
23FAO-CIHEAM - Nucis-Newsletter, Number 15  December 2011

Socias i Company, R., 1978. La au­
tocompatibilidad en la mejora del al­
mendro. I Congreso Internacional de Al­
mendra y Avellana, Reus, 25-28 octubre 
1976:  513-522.

Socias i Company, R., 1984. Genetic ap­
proach to the transmission of self-com­
patibility in almond (Prunus amygdalus 
Batsch). Options Méditerranéennes CI­
HEAM/IAMZ I/84: 123-127.

Socias i Company, R., 1990. Breeding 
self-compatible almonds. Plant Breed. 
Rev. 8: 313-338. 

Socias i Company, R., 1998. Fruit tree 
genetics at a turning point: the almond 
example. Theor. Appl. Genet. 96: 588-
601.

Socias i Company, R., Felipe, A.J., 1977. 
Heritability of self-compatibility in al­
mond. III Colloque GREMPA, Bari, 3-7 
October 1977: 181-183.

Socias i Company, R., Felipe, A.J., 1988. 
Self-compatibility in almond: transmis­
sion and recent advances in breeding. 
Acta Hort. 224: 307-317. 

Socias i Company, R., D.E. Kester, and 
M.V. Bradley, 1976. Effects of tempera­
ture and genotype on pollen tube growth 
of some self-compatible and self-incom­
patible almond cultivars. J. Amer. Soc. 
Hort. Sci. 101: 490-493.

Socias i Company, R., Gómez Aparisi, 
J., Alonso, J.M., Rubio-Cabetas, M.J., 
Kodad, O., 2009. Retos y perspectivas 
de los nuevos cultivares y patrones de 
almendro para un cultivo sostenible. Inf. 
Técn. Econ. Agrar. 105: 99-116. 

Socias i Company, R., Fernández i Martí, 
À., Kodad, O., Alonso, J.M., 2010. Self-
compatibility evaluation in almond: stra­
tegies, achievements and failures. Hort­
Science 45: 1155–1159.

Socias i Company, R., Kodad, O., Alon­
so, J.M. Fernández i Martí, À., 2011. The 
double expression of the S

f allele in al­
mond. Workshop “Floral Biology and 
S-Incompatibility in Fruit Species”. San 
Michele all’Adige-Bologna, Italia, 22-25 
June 2011. Acta Hort. (in press).

Tamura, M., Ushijima, K., Sassa, H., 
Hirano, H., Tao, R., Gradziel, T.M., Dan­
dekar, A.M., 2000. Identification of self-
incompatibility genotype of almond 
by allele-specific PCR analysis. Theor. 
Appl. Genet. 101: 344-349.

Watari, A., Hanada, T., Yamane, H., Esu­
mi, T., Tao, R., Yaegaki, H., Yamaguchi, 
M., Beppu, B., Kataoka, I., 2007. A low 
transcriptional level of Se-RNase in 
the Se-haplotype confers self-com­
patibility in Japanese plum. J. Amer. 
Soc. Hort. Sci. 132: 396-406.

R. Socias i Company, O. Kodad, 
À. Fernández i Martí and J.M. Alonso

Unidad de Fruticultura, CITA de Aragón,
Av. Montañana 930, 50059 Zaragoza, Spain

E-mail: rsocias@aragon.es

Channuntapipat, C., Wirthensohn, 
M., Ramesh, S.A., Batlle, I., Arús, P., 
Sedgley, M., Collins, G., 2003: Identi­
fication of incompatibility genotypes in 
almond (Prunus dulcis Mill.) using spe­
cific primers based on the introns of 
the S-alleles. Plant Breed. 122: 164-
168.

Fernández i Martí, A., Hanada, T., 
Alonso, J.M., Yamane, H., Tao, R. So­
cias i Company, R., 2009. A modifier 
locus affecting the expression of the 
S–RNase gene could be the cause of 
breakdown of self-incompatibility in 
almond. Sex. Plant Reprod. 22: 179-
186.

Fernández i Martí, À., Hanada, T., Alon­
so, J.M., Yamane, H., Tao, R., Socias i 
Company, R., 2010. The almond Sf hap­
lotype shows a double expression des­
pite its comprehensive genetic identity. 
Scientia Hort. 125: 685-691.

Hanada, T., Fukuta, K., Yamane, H., Esu­
mi, T., Gradziel, T.M., Dandekar, A.M., 
Fernández i Martí, A., Alonso, J.M., So­
cias i Company, R., Tao, R., 2009. Clon­
ing and characterization of self-com­
patible Sf haplotype in almond (Prunus 
dulcis (Mill.) D.A. Webb.). HortScience 
44: 609-613.

Kester, D.E., Gradziel, T.M., Micke, W.C., 
1994. Identifying pollen incompatibility 
groups in California almond cultivars. J. 
Amer. Soc. Hort. Sci. 119: 106-109.

Kodad, O., Socias i Company, R., Sán­
chez, A., Oliveira. M.M., 2009. The ex­
pression of self-compatibility in almond 
may not only be due to the presence of 
the Sf allele. J. Amer. Soc. Hort. Sci. 134: 
221-227.

Kodad, O., Alonso, J.M., Fernández i 
Martí, A., Oliveira, M.M., Socias i Com­
pany, R., 2010. Molecular and physio­
logical identification of new S-alleles 
associated with self-(in)compatibility in 
local Spanish almond cultivars. Scientia 
Hort. 123: 308-311.

López, M., Mnejja, M., Rovira, M., Col­
lins, G., Vargas F.J., Arús, P., Batlle, I., 
2004. Self-incompatibility genotypes 
in almond re-evaluated by PCR, sty­
lar ribonucleases, sequencing analysis 
and controlled pollinations. Theor. Appl. 
Genet. 109: 954-964.

Ma, R.C., Oliveira, M.M., 2001. The 
RNase PD2 gene of almond (Prunus dul-
cis) represents an evolutionary distinct 
class of S-like RNase genes. Mol. Gen. 
Genet. 263: 925-933.

Ortega, E., Sutherland, B.G., Dicenta, F., 
Bošković, R., Tobutt, K.R., 2005. Deter­
mination of incompatibility genotypes 
in almond using first and second intron 
consensus primers: detection of new 
S alleles and correction of reported S 
genotypes. Plant Breed. 124: 188–196.

Sánchez-Pérez, R., Dicenta, F., Martín­
ez-Gómez, P., 2004. Identification of S-
alleles in almond using multiplex-PCR. 
Euphytica 138: 263-269.

‘MARDÍA’, AN EXTRA-LATE 
BLOOMING ALMOND CULTIVAR

INTRODUCTION
The almond (Prunus amygdalus Batsch) 
breeding program of the CITA of Aragón 
aims to develop new self-compatible and 
late-blooming cultivars to solve the main 
problem detected in Spanish almond 
growing, its low productivity, due to the 
occurrence of frosts at blooming time or 
later and to a deficient pollination (Felipe, 
2000). The first three cultivars released 
from this breeding program were ‘Aylés’, 
‘Guara’ and ‘Moncayo’ (Felipe and Socias 
i Company, 1987), ‘Guara’ having repre­
sented more than 50% of the new almond 
orchards in the last years (MAPA, 2002). 
Later three more cultivars were registered 
in 1998, ‘Blanquerna’, ‘Cambra’ and ‘Feli­
sia’ (Socias i Company and Felipe, 1999), 
‘Blanquerna’ being of very good produc­
tivity and kernel quality, and ‘Felisia’ of 
very late blooming time (Fig. 1). Two more 
cultivars ‘Belona’ and ‘Soleta’ were regis­
tered in 2005 (Socias i Company and Feli­
pe, 2007), characterized by their high ker­
nel quality and considered possible com­
mercial substitutes for the two preferred 
cultivars in the Spanish market, ‘Marcona’ 
and ‘Desmayo Largueta’. The last release 
from this breeding program is ‘Mardía’, re­
cently registered because of its good hor­
ticultural and commercial traits.

ORIGIN
‘Mardía’ (selection G-2-25, clone 541) 
comes from the cross of ‘Felisia’, a self-
compatible and late-blooming release of 
the Zaragoza breeding program of small 
kernel size (Socias i Company and Felipe, 
1999), and ‘Bertina’, a late-blooming lo­
cal selection of large kernel size (Felipe, 
2000). This cross was made with the aim 
of utilizing two late blooming almond culti­
vars, one of them carrying the late-bloom 
allele Lb (Socias i Company et al., 1999), 
of very different kernel size and geneti­
cally very distant, in order to avoid the 
problems related to inbreeding depression 
(Alonso and Socias i Company, 2007).

BLOOMING TIME
Blooming time has been a very important 
evaluation trait. As an average, its bloom­
ing time is 25 days later than ‘Nonpareil’, 
20 days after ‘Guara’ and 13 days after 
‘Felisia’, the latest blooming cultivar re­
leased so far (Fig. 1). The consistent late 
blooming time is due to very high chil­
ling and heat requirements (Alonso et 
al., 2005; Alonso and Socias i Company, 
2009), much higher than in any other al­
mond genotype (Table 1). Flowers are of 
small size, white, with epistigmatic pistil, 
both on spurs and on one-year shoots. 
Bloom density is regular and high (Kodad 
and Socias i Company, 2008b).
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AUTOGAMY
Self-compatibility was tested as soon as 
the original seedlings produced the first 
flowers by examining the arrival or not of 
pollen tubes at the ovary after self-pol­
lination (data not shown). Sets after self-
pollination and autogamy were studied on 
three grafted trees of each selection du­
ring several years due to the large variabil­
ity found between years in field trials for 
fruit set (Socias i Company et al., 2005). 
Average set after artificial self-pollination 
was 17.9%, higher than after cross-polli­
nation, 15.7%, showing a good self-com­
patible behavior, although this difference 
was not statistically significant. Average 
set in bagged branches was 9.8%, high­

er than the threshold of 6% indicated by 
Grasselly et al. (1981) for autogamy, and 
23.7% for open pollination. These sets 
(Kodad and Socias i Company, 2008a) are 
lower than those considered for a com­
mercial crop in Californian cultivars (Kes­
ter and Griggs, 1959), but ensure a good 
crop level because of the high bloom den­
sity of this selection, resulting in a high 
productivity (Kodad and Socias i Compa­
ny, 2006). Its S-allele genotype has been 
determined as S6Sf (Kodad and Socias i 
Company, 2008a).

PERFORMANCE
Field behavior has been evaluated with 
three grafted trees in an experimental plot 

Table 1- Chilling and heat requirements of ‘Mardía’ as related to other cultivars 
(Alonso et al., 2005; Alonso and Socias i Company, 2009).

Cultivar	 Chilling requirements (CU)z	 Heat requirements (GDH)y

Desmayo Largueta	 428	 5458
Marcona 	 428	 6603
Nonpareil	 403	 7758
Belona	 353	 7741
Soleta	 340	 7872
Ferragnès	 444	 8051
Guara	 340	 8159
Felisia	 329	 9465
Mardía	 503	 10233

zChilling units  -  yGrowing Degree Hours in ºCelsius.

Table 2 - Chemical composition of ‘Mardía’ as compared to other cultivars.

Cultivar	 Protein 	 Oil 	 Oleic 	 Linoleic	 Oleic/linoleic	 α-tocopherol	 γ-tocopherol	 δ-tocopherol	 Total		
	 (% DWz)	 (% DWz)	 acid	 acid	 acid ratio	 (mg·kg-1 oil)	 (mg·kg-1 oil)	 (mg·kg-1 oil)	 tocopherol	
		   	 (% oil)	 (% oil)					     (mg·kg-1 oil)

D. Largueta	 24.5	 57.35	 70.65	 20.55	 3.44	 304.3	 15.3	 1.66	 321.3
Marcona	 23.8	 59.10	 71.75	 19.40	 3.70	 463.3	 18.5	 1.87	 483.7
Nonpareil	 13.0	 60.47	 67.72	 23.28	 2.91	 400.0	 27.8	 1.57	 429.4
Belona	 16.4	 65.40	 75.60	 12.73	 5.94	 418.4	 15.4	 2.18	 436.0
Soleta	 20.0	 61.80	 69.20	 19.70	 3.51	 214.0	 13.3	 1.51	 228.8
Ferragnès	 25.4	 57.53	 70.20	 20.10	 3.49	 377.5	 18.7	 1.84	 398.0
Guara	 29.3	 54.33	 63.10	 25.70	 2.46	 385.4	 15.7	 1.76	 402.9
Felisia	 27.0	 56.32	 68.05	 22.10	 3.08	 250.6	 18.2	 1.73	 270.6
Mardía	 19.8	 59.10	 74.95	 16.55	 4.53	 201.5	 12.1	 1.23	 214.8

zDry weight.

and in three external trials. One of the 
most important points considered was 
the behavior in relation to spring frost in­
jury. Especially important were the ob­
servations in 2003 and 2004, with severe 
frosts in most almond growing regions of 
Spain. Whereas cultivars considered as 
resistant to frosts such as ‘Guara’ (Felipe, 
1988) suffered important yield reductions, 
‘Mardía’, due to its extremely late bloom­
ing season, did not suffer any damage 
(Kodad and Socias i Company, 2005).

Tree training has been easy because of 
its slightly upright growth habit (Kodad 
and Socias i Company, 2008b), with­
out the problem of bending branches of 
‘Guara’. Thus, induction of lateral branch­
ing is recommended during the first years. 
Adult trees show an intermediate vigor 
and branching intensity, as well as a good 
equilibrium between vegetative growth 
and production, thus allowing reduction 
of pruning. Field observations in the differ­
ent locations showed its tolerance to Po-
lystigma and other fungal diseases.

Ripening time is early, although later than 
in ‘Guara’, which allows the succession of 
harvest. Nut fall before harvest has been 
very low, but nuts fell easily when shaken. 
Yield rating has been slightly lower than 
for ‘Guara’ (7 vs. 8 in a 0-9 scale).

Fig. 1. Mean flowering time of ‘Mardía’ as related to other cultivars (7-years average). 
Percentages refer to the amount of flowers opened.
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tivar has been funded by successive re­
search projects, most recently AGL2007-
65853-C02-02 of the Spanish CICYT, and 
the activity of the Consolidated Research 
Group A12 of Aragón. We appreciate the 
technical work of J.M. Ansón, M.T. Es­
piau, J. Búbal and A. Escota, as well as 
the collaboration of the industries “Frutos 
Secos Alcañiz” and “Castillo de Loarre”, 
the growers of the external trials, mainly 
J.L. Sánchez and J.A. Espiau, and the col­
laboration of J.L. Espada and P. Castañer 
(Centro de Transferencia Agroalimentaria 
de Aragón) and G. Valdés (Estació Experi­
mental Agrària, Elx) in the experimental 
orchards.
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2009). Number of trade mark register: M 
2872613 (8) class 31 (21 April 2009).

Tree: Semi-erect growth habit. Intermedi­
ate vigour.

Flower: Extremely late blooming time, 20 
days after ‘Guara’. White flowers, of inter­
mediate to small size, both on spurs and 
on one-year shoots. High bloom density.

Pollination: Autogamous, does not re­
quire cross-pollination, but could be 
cross-pollinated with simultaneous 
blooming cultivars if available. Only tested 
with selections of similar blooming time.

Fruit: Hard shell, without layers, heart-
shaped. Shelling percentage 24%.

Kernel: Heart-shaped. Mean weight of 
1.2 g. Good taste. Easy blanching.

Observations: The latest blooming al­
mond cultivar so far released. Flower 
morphology allows self-pollination. Easy 
tree formation. Pruning requires some re­
juvenation. Interesting for the quality and 
composition of the kernel. The intermedi­
ate ripening time may allow a progressive 
harvesting with other cultivars.

REGISTER AND AVAILABILITY
‘Mardía’® (M 2872613 [8] class 31) has 
been presented to patent on 11 Decem­
ber 2007 at the Spanish Registry of Pro­
tected Cultivars and on 18 February 2009 
at the Community Plant Variety Office. It 
is available to nurseries through provisio­
nal licenses by Geslive, A.I.E. (C. Juan de 
Mena 19-3º-D, 28014, Madrid, Spain).

ACKNOWLEDGMENTS
The long-term work to develop this cul­

The external trials have shown their 
good adaptation to different growing and 
weather conditions, maintaining a high 
level of bud density in all locations (Ko­
dad and Socias i Company, 2008b). A 
trial in Aniñón (Zaragoza) at 730 m above 
sea level and of very cold climate has had 
good production even in years with late 
frosts. A trial in El Pinós (Alacant), at 575 
m above sea level but with a milder cli­
mate, has shown their very good produc­
tion as well as vegetation (G. Valdés, un­
published). Blooming and ripening dates 
observed in these locations have been, as 
expected, earlier in El Pinós than in Zara­
goza, but later in Aniñón.

INDUSTRIAL QUALITY AND                    
COMPOSITION
Nut and fruit evaluation has been done 
through seven years according to the 
IPGRI and UPOV descriptors. Nuts 
show a very good aspect and good size 
(4.9±0.5g). Shell is hard (shelling percent­
age of 24%), adapted to the Spanish in­
dustry. Kernels also show a very good 
aspect and good size (1.2±0.2g), heart-
shaped, without double kernels (Fig. 2). 
Industrial cracking has been carried out 
by the Cooperative “Frutos Secos Alca­
ñiz” and has shown very good results, 
without presence of double layers in the 
shell. Kernel breakage at cracking has 
been low, with 86.2% of whole kernels. 

The chemical composition of the kernels 
has been determined in order to estab­
lish their best utilization opportunities. The 
content in protein is medium and that of 
oil is high, similar to that of ‘Marcona’ (Ta­
ble 2), a very interesting trait for “turrón” 
(nougat) production. The percentage of 
oleic acid, that of higher quality for fat sta­
bility and nutritive value in the lipid frac­
tion, is especially high (Kodad and Socias 
i Company, 2008c), close to 75% (Table 
2). The content in linoleic acid, of lower 
quality than the oleic acid, is low, show­
ing a very high ratio of oleic/linoleic acids 
(4.5), as another index of high oil quality. 
The amount of tocopherol is lower than in 
other cultivars (Kodad et al., 2006), indi­
cating the need for a rapid processing of 
kernels after cracking.

Roasting has been tested by the industry 
“Almendras Castillo de Loarre” for appe­
tizer use. Behaviour has been good, al­
though less than in the favorite one in 
the Spanish market, ‘Desmayo Largueta’. 
Kernel taste, both raw and roasted, is ex­
cellent.

DESCRIPTION
Origin: ‘Felisia’ x ‘Bertina’. Selection 
number: G-2-25. Clone 541. Number of 
register in OEVV 20074764 (11 December 
2007). Number of register in CPVO (Eu­
ropean patent): 2009/0306 (18 February 

Fig. 2. Nut and kernel of ‘Mardía’.
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The effect of some            
ecological factors 

on almond 
(Prunus amygdalus L.) 
hulls bio-antioxidant 

content and antiradical 
activity from different 
genotypes and species

ABSTRACT
The effect of four ecological factors in­
cluding precipitation, annual water cycle, 
soil texture and sun light were investiga­
ted in this study. Therefore, 20 genotypes 
of Amygdalus communis L. and 4 species 
of wild Azarbaijanian almonds present in 
Azarbaijan region of Iran were selected 
from Esfahlan, Khosroshahr, Shabestar, 
Mamagan, Sofian and Shahindezh. The 
fruits of these almonds were collected; 
their hulls were separated, dried, ground 
and then a methanolic extract was pre­
pared from powdered hulls. Total pheno­
lic content, extracts’ reducing power and 
scavenging capacity were evaluated. Sig­
nificant differences were found in phenolic 
content, reducing power and radical sca­
venging capacity of hulls among almond 
genotypes and species of different regions. 
The values of almond hull’s total phenol­
ic content showed that collected almond 
fruits from Esfahlan and Shahindezh had a 
high total phenolic hull content. Results of 
this investigation showed that among the 
ecological factors studied, sun light in re­
lation to tree spacing among different al­
mond orchards and annual water cycle can 
affect almond hull’s total phenolic content. 

INTRODUCTION
Nuts are traditionally food associated with 
the Mediterranean-type diet. Their regular 
consumption, in moderate doses, is re­
lated to a lower risk of cardiovascular dis­
eases. The anticancer activity of nuts has 
also been demonstrated in experiments 
with animals. These beneficial effects are 
mainly attributed to their lipid profile, argi­
nine, fiber, and vitamin E contents as well 
as to other compounds with antioxidant 
properties, such as polyphenols (Monagas 
et al., 2007).

Almonds (Prunus amygdalus Batsch) are 
one of the most popular tree nuts on a 
worldwide basis and rank number one in 
tree nut production. They belong to the 
Rosaceae family that also includes ap­
ples, pears, prunes, and raspberries (Sang 
et al., 2002a; Wijeratne et al., 2006; Ja­
hanban Esfahlan et al., 2009). Although 
the exact origin of almonds has been dif­
ficult to determine, it has been suggested 
that almonds are native to the temperate, 
desert areas of western Asia, from where 
they gradually spread to other regions of 
the world. Domesticated almonds have 

been documented from Bronze Age sites 
in Greece and Cyprus and were com­
mon in Palestine by 1700 BC. In addition 
to cultivated almond, Prunus dulcis, >30 
wild or minor cultivated almond species 
are known to exist (Sathe et al., 2002). Al­
monds are typically used as snack foods 
and as ingredients in a variety of pro­
cessed foods, especially in bakery and 
confectionery products (Wijeratne et al., 
2006; Jahanban Esfahlan et al., 2009). 
The United States is the largest almond 
producer in the world and most of the US 
almonds are grown in California in an area 
that stretches over 400 miles from Ba­
kersfield to Red Bluff (Sang et al., 2002b).

Almond fruit consists of an outer hull with 
an intermediate shell that contains a ker­
nel or edible seed covered by a brown 
skin. The hull splits open when maturi­
ty is reached and is then separated from 
the shelled almond (whole natural al­
mond). During some industrial proces­
sing of almonds, the skin (seed coat) is re­
moved from the kernel by blanching and 
then discarded. For roasted almonds and 
other appetizers, skins are not removed. 
The skin, which has very low econo­
mic value, represents 4% of the total al­
mond weight but contains 70–100% of 
total phenols present in the nut. By pro­
ducts derived from almond industrial pro­
cessing (skins, shells, and hulls) are nor­
mally used for livestock feed and as raw 
material for energy production (Mona­
gas et al., 2007). However, over the past 
few years, research has been conducted 
to evaluate the possible use of these by­
products as sources of compounds/frac­
tions with antioxidant properties that 
could be used to control the oxidative 
process in the food industry or as func­
tional ingredients for the elaboration of 
nutritional supplements (Siriwardhana et 
al., 2006). Extracts of whole almond seed, 
brown skin, shell and green shell cover 
(hull) possess potent free radical scaven­
ging capacities (Siriwardhana and Shahi­
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