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Effects of pre-blossom temperatures on flower
development and fruit set in apricot
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Absiract

The influence of pre-blossum temperatures on Aower development and fruit set is ascertained in
apeical (Primus armentaca L), o spectes without previous records on the effect of pre-hlossom
tempersture on froit set, but that is particularly prone to ertatic fruil set, A polyethylene cage was
used during pre-blossom development of Mower buds 1o increase maximum temperatures by 6-7 °C
and mean temperatures by 3 °C in orchard conditions. This increase in temperature accelerated
Aower bud development. caused @ hastening i lowering me and fellowing hand-polfination,
reduced fruit set. At anthesis, flowers that had developed in warmer conditions weighed less and
showed less development of the pistil than control flowers. Pistil growth of fowers under warm
conditions dad net differ from that of the control flowers when hoth the populations were compared
on a real time scale o spite of the fact that warmied buds were at an advaneed external phenslogical
stage, Thus. hastening of external foral development by warm pre-hlossom temperatures wis not
accompanied by advance in pistil development. This kack of synchrony resulted in premature
Mowering of flowers with underdeveloped pistils that had a reduced capability to set fruit. The
results wre diseussed mterms of flower quality and its implications in fruit ser and subsequent crop
load. & 2002 Elsevier Science BV, All rights reserved,

Kevwonds! Apricot: Prusus eememiaca; Flower development; Fruit set; Pistil: Anthesis: Temperanine

1. Introduction

Irregularity of yield is one of the main prohlems in fruit production (Tromp, 1986),
Year-to-year variations in crop production have been raditionally related o weather
conditions in spring. Thus, wind and low temperatures uffect bee activity and therefore
pollination (Dennis, 1979}, and frosts can reduce the number of buds. flowers and ruits

" Comresponding author, Tel: +38-976-TIE3UNTIEII6; fun: +34-07TA-TIA335
Evpail address: frodrigo® aragobes () Rodrigo).

OF04-4 23800215 — see front matler 0 2002 Elsevier Science BV, Al rights reserved
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3574 »

NEM, 392

Pedogenesis in Lutitic Cr Horizons of Gypsiferous Soils

0. Artieda and J. Herrero



Pedogenesis in Lutitic Cr Horizons of Gypsiferous Soils

O Artieda and 1. Herrerot

ABSTRACT

The weathering of lutites in aridic or near-aridic envirsmnenis
leading to soil horizons is not well known. Lutites are u common soil
parent rock composed of silt and clay, tha iy e massive or may
have their sedimentary origin marked by layers of alternating colur
or granulomeiry, or by fissility along planes, Lutites underlying soils
are considered Cr horizons and show different alteration SHages recng-
nizable in the feld by the degree of the layering disturbance or by
the loss of coherence. In the study area, neither the dey climaie nor
the kind of clay minerals, mainly illite, can explain the weathering of
lutites, This study was conducted tn investigate the initial weathering
reactions as encounlered in Cr horizons, and (o depict the processes
responsible for pedogenesis from lutites in gypsiferons soils of fhe
Ebro Valley (Spain), We described 12 soils in the ficld under two
different soil moisture regimes, with further charscterization through
ehemical analyses and micromorphology by thin section and scanming
electron microscope (SEM). The microseopic study revealed (wo dis-
tinctive pedofeatures in the Cr hordzons: (i) lenticular gypsum crysials;
and (i) “gueras,” sub-millimetric biotic features produced hy caldfi-
cation-decalcification processes. Growth of gypsum crystals in these
horizons resulted in an “isles fubrie,” that is, sles of Oue materials
in a mass of gypsum crystals, with much greater porosity than the
parent lutite. The growth of gypsum erystals and the development of
queras result in a poarticle-size disiribution chunge and an increased
porosity of the Cr horizons.

OILS DEVELOPED on lutites in environments rich in
carbonates and gypsum are common in dry regions,
such as the central Ebro Valley (northeastern Spain),
Most studies relating to the weathering of lutites have
focused on the clay minerals, for example Ducloux et
al. (1995), or El-Kammar and El-Kammar (1996). Other
studies have looked at the weathering of lutites under
wetting-drying or freezing-thawing cycles (Pardini et al,,
1996; Cantén et al., 2001). However, little attention has
been paid ta other factors of the comminution of the
lutite, which can be considered as the inception of soil
formation. Studies of the processes of gypsification or
of calcification and decalcification have been lmited to
the solum itsell or other unconsolidated materials
{(Chen, 1997; Toomanian et al., 2001). In this study we
stress the aclion of these processes on lutitic Cr horizons,
These processes reorganize the soil components, either
with or without loss or gain of gypsum or carbonates
the horizon scale.
Several authors (Stoops and Tlaiwi [1981], Allen
[1985]. or Jafarzadeh and Burnham [1992]) have de-
scribed the sizes and morphology of pedogenic gypsum

. Artieda and 1. Herrero, Dep. of Soils and lerigation, Laboratorio
asaciado de Apronomia y Medio Ambiznte (DGA-CSIC), PO Box
727, 50080 Zaragoza, Spain. Received 10 Moy, 2000, *Corresponding
author {jhi@aregoh,es).
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crystals. However, to properly understand the pEnesis
and the properties of the sail horizons in areas with
ubiquitous gypsum, one needs to take into account the
seneralized formation of gypsic pedofeatures, that can
reach the isles fabric stage (Herrero et al., 1992), Soil
carbonates have been studied either from a genetic point
af view (Goudie, 1996: Kaemmerer and Revel, 1996) ar
from a micromorphological one (Monger et al., 1991a).
However, litlle atlention has been paid to queras, pedo-
features of 1 to 2 mm wide and <2 cm long in thin
section, including ealcification and decalcification traits
found by Herrero et al. (1992) in the sola of hypergypsic
soils; queras appear in the present study in lutitic Cr ho-
rizons.

Queras (Herrero et al., 1992) are a complex pedofea-
ture composed by both calcification and decalcification
features, The calcification feature is made by carbonatic
grains, whose size, shape, and internal cha racteristics
are associaled to root pseudomorphs in many studies.
References to features somewhat similar to queras have
been found in Barzanji (1973), Buarzanji and Stoops
(1974), Bal (1975), Fang et al. {1994), and Khokhlova
et al (2001). Klappa (1980) observed calcite crystals
replacing cells of the rool parenchyma, but these crystals
(20 wm) were smaller than the quesparite arains studied
here (from 80120 pm). Jaillard (1984, 1987} and Jail-
lard et al. (1991) reported rhizomorphic, carbonated
structures in soils resulting from marl alteration. These
works consider these structures, which are similar to
queras, as calcified root residues. These caleified cells
are homometric, with diameter of about 80 o, similar
to our quesparite grains. Similar morphologies in Qua-
ternary loess paleosols of several sites in Europe were
interpreted by Becze-Dedk et al. (1997) as root pscudo-
morphs. The same authors report that these morpholog-
ies occur not only in soils with a carbonatic malrix,
but also in non-caleareous matrices. The decalcification
feature described by Herrero et al. (1992) is similar to
the decalcified crown reported by Jaillard (1984) and
by Jaillard and Callot (1987) on both sides of the rhizo-
morphous structure.

In this article we focus on the genesis of soil horizons
from in situ lutites in areas with abundani aypsum and
dry climate. Our objectives are (i) to describe the two
most abundant pedofeatures found in the lutitic Cr hori-
zons, (i) to show that the development of hoth these
pedofeatures have parallel effects leading to a soil mate-
rial coarser and looser than the parent lutites, and (iii)
lo propose a genetic model explaining the production
of soil horizons from lutite.

Abbreviations: BSE, backscaltered electron: COE, calcium carhonate
equivalent; IS, enerpy dispersive spectrometer; GE, gypsum equivn-
lent: MAP, mean annual precipitation; MAT. mean annual tempera-
ture; OO, organic 3 RET, reference evapotranspiration; SEM, scan-
ning clectron microscope.
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The impact of transition from flood to sprinkler irrigation on water
district consumption
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Ahstract

The "lrrivol’ method for calculating the water volume required in an irmigation district is expanded by correlating it with soils
map. The resulting water volume maps are used 1o analyze a proposed change from controlled fooding imigation to sprinkler
urigation. The soil map is then vsed to evaluate the productive potential of the land in order to seleet the soils for sprinkler
irtigation, to extrapolate field messurements of flood imgation efficiency, and 1o account for the rense of the non-consymplively
applied water to higher landforms. The soil map is crossed with four years of remote-sensed crop maps. For each vear the
calculated water volumes applicd currently and the volumes that would have been applied wsing sprinkler irmigation were
compared. Our caleulations overestimated the measured supply by 10% for two years, with marginal differences for the other
two. With the present crops, sprinkler irrigation would have saved about 7% of the water supply. Most likely this will not result
i real water saving, but in # higher beneficial use of water.
© 2003 Elsevier Science BV, All rights reserved.

Kevwords: Irrigation; Soils: Remote sensing: Water reuse; Aridity: Spuin

L. Introduction the irrigation water application methods in developed

dry countries like Spain (Herrero and Snyder, 1997;

Flood irrigation is the most common irrigation Herrero, 1999), where irrigation diverts 89% of

technique worldwide, and also prevails in Spain both
in the old irrigated areas and in the Targe new
irrigation districts that were built up during the past
Century, Manpower shortage, introduction of new
craps, irrigation water saving, and environmental
concerns about soils and water are some of
the arguments of farmers, water authorities, and
ecologists when they advocate the modemnization of

* Corresponding author, Fix: + 34-876-T16-335,
E-spratl adidreys: jhif®aragob.es (1, Herrern),

available water. The change from controlled fiooding
to sprinkler or o drip irrigation is often perceived as
introducing an “industrial’ water management, and is
thus preferred aver the improvement of the design and
infrastructure of flood irrigation schemes. The change
of system saves time dedicated to irrigation, and
eliminates the need to rotate irdgation because the
pressurized irrigation schemes will be based on
pumping stations from nmew regulation reservoirs
within the district, often called ‘night reservoirs’. In
spite of the investment needed for the change of

OO22- 1694/03/% - see front matter € 2003 Elsevier Scicnce B.Y. All rights Teserved.
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Revisiting the definitions of gypsic and petrogypsic horizons in
Soil Taxonomy and World Reference Base for Soil Resources

J. Herrero

Labarawrin Asociade de Agricadtura ¥ Medioambiente (IHFA-CSIC), Unidad de Suelay ¥ Riegos, RO, Box 727, Zarageza, Spuin

Recerved 10 January 2003; recesved in revised form 14 May 2003 accepled 31 July 2003

Abstract

Ciypsic and petrogypsic horizons oceur in large areas of arid and semiarid regions of the warld. The oecurrence of Lypsum in
soils is considered a key feature by most soil classification and mapping systems that have coined specific names for these soils
and horizons, However, the current methodology for description and definition of gvpsic and perogypsic horizons in the two
mast popular soil taxonomic systems “Soil Taxanomy™ and “World Reference Base for Soil Resources™ (WEB) does not

address sufficiently the advances in knowledge of the constitution
basic statements, like the presence of secondary gypsum or the de

. genesis, and behaviour of gypseous horizons. Some of their
gree of cementation, are often ambiguous in the field. Further,

the definitions of gypsic and petrogypsic horzons should not be interlocked, each definition should be based on field
charactenstics linked with microscopic and hydric properties that control the dusability and the life-supporting capability of
gypseous souls. The avoiding of confusion between gypsumerich and calcium carbonate-rich horizons when grouping soil
or diagnostic horizons by means of soil-forming processes is stressed.

i 2003 Elsevier B.V, All rights reserved,

Fevwords: Soil elassification; Gypsum; Diagnostic horizens; Aridiy

1. Introduction

Soil Taxonomy (Soil Survey Staff. 1999) has
become a world reference for soil classification and
survey, at least at the most detailed scales. Although
the system is not easily applied by nonprofessional
soil scientists, some recent adaptations have made it
more accessible utilizing already existing knowledge,
as pointed out by Swanson (1999). This perspective
depicted by Swanson, together with the accelerated
convergence among national or international soil
classification systems, and the global access to infor-

E-prail adiress: jhifamgobes (J. Hemern,

O 6-TO6LE - see front mutter © 2003 Elsevier BV, All rights reserved

doi:10. 1016/ geaderrna 2003.07.004

mation based on the new technologies make clear the
need for a sound representation of all the soils of the
world in Soil Taxonomy. The World Reference Base
for Soil Resources, or WRE, (FAO, 1998) has been
developed from previous FAQ documents with a
worldwide scope and has achieved a high degree of
convergence with Soil Taxenomy. A process-related
emphasis in soil classification has been claimed
(Bockheim and Gennadivev, 2000) as a way Lo
tllustrate the global soils and for a better understand-
ing of both Seil Taxonomy and WRE.

In Europe and the United States, gypsum-rich soils
cceur mainly in arid or semiarid areas, often in lands
marginal for production, whereas in other countries
with arid regions, these soils are common in agricul-
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Origen del proyecto desde
la Facultad ...

Tewto: frens Velarde, Mariana Marasas,
Leanarda Davies, Joaguin Otera y Marigla Theiller,

La Wniversidad Macional de La Plata tue
fundata en 1905, Desde la retorma universita
ria de 1918 se propone articular tres funcio-
nes basicas: la docencia, ld investigacidny la
Extension.

Apoyados en este espirity, los docentes
universitarios nos hemaos propuesto continuar
gjgrcitando la interrelacion enire dichas fun-
ciones a fin de generar procesas de cambia
dirigidos a los sectores menos favorecidos de
la sociedad,

De acuerdo con esta concepoidn, surgeen
el ano 1899 y en forma ininterrumpida &l pro-
yecto de exiension universitaria "El vino de la
cosla de Berisso, Armentina: diferenciacion
agroalimentaria para la reactivacion y valariza.
cidn dela produccidén y consuma local® median-
te el cual, la Facultad de Ciencias Agrarias v Fo-
restales, a [ravés de integrantes del Cursa de Ex.
tension-Agropecuaria (Departamento de Desa-
rrallo Rural), asestran, capacitan y pramueven
la organizacion de produciores rurales en
Berisso. Apoyades por instituciones como el
Ministeric de Desarrollo Humano v Trabajo de
la provingia de Buenos Aires, &) Municipio de
Berisso; el Programa Cambio Rural Bonaeren-
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se, la REDAR Argenting y &l Predar/ ICA; que
juntos han contribuido con financiamiento de
diferente tipo y redes organizacionales, al dasa-
rrollg del presente provecta.

Berisso canstituya junito a otros municipios
del Gran Buenos &ires uno de los mas azota-
dos por la crisis ecanamica de fines del 2007:
altizimo Indice de desemplen, dificultades de
arceso a la alimentacion, violencia social ur
bana, enlreotras, provacan ung gran desespe:
ranza en los jdvenes gue salo pueden aspirar a
la ayuda social del gobierno, ya que no han te-
rido Iz oportunidad de ineluirse en emplecs
formales y ven restringidas las posibilidades
de acceso a la educacion.

En este marco de extrema vulnerabilidad
social, productores propletarios ¥ ocupantes r-
rales estan dispuestos a continuar apostando
al luturo, alrededor de progductos que los iden-
tifican y dignifican come trabajadores y como
nombres que ademas de preducir un Bien
agroatimentario, producen su progia Gultura,

Fsie proyectn se proponda gestar un proce-
so de desarrolle local de cardcier ascendente
hacendo aje en la promecion de productos di-
terenciados en su calidad y origen, gue le de-
vuelva & los protagonistas de Berisso, produc:
tares y consumidores, esa dignidad, identidad
¥ esparanza en ambas.

Las productores nucleados en el "Grupo de
Vifataros de Berisso' (hoy "Cooperativa de la
Costa de Barisso, Lida"), san peguenos pro
ductares familiares oue producen Vino de la
Costa en la cercania del Rio de la Plata. Dicha
actividad se gestd de la mane de los inmi-

60

grantes de origen europen (italianos, portugue-
ses, espanoles...) a principios del siglo #X, En
la actualidad contindan produciendo &n una
escala mucho mas pequena pers mantanien:
dovalores de las generaciones pasadas.

A través del provecto se ha realizada un
conjunio de actividades can la Facultad de
Clencias Agrarias y Forestales gue han dado
como resultada una dindmica local generado-
ra de excedentas ecandmicas gue, dada la de-
tariorada situacion socio econémica aclual,
resulta uno de los logros mas apreciados por
ls propias productores y écnicos.

En su implementacion han surgido acoio-
nes gue combinan la orod LUCCIBN agropecuaria,
la ecologia, la histaria, la cultura y el arte. El
equipo técnico, en esencia interdisciplinario,
la permitido generar sinargias y en cansecuen-
cia, ello ha derivado en cambios en la forma
de ensenar, de investigar (a través de deman-
das concretas de grupos sociales postergadas)
y también en su relacion con el medio y los
actores locales.

Regrasan asl cultives y aficlos, retorma una
particular atencion par el paisaje y 10s recur-
505 naturales.

" Una nueva slapa en la groduccion de ving
o Ja cosfa" (sic), es la que se inicia y 85 COMa
it expresan las actuales productores de Vino
de la Costa de Berissao.

El vinges uramor incdmade, dicen fos poe-
tas, El hombre ha producido y iomado vino des-
de que es hombre, hoy intentamos valorar esa
histaria y reinventar |as tradiciones.

"Recuperamas del cansancio de la gente vie-

ja' (sic), sequir produciendo, ser de algin lu-
gar, identificarnos con lo gue fuimos y segul-
mos siendn, aprender de nuesira historia, de
la tenacidad y constancia de esa gente vieja y
aportar nueves conocimigntos que nos ayuden
a mejarar,

“Fe cuestion de no guedarse en &l camino,
¥a creo gue par 50 e llega, Porque yo nunca
me quedé en el caming. S s& viener lag malas
a fas buenas.. A veces vine fa creciente y me
Hevé todo. 4l afio siguiente de nueva @ trabajar
Ahora, s7a estos chicos (dvenes Jes pasa un ac
cidente da esos, dicen -defgimas la uva: . 5 como
sor fas cosas, Yo vine porun rafeacd, y hace 50
anos que esioy.."

Productor vifiatero (Angel Lissi, 76 anos,
Enero de 2003)

La (dentificacian con el territoria v 1as cos
fumbres de producterss v consumidares de la
regién permiten esbozar un futuro promisono y
en esa convicoitn se sustenta nuestroaccionar,

Laos resultados esperados estan centrados en
la valarizacion de los productos a través de la
integracion vertical, partienda del "saber hacer"
y &l cuidado del medio ambiente y los recursos
locales, Estas caracteristicas heredadas, hoy,
son una ventaia competitiva gue pueden apro-
piarse los pequefios productores de |a region y
asi poder seguir conslruyendo una nueva histo-
ria de los Vifateres de la Cosla de Berisso,
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Summary

Apricot (Fray armeniaea) is 8 spogies particularly prone 1o erratic
Truit st However, the causes of these imesular productions are not
entirely understond, This may be related 1o the Lok of information as
far available tn this species on repraductive hiology and the onset of
fraiting. Tn order 1o provide a framework where the low adaprabiling
shown by mest of the cultivars could be studied, anatomy of the pistil
andd pollen tube growth through the pistl stroctures have been cx-
plaved from pollination W feriibisation, Likewise, early it erowth
and fruit drop bave been chardcterised in twe apricot cultivars,
Momgui® and ‘Bulida'. The phase clapsing from pollination w fenili-
sation ook place ina considerably shorter pertod of tme than o other
related species. Thus, the Arst pollen whes reached the base of the
stvhe an 32 days, sod feedlisation was completed by 7 days alter
pallination, Most of the Nowers and frodtens dropped within e
4 weeks following pollination, and the biggest drap wave ook place
3-4 weeks after pollination. At this vme. all the unpoltinated Mowers
remiaining in the tree dropped. Inospite of starting with a synchronised
population of Mowers al anthesis, large differences i development
were fecorded nmong Howers and froitlets in the days Tollowing
pollinatien and some Towers clearly outgrew others, that eventially
dropped, These differences, although at 2 different scale, also oconrmed
inunpolirated Howers. The continueus fruit growth and fruit drop in
Foth pallinated amt unpollinated Aowers, twgether ta the fact that a
number ol fectilised frudls also dropped, suggest that in addition 1o
potlination or ferilisation, other Tactors may be lovalved in flower
and fruit drop and Cruit ser. Resulls are discussed i terms of the im-
plications of the notritional status of the fower in froit sel,

Introduction

Apricot (Prusies aormendaca L) s 0 species panicularly prone to vear-
to-year wariolions in fruit set iha negatively influence crop load
M EsrackeR et al, 1990) These iregular productians hive been
assecinted to the narrow adaplability range of this species. Indeed,
while in other Iruit tree species o few cultivars are grown all around
the workd, in apricol each cultivar i wsially restrieted to a particular
geographieal ared with certain ccalogical condifions and low vields
are abtatned whenever particular cultivars sre arown in other regions
(Lavse et al, 19965, However, the causes of this low adaptahilily are
ot entirely undersinad. Pollination hos usually not been considergd
# contributing Taclor since this species 15 basically self-compatible
IMErLENmArHER et gl 19490). However, & growing number of seli-
incompatible cultivars have heen detected in the ast years (Burcos
el al., TYT) and in seme cultivars, pallination failures appear o be
responsible for eeratic it set (Roprico and Hesrero, 1996). Like-
wise, alterations along the reproductive process have shown o have a
direct impact in fridt seL Thus, male sterilily (Gagcota et al,, [958;
LiLLeckarr etal., 1999, Lk of stigmatic receptivity (Eaea ctal, 1941
Eata ond Burcos, 19920 or evule degeneration (Earon and JasosT,
6 Boreos and Boaea, 1993, Buraos et al 1995; Licceesaen of al.,
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The Onset of Fruiting in Apricot (Prunus armeniaca 1..)
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[995) have been related o erratic fruit set in different circumstances,
In spite of the importance that these [actors appear to have delermin-
ing crop, a comprehensive pielure that integrate these [acioes i inigs-
ing. This may be related 1o the Tack of information, so faravailable in
this spoeies, anthe reproductive process and the snset of fruiling. The
elucidation of these processes could contribute to o better understand.
ing of the agranemical bebaviour of this species and prrovide o trami-
work 1o evaluate the problems in fruit set,

I this work, the reproductive process and Lhe onser of Fruiting ure
characterised in apricot, Thus, anatomy of the pistil and pollen tube
growily through the pistil structures have been explored from polling-
tion ta fertilisation. Likewise, both frait growth and froi drop have
been sequentially examined. to relate the microscopical observations
with e behavioar of the trees in the ficld. These processes huve been
characterised in twa cultivars, "Moniqui’ and Bulida'. To cxamine which
of these processes are determined by pollination or fertilisation and
which are develapmentally regulated, events have been compared in
pollinated aod snpollinated Mowers.

Material and Methods
FPlant material

Apricot (Privrees armeniaca) cvs Monigui' and ‘Bulids' were uscd:
Experiments were pecformed in three trees per cultivar and reprzaleil
wver bwo consecutive years, Tn onder to compare development, oty
Flowers at Ihe same developmental stiyge were beft an selected branchos:
both older Mowers and vounger buds were removed, Flowers were
emasculated and their petals removed ot balloon stage | day betore
anthesis (o make the Mowers unatteactive to insects and to avaid sclf
pollination. At anthesis, o group of fowers was left unpallinated and
another group was pollinated with pollen from ov, 'Caning’, that is
compalible with bealh cullivars (Rovrico and Hrapexo, 1996), Pollen
was previeusly obtalned from flowers ot balloon stage by removing
the anthers and placing them ot reom temperature on a piece of paper
Pollen was sieved 24 hours Eiter with a 0.26 mm mesh and frozen o
-20°C il reguired.

Microscope preparitions

A total of 10 pistils ol each cultivar were processed ond observed,
10 pistils per day from anthesis 1o 9 days tater. Pistils were preserved
in FAA [T ethanal:glacial acetic avid:formalin {18:1:1, v/vh], Pol-
len germination and pollen tube growth in the style were monitored
onsquash prepariions, For this purpose. following fixation, the styles
were washed three times, one howr cach wash, wirh distilled water
and lefl evermght in 3% sodium sulphite, On the following dav, the
pistils were autochwed at (01 MPa (an 121 9C) for 10 miin in 5% (wiv)
sidivmn sulphite 10 soften the tissues ond stained with 6.1% (vwv)
anline hlue in 03 M K PO, (Linssess and Essge, 1957) and 0.01 %
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Almond Bloom in a Changing Climate

R. S0c1as i Comrany!, AL FELIPE! AND 1. GomEz Araris!
Abstract

Admord shows an extended blooming season. Later
frests and also bencfit from temtperalures more favorable for
sans, e almond brecding program of Zampoea has mainly pursued the developmeny
Ing cultivars, and atso cultivars showing a wide range of

Introduction

The Mediterranean climate is character-
ized by very low rainfall during ate win-
ter and early fall. Thus, almond (Prunus
amygdalus Batsch syn, B duleis {Mill.}
D.A, Webb) is a nut species adapted (o this
climate (9) due to i1s specific requirements
in relation ta rains, Rains during the fall
disrupt harvesting operations. Rains dur-
ing bloom interfere with pollination, re-
ducing the activity of pollinating insccts,
As a consequence, a high negative correla-
tion has been found in California between
the total rainfal in February and final crop
fevel (2). Heavy mins over long periods
are not typieal for present growing regions
during almond bloom, bul a climatic
change may disturb almond pollination if
there is a shift of the main rai ny season to-
wards the almond blooming time (15). The
global elimatic change now in progress has
affected rainfall patterns, leading to
greater threats 1o the almond bloom,

Almond shows an extended blooming
season when all cultivars are taken into ac.
couni (12). Later blooming cultivars avoid
damage from late frosts and also benefit
from more favorable lemperatures for pol-
lination and fertilization. The almond
breeding program of Zaragoza (6) has pur-
sued not only the development of very late
blooming, but also of mid blooming culti-
vars, thus apening the possibilities of se-
lecting a bloom season from a wider cal-
endar range, This paper summarizes
Progress in delaying bloom in almond and
the strategy of brecding new cultivars in

'Wnidad de Fruticultura, Serviciode Ives) Ipacidn
apartedo 727, 50080 Zarigoza, Spain. e-mail:
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blooming cultivars avoid the possibility of late
pollination and fertilization. For these req.
of very late bloom-
bloom fimes,

order to widen the cultivar choices with
regard to bloom time.

Materials and Methods

Phenological stages were recorded in
1997 for a collection of commereial culti-
vars and seedlings of the Zaragoza breed-
ing program according to Felipe (4). Dates
of the different blooming stages were es.
tablished depending on the opproximate
percentage of apencd flowers (Fig. 1. For
the study of the possibilities of later
bloam, the cross ‘Felisia® x ‘Bertina’ was
chosen because both parents are very late
blooming (Fig. 1). ‘Felisia’ is a release
from our breeding program {13}, selected
because of its self-compatibility and late
bloom, It is derived from the cross “Titan®
x “Tuona?, and although “Titan’ is a sced-
ling of “Tardy Nonparei] ', it has broken the
linkage shown in the “Tardy Nonpare;|’
progeny between late bloom and Jow pro-
ductivily (7). “Bertina’, a local cultjvar, s

robably a chance seedling distinguished

ecause of its late bloom. Almond bloom
is raled according to the almond deserip-
tors (8) on a rating scale from 1 (very
early) to 9 (very late) by com parison to de-
fined reference cultivars.

Results and Discussion

Figure. 1 shows the blooming time of
several almond cultivars in Zaragoza in
1997, This bloom season was both earlier
and shorter than usual due to high temper-
atures during Ihis period. Bloom date
changes from year 1o year depending on
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Cross-incompatibility of ‘Ferragnes’ and ‘_Fﬁcrralise’ and pollination
efficiency for self-compatibility transmission in almond

R. Socias i Company™ & .M. Alonso
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Summary

The decrease in the number of pollen tubes in the stvle was studied in several compatible and incompatible pol-
linations imvalving the almond { Primus amygdalus Butsch) cultivars ‘Ferragneés’ (incompatibility genotype 51530
Ferralise” (81510, Tuona’ (55 ) and “Marcona® (8),5)2), After incompatible pollinations, the decrease of the
nomber of pollén tubes was more pronounced and no pollen twbes reached the base of the sivle. No differences
were ohserved among compatible pollinations. independently of the presence or not of & common 8 allele, thus
confirming the full compatibility of half-compatible pollinations. The cross-incompatibility of ‘Ferraznis' and
‘Ferralise” suggested that their dilferent behaviour in the transmission of self-compatibility from “Tuono’ to their

olfspring must be attributed to other genetic factors than the 5 alleles of pollen incompatihility,

Introduction

Maost commercial almond cultivars are sell-incompa-
lible, possessing a gametophytic seli-incompatibiliny
system {Socias @ Company et al., 1976} resulting
in the stop of pollen twbe growth in the middle
third of the style (de Nettancourt, 19771 ‘Ferragnés'
and ‘Ferralise’ are two cross-incompatible almond
cullivars orginsting from the French breeding pro-
gramme (Grasselly & Crossa-Raynaud, 9805, Their
cross-incompatibility has been explained by the fact
that they share common § alleles, 555, which are
identical by descent (Crossa-Raynaud & Grasselly,
1985). Thus, their compatibility behaviour when pol-
linated by the sume pollen or when being used as
pollinaters for the same cultivar would be expected
to be identical, in terms of the pollen wbe growth
dynamics (Socias 1 Company & Felipe, 1994,
Huwever, transmission of self-compatibality 1o the
offspring of these two cultivars when pollinated by
‘Tuono' has shown to be very dilterent (Grasselly
el al., [985), Tuono' is o self-compatible cultivar
with the genotype 518 ¢ (Crossa-Ravnaud & Grasselly,
1985}, thus sharing one allele with these two cultivars

probably identical by descent because the &) allele of
Ferragnes” and ‘Ferralise’” has been inherited from
‘Cristomorta’, a cultivar which ofiginated in the same
[Lutian region of Puglia as “Tuono',

The objective of this siudy was o lfollow the
progression of pollen tubes through the pistils of
these culuvars and 1o trace the presence of self-
incompatibility svmptoms in any tvpe of pollination in
order to assess whether any different growth behaviour
would explain any efficiency difference among the dil-
ferent male parents. thus resulting in different rates of
sell-compatibility transmission amaong the offspring of
both cultivars.

Materials and methods

Trees of all cultivars were grown in the almond ser-
mplasm collection of the CITA (Socias | Company &
Felipe, 1992), grafied on GF 677 almond = peach
hybrid elonal rootstock and managed according to nor-
mal growing practices. Flowers of “Ferragnes', "Fer-
ralise” and “"Tuono” were collected at stuge T (Felipe,
1977}, emasculated and placed in ways with the ped-
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