. et Hohen.)

14. P. carduchorum (Bornm.) Meikle (1965)
(Syn.: A. carduchorum Bornm.)

15. P. mongolica Maxim. (1879)
(Syn.: A. mongolica (Maxim.) Ricker)

(ii) Section: Chamaeamygdalus Spach (1843)
16. P. nana (L.) Stokes (1812)

(Syn.: A. nana L., P. tenella Batsch). It includes P. georgica (Desf.) and
P. ledebouriana (Schlecht.)

17. P. petunnikovii (Litv.) Rehd. (1926)
(Syn.: A. petunnikovii Litv.)

(iii) Section: Spartioides Spach (1843)
18. P. arabica (Olivier) Meikle (1967)

(Syn.: A. arabica Olivier, A. spartioides Spach, P. spartioides
(Spach) C. Schneider)

Continued
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19. P. scoparia (Spach) C. Schneider (1905)
(Syn.: A. scoparia Spach)

Series: Dodecandra Spach (1843)
(Syn.: Lycioides Spach)

20. P. lycioides (Spach) C. Schneider (1906)
(Syn.: A. lycioides Spach)

21. P. spinosissima (Bge.) Franch. (1883)
(Syn.: A. spinosissima Bge.)

22. P. eburnea (Spach) Aitch. et Hemsley (1886)
(Syn.: A. eburnea Spach, A. spathulata Boiss.)

23. P. brahuica (Boiss.) Aitch. et Hemsley (1886)
(Syn.: A. brahuica Boiss.)

24. P. erioclada (Born.) SIC, comb. nov. (1998)
(Syn.: A. erioclada Born.)

The following species are considered peach species but also belong to the section Euamygdalus:

P. persica (L.) Batsch (1801)
(Syn.: A. persica L., Persica vulgaris Mill.). It includes P. compressa
(Loud.) Bean (Syn.: Persica platycarpa Dcne., P. vulgaris compressa Loud, P. persica 
platycarpa Bailey)

P. davidiana (Carr.) Franch. (1872)
(Syn.: Persica davidiana Carr.)

P. mira Koehne (1910)
(Syn.: A. mira (Koehne) Rickter)

P. fasciculata (Torr.) Gray (1874)
(Syn.: Emplectocladus fasciculata Torr., A. fasciculata Greene)

P. kansuensis Rehd. (1922)
(Syn.: A. kansuensis Skeele)

P. pedunculata (Pall.) Maxim. (1883)
(Syn.: A. pedunculata Pall., A. boissieri Carr.)

P. triloba Lindl. (1857)
(Syn.: P. ulmifolia Franch., A. lindleyi Carr., Amygdalus triloba Rickter)

Box 1.1. Continued.

but interest in collecting a larger number of  
examples fostered the Grasselly–Felipe expedition 
to Afghanistan in 1974 and the establishment of  
an arboretum in Saragossa, Spain (Felipe, 1984). 
Even with the reduced number of  samples of  
each species in the different arboreta, it is pos-
sible to ascertain the large variability found in 
these species (Figs 1.2, 1.3 and 1.4), and even 
within each species (Fig. 1.5).

The scattered references to wild almond 
species were comprehensively summarized by 
Browicz and Zohary (1996), where all the spe-
cies are described and documented. However, these 
authors considered Amygdalus as a genus and 
not as a subgenus. Despite belonging to different 
groups and sections, the wild almond species are 
quite close genetically and remain apart from 

the ensemble of  almond cultivars (Fernández i 
Martí et al., 2015). Of  all wild species (Box 1.1), 
only those involved in the origin of  almond or 
utilized in crosses with almond will be mentioned. 
Thus, from the group Amygdalus, only P. fen-
zliana, P. bucharica, P. kuramica and P. webbii 
will be considered; from the group Orientalis, 
P. argentea and P. kotschyi; from section Spartioides, 
P. arabica and P. scoparia; and from the group of  
peach species, P. triloba.

P. fenzliana Fritsch (Fig. 1.6) is a subspines-
cent shrub 2–3 m tall with an open growth habit. 
Fruits are rather large (2.5 × 1.5 cm) and tomen-
tose. Nuts are thin and brown, slightly grooved. 
Kernels are bitter. It grows from north-east Tur-
key and Armenia to north-west Iran, Azerbaijan 
and Uzbekistan, growing mainly on rocky slopes 
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Fig. 1.1. Distribution area of wild almond species in the subgenus Euamygdalus Schneid. (Modified from 
Browicz and Zohary, 1996.)

P. fenzliana P. kuramica P. spinosa P. zabulica P. webbii

Fig. 1.2. Flower variability among different wild almond species. P., Prunus.

P. fenzliana P. kuramica P. zabulica P. bucharica P. spinosa

Fig. 1.3. Leaf variability among different wild almond species. P., Prunus.
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Fig. 1.4. Nut variability among different wild almond species. (From Felipe, 2000.)

between 700 m and 1800 m altitude. It crosses 
easily with almond and has thus been con-
sidered, with other species, to be involved in the 
origin of  almond (Grasselly and Crossa-Raynaud, 
1980), although Ladizinsky (1999) considered 
only P. fenzliana as the single most likely ancestor 

of  almond. This attribution was mostly based 
on the presence of  real wild thickets of  P. fenzliana, 
the morphological traits of  the species, mainly 
of  the nut and its area of  distribution. It has been 
utilized in almond breeding for late blooming 
(Grasselly, 1976).
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P. bucharica (Korsh.) Hand.-Mazz. (Fig. 1.7) 
is an erect shrub (1.5–4 m tall) or small tree 
(6–7 m tall) resembling almond, but with to-
mentose twigs and leaf  undersides. Hairiness 
varies depending on the region, being less hairy 
in the northern part of  its range. Leaves are light 
green and large. Fruits are large (4 × 2.5 cm), 
hairy, slightly asymmetric and pointed, and 
usually red at maturity, which is early. Thus, it 
has been utilized in almond breeding for early 
ripening and late blooming (Grasselly, 1976). 
Nut is pointed, with smooth surface. Shell is 
thin, but hard. Kernel is mostly bitter, but 
some sweet forms have been identified. It is 

distributed over the mountain parts of  Tajiki-
stan and Uzbekistan, and also extends to 
south Afghanistan. It grows scattered on 
stony, sandy or loessy slopes, commonly in the 
1000–1800 m altitude range, but fewer are 
found at lower and higher altitudes. It has 
been considered, with other species, to be in-
volved in the origin of  almond (Grasselly and 
Crossa-Raynaud, 1980).

P. kuramica (Korsh.) Kitam. (Fig. 1.8) is a 
shrub or small tree (4–5 m tall) very similar to 
almond in growth habit, in the morphological 
traits of  twigs, leaves and flowers, and in ripen-
ing time. The fruit is small (up to 2 cm long), 

P. bucharica

Fig. 1.5. Flower variability among different Prunus bucharica accessions.

Fig. 1.6. A sample of Prunus fenzliana.
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glabrous and dehiscent, showing a peculiar nut, 
quite flat and sulcate with deep furrows. Kernels 
are bitter. It crosses easily with almond and has 
thus been considered, with other species, to be 
involved in the origin of  almond (Grasselly and 
Crossa-Raynaud, 1980). It is restricted to east-
ern Afghanistan and northern Pakistan, grow-
ing in river valleys and on rocky or gravelly 
slopes at 1000–1600 m altitude.

P. webbii (Spach) Vierh. (Fig. 1.9) is a shrub 
or small tree (2–3 m tall), thorny and much 
branched. Leaves and fruits are relatively small. 
It is a Balkano-Anatolian species extending to 
southern Italy and the island of  Sicily, and also 
to central Spain. It grows in open sunny places 
in limestone rocks or gravelly slopes at altitudes 
of  up to 900 m, rarely higher. It crosses freely 
with almond (Socias i Company, 2004) and may 
have been involved in the origin of  the Puglia 
cultivars (Godini, 1979). Ladizinsky (1999) 
suggested that self-compatible almonds were de-
rived from P. fenzliana rather than from P. webbii, 
erroneously concluding that self-compatibility 
was not naturally found in P. webbii, but Godini 
(2000) clearly demonstrated that P. webbii from 

the Italian region of  Puglia was self-compatible 
and probably contributed self-compatibility to 
the Puglia pool of  almond cultivars. It has also 
been utilized as an almond rootstock or in devel-
oping almond rootstocks (Vlasic, 1977).

P. argentea (Lam.) Rehd. is a subspinescent 
shrub (1–3 m tall) characterized by white to-
mentose shoots, leaves and fruits, which provide 
the reason for its botanical name. Its flowers 
show very high frost resistance (Grasselly, 1976). 
It is a typical near-east species, being the most 
common wild almond species in north-east Iraq 
and south and central Anatolia. It grows in 
open, sunny niches such as sandy hills, loose 
gravel and rocky slopes at altitudes between 600 
and 1200 m.

P. kotschyi (Boiss. et Hohen.) Náb. is also a 
subspinescent shrub, but smaller than P. argen-
tea (30–45 cm tall), with a very dense yellow-
ish-green pubescence covering shoots, leaves 
and fruits. It is restricted to a small area in nor-
thern Iraq, eastern Iran and south-east Anatolia, 
at altitudes between 1800 and 2500 m, on lime-
stone rocks, boulders and screes. This species, as 
well as P. argentea, belongs to the Spartioides 

Fig. 1.7. A sample of Prunus bucharica.
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Fig. 1.8. A sample of Prunus kuramica.

Fig. 1.9. A sample of Prunus webbii.
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section and are not so close to almond as the spe-
cies of  the group Amygdalus.

P. arabica (Olivier) Meikle is an erect, broom-
like shrub, 1.5–2.5 m tall, mainly characterized 
by stiff, long, permanently green, glabrous, an-
gled branches. It loses the leaves at the beginning 
of  the dry season as a reaction to drought, a trait 
common with almond. It is a desert species grow-
ing on dry bare limestone rocks and sandstone 
cliffs, at altitudes of  150–1200 m. Its main distri-
bution area covers south-eastern Anatolia, Iraq 
and Syria, but with single stands also in western 
Iran, Israel, Jordan and north-west Arabia.

P. scoparia (Spach) C. Schneider is an upright 
broom-like shrub 3–4 m tall similar to P. arabica, 
but with non-angled branches. It extends in 
similar ecologies to P. arabica, but mostly in Iran 
and at altitudes over 1200 m. It grows in dry and 
hot areas, on loose conglomerates and limestone 
cliffs, loose volcanic rocks, crevices in rock slopes 
and in clay and sandy soils. P arabica. and P. sco-
paria are early ripening and are considered as 
possible donors of  resistance to drought due to 
their ecological adaptation and the avoidance of  
transpiration by leaf  fall.

P. triloba Lindl. is a wild peach rather than a 
wild almond, although it is sometimes called 
‘flowering almond’ and is considered a possible an-
cestor of  almond (Grasselly and Crossa-Raynaud, 
1980). It is a shrub or small tree with pubescent 
young shoots. Fruit is red and hairy, 1–1.5 cm 
large, with a very hard shell. It originates from 
China.

1.3 Almond Morphology

Almond is a very heterogeneous species, not only in 
its morphological and physiological traits (Kester 
et al., 1990; Socias i Company and Felipe, 1992b), 
but also in the genetic structure of  the different 
cultivars (Arulsekar et al., 1986; Arús et al., 2009; 
Fernández i Martí et al., 2009). This high genetic 
variability is transcribed into a high diversity of  
forms and performances, probably linked to the 
high heterosis of  the species, mainly due to the 
requirement for cross-pollination in most cultivars 
(Socias i Company, 1990). Additionally, charac-
teristic ecotypes have evolved in different growing 
regions, very often having been isolated from each 

other for centuries (Grasselly and Crossa-Raynaud, 
1980). One of  the most distinctive ecotypes is 
found in Apulia, southern Italy, and is mostly de-
fined by late-blooming cultivars with the presence 
of  flower buds mainly on spurs.

Consequently, almond trees may show a 
high variability in size, shape, vigour, branching 
habit, growth and fruiting type (Kester et  al., 
1990). All these traits must be taken into ac-
count when describing a cultivar and are classi-
fied according to already defined descriptors 
(Gülcan, 1985), although not all traits have the 
same importance, mainly depending on the or-
chard management under which the cultivars 
are grown. For cultivar registration a reduced 
number of  traits are considered (UPOV, 2016), 
as well as for germplasm management (ECP/GR, 
2016). Almond morphology has already been 
considered and described in detail (Grasselly and 
Crossa-Raynaud, 1980; Felipe, 2000).

1.3.1 Root

The root will depend on the rootstock. Therefore, 
there is not a single morphology for the almond 
tree root (Fig. 1.10). Additionally, the type of  
rootstock propagation (seedling, by cuttings or 
by in vitro propagation) and the method of  trans-
planting will affect root development and, con-
sequently, its morphology. The general frame-
work of  an almond root is of  a reduced number 
of  main roots extending both laterally and verti-
cally giving rise to a large number of  small roots 
terminating with the tips of  recently formed fine 
roots. The root pattern is a generally symmet-
rical image of  the canopy.

Traditional propagation was by seed, and 
this still continues in some growing regions 
(Mahhou and Dennis, 1992). In this way a very 
strong taproot is produced, often reaching very 
deep levels in the soil. Roots of  the almond spe-
cies are of  a yellow-grey colour when young, 
later becoming brown, but maintaining a rigid 
structure which renders transplanting prob-
lematic. This rigid structure is due to the strong 
lignification of  a relatively small amount of  
cortical tissues. Almond roots are little fascicu-
lated and very sensitive to asphyxia. This type 
of  root was obtained when rootstocks were 
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produced by direct seeding of  almond nuts, often 
bitter, in the orchard, being later grafted in situ.

When plants are produced in a nursery on 
almond seedling rootstocks, the pivoting taproot 
is cut when transplanting into the orchard and it 
never recovers, producing only reduced second-
ary branchings. In all cases the root system mostly 
spreads in the most superficial levels of  the soil, to 
best profit from rainwater and soil aeration.

At this stage the main requirement for the 
almond root is to explore an adequate soil volume 
according to the growing system (non-irrigated 
or other types of  irrigation systems). It must also 
provide a good anchorage to the tree, mainly to 
withstand mechanical harvesting and winds in 

windy regions. Other requirements are related to 
each rootstock type and to efficiency of  nutrient 
absorption (Felipe et al., 1998; Chapter 9).

1.3.2 Canopy

The canopy morphology is determined by the 
cultivar, the vigour induced by the rootstock, the 
grafting height and the type of  pruning applied. 
In many traditional growing regions the graft-
ing point was very high, with a trunk of  approxi-
mately 1.5 m where branching started, allowing 
sheep to graze under the trees. However, the 

Fig. 1.10. Different morphologies of almond roots. (From Felipe, 2000.)
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longer the trunk the smaller the canopy, thus re-
ducing the production capability of  the tree be-
cause the production level is often related to the 
volume of  the aerial part. On the other hand, a 
minimum trunk height is required for mechan-
ical harvesting with shakers, since the pincers 
must have enough space to grip the trunk. Add-
itionally, when an inverted umbrella is utilized 
for collecting the nuts, it may be difficult to 
spread the umbrella if  the branches are too low. 
Once the requirements of  orchard management 
have been considered, the trunk length must be 
as short as possible to reduce the productive ef-
fort of  the tree.

The different almond cultivars show differ-
ent growing habits (Fig. 1.11), from drooping as 
in ‘Desmayo Largueta’ and other cultivars with 
similar names (referring to the willow-type 
branching), to very upright as in ‘Fournat de 
Brézenaud’. When the habit is very erect the tree 
may have a canopy with insufficient spread. This 
makes orchard management difficult but may 
be useful in new developments of  high density 
plantings. Generally an upright to spreading 
habit is preferable, as it facilitates formation 
of  the tree and mechanization of  the different 
operations.

The branching habit is also similarly vari-
able, from cultivars with long shoots to others 
with spurs. The branching habit is closely re-
lated to the fructification type, as flower buds 
may mostly be found in brindles such as in ‘Non-
pareil’, or on spurs such as in most cultivars 
from Apulia. From the productive point of  view a 
compensated branching is preferable (Socias i 
Company et al., 1998), meaning enough annual 
growth to allow a continuous renewal of  the 
canopy, but with annual growth that is not ex-
cessive and so requiring much pruning.

Both the almond trunk and the branches 
are smooth during the first years. One-year 
shoots are from light green to reddish brown, de-
pending on the cultivar (Fig. 1.12). With aging, 
the bark breaks and becomes rough. Both vege-
tative and flower buds are found on the brindles 
and the spurs (Fig. 1.13); their appearance and 
density differ depending on the cultivar (Socias i 
Company, 1988a; Kodad and Socias i Company, 
2008).

Almond leaves are generally smaller, nar-
rower and longer than those of  peach, as well 
as being darker and flatter, although there are 

differences among cultivars (Fig. 1.14). ‘Des-
mayo Largueta’ leaves are a light green colour 
as opposed to those of  ‘Texas’, which are dark 
green. The closely related genotypes show simi-
lar morphological traits, including those of  
leaves (Bernad and Socias i Company, 1998).

1.3.3 Bud and flower

Flower buds are variable in size, shape and col-
our depending on the cultivar (Fig. 1.15). The 
number of  flowers in a single bud is also a culti-
var trait (Fig. 1.16). Cultivars such as ‘Desmayo 
Largueta’, ‘Nonpareil’ and ‘Ferragnès’ normally 
have a single flower in each bud, but many Ital-
ian cultivars from Apulia, such as ‘Tuono’, have 
many buds with twin flowers (Socias i Company, 
1983).

Almond flowers are generally perfect and 
pentamerous, with five sepals, five petals, a vari-
able number of  stamens and a single pistil. Devi-
ations from this flower type are sometimes found, 
and in some cultivars the presence of  female ster-
ility with pistil abortion or underdevelopment are 
important (Socias i Company et al., 1976; Socias 
i Company, 1983; Socias i Company and Felipe, 
1992a; Ben Njima and Socias i Company, 1995). 
The number of  stamens oscillates between 20 
and 30, but may reach 40. Frequently several 
pistils may be found in the same flower receptacle 
(Fig. 1.17), exceptionally giving rise to the forma-
tion of  twin nuts: two nuts sealed at their base 
and with a single peduncle (Fig. 1.18). The style is 
of  variable length (Vasilakakis and Porlingis, 1984; 
Socias i Company, 1988b) (Fig. 1.19) and may 
present a bending at the stigma end (Fig. 1.20), 
with an extreme example in the Majorcan culti-
var ‘Menut’ (Socias i Company and Rallo i Gar-
cía, 1996). This bending is very important as it 
may allow autogamy in these flowers (Wein-
baum, 1985; Socias i Company, 1996).

Flower size is another cultivar trait showing 
high variability (Fig. 1.21). It has been related to 
nut size. Petal size and colour are also cultivar 
traits (Fig. 1.22). Although white is the predom-
inant colour in almond flowers, ‘Marcona’ is 
easily distinguished by its relatively small pink 
petals (Fig. 1.23).

The amount of  flowers is a cultivar trait 
(Socias i Company, 1988a) and may be affected 
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Fig. 1.11. Different growing habits of almond cultivars. (From Felipe, 2000.)
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by alternance in susceptible cultivars. An appro-
priate flower density is desired to ensure a com-
mercial crop (Kodad and Socias i Company, 
2008) and, like the growth habit, flower density 
is similar in related cultivars (Sarvisé and 
Socias i Company, 2005).

1.3.4 Fruit

Botanically the almond fruit is a drupe charac-
terized by an outer fibrous layer or hull equiva-
lent to the flesh of  the stone fruits. The hull is 

made of  the pericarp and the mesocarp, and 
splits at maturity to show the endocarp or shell. 
The shell contains the seed or kernel, which is 
the commercial part of  the fruit. Nut size is 
very variable depending on the cultivar and the 
species (Socias i Company and Felipe, 1992b). 
Most wild species are characterized by very 
small nuts (Grasselly, 1976), but some cultivars 
may also produce fruits of  only 2–3 g (Fig. 1.24). 
The usual fruit weight in almond cultivars 
ranges from 8 g to 20 g, although some culti-
vars such as ‘Bartre’ may produce fruits weigh-
ing up to 40 g.

The pericarp is pubescent, although some 
exceptional glabrous forms have been found 
(Socias i Company, 1993). These forms are of  the 
‘nectarine’ type and seem to be due to a recessive 
mutation found in some seedling orchards ob-
tained with seeds produced by pollination of  re-
lated parents, thus allowing the appearance of  
the recessive allele in homozygosity. The pericarp 
is green, although at maturity reddish fruits are 
found in some cultivars. The mesocarp is gener-
ally green-white, sometimes yellowish, and some-
times showing at maturity a reddish inner layer 
when the mesocarp splits longitudinally at the 
suture line. Harvesting is usually done at full 
mesocarp dehiscence, when the shell is fully 
shown. Mesocarp dehiscence is affected by am-
bient humidity and the physiological stage of  the 
tree. In cases of  extreme drought this dehiscence 
does not take place and the mesocarp remains 
completely stuck to the shell. Mesocarp thick-
ness is very variable, from 0.5 cm to 1.5 cm, rep-
resenting from 38% to 85% of  the total fruit dry 
weight (Godini, 1984a; Alonso et  al., 2012), 
since soft-shell cultivars have thicker hulls 
(Godini, 1984b). Utilization of  the mesocarp as 
an animal food requires its mixing with nutrient 
additives (Aguilar et al., 1984; Schirra, 1997).

Fig. 1.13. Distribution of flower buds on spurs, on brindles and on mixed shoots in almond.

‘Desmayo
Largueta’

‘Texas’ ‘Bartre’

Fig. 1.12. Different colours of 1-year shoots.
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‘Desmayo
Largueta’

‘Texas’ ‘Cristomorto’

Fig. 1.14. Different sizes and shapes of almond leaves.

Fig. 1.15. Different shapes and colours of almond flower buds.

The endocarp or shell shows a very large 
variability among cultivars, from very soft paper 
shells to very hard stony shells (Fig. 1.25). Their 
morphology is also very variable, with a large di-
versity of  shapes and sizes, and the presence 
of  different modifications such as wrinkles and 
pores (Fig. 1.26), a more or less pronounced keel 
at the ventral suture (Fig. 1.27) or a sting at the 
apex (Fig. 1.28). Shell hardness is related to the 
shelling percentage, from less than 20% in stony 

shells to more than 60% in paper shells, al-
though not to the kernel percentage of  the total 
amount of  the fruit, including the mesocarp 
(Alonso et  al., 2012). The preference for each 
shell type depends on the growing conditions 
and the prevalent industry in the region. In the 
Mediterranean region hard shells are preferred 
since these cultivars seem more adapted to 
non-irrigated conditions and more resistant to 
depredation by birds and penetration by insect 
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larvae damaging the kernel. Furthermore, the 
nuts can be stored for a long time with reduced 
problems of  becoming rancid or excessively dry, 
thus allowing their sale throughout the year. 

The Mediterranean shelling plants are conse-
quently adapted to hard shells and are com-
pletely different from shelling plants for soft 
shells, as found in California and other countries 
growing similar cultivars, including most grow-
ing regions of  the southern hemisphere.

The endocarp may be used as firewood be-
cause of  its very high energetic power; it is some-
times used in the same processing plants, to heat 
water for blanching kernels. It is also utilized in 
chipboard manufacture, as active carbon and, 
reduced to powder, to polish some metals. New 
research aims to increase its possible use (Socias 
i Company et al., 2013).

1.3.5 Kernel

The kernel is the commercial part of  the almond 
crop and its size and shape are also cultivar traits 
(Fig. 1.29). The outer part is the tegument or 
seed coat, and is very variable in colour and 
thickness. Its colour ranges from yellow to brown, 
and it becomes darker with time. The surface 
may be smooth or wrinkled, and this is also re-
lated to its thickness. Seed coat thickness has 
an industrial importance because elimination of  Fig. 1.16. Twin flowers in almond.

Fig. 1.17. Different numbers of pistils in a single flower.
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the seed coat represents a weight loss of  up to 
10% at blanching. However, for some uses, a 
thicker tegument is preferred since this does not 
adhere too tightly to the kernel, an advantage in 
roasted almonds whose seed coat is easily re-
moved (as in ‘Desmayo Largueta’), and in prep-
aration of  different types of  flavouring for spe-
cial appetizers.

The same variability observed in nut weight 
is reflected in kernel weight, with a range of  val-
ues from 0.5 g to 1.5 g. For most uses large sizes, 
generally higher than 1.2 g, are preferred. How-
ever, for some special confectioneries very large 
or very small sizes are chosen, as well as a definite 
shape. For sugared almonds (peladillas or dra-
gées) and for chocolate almonds large kernels are 
selected, preferably round to reduce the layer of  
sugar or chocolate covering the kernel. For choc-
olate bars, small – and, particularly, flat – kernels 
are preferred to ensure they are covered by the 
chocolate and the thickness of  the bar is main-
tained. These cases are, however, very specific 
and the general trend in the industry is the pref-
erence for large kernels to facilitate and cheapen 
the processes of  cracking and blanching.

The presence of  double kernels is a culti-
var trait (Fig. 1.30) whose expression may vary 

depending on the year (Dicenta et  al., 1993b) 
and the region. Consequently, many factors have 
been suggested to affect the presence of  double 
kernels, whose cause has not been clearly eluci-
dated (Egea and Burgos, 1994; Socias i Com-
pany and Felipe, 1994; Asensio and Socias i 
Company, 1996). Their presence is due to the 
development and fertilization of  two ovules in 
the ovary (Gradziel and Martínez-Gómez, 2002) 
when the secondary ovule does not degenerate 
(Pimienta and Polito, 1982). It is considered a 
negative trait because the presence of  two ker-
nels in a single shell deforms both kernels and 
the processes of  cracking and blanching are ren-
dered more difficult, although the organoleptic 
quality of  the kernels is not affected. Conse-
quently, cultivars producing only single kernels 
are preferred, although photoelectric cells have 
recently been designed to separate the double 
kernels of  a sample automatically and quickly. 
Therefore, cultivars with double kernels but 
with other interesting characteristics may be 
successfully grown and marketed.

Some cultivars may produce nuts without 
kernels (void shells with only the seed coat) or 
with deformed kernels, as sometimes happens 
with two seeds inside a single seed coat (Gülcan, 
1975).

1.4 Reproductive Physiology

Since the commercial part of  the almond crop is 
a seed, fertilization of  the ovule is an unavoid-
able requirement to obtain a crop. Not only 
must a large number of  flowers be produced, 
but they must also be efficiently pollinated, 
since the small size of  the almond kernels de-
mands a high number of  nuts for a commercial 
yield (Godini, 2002). The production of  a large 
number of  flowers and effective pollination Fig. 1.18. Twin almond nuts. (Photo by J.A. Fras.)

Fig. 1.19. Different stigma–anther positions in almond.
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must be maintained throughout the life of  the 
orchard, avoiding any alternance in yield and 
looking for an adequate equilibrium between 
production and vegetative growth. These facts 
stress the importance of  the reproductive cycle 
of  almond, initiated by flower bud initiation and 
ending more than 1 year later with harvest 
(Fig. 1.31).

1.4.1 Flower initiation

Flower initiation is the process by which vegeta-
tive buds become flower buds (Polito et  al., 
1996). This process takes place during the 
summer previous to bloom, close to mid-August 

depending on the cultivar, and has two main re-
quirements: an adequate developmental stage of  
the tree and an equilibrated nutrient status. Young 
trees do not produce flowers, or in a very limited 
quantity, since they have not yet reached the 
stage of  maturity at which flower initiation may 
take place. The period during which flowers are 
not initiated occurs due to two different reasons 
depending on the type of  tree: juvenility in seed-
lings and unproductive period in grafted plants.

Juvenility is a general phenomenon in fruit 
trees. It is not interesting from the point of  view 
of  production, as normally orchards are made 
with grafted plants, not with seedlings. It is very 
important in breeding programmes, where the 
reduction in generation time is crucial. The ju-
venile period spans from seed germination until 
appearance of  the first flowers. During this period 
the aspect of  the plants may be quite different from 
that of  the adult trees, as the growth habit is some-
how shrubby, with thin, fragile and frequently 
thorny branches and smaller leaves. Almond is a 
fruit tree with a very short juvenile period, as 
some flowers may already appear in the second 
year after seeding, obtaining normally a general 
bloom in the fourth year. The length of  the al-
mond juvenile period is similar to that of  peach 
and much shorter than that of  the pome fruits.

The juvenile traits are more defined when 
observations are made closer to the tree crown. 
Consequently, even in adult trees, sprouts from 
the crown region may show juvenile traits. A re-
duction in the juvenile period may be looked for 
in a breeding programme to shorten the gener-
ation time and to observe the flowers and fruits 
quickly. One way of  shortening this period is by 
grafting on adult trees, but taking care to select 
grafting buds from the outermost part of  the 
seedling tree.

The unproductive period runs from grafting 
to the beginning of  flower production in the com-
mercial orchard, and thus effects the possibilities 
of  obtaining a crop. The length of  this period is of  
great economic importance to growers and de-
pends on the cultivar, rootstock, grafting point, 
planting density and nutrient condition of  the 
tree. Although this period is generally short in 
almond, it must be taken into consideration in 
the evaluation of  a cultivar. Some varieties, such 
as ‘Marcona’, ‘Guara’, ‘Ferragnès’, ‘Belona’ and 
‘Soleta’, are characterized by a very short unpro-
ductive period, and they may even show some 

Fig. 1.20. Pistil bending in almond.
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‘17-P-345’ ‘Spilo’ ‘Primorskij’ breeding line

Fig. 1.21. Different sizes of almond flowers.

‘Teresa’ ‘Ferralise’ ‘Redonda de
la Palma’

Fig. 1.22. Different colours of almond flowers.

Fig. 1.23. Pink ‘Marcona’ flowers.

flower buds at the end of  their first vegetative year 
in the orchard. Other cultivars, however, have 
longer unproductive periods. If  the grafting buds 
are taken from shoots with juvenile traits, such 

as watersprouts, the unproductive period may 
be extended.

The pruning system also affects the length 
of  the unproductive period. Long pruning, 
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TEXAS NONPAREIL SOLETA BARTRE

MARCONA CRISTOMORTO D. LARGUETAAЇ

Fig. 1.24. Different sizes and shapes of almond nuts.

RETSON KAPAREIL BELONAFERRAGNÈS

Fig. 1.25. Different types of almond shell.
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excessively reducing the shoot length, forces 
new shoots from low positions more prone to ju-
venile traits, and extends the unproductive 
period. Consequently, new systems of  tree for-
mation are being adopted with different planting 
densities.

There may be a positive correlation between 
the unproductive period of  a cultivar and the ju-
venile period of  the seedlings obtained from its 
seeds. As a consequence, all measures directed 
towards shortening these periods are extremely 
important to both the grower and the breeder.

Flower initiation takes place once the initial 
period has been overcome and the trees are in 
good physiological conditions, defined as a ‘lux-
ury stage’, with an adequate C/N relationship 

(Carrera Morales, 1975). Consequently, under 
conditions of  drought or deficient nutrition, 
flower initiation is low, thus reducing the possi-
bilities of  obtaining a reasonable crop in the fol-
lowing year. Similarly, when the crop level is ex-
cessive, the effort of  the tree in raising this crop 
reduces the possibility of  allocating nutrient re-
serves to flower initiation, giving rise to a period 
of  possible alternance of  production. For a good 
nutrient status, the presence of  a significant and 
active leaf  surface is required (Polito et  al., 
2002). Flower initiation studies have been 
undertaken by defoliating whole branches 
(Agabbio and Ortu, 1974).

There are no essential structural differ-
ences between the meristems producing a shoot 

JORDI MOLLESE GUARA Aï

Fig. 1.26. Different types of pores on the almond shell.

MARCONA ANTOÑETA AÏ

Fig. 1.27. Different types of ventral suture on the almond shell.
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or those producing a flower, although the first 
are of  indeterminate growth and the latter are 
of  determinate growth. Flower initiation takes 
place on a meristem by differentiating the differ-
ent flower elements. The right moment for flower 
initiation is related to the crop of  the previous 
year and to the temperature, as a thermal inte-
gral is required. Depending on the different culti-
vars and the region, flower differentiation starts 

in the northern hemisphere from mid-August to 
early September and is simultaneous in all the 
fruiting shoots: brindles, spurs and mixed shoots 
(Agabbio and Ortu, 1974).

The requirement for a good C/N equilib-
rium for flower initiation may easily be observed 
in almond: in the shaded parts of  the trees re-
duced formation of  flower buds may be seen; this 
is due to the lower levels of  photosynthesis in 

CRISTOMORTO FERRADUEL MARCONA

Fig. 1.28. Presence of an apex sting on the almond shell.

SOLETA FERRAGNÈS GUARA BELONA

Fig. 1.29. Different shapes and colours of almond kernels.
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these parts, leading to lower carbohydrate pro-
duction. Similarly, excessive N fertilization de-
creases flower initiation while at the same time 
stimulating excessive vegetative growth, in the 

same way that heavy pruning does. Any de-
crease in the leaf  surface has a negative effect on 
flower initiation, and may happen with green 
pruning that is done too early, from leaf  damage 

GUARA

Fig. 1.30. Double kernels in almond.
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by pests and diseases or from defoliation due 
to hail, chemical treatments and other causes. 
These deficiencies are not only reflected in 
reduced flower initiation, but also in reduced 
flower quality. Any reduction in the availabil-
ity of  nutrients as a consequence of  drought 
or a decrease in the leaf  surface increases 
the percentage of  flowers with malformed or 
sterile pistils.

Bud development takes place once flower ini-
tiation has been established in the meristem and 
leads to the formation of  the different flower or-
gans (Fig. 1.32). This process begins relatively 
quickly with differentiation of  the different pri-
mordia of  sepals, petals, stamens and pistils. During 
winter this process is extremely slow but it does 
not completely stop, and suddenly accelerates at 
the end of  winter, some weeks before blooming. 

I II III

IV V VI

VII VIII IX

Fig. 1.32. Sequential evolution of the almond flower bud. Stage I shows the first evidence of the differentiation. 
Stages II–VI indicate the development of the sepals, petals and stamens. In stage VII, pistils start to 
develop and in stage IX development of anthers and pistil is advanced. (From Ünal et al., 1981.)
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Normally, when vegetation stops growing in the 
autumn, all flower primordia are already formed.

The slow winter development primarily af-
fects the structure and biochemical pathways of  
the flower buds rather than the growth of  the 
primordia, which are already differentiated. The 
content of  growth regulators changes, with a de-
crease in abscisic acid and an increase in gibber-
ellins during the winter. Gametogenesis also pro-
ceeds during this period, as the development of  
pollen grains or microsporogenesis takes place 
during late autumn and early winter, at the same 
time as chilling accumulation occurs. Meiotic 
cell division seems to coincide with the fulfilment 
of  the chilling requirements and the end of  endo-
dormancy (Lang et  al., 1987). After this div-
ision bud development depends on air tempera-
ture in order to accumulate the heat requirements 
(thermal integral) to bloom (Alonso et al., 2005), 
because the bud stage at this time is one of  exo-
dormancy (Lang et al., 1987). Pollen grains are 
quickly formed once growth resumes at the end 
of  winter or early spring, when buds enlarge.

The seminal primordia are differentiated in 
the carpelar wall of  the ovary, but the ovule only 
starts its development when growth is resumed 
at the end of  winter. Pollen grain development is 
a relatively continuous and regular process, but 
that of  the ovule is very slow at first and becomes 
quicker at the end. Temperature plays an import-
ant role in the length of  time taken, as higher 
temperatures accelerate the process.

Almond flowers have a single carpel with 
two ovules, as in other stone fruits. The second-
ary ovule often degenerates (Hawker and But-
trose, 1980; Pimienta and Polito, 1982), mostly 
due to differences in size between the two ovules 
(Egea and Burgos, 2000), and a single kernel is 
produced. If  the two ovules reach full develop-
ment and are fertilized, two deformed kernels 
(double kernels) are produced. Since the degen-
eration of  the secondary ovule seems to be genet-
ically programmed (Egea and Burgos, 2000), the 
presence of  double kernels follows a genotype- 
dependent pattern and, as already mentioned, is 
a cultivar trait.

1.4.2 Blooming

Blooming takes place when the petals appear, 
showing the different elements of  the flower, 

and takes place when the chilling and heat 
requirements are fulfilled (see Chapter 12). 
Most almond cultivars have relatively slow chill-
ing requirements, but there is high variability 
among them (Tabuenca, 1972; Alonso et  al., 
2005). Similarly, the almond heat requirements 
are quite low and very variable (Tabuenca et al., 
1972; Alonso et al., 2005). Blooming time is a 
cultivar trait, although very variable depending 
on yearly climatic conditions (Rattigan and Hill, 
1986). Despite this variability, the order of  
blooming of  the different cultivars is main-
tained over the years with very small oscilla-
tions depending on the location and the temper-
atures in each season (Felipe, 1977a; Dicenta 
et  al., 1993a). The duration of  bloom also de-
pends on the cultivar and the weather, since 
bloom proceeds more slowly in low temperat-
ures (Hill et al., 1985; Bernad and Socias i Com-
pany, 1995). Consequently, bloom duration 
may oscillate from several days to more than 
1 month.

To compare blooming dates a homoge-
neous scale must be adopted, such as that of  
the different phenological stages defined in al-
mond by Felipe (1977b) from the dormant win-
ter bud to the ripe fruit (Fig. 1.33). Observation 
of  the phenological stages allows the determin-
ation of  the blooming date in relation to five 
points established according to the different 
percentages of  open flowers:

• Beginning of  bloom First open flowers.

• Beginning of  full bloom 5% of  open flowers.

• Full bloom  50% of  open flowers.

• End of  full bloom 95% of  open flowers.

• End of  bloom  100% of open flowers.

Flower opening follows a distribution close 
to normal, with a higher number of  flowers 
opening in the middle of  the blooming period. 
Normally the first flowers to open are those of  
higher quality and from single buds, whereas 
the last flowers to open are mostly twin in culti-
vars showing this trait, and sterile (Socias i Com-
pany, 1983; Socias i Company and Felipe, 
1992a; Bernad and Socias i Company, 1995).

Since the order of  blooming is quite con-
stant for the different cultivars, a scale has been 
established to allow their comparison, from 1 for 
the very early blooming ‘Cavaliera’ to 9 for ‘Tardy 
Nonpareil’ (Gülcan, 1985). However, after the 
definition of  this scale some new releases from 
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different breeding programmes were found to 
bloom later or much later than ‘Tardy Nonpa-
reil’, making the scale inoperable. Accordingly, 
the rating of  6 was adopted for ‘Tardy Nonpareil’ 
at the X GREMPA Colloquium at Meknès in Octo-
ber 1996, leaving the higher ratings of  7, 8 and 
9 for later blooming cultivars (Socias i Company 
and Felipe, 1999; Socias i Company et al., 2008; 
Vargas et al., 2008; Dicenta et al., 2009; Socias i 
Company et al., 2015).

Blooming time is very important in al-
mond for two different reasons: one is the co-
incidence of  blooming of  two cross-pollinating 

self-incompatible cultivars; and the other is the 
weather, mainly the possibility of  rain and frosts 
during bloom, since climatic conditions affect 
bud/flower/fruitlet survival, pollination and fer-
tilization. Frosts are a persistent problem in 
many – mainly inland – almond-growing re-
gions. However, in some coastal locations frosts 
may also take place at bloom or just after, and 
substantially reduce or even destroy the crop 
(Egea Caballero et al., 1980). Some almond cul-
tivars show an intrinsic resistance to frosts 
(Felipe, 1988), but the best way to overcome their 
effect is by planting late-blooming cultivars. 

A B C D

E F G H

J K LI

Fig. 1.33. Phenological stages of almond buds, flowers and nuts. A: resting bud. B: swelling bud. C: sepal 
appearance. D: petal appearance. E: stamen appearance. F: open flower. G: petal fall. H: set fruit. I: young 
fruit. J: developed fruit. K: suture opening. L: ripe fruit.
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Consequently, late bloom is an objective of  most 
breeding programmes (Socias i Company et al., 
1998; Chapter 7). However, in locations with no 
frost problems, early-blooming cultivars may be 
advisable if  grown under non-irrigated condi-
tions, because fruit development may be com-
pleted before the hot and dry summer.

Anthesis is the stage when the flower is ma-
ture and ready for efficient pollination. At anthe-
sis the stigma has already produced an exudate 
rich in carbohydrates, allowing the retention of  
pollen grains and their germination. At this 
stage pollen grains are normally available be-
cause the anthers have already dehisced. How-
ever, in very humid climates pollination may be 
hindered because anther dehiscence may be re-
tarded by an excessive ambient humidity.

1.4.3 Pollination

Pollination may be defined as the transport of  
pollen from the anthers to the stigma. At pres-
ent full differentiation must be established in 
almond between the self-incompatible culti-
vars (most of  the traditional ones) and the 
self-compatible cultivars (most of  them recent 
releases of  the different breeding programmes) 
(Socias i Company, 2002; Socias i Company 
et al., 2009).

Self-incompatible cultivars are character-
ized by the fact that, even though they produce 
viable pollen and ovules, their pollen is unable to 
fertilize the ovules of  the same cultivar and, con-
sequently, to produce a crop. Therefore, the pres-
ence of  two or more cultivars is required in the 
same orchard to ensure the transfer of  pollen 
from the anthers of  the flowers of  a cultivar to 
the stigma of  the flowers of  the other cultivar. 
However, the presence of  two or more cultivars 
in the same orchard is not enough to obtain a 
commercial crop because efficient pollination 
also involves other requirements. A deficient pol-
lination is a real loss of  yield because the max-
imum number of  flowers must be pollinated to 
ensure a good level of  crop (Kester and Griggs, 
1959a). Reductions in the numbers of  fruit as a 
result of  any pollination problem is seldom com-
pensated by an increase in the size and weight of  
the remaining fruits, as happens in other fruit 
trees (Godini, 2002).

The productivity potential of  an orchard 
will be determined by several conditions which 
can be summarized as:

• The presence of  simultaneously blooming 
and cross-compatible cultivars in the same 
orchard;

• Adequate distribution of  cultivars in the or-
chard;

• The presence of  pollinating insects;

• Appropriate weather conditions; and

• Effective fertilization of  the ovules of  each 
flower.

The presence of  simultaneously blooming 
and cross-compatible cultivars in the same or-
chard is essential for their pollen interchange. 
The different pollinating trials have shown the 
cross-compatibility of  most traditional cultivars 
(Socias i Company, 1990) and that the cases of  
cross-incompatibility are few, between very close 
cultivars, often coming from the same breeding 
programme or between budsports. Tufts (1919) 
reported the first cases of  cross-incompatibility 
in California, those of  ‘Nonpareil’ with ‘I.X.L.’ 
and of  ‘Texas’ with ‘Languedoc’; Wood and Tuft 
(1938) that of  ‘Harpareil’ with ‘Jordanolo’; 
Almeida (1949) that of  the Portuguese ‘Côco 
Grado’ with ‘Côco Miúdo’; Kester (1966) that of  
‘Nonpareil’ with its budsports ‘Tardy Nonpareil’ 
and ‘Cressey’ and that of  ‘Texas’ with ‘Ballico’; 
Herrero et  al. (1977) that of  ‘Primorskij’ with 
‘Yaltinskij’, although their breeder, Rikhter (1972), 
recommended ‘Yaltinskij as one of  the best pol-
lenizers of  ‘Primorskij’; and Crossa-Raynaud 
and Grasselly (1985) that of  ‘Ferragnès’ and 
‘Ferralise’, both coming from the French breed-
ing programme. Most cases were reported in 
California, where the first cross-incompatibility 
groups were identified as well as the S incom-
patibility alleles (Kester et  al., 1994), although 
the establishment of  incompatibility groups has 
been advancing continuously (Barckley et  al., 
2006; López et  al., 2006; Ortega et  al., 2006; 
Kodad and Socias i Company, 2009b).

Full-bloom coincidence of  the cultivars pre-
sent in an orchard is required to ensure the max-
imum possibilities of  a flower being pollinated 
and, consequently, fertilized. The blooming time 
must be recorded carefully in any location in order 
to select the best simultaneously blooming culti-
vars. If  full coincidence is not possible, three cul-
tivars can be selected, one a little earlier than the 
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main cultivar and the other a little later, since in 
this way the main cultivar may be well pollin-
ated. Coincidence in one year or in one location is 
not enough to ensure the requirement of  full 
overlapping, as small changes may take place 
over the years or the locations. This has been ob-
served repeatedly in Spain with ‘Marcona’ and 
‘Desmayo Largueta’, with frequent losses in pro-
duction because of  lack of  bloom coincidence 
despite their recommendation and good overlap 
in some years, mainly in high altitudes (Socias 
i Company et  al., 1994b). This requirement is 
completely removed by growing self-compatible 
cultivars, as they ensure the presence of  compat-
ible pollen for the whole blooming period.

Effective pollen transfer may be accom-
plished with adequate pollinating insects 
(Fig. 1.34). As in all rosaceous fruits, wind does 
not have any practical effect on almond pollin-
ation (Free, 1970; Williams, 1970). Several in-
sects have been reported as almond pollinators, 
but honeybees are probably the most effective. 
Other pollinators are probably fewer in number 
and their efficacy is still under verification. Soli-
tary bees, such as Osmia cornuta, for example, 
have promising possibilities.

Honeybees (Apis mellifera) show their high-
est activity at temperatures ranging from 15°C 
to 26°C (Free, 1970; Meith et  al., 1974). Their 
activity decreases at lower temperatures, stopping 

under 10–12°C. Bees do not fly during rainfall or 
in winds faster than 24 km/h (Meith et al., 1974). 
Placing beehives in blooming almond orchards 
is normal practice to increase the possibility of  
flower visits and, consequently, flower pollin-
ation. Placing between 2.5 and 5 beehives per 
hectare is recommended (Free, 1970; Rikhter, 
1972; Meith et al., 1974). These should prefer-
ably be protected from the predominant winds 
and facing east, so the hives receive the first sun-
rays in the morning and become heated, favour-
ing bee activity.

Other aspects involved in effective pollen 
interchange are the proportion and distribution 
of  pollinizers. The ideal distribution is 50% of  
two cultivars with full-bloom coincidence, and it 
is recommended that the proportion should not 
fall below 33%. Their distribution must be de-
cided at planting, noting that every tree must be 
close to a possible pollinizer, and having com-
plete rows of  a cultivar to facilitate harvest oper-
ations. More than two rows of  the same cultivar 
must be avoided as bees do not cross between 
rows very much (Jackson and Clarke, 1991), 
and a decrease in production throughout the 
rows can result if  solid blocks of  several rows 
have been erroneously designed (Socias i Com-
pany et al., 1994a).

The absence of  compatible pollen in an or-
chard is a mistake that can only be corrected in 

Fig. 1.34. Honeybee pollinating almond flowers. (Photo by J.M. Alonso.)



 Taxonomy, Botany and Physiology 29

the medium term by grafting trees or complete 
rows with a cross-compatible cultivar. However, 
an immediate action may be to collect compat-
ible pollen from another orchard and to spray it, 
once diluted with chalk or lycopodium powder 
(Thorp et al., 1967). Artificial pollination by air-
craft or ground blower has not been proved ef-
fective (Thorp, 1996). Pollen may also be distrib-
uted by bees if  a pollen dispenser is placed at the 
exit of  the beehive to spray the bees when they 
go out (Erickson et al., 1977).

The requirement for pollen transfer is also 
solved by planting autogamous cultivars (Socias i 
Company and Felipe, 1993), as they are able to 
be self-pollinated without any foreign interven-
tion, thus eliminating the need for pollen vectors.

Adequate temperatures for pollination are 
the same as for activity of  the pollinating insects. 
Pollen grains germinate on the stigma surface 
giving rise to the pollen tubes. At low temperat-
ures bees do not fly, but pollen germination is also 
very low, not enough to initiate effective pollen 
tube growth down the style. DeGrandi-Hoffman 
et al. (1989) reported that yield in almond is de-
termined by the number of  flowers per tree and 
the effective pollination period, and includes fac-
tors related to pollination efficiency, such as 
stigma receptivity, pollen tube kinetics and ovule 
longevity, as well as temperature. The concept of  
effective pollination period was defined as the 
period during which pollination was effective at 
producing fruit (Williams, 1965). This period is 
determined by the longevity of  the ovules minus 
the time lag between pollination and fertilization, 
provided that this resulting value does not exceed 
the length of  stigma receptivity. The most ad-
equate times for effective pollination are the 2–3 
days after flower opening (Griggs and Iwakiri, 
1964; Ortega et al., 2004; Kodad and Socias i 
Company, 2009a; Kodad and Socias i Company, 
2013).

Once the pollen grains are deposited on the 
stigma they stick to the stigma surface thanks to 
the stigmata exudates, and pollen tube growth 
begins rapidly (Fig. 1.35). Pollen tube growth 
rate is temperature dependent (Socias i Com-
pany et  al., 1976), being sufficiently effective 
when temperatures are higher than 10–12°C 
(Griggs and Iwakiri, 1975), although pollen 
tube activity is maintained at very low temperat-
ures (Socias i Company, 1982). Pollen tube 
growth is normal at temperatures between 18°C 

and 27°C, being optimal at around 25°C (Socias i 
Company et al., 1976; Socias i Company, 1982). 
At higher temperatures the process of  ovule de-
generation accelerates, giving rise to problems 
of  infertility.

Not all cultivars have the same temperature 
thresholds for pollen germination and pollen 
tube growth. In cold regions it may be advisable 
to grow cultivars with acceptable pollen activity 
at low temperatures (García García and Egea 
Ibáñez, 1979).

1.4.4 Fertilization

For effective fertilization pollen tubes must reach 
the embryo sac of  the ovule after growing the 
whole length of  the style, and double fusion 
must take place. Effective pollen tube growth 
only takes place when pollination is compatible 
(Fig. 1.36). If  pollination is incompatible, pollen 
tubes normally stop in the middle third of  the 
style, normally giving rise to abnormal pollen 
tubes (Fig. 1.37) and enlargement of  the growth 
end (Fig. 1.38).

Almond pollen is binucleate, with a vegeta-
tive nucleus and a generative nucleus. The latter 
divides during pollen tube growth giving rise to 
two generative nuclei. When the pollen tube 
reaches the embryo sac the two generative nu-
clei are discharged into the sac. One nucleus 
merges with the oosphere, the central nucleus of  
the embryo sac, giving rise to the zygote, whose 
development finishes with the formation of  the 
embryo and the whole kernel. The second gen-
erative nucleus merges with the two secondary 
nuclei of  the embryo sac to give rise to the trip-
loid endosperm, a jelly-like structure which be-
comes the nutritious source of  embryo develop-
ment until its disappearance when the kernel is 
fully formed.

In normal field conditions ovule longevity is 
6–8 days following flower opening. The pollen 
tube takes 3–5 days to reach the ovule. Conse-
quently, as already pointed out, pollination must 
take place in the first days after flower opening to 
ensure correct fertilization. Some factors may af-
fect ovule viability, shortening or lengthening its 
longevity or even causing its sterility, such as 
temperature or the nutrient status of  the tree. 
Consequently, differences in productivity may be 
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observed in the same cultivar depending on 
these different circumstances. Another aspect to 
be considered in flower fertilization is the pres-
ence of  sterile flowers (Fig. 1.39), a cultivar trait 
(Socias i Company, 1983), but very variable 
depending on the year (Bernad and Socias i 
Company, 1995) mainly because of  drought and 
nutrient deficiencies.

The ovaries of  pollinated but unfertilized 
flowers have an initial development until they 
reach the size of  a pea or a little more, but fall 
2–3 weeks after the end of  bloom. Pollen tube 

growth provides enough stimulus for this initial 
ovary growth (Kester and Griggs, 1959b; Meith 
et al., 1974).

1.4.5 Fruit development

After fertilization the ovary enlarges and be-
comes a fruit (Pimienta and Polito, 1983). All the 
ovary structures become the different elements 
of  the almond fruit. Thus, the ovary epidermis 

Fig. 1.35. Germinated pollen grains on the stigma surface giving rise to pollen tubes. (Photo by J.M. Alonso.)
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Fig. 1.36. Compatible pollen tubes reaching the style base. (Photo by J.M. Alonso.)

Fig. 1.37. Incompatible pollen tubes ceasing 
growth in the middle third of the style.

Fig. 1.38. Enlargement of the end of an incompat-
ible pollen tube ceasing growth.
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becomes the exocarp, which is normally very pu-
bescent. The ovary wall becomes the mesocarp, 
the fleshy but corky part of  the almond fruit, 
known as the hull. The inner part of  the ovary 
wall is lignified and becomes the endocarp or 
shell. The line of  ovary suture remains marked 
and is the line where the hull splits at maturity, 
showing the shell. The kernel is the embryo with 
two well-developed cotyledons, and the seed coat 
is the ovule tegument.

Stone fruit growth is characterized by three 
growth phases which form the sigmoid of  fruit 

development, although not all fruits follow the 
same type of  growth:

 1. Active cell division until the total cell number 
as found at maturity has almost been reached, 
with an important fruit enlargement.
 2. Arrest of  both cell division and enlargement, 
when the endocarp is normally lignified.
 3. Final cell enlargement, with very few cell di-
visions, until reaching the final size at harvest 
(not present in almond).

These three phases have mostly been studied in 
peach, a species showing a very variable second 
phase depending on the cultivar, since the very 
early ripening cultivars have a very short or 
non-existent second phase. In almond the first 
phase takes approximately 12 weeks from flower-
ing (Hawker and Buttrose, 1980), when the final 
size of  the nut is reached. After this first phase no 
more growth is observed, and only the develop-
ment of  the kernel takes place (Fig. 1.40). At the 
beginning of  endocarp lignification the embryo 
occupies a lower position in the tegument, and 
takes up limited space; the remaining space is 
filled by the endosperm. During the first weeks of  
the second phase, and without any visible vari-
ation in fruit size, the embryo completes its growth Fig. 1.39. Aborted pistil giving rise to a sterile flower.
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until it occupies all the space inside the tegu-
ment, whereas the endosperm disappears. Tak-
ing into account that the commercial part of  the 
almond fruit is the kernel – the ripe embryo – this 
period of  embryo enlargement is critical and any 
problem appearing at this stage, such as water 
stress, results in irregular kernel development 
such as wrinkled kernels, half-filled kernels or 
even empty seed coats (Fig. 1.41).

Consequently, irrigation must be very well 
programmed or, in non-irrigated conditions, 
cultivars must be selected for good adaptation 
to the possible lack of  water. The water reserves 
in rainfed orchards may be too reduced to allow 
good kernel development and the final kernel 
size may be too small. The first phase of  fruit 
growth in almond lasts about 2.5 months, and 
embryo development starts about 10 weeks 
after fertilization. This first phase is character-
ized by cell division of  the pericarp until the 
final size is reached. At the same time the cells 
of  the nucella surrounding the embryo sac also 
divide actively, producing a translucent tissue 
of  large and fragile cells. Throughout this phase 

the embryo remains a very small structure in-
side the nucella.

Cell divisions in the embryo sac proceed at a 
slow pace at the beginning, especially in the em-
bryo. For the triploid endosperm, the rate of  cell 
division accelerates after the sixth week until 
reaching the maximum size at a transition point 
from the first to the second phases of  growth. 
From this point the endosperm only serves as a 
source of  nutrition for embryo development. This 
development is very slow at the beginning, so 
that embryo size 50 days after blooming is be-
tween 100 and 200 μm (Grigorian, 1972). At 
this stage the embryo is a globular mass joined 
with the tegument by some cell rows which con-
stitute the suspensor; after that, the radicle devel-
ops thanks to very active cell divisions. The plum-
ule stays very small, but has a marked apex 
where differentiation of  foliar primordia can be 
observed at 60–70 days. Despite the small plum-
ule, at maturity the number of  foliar primordia 
has increased to 14–16, so the embryo has a very 
well-differentiated structure which allows for quick 
development of  the plant once the seed germinates. 

Fig. 1.41. Aborted and semi-developed almond kernels.
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Thus, embryo development mostly takes place in 
the second phase of  fruit development.

The embryo is found between the two coty-
ledons that form the kernel, which fills com-
pletely the tegument in the 15th week after pol-
lination. Not only water stress negatively affects 
kernel development, but also the nutrient status 
of  the tree, mainly if  there is nutrient competi-
tion among fruits after high fruit sets. An exces-
sive crop reduces the size of  the almond nut, al-
though the size decrease is not as important as 
in other fruit trees (Felipe, 2000).

At maturity the mesocarp or hull dries out, 
provoking the rupture of  the suture line, thus 
leaving the endocarp or shell partially visible. 
Some factors, such as an excessive drought or 
some diseases, may prevent the mesocarp split-
ting despite its dryness. The presence of  sticky 
hulls is a problem for harvest processing as they 
are difficult to dehull. Ripening is not homoge-
neous for all fruits on the tree, depending on the 
cultivar, although simultaneous ripening is an 
interesting trait for harvest management. It may 
also be variable among trees of  the same cultivar 
depending on age, nutrient and water status, and 
crop level. Nut fall before harvest also depends on 
the cultivar and may be a problem when harvest 
is delayed. Thus, nut retention must be as high as 
possible before harvest, but nut fall must be max-
imal at harvest to avoid leaving nuts on the tree. 
The nuts left are mostly those with some prob-
lem, such as sticky hulls. Ripening time is com-
pletely independent of  blooming time, as almond 
cultivars show a large variability in the length of  
the reproductive cycle. The Spanish cultivars 
‘Desmayo Largueta’ and ‘Guara’ are examples of  
this independence, as the first is early blooming 
and very late ripening, whereas the latter is late 
blooming and very early ripening.

Nut size and shell hardness are variable ac-
cording to growing conditions such as tempera-
ture, water status and light, so no clear criteria 
on nut size can be established for cultivar identi-
fication. The percentage of  double kernels is also 
variable. Nut and kernel shape, in contrast, are 
quite constant, as well as the ratios between the 
different dimensions, thus maintaining the typ-
ology of  the cultivar (Kodad and Socias i Com-
pany, 2006).

In the fruiting process two aspects are 
particularly important: flower/fruit fall and 
production alternance. Flower and fruit fall may 

occur for different reasons because in each re-
productive stage the fall may affect flowers, ovar-
ies or developing fruits. Taking into account that 
not all flowers will become fruits, a certain num-
ber of  flowers must fail in their development. It is 
difficult to establish a normal fruit set for a good 
crop level, although Kester and Griggs (1959b) 
considered that a fruit set of  30–35% was an 
average for good conditions of  cross-pollination 
in ‘Nonpareil’ and ‘Texas’ in California. How-
ever, lower fruit sets have also been considered 
acceptable (Socias i Company and Felipe, 1992a) 
because the level of  fruit set needed for an ac-
ceptable crop would depend on the flower dens-
ity of  each cultivar (Socias i Company, 1988a), 
as well as on the percentage of  flower sterility 
(Socias i Company, 1983). Consequently, a culti-
var with very high flower density may attain an 
acceptable crop with low fruit set, whereas in 
other cultivars fruit set must be very high to 
compensate for a low flower density (Bernad and 
Socias i Company, 1998).

Flower and fruit drop take place at three dif-
ferent stages and in each case the fall occurs for 
diverse reasons (Kester et al., 1959b; García Gar-
cía et  al., 1980). The first drop is of  malformed 
flowers, mainly of  sterile flowers due to deficient 
pistil development, and takes place just after 
bloom or even in the last stages of  bloom. Nor-
mally these flowers have short pistils, often lack-
ing ovary enlargement (Fig. 1.39). This mor-
phological sterility is confirmed by deficient 
development of  the ovule and often by its absence 
(Socias i Company et  al., 1976). Probably these 
flowers come from a deficient flower initiation 
due to poor water and nutrient conditions in the 
previous year. These flowers normally open during 
the last stages of  the bloom period (Socias i Com-
pany, 1983; Bernad and Socias i Company, 
1995). Even if  these flowers were well pollinated, 
they would be unable to produce a fruit.

The second drop takes place at 3–4 weeks 
after bloom, and consists mostly of  unfertilized 
flowers. They are well formed and start their de-
velopment by cell enlargement and not by cell 
division (Bradley, 1962). These flowers could 
also have been pollinated but not fertilized be-
cause the pollination stimulus brings on initial 
development until they are pea sized. Some fer-
tilized flowers may also drop at this stage because 
of  improper embryo development, due mainly to 
cytological defects. These are also malformed 



 Taxonomy, Botany and Physiology 35

flowers, but with less pronounced defects than 
the sterile flowers of  the first drop.

The third drop is basically physiological and 
takes place 6 or 7 weeks after bloom. It is often 
referred to as ‘June drop’, as in other fruit trees, 
but in almond the number of  fruits is already 
stabilized in June and this physiological drop 
mostly takes place in April–May. At this stage 
nuts have practically reached their final size, but 
the nuts that fall are characterized by having a 
smaller size, yellowish epiderm and very light re-
tention, as they fall due to simple physical con-
tact. These fruits come from fertilized embryos, 
but at this stage, when the embryos have to drive 
their development, their size remains static. This 
is probably due to competition among fruits for 
nutrients. As a consequence of  this competition, 
all fruits showing any deficiency cannot effi-
ciently compete for available nutrients, espe-
cially if  the fruit number is high, and even if  the 
water and nutrient conditions are satisfactory.

Alternance has already been mentioned in 
connection with flower initiation. This phenom-
enon has important repercussions for produc-
tion, because crop levels become very variable 
and commercial channels cannot be main-
tained. Alternance affects not only the produc-
tion of  an affected cultivar, but also that of  the 
whole orchard, if  self-incompatible cultivars are 
grown. This has been indicated in the very alter-
nant cultivar ‘Cristomorto’ because in the years 

when the reduction in the flowers is very marked, 
the resultant low level of  flowers may be insuffi-
cient to produce pollen for pollinating the re-
maining cultivars in a mixed orchard.

1.5 Vegetative Growth

Vegetative growth in almond is the consequence 
of  vegetative bud bursting and further shoot 
elongation. These simple processes are deter-
mined both by the intrinsic characteristics of  the 
tree and by the environmental conditions, mainly 
the water status. Each cultivar has a characteris-
tic growth habit, affecting tree vigour and tree 
habit. Some cultivars are very vigorous, with 
strong growth, whereas others of  reduced growth 
are characterized by short shoots, often related 
to the formation of  lower buds on spurs (Negrón 
et  al., 2013). Similarly, the tree habit may be 
very variable, sometimes with a willowy aspect 
giving name to a group of  cultivars such as 
‘Desmayo Largueta’; although some other cul-
tivars, such as ‘Primorskij’, may have an even 
more drooping growth habit. Growth habit is 
similar in related cultivars, as happens with 
other morphological traits (Sarvisé and Socias i 
Company, 2005).

Vegetative bud bursting develops from the 
dormant meristems (Fig. 1.42) and normally 

leaf primordium

leaf

lateral bud
 primordium

apical meristem

Fig. 1.42. Section of a vegetative 
almond meristem. (From Felipe, 2000.)
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takes place just after blooming, but the time 
interval between the two phenomena may vary 
depending on the cultivar (Fig. 1.43), with 
cases of  bud bursting before blooming (Büyüky-
ilmaz and Kester, 1976). The initial bursting 
gives rise to a shoot with leaves along its length. 
Another vegetative bud is formed at the axilla 
of  each leaf  and usually remains dormant. This 
dormancy may easily be overcome by the re-
moval of  the apical bud, but in some cultivars 
these lateral buds burst easily during the same 
vegetative season, giving rise to the formation 
of  anticipated shoots or feathers (Fig. 1.44). 

Feathers are more developed at the shoot base 
than near the apex.

The different types of  growth may require 
different pruning systems as seen in Chapter 11. 
Thus, summer or winter pruning may be recom-
mended for some cultivars or growing systems. 
There has been recent interest in a type of  growth 
defined as compensated (Socias i Company et al., 
1998), characterized by some growth for a grad-
ual renewal of  the canopy but not requiring too 
much pruning.

At the beginning of  summer, with depletion 
of  soil water reserves and temperature increase, 

Fig. 1.43. Differential time relationship of vegetative bursting and blooming in two almond cultivars.

‘Bartre’ ‘Texas’ ‘Desmayo
Largueta’

‘Marcona’ ‘Aï’

Fig. 1.44. Differential branching pattern in almond resulting in production of different feathers.



 Taxonomy, Botany and Physiology 37

growth frequently stops in non-irrigated or-
chards. Under irrigation or in good water condi-
tions only growth diminution takes place. In the 
autumn, after the normal rains of  that season, 
growth is resumed and the shoots will be more or 
less thick, according to the growing conditions. 
The possibilities of  growth and of  bursting of  the 
lateral buds are maintained during the whole 
vegetative cycle. Only at the end of  autumn, with 
the onset of  winter dormancy, does all vegetative 
growth cease, although the development of  the 
flower primordia goes on inside the bud.

The internal regulation of  growth and win-
ter rest is controlled by the equilibrium of  the dif-
ferent growth regulators. The study of  hormone 
regulation and action has not been undertaken 
in almond as deeply as in other fruit species, al-
though their metabolism and effects are prob-
ably similar. There has been some work on tree 
growth control by the application of  growth in-
hibitors, as well as on watershoot control by ap-
plying auxin emulsions at the pruning cuts (also 
aiming to cicatrize the wounds), but they were 
not fully effective (Blanco, 1987).
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