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3 Executive Summary

This project presents a unique combination of agrotechnology and biotechnology
for the introduction of a crop tree (Pistachio) to an arid .one and research on its
reproductive biology. The following objectives were set: 1. To introduce and
establish experimental pistachio orchards in arid zones of Portugal where it has
not been cultivated before. 2. To investigaie biological aspecis of low fertility and
productivity of pistachio under arid conditions. Major progress was made
iowards achieving t~e<e objectives. Pistachio (Pisiacia vera L.) was introduced to
Portugal and six experimental orchards were established. In the course of
establishing the new experimental orchards lsracli experts in pistachio orchard
agrotechnology and nursery technics went 1o Portugal, guided and assisted the
portuguese colieagues in ail operaticns. Scientific meetiings were held
throughout the research. This has culminated in a workshop on "Intensive
Agriculture in Arid and Semi-Arid Zones” held in Portugal in 1988. Rootstock
and grafted seedlings and drip irrigation syslems were transferred from Israel to
Portuga! to initiate the e.perimental sites. Then, filling-up of gaps, germination
trials, budding and grafting were carried out by the Portuguese team.

The questions regarding low fertility and the effect of salinity on pistachio
productivity were studied using mature trees. Two polypeptides, a 32 KDa and a
27 KDa, which coincide with reproductive bud developmenti were iaentified,
isolated and monoclonal antibodies produced against them. These polypeptides
and their monoclonal antibodies may serve as molecular markers for
horticultural research on the effect of environmental, harmonal and chemical
treatmeats on floral induction, differentiation, and bud dormancy in pistachio
and other deciduous fruit trees. Continuous exchange of information on
experimental progress was maintained throughout the project and was presented

in the semi-annual reports.



4 Research Objectives

The Pistacia vera L. (common name pistachio) is a deciduous, dioecious species
which adapts to desert conditions. It produces a nutriticus nut and its production
does not meet market demand. Therefore, we believe that the pistachio cffers a
unique advantage as & crop and a source of income to many of the less developed
countries with vast arid zones. The overall aim of this project is lo increase
productivity of pistachio nuts in arid zones by focusing research on the following
aspects: 1. Introduction and establishment of axperimental pistachio orchards in
arid zones of Portugal where it has not beeri 7 altivated before. In the course of
establishing the experimental orchards selection was made for rootstocks and
scions, methods of budding and grafting were examined. 2. Biological aspects
involved in low fertility of pistachio. We have set out to scarch for molecular
markers associated with reproduction in pistachio.

A common feature of the female inflorescence of pistachio is that many of its
flowers do not produce seeds. A major limitation to pistachio cultivation is the
requirement for winter chiiling for bud dormancy break and normal
development. Chilling requirement is a geretic trait, and selection has been
made for low chilling requirement. However, the mechanism of bud dormancy
development and release in pistachio as well as in other deciduous tree crops is
only vaguely known. As a dioecious species the lime of anthesis and the
duration of flowering is of extreme importance. Under natural conditions the
bloom period of male seedlings often precedes thal of femaie seedlings.
Therefore, arlificial pollinating is practiced in pistachio orchards, and the effect of
storage on the quality of the pollen studicd. An aliernative approach to overlap
male and female flowering was to advance flowering by spraying with winter oil
sprays.

An interesting innovative breakthrough obtained in this project was the
identification and purification of a 32 KDa polypeplide (ibp32) from pistachio

male inflorescence buds. It accumulates during floral induction, remains in the
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buds during the dormancy period and disappears during flowering. Using
antibodies produced against this polypeptide, we delecled an immunologically
related protein of 27 KDa (Ibp27) in female buds. This polypeptide was present in
about 70% of the female trees tested (37 trees). None of the ecight male trecs
tested so far contained the Ibp27 in its inflorescence buds. The genetics of these
polypeptides and their subcellular location(s) are not knowr, although
preliminary experiments suggesi association with the reproductive zone of the
bud. The sexual linkage is now under investigation because of the basic interest
in plant sexual determination and potential practical use of these markers for
development of a diagnostic procedure for early gender determination in
pistachio.

It may be significant that lbp32 is synthesized during early development of the
bud and remains apparently unchanged during bud dormancy, disappearing
during inflorescence opening. Could it be involved in dormancy regulation? For
the moment !bp32 may provide an important molecular marker for male flower
developmenl in pistachio and potentially in other lrees.

5 Methods and Results

The experimental sites in Portugal are al Ingra-Lameira and Benafim Grande,
located in the south of Portugal. Revilheira, Elvas and Lameirdes in the sout-east
and Vilarica in the north-east. Drip irrigation was introduced in all the sites.
Germination trials were carried-out with seeds of several Pistacia species (P. v2ra,
P. allantica, P. integerrima, P. palaestina and P. terebinthus ). These species were
also compared for rootstocks characteristics in trials at Ingra-Lameira and
Lameirdes. Seeds of P. vera gave best germinalion when a "rag doll" was used,
i.e. when they were wrapped in a sterilized burlap roll kept constantly moist and
maintained at an optimal temperature approx. 26 C, rather than 15 to 20 0C,
which was reportec by other growers. After gerimination and development of a
radicle longer than 1 cm, the seedlings were shifted to trays (60x40x8 cm) with a

mesh base. The seedlings were let to develop in these trays until they reached a
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length of 15 to 20 cm with a well ramified root system. Then they were
transplanted to the field. The germination of P. atlantica seeds was relatively
easy in wet and sterilized media like burlap rolls, petri dishes with hydrophilous
colton or with agar media. The germination of P. ferebinthus, P. Palaestina and P.
integerrima seeds was more difficult. This has led to trials to test the effects of
several reagents and treatments known to affect germination, e.g. fungicides,
calcium hypochlorite, sulphuric acid, GA3 and hot water. These treatments were
given at several concentrations and times to improve germination.

The rootstocks were budded and grafted with budsticks of several varieties
obtained from Israel, Portugal, Spain and Italy. The methods used were “chip
budding", "shield budding", "wedge graft" and "veneer crown graft". Best initial
unions were obtained with the "chip budding". However, in many cases there
was wilting after a few weeks of budding and/or grafting,

The following varieties were tested as scions:

1. From the Avdat Run-off Farm, Israel: Avdat, Kerman, Larnaka, Nazareth and
Chico.

2. From the Estacdo Nacional de Fruticultura Vieira Natividade, Portugal:
Mateur, Safeed, 25-A and 40)-A.

3. From Centre Agropecuari Mas Bové, Spain: Ghiandolara, Kerman, Ashoury,
Lathwardy, M-38, Sfax, Joley, M-11, Capuccia, Batoury, Larnaka, Boundoky, El
Guetar, Aegina, M-37, M-B, Cerasola, Peters, M-36, Bronte, M-C, Red Jalap, Bianca,
White Ouleimy, Ajamy, Mateur, Avidon, and Ask.

4, From Istituto Sperimentale per la Frutticoltura, Italy: Chico, Ask, Larnaka,
Bronte, Red Al.ppo, Kerman, Enk, Naz, Irak and Rashtii.

In the course of the project there were twe visits of the PI (A. Golan) in Portugal
and two visits of the cooperating Portuguese scientists (A.M. Gaspar and M. Mota)
in Israel. In addition, Israeli experts in pistachio agrotechnics (D. Mazigh) and
nursery technics (J. Maurice) were sent to Portugal to assist in establishing the

experimental sites and at the budding and grafting stages. Over 2000 rootstocks
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and grafled seedlings were shipped via air-mail from Israel to Portugal. It takes 5
to 8 years until the seedlings begin to flower then the orchards will be fully set for
production. A general current view of lhe experimental sites at Lameirdes and

Elvas are shown in figures 1, 2 and 3.

Figure 1: General views of the experimental pistachio plots at Lameirdes,

Portugal. Trial of varieties - 18; Trial of rootstock x varieties - 28.



Figure 2: Pistachio trees at Elvas in a trial of varieties. Kerman - 6; Kerman
grafted (Shield) on July 29, 1991 - 7; Ashoury grafted (cleft) on April
23,1991 - 8; Ashoury grafted (chip) on June 20, 1991 - 9.
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Figure 3: Pistachio trees at Elvas in a trial of varieties. Sfax grafted (chip) on
june 20, 1991 - 10; Acgina grafted (cleft) April 30, 1990 - 11; 25-A
(male) grafted (cleft) on April 30, 1990 -12; Larnaka graited (shield)

on July 29, 1990 - 13.

The research was productive for Portuguese and Israeli laboratories. We have
el
progressed in our understanding of what is required for the establishment of

pistachio orchards in an arid zone and we have a better knowledge of  the
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reproductive biology of pistachio. Furthermore, the molecular markers

identified in the pistachio may have a wider use in studies on the reproductive

biology of deciduous fruit trees and aid in their introduction to arid zones.

The results are presented under the scientific papers published or in preparation

for publication. Because of the diversity of research and different stages of

compleleness, it is impossible to attempt to present it as a single paper.
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1ngdes sociais e a conservagie do ambiente, que a actividade complementar da
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THE PISTACHIO AS ASTUDY CASE FOR CROP
TREES IN ARID ZONES

Avi Gelan-Goichirsn
The Jacob Blausien insiitute fcr Cesent Resaarch
Ben-Gurion Unwversity of the Neqgey
Sede Boger Camous 53983, Israel

Introduction

There are two reasons for a scientist {0 be invoivad in a search for crop trees
suitable for arid zones. Cne is the interest in cevelooment of arid zones ‘or {he bet-
terment of life of human beings in these ar2as. Ancther reason is the scientific cu-
rosily and the wish to understand the biology and adaptation mecnanisms ofplants
10 and conditions.

l'am very glad to have inttigted the ccoperation betwezn our Portuguese co-
lleagues of the Estac =3 Agronomica Nacicnai ;EAN) and our groun at the Blaustein
Institute for Desert Research of the Ben-Gurion University of the Negev. In the first
two years, since we first met. we have been able to establish the pistachio project
and make substantial prcgress. Here, | want to describe the expenence accumu-
lated in the pistachic project as a stugy case. Carob, cork oak and Leucaer.ae are
now under consideraticn as potential trees for and zones as well.

Ithas been shown by M. Evenari and co-workers thal pistachio trees adapt to
the ciimatic conditions of the Negev highlands. The trees develope well and
produce fruiton runofi water. Our aim now is to better uncerstand the biology of this
crop in order to increase ils productivity in and zones.

Pistachio Fertility

The genus Pistacia L. (Anacardiaceae) consists of deciduous trees and
shrubs which produce singie-seeded drupes. !t is well known and reported that
Pistacia species have a very low seed set. There are reports of irees which have
notpreduce any seec bearing fruits (Grundwag & Fahn. 1969). In a prelimirary ex-
periment to estimative biomass production and deposition in the fruit, we found that
in one specific tree, out of 4, 297 [ruits, only three were full. This is of course an extreme
case, wnich, nevertheless, illustrates the oreblem.

The unique embryology of the pistachio hints at the cemglexity and potential
stages al which development failure could eccur. The fruit and seed do notdevelop

_Zl_
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Siemgre 1 Pistacio ruils six 10 eignt weexs arer pelingoen The pencarp 1s tully cevelcoed

‘ During this time the ovule is still smail ang occupies snly @ smail part of the
.ocgle (Pvcture 2). T_he fertlized ovule sians 1o develop rapdly 10-12 weeks after
poflination. Fuil ripening of the fruit and seed occurs about 5 menths after peilination.

Srpyn 2 Bmractua Aavia six to Micnt aenes afar pollinanma Tha avu@ has noi 26veidoed yal

Zrom the embryciogical ocint of view. v=a saed procuciicn of 2. vera may =2 2
:asutt ci several facicras: ') ‘cw penian fertiity and some aABROMGI pCilen CeveECT-
ment: 2) aoncrmai female fower sevaiopment whicn crevents ooilen irom 7eacning
‘ne stigmas anc/'or avuie: and 3) hign rate of cegeneraicn ci the feveloping £mMeryo
anher pacausa of Jevelopment sonormatities 2r 2nvircamental ‘aciores. ‘n this
croject we 1ocus our sxperimentai affiers en poilen farility using Cicchemical anc
MICIOSCOPIC 1ECNNICUES.

Insoite of the cw fruit set, yielcs ofup o 12.0 kg per ree were cbtained uncsr
4esert conciticns cn runott water aione (Sciegel-Roy =t al., 1977). it indicates nat
cistachio can te proguctive and may be sccnemical aven saicre the orotier ot
‘entiity is solved.

Establishment of Experimental Pistachio Orchard in Algarve

Accomoanying the basic research on biclogy and development of the pistachio.
e have started estabiishing a new experimental pistachio orchard in Algarve. The
first site was planted last year (1987) at Lameiras and t¥o new sites were planiec
1ast week (on 18 March 1988) at Messines and Senatrim Grande.

The landscape of the site at Lameiras before pianting (October1986) is shown
in Picture 3. The same area after clanting {August 1887) is show in Picture 4 (tharnks
are due to Prof. Mota for providing me with Picture 4).

Sicure 3: Tha site of ha pistachio piot .+t Lameiras on Ociober 1586 before plantng the seaalings.
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Forseaing the need lor nistachio seeclings for this oroject we started a cistzenio

nursery at Avaal ;Picture 3).

The major cojecuve cf this nursery me:hcd was 12 deveiop & normal seec.ing
~ih a smail vclume and weight of root sutasle for air iranscortation. This w~as
schieved Sy air pruning of the root system. The presaration of the seealings ‘cr
fransportation inciudes several stages and ireatments. The seecling were cug out ¢f
:he scil ana the saii then washed off in waier (Ficiura 3). The seedlings were then ci-
sinfected (Piciure7) and wrapped in wet paper (cweis and put in bags for shicment.

-vl-

Picture 6: The first staps in the preparation of tha pisyachio seedling for shipmant. Gatiing he
seedlings out of the sai and washing oif the roots in water.

The first shipment of 630 seedlings weighed approximately 80 Kg. This methoa
of preparing the seecling in the nursery for overseas trznsplanting has been develo-
ped by Mr. J. Maurice and is continuously being modified and improved.

Nimmcen & A nanneal yiew ot the peatacrkhio nursery at Avdat



are disintected and wrapped in wet

- .

Picture 7: The seediings towsls o keep them wet Junng ransportanon.

]

Summary

The study ¢i pisiachio provides s with two avenues of human enaevour: 1)
basic biological researcn on infertility in plants and 2) deveicpment of technicues and
methodologies for growing, transolaniing and esiaclishing trees overseas. This
project enjoys very enthusiastic cooperation Prof. Miguel Mota and gng. Abiiio
Mendes Gaspar of the Estagdo Agronomica Nacional (EAN) in Pertugal and the
Plant Adaptation Researcn Unit ¢f the Blaustein Institute for Desert Research in
Israel. This pistachio project can nopefuli,provide a good study case fer other tree
crops suitable for arid zones.

T

PERSPECTIVAS DA CULTURA DE NOVAS FRUTEIRAS
EM PORTUGAL

Abilio Mendes Gaspar
Estagdo Agronomica Nacional, Oeiras

1. Indroducéo

Na CEE ha grandes excedentes de alguns produtos agricolas, o que é devido a
methoria progresciva que se tem verificage na procutividade da agricultura comuni-
taria e a0 aumento das importagdes, feitas a partir o2 terceiros paises, de nuUMerosos
produtos que competem vantajosamente com os obtidos no ambito da Politica
Agricola Comum devido ans seus custos inferiores. Porém, a crise resultante desses
excedentes ndo é extensivel a Portugal, pois a produgao agricola do nosso Paistem-
-se mantido persistentemeanie em nivel basiante requzido. em manisiesta oposigao
ao que se tem verificado nos aemais paises comunitarios. A reduzida dimensao dz
nossa produgao agricola e que tanto tem aiectado o Nosso desenvoivimento econc-
mico Ndo é de medo alcum irremediavel pe:s deve-se em grande parie ao ceficiente
aproveitamento das potencialicages existanies.

A diversificagao ga procugao agricoiz c2niro da CEE contribuira para a valori-
2agado da sua economia e por 1Ss0 ja esta z ser estimuiada. nomeadamente atraves
da utilizagao de culturas proguioras ae bans deficitarios. como € o ¢aso das protea-
ginosas. milho. fruteiras trooicars e proouts-as de frutos seccs, especies florestats
plantas medicinais e aromzaticas. flores

A posicao de Portugal no que respeiz z diversificagdo culi_rai é bastante fave-
ravel pots, apesar das suas d:mensodes terrioniais. asresenta grance nelerogeneise -
ae de climas e ge solcs. o que Ine perm::z utilizar alternativas cus a2 Comunigace
pretenae desenvoiver nos ssus paises membdres. Dentro dessas cukiuras he &
sahentar algumas fruteiras couso utilizacas su cuase aesconnasicas N nesse Pars

a
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5 ) SUCircCicaIs: aTacatero. Inenars, Maracula, 2h.ca. Macacadma. iichia 2
ciospireiro:
¢ Defcihacaducaerrépnas asregies | XMEEraCas 2ChNiCia, C&nia 2 pistacia.

2. 3reve Caracterizagdo Climatica de Poitagal

A excengdn ¢as ragides com maicr atitude. cnca nd quedas reguiares de
neve durante 7 ‘Avemo, 5§ cimas 32 Psnugal sdo 2o too 05 Je Xdécren. swo e,
‘amperagas. “cm estaCisc quenta nd0 Cruvesa — O Cue S2 CCe Casignar o
meciterrdmicss. Tais climas acresemiam cuas 25iagdes t2tn marcacasiVerac 2
'nverno) e cuas astagdes intermegias (Pnmavera ¢ Quicnu:. Purém. a vanactiidace
ciimatica e bastante pronr-nciada. 0 o2 é devido fundame. taimente ao facto do nosso
Pais se desanvclver sooretuco em latituce, &s acentuacas ciferengas em aitituce e
3 marcada vanagio do efeito oceanico.

Nas regides situadas a Sul do Tejo. zom excengdo da faixa fitora! iccalizada a
ocidenta, @ na Terra Cuente Cunense o clima 2 ¢o lipo Csa. pois o Yerdo e quente,
umavez que se atingem 22°C de media mensal. Mas restantes regides, excestuanco
as que sofrem quedas reguiares de neve curante o Inverno, ociima 2 2o lino €50, poss
a media gas temperaturas ndo aicanga 22°C curante 0 Verdo. Nalgumas zonas ha
axcesso de agua duranle o inverro, mas curanie 0 Yerdo a carénc:” hidrica ating
todas as regides, naigumas ce forma pouco acentuaca, snguanto ncuiras mutto
marcacamente.

Ainsolagio anual, de 1800 a31C0 horas, e a disponibilidade de energia radiante,
de 130 a 170 Kcal por cm? e por ano, vaiam de forma sensivelmente proporcional 2o
indice de aridez. Este varia no sentido contrario ao da nepulosidade e da pluviosidade.
oscilando esta em media entre 400 e 3000 mm por ano. As necessidades hidricas
anuais variam entre 800 e 1200 mm, sendo cbviamente maiores Nas ZoNas 11&iS
scalhentas, guentes e secas.

Em relago A amenidade do Invemo, ha que distinguir entre invernos «dctess
—{D)-eaos Invernos «irios» —(F). Nos primeiros as temperaturas meédia 3 co més mais
ffio sdo maiores ou pelo menos iguais a8 10° C, ndo havendo geadas ou ocorr2nao
estas em numera re<uzido {nunca mais de 3-10 por anJ) e com pouca intensidace.
Alémdisso. o numero dedias comtemperatura media superiora 10°C ndo serdinfarior
a 300 ou peic menos a 275.

No que respeiia 4 caréncia hidrica e ce acorao com THORNTHWAITE, cistin-
guem-se trés niveis de aridez: «aridez leve ou nula~ (s}, «aridez moderaca- (s,)e
~ardez forte= {s,), consoante o valor desse indice &, respect.vamente, menor gue
16,7%. esta compreandide entre 16,7% e 33.3% ou & superior a este ultimo valor.

Algumas zonas situadas a Sul do Pais, nom=acamente as zcnas costeiras me-
ridionais e ocidentais do Algarve (com climas Csal e CsbD. respectivamente) e as
zonas costeiras co Alentejo (com ciimasCso0 ), (ém invernos muito suaves. pois a
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scorréncia anuai e gedcas & mencr que ! na cana ocidental e mencrque Snacanea
meridional. = nalgumas ces5as ZoNas QUe se MMCiaram e va0 Presseguir Cs eswacs
=e acactacio de aigumas irutairas trepicais @ suttrepicas.

Nas zcnas intericres co Algarve e co Alentgjo, snce cs ciimas sso do suktico
$35F, aVerac eicngo. cuente € Secc. 30passocuesinverno e irio, tenco geralmente
mais de 500 ~horas 22 ‘ro- lemperaturas infericres 3 T°C). Sstes climas sac
avoraveis para as cuituras ca pistacia e dacana e por isso foram esccihidos paracs
2nsai0s COM 25sas ‘uteiras.

Nas zonas costeiras siuadas no Nere 2 Cantro de Portugal os climas s&o €2
sublipo CsoD. zenao os Estios relalivamente fresces @ Kumicos g cs Invemos couc
severos e com geacas limitadas a 2-3 mesas. Ssias zonas s&0 muto favcravels gara
1 cuitura da actinidia, a qual ja desperiou o interesse ¢e muitcs agricurtores.

3. Fruteiras Tropicais

3.1. - Ananaseiro

As principais regides ¢o Mundo onde se cuitiva o ananaseiro (Ananas comaosus
astio situadas entre 25°de Latitude Sui e 25°de latitud2 Norte. Fora destes limites
1ambém se cultiva esta bromelidcea, come sucede por exemplo nalgumas zonas de
Africa do Sul, localizadas entre 33°e 34°de Latitude Sul, e na ha de S. Miguel, situada
128° de Latituda Norte, mas este ltimo caso em estufas de vicro.

£m tennos gerais considera-se que 0 ananaseiro n&o tolera geadas e por isso
a sua cultura encontra-se geraimente confinada a areas isentas da sua ~coméncia
Pode, no entanto, suportar temperaturas ligeiramente inferiores a 0°C desde que tal
suceda durante periodcs de tempa muito curtos. Temperaturas superic.res a 32°C
comegam a ¢chusar prejuizos, que se acentuam 3 partic de 35°C, especialmente
quando a humxiade relativa é baixa, pois pedem surgir queimaduras ncs frutes, dado
que as temperaturas internas nestes sao nitidamente mais elevadas do que as
axteriores. As temperaturas mais favoraveis para o crescimento do ananaseiro s&o
compreendidas entre 21° e 3¢°C.

Ao proceder & zonagem do ananaseirc em tungdo das temperaturas, Siva
(1981} estabeleceu as trés faixas seguintes:

— Faixa A, que c'assilicou como «apta », cCom temperz.turas médias anuais su-
periores 2 19°C;

— Faixa B, a que alribui a designagao de =restrita=, abrangia as zonas com
lemperaturas médias anuais compreendidadas entre 18%e 19°C;

- Faixa C, que classificou como «restrita e inapta», com temperaturas médias
anuaig inferiores a 18°.

De um modo geral considera-se Gue 0 ananaseiro requer 1000 a 1500 mm de
chuvas bem distribuidas ao longo do ano, estimando-se as suas necessidades
hidricas didnas em 2 a 4 mm.

Tendo o = 4 s'sterna radicular grandes necessidades de arejamento, o anana-
seiro requer solcs cor texieras ligeiras ou médias, sendo inadequados os argilosos,
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salcanos, saigadces, compactcs ou mal creracos. Cs vzicras do pH mats incicades
sdocsde 5a 3.

Asvariedaaes maisutilizadas nos ensaios realizazcs em Fertugal ém abriges de
Slasticos tens . .o & Cayenne Lise, ~ Cusenea V. C. Cueen. Ascensidades cnegam
a atngir 1C0 5CQ clanias por hectare, sendo grance 2 £rocdugdo e muito boa a
quaiidade gos frutos.

3.2 dananeia

As grincipals zonas produteras da bananeira 2si&0 iocalizadas =ntre 3C°ce
Latitude Sul @ 30° de Latitude None, uitrasassando 2sses imites aigumas zonas
croqutoras situadas na Australia, Formosa, israst, Alriza co Sul 2 Maceira, ficande
1odas estas regiées situadas na centena Cas isclermicas Jue cdefinem zproximada-
mente oS limites que separam as areas iSentas ¢as su;2uas as geadaas.

O crescimento 4a Sananeira crocessa-se entre 15° 2 35°C, senco mais favo-
raveis os valores compreen~iios antr2 25%e 30°C. Abzixo ces 12°C soiremos gieitos
da «friagem~, disturoio fisioiégico cue se code observar nos frulos verges e que se
manifesta scb a forma de mancnas gue se véem sco a.i¢ima de tragos escuros em
corte iongiudinat. Temperaturas iniznores a 8° C durante lengos periodss pocem
~ausar serios prejuizos e inferiores a ¢° maiam as plantas.

Ao orocedaram a zonagem da tanareira, Antunes & Fertes (1980) Jeram
srand2impenancia & «temeerztura mesia co meés mais irio» cons:gerancoquauma
regiac era «iJta =, «apla cCa restrigées «», ¢ «inapta - Conscants esse pardmetroce
situava acima cos i8°C, sstava compresndico 2tre 15%e 18°C ou era inferior 2
15°C, respectivamente.

Consideram aiguns investigadares que ¢ bananeira necessita de mais cde 1500
mm de chuvas bem distnbuicas ao iongo do ano cu ce 100 a 150 mm por més,
astimando-se as suas necessidaces hicricas oidrias em 2 3 5 mm consoante 0s
valores da evapotranspiragao.

Abananeira prefere solos orofisndos, {érteis, bem drenados, irancos ou tranco-
argilosos, podendo porerni suponar tamoeét, outros lipos.Tolera valores ge pH
basiante di‘erentes, embora se considere que prefere 0s solcs neutros ou ligewra-
mente zlcainos.

As cuftivares utilizadas nos ensaics em curso sao And, Coccos, Williarr - Hybrid
e Grande Ani. mas também estdo a s 21 muitiplicadas através das culturas de tecidos
a Robusta e a Vaiery.

3.3. Papaieira

Considera-se que as tesiperaturas mais favoraveis para o crescimento da
papaieira {Carica papaia ) sac as compre=naidas entrs 227 e 28°C, pois favorecem
o cresciment e a oblenjao de frutas com elevada quaiidade.

A papaieira ndo tolera geadas e deveria ser cuttivada de creferéncia em reGides
cnde as tamperaturas se mantivessem ¢~ reduzidas oscilagdes ao fongo co ano.

5ois cuando cescem exageradamente curanie J :vErno Crovocam @ Juecta 2238
fcihas, grandes Jecréscimos Cu ol Mesmo Caransias no cresciments, suséncia <2
“oragdo, retarcaments na maturagio 2 ma cuaidade dos lnutcs. Ha siferengas
sronunciagas no sue resoena 30 Comeonamento cas aiversasvanegacesemreiagic
15 baixas temneraturas, venficando-<e tamoem cue as clantas femininas s&o mencs
resistentes ao iro do gue as masculinas.

A papaieira reguer cerca ge 1 300 mm e cnyvas cem distnbuidas ao icngo <o
ano, lcrnando-se necessario recorrer @ rega cuando sao escassas cu mal gistn-
nuidas. Meste caso e haoitual o fomecimento ce 100 a 150 mm ce dgua por més.

A papaierra crefere soics grofunces 2 ccm texturas ligeiras cu medias. >ca
tertilidade e hem drerados. Cs solos argilosos 2 muito compactos ndo se cevem
tilizar, pais dificuitam a crescimento cas piantas e codem ocasionar a sua Tene
guanco sujenos &0 ancharcamento. Cs vaioras de pH mais reccmendavel s3o cs
compreendiccs entre 5e 7.

As variedades de papaieira podem ser hermalfroditas cu didicas. As crincicais
variedades hermairoc:as sao a Sunnse Solc, Tainung e Tailandia ro Brasil e Kapono
Soio. Waimanalo, Higgirs e Wiger no Hawaii.

Mo que resceita as Sicicas {nas quais as lores mascuiinas e fermininas estio
localizadas em nlantas cistinias), as principais varedaces saoaHonus Goldna Alrica
do Sul e Improved Peterson e Bettina na Australia, estando a serensaiadas com bons
resuitados a Cariflora na Fidriga.

Dentro do génerc Carca estd a ser ensaiada nalgumas zonas mediterranicas
a C. pemtagona , esbécie subtropical conhecida por babaco, e gue ¢ um hibndo entre
a C. pubescens, papaieira 2a montanhia, e a C. stipu/ata. Qs irutos desenvoivem-se
cor cartenwcarmpia, ndo havendo, ponantc.necessidade de plantas masculinas. Ape-
sar de ser uma espécie subtropical, o bacaco apenas € cultivado em estufa, mas os
resultados estdo bastante longe de corresponder s expectativas, nio so devido &
fraca qualidade dos irutos ras também &os problemas de natureza ftossanitana que
tém surgido.

3.4. Goiabeira

Os crescimentos da goiabeira ( Psi-ium guajava ) comegam em tomo dos 15°C,
atingindo os valkeres maximes proximo dos 28°C. Sendo uma fruteira tropical, a
goizbeira é sensivel ao io, mas pode suportar geadas ligeiras e sobreviver a
temperaturas de — 3°C guande sdo de cuna duragao.

Para que a floragao e a initificag2o se processem em boas condigdes, a plarta
necessta de um minimo de 3,5 a 6 meses com temperaturas médias superiores a
16°C, sendo a Gualidade dos frutos bastante prejudicada quando as temperaturas
médias durante a mawragio se stuam abaixo dos 15°C. Também os ventos frios
limitam o crescimento vegalativo 2 prejudicam a tlorago e o crescimento do fruta.
Contrariamente As geinais espécies tropicals, a goiabeira poderd ser culivada ao ar
livre em diversas zonas do Algarve, nomeadamente naguelas em que as tempera-
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'uras medias anuais se aproximam des 18°C e as lemperaturas medias mensair
axcedem 16°C curante 6 meses 2 20°C Zurante 5 meses.

Smibora resista meiher 3 seca 4o fue a maior carte das cutras inuteras, a
Sciaceira necessitade n:ais ce 1000 mmce chuva curanie o ceriogo de crescimento.
2odesercunivaca emvarios tipos ¢2 sclos, cesde os mars argrlosos até acs arencsas,
creierindo. cantuca, o5 que se acresentam féness, preiuncos 2 bem crenacos. Poce
supcrar encharcamentos, revela ascecial tolerdncia o sat @ supcrta vaiores de pH
scmopreenaides 2ntre 4,5 8.2

A escciha das variegades depence do fim z que se gestinam 0s {rutcs — sumes,
sooremesa. jeleias. sorvetes, goiabacas, coces, 2tc. - havendo algumas que
sauisiazem giverscs objeciives. Entre as vanedades cue se podem er.saiar inciuem-
.se a ingonesian Seedless. Allanadad Safega, tihendge Selection, Ruby, Miami
White, Large White e Supreme.

4. Fruteiras Subtropicais

Contrariamente ao que se passa em relagdo ao ananaseiro, & bananeira e
papa era, todas as fruteiras sudt-coicais deverm ser cuttivadas ao ar livre.

4.1 - Abacateiro

As floves do abacateiro (Persea .merncana ) sio hermafroditas, mas ha
cesencontro entre a receptividade do estigma e a libertagdo do polendas anteras das
flores da mesma planta, fendmeno conhecido por dicogamia, que serd protoginica no
casodessa fruterra pois os pistilos estdo funcionais antes das anteras. Deumatormi
resumida poae dizer-se que ha cuitivares “a classe A e cultivares da classe B,
comportando-se as primeiras como femininas durante as manhas e como masculinas
durante as tardes, 30 passo que as segundas se ccmportam como mascutinas
durante as manhas e como fermininas durante as tardes. Em face disso é necessario
recorrer a cultivares da ciasse A e acultivarzs da classe 8 para a censtituigdo dos
pomares, pois s6 assim se garante a cbtengdo de elevadas produgdes em conse-
quéncia das primeiras polinizarem e serem polinizadas pelas sequnaas.

Pelas suas caracteristicas e exigéncias climaticas, os abacateiros podem ser
classificados em trés grupos naturais, havendc ainda a considerar os hibridos
resultzntes dos cruzamentos feitos entre plantas de grupos naturais diferentes. Os
trés grupos sdo os seguintes:

a ) Grupo Antilhano, que compreende os abacateiros origindrios das baixas
altitudes da América Central e da parte Norte da América do Sul, os quais, ndo
suportando geadas, se revelam desprovidos de interesse para © nosso Pais.

b) Grupo Guatsmalteco, que reune os abacateiros de algumas zonas de média
aititude da Guatemala e do Sul do México, os quais pcdem suportar
temperaturas de -2° C. Inclui as cultivares Hass, Queen, Reed, Sharpless,
Taylor e Wagner, da classe A, 2 Edrarol, ltzamna, Linda, Nabal, Prince e
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Suardia ca ciassze 5. amadurecencs s 32us rutes cduranie o inverrd cu
Jurante a Prnimavera.

2 ) Grupo Mexicano, que 2grupa Cs 3077alSHas Cujos centres de crigem 32
situam nas zonas montanhosas co Maxics 2 :a Guatemata. os gquaiscnegam
1 stponar temperaturas Ge -4°C. Engicea as cuitivares Dure, Gottfried Jaina.
Mexicoia, Suecla e Topa Topa, da classe A, e Eacon, ‘Minslowson e Zutano.
da classe 8. amadurecendo os seus frutcs curante o Verdo edurante o Cutona.

Além das cuftivares acima mencionagas. merecem particular realce os se-
guintes hioridos resuitantes de cruzamentcs 2ntre abacateiro pertencentes acs
Grupos Mexicano e Guatemaiteco:

- Luia e Rincon, da c/asse A

- Ettinger. Fuerte e Ayan, da c/asse 3.

Ao pretencer-se fazer a zonagem da cuitura do abacateirc em fung3o das iem-
peraturas medias anuals. podera dizer-se jue as regides com valores supercres a
19°C sao favordveis para todos os Grupos e Gue abaixo dos 17°C comegam a surgir
grandes restrigdes, dado que e3las ultimas sao inadequadas para o Grupo Antilhano
e marginais para o Grupo Guatemalteco. As regides em que as temperaturas medias
anuais estio compreendidas entre 17°C 2 16°C apresentam limtagdes para o Grupo
Antilhano, mas podem ser utilizadas pelos dois restantes Giupos, obviamente com
preferéncia pa.a o Mexicano nas que possuem tamperaturas mais baixas. Cs
abacateircs requerem geralmente solos acidos, mas guando se utilizam porna-
enxertes como G.A.13, o Moaz e o Fuch 20 podem tampém cultivar-se ncutro tipode
solos.

4.2. - Ancneira

A anoneira (Anona cherimola) tem exigéncias climaticas algo parecidas comas
do abacateiro, o que nic sucede emreragdo ds demais espécies cuftivadas do mesmo
género, como a fruta-pinha (A. squutiosa ).

Os climas mais favordveis para a anoneira sdo os que se apresentam modesa-
damente frios e isentos de geadas, embora estas possam ser suponadas desde que
sejam poucs frequentas e muito ligeiras. As quedas pluviométricas devem atingir cs
1200 mm por ar.o0, sendo vantajosa a existéncia de uina estocdo secarelativamente
longa. Os melhores solos sdo os e texturas médias, mas também se utilizam os
argiiosos, como no sul da Califérnia, @ os arenosos como na Flérida.

Tém s'do ensaiadas aigumas cultivares, r."ustrando boa adaptagdoaCampase
a Fino de Jete.

43. - Maracuja
A espécie mais importante do maracuja é a Passiflora edulis, naqual se incluem

as formes cultivadas mais importantes e que s&o conhecidas pelas designagdes de
maracuia roxo (P. edulis 1. edulis ) e maracuja amarelo (P. edulis {. flavicarpa ).
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PISTACHIO NUT PRODUCTION IN THE NEGEV

A. GOLAN-GOLDHIRSH, Y.M. HEIMER,

Z. COHEN AND S.H. LIPS

Plant Adaptation Research Unit

J. Blaus%ein Institute for Desert Research
Ben-Gurion University of Negev

Abstract Pistachio trees have adapted well to
the climatic conditions of the Negev
highlands.2 our present aim is to study the
biological mechanisms of plant development,
fruit setting and quality, and agrotechnical
practices determining pistachio productivity
under desert conditions. Composition of nuts
was studied in two consecutive seasons. It was
shown that the Kerman variety, which is
preferred in western markets, has a higher
percentage of protein (32.2%) compared with
Sfaks (25.4%), Avdat (20.7%) and Larnaka
(24.2%). Irrigation of trees with brackish
water resulted in larger Kerman fruits and nuts
and increased dry weight per seed as compared
to nuts from trees irrigated with non-saline
water. The proteins, lipid and fatty acid
composition of seeds was similar when trees
were irrigated with brackish, tap or flood
water. Addition of either tap or brackish
water resulted in more indehiscent nuts, 50%
and 67%, respectively.

INTRODUCTION

The genus Pistachia consists of dioecious trees and
shrubs, the flowers of which are wind-pollinated.

There are four native species of Pistachia in
Israel: P. atlantica, P. palaestina, P. lentiscus
and P. saportae. The commercially important
species P. vera was brought to Israel from Iran.
The cultivation of pistachio is widespread in
Mediterranean and Middle Eastern countries. The
major pistachio nut production at present is in
Turkey and Iran.
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There are several experimental pistachio
plantations in Israel: in the Galileg, JuQea and
central Negev. The results presented in this paper
were obtained from fruits of trees at the egpefx—
mental crchard of the Avdac Farm }ocated in the
Hlegev highlands, a desegt area with an averaqz
vearly precipitation of :O-}OO mm, cold winters an
ﬁot, dry summers. Evenari apd co-workers have
shoewn that pistachio can survive and produce nuts
under harsh desert conditions' aven _whenv runggf
water only is used. However, increasing pistachio
productivity to its full potential in the desert
}equires more than erratic floods.

The major research prcblems Confronting us are:

1. Physiological and agrotechnical - selection
of root-stocks and scions; response of
trees to lirrigation regimes and water

quality; response of trees to mineral and
nitrogen nutrition.

2. Pest management - identificatior of
pathogens and insects caus;ng damage= and
aevelopment of appropriate treatments.

Epicarp lesion is one severe disease whlcz
sometimes causes losses of greater than 39"
of the crop.3 It is not vyet certain
whether the cause for this disegse is an
insect, a genetic or phys;ologlcal
disorder, or a manifestation of
scion-rootstock incompatibility.

3. Low seed setting - a common feature of phe
female inflorescence 1is that many of its
flowers do not produce seeds.

4. 1Indehiscence - dehiscence of the endocarp

{shell) of the pistachio nut is. an
important factor determining 1its economical
value. Unfortunately, sometimes more tharn

40% of the fruits are indehiscent.

5. Propagation - P. vera cuttings do not
produce roots, therefore it is propagated
by grafting. The recert development of

PISTACHIO NUT PRODUCTICN

tissue culture techniques opens a new
perspective for more efficient pistachio
propagation.

6. Fruit guality - there are not enough
studies on the biochemical composition of
the fruit and the contribution of its
proteins, lipids and other compounds to the

nutritive value and acceptability by the
consumer.

In this paper, we report some preliminary data
on fruit composition of major pistachio varieties
grown at the Avdat runoff farm with different water
qualities: 1. flood water; 2. tap water: and 3.
brackish water.

MATERIALS AND METHODS

Pistachio fruits of mature trees of the following
varieties: Sfaks, Avdat, Kerman, and Larnaka, grown
at Avdat runoff farm and maintained on flood water
were harvested in the 1984 season. Fruit parts were
separated and the fresh weight of each part deter-
mined. The seeds were oven-dried at 80°C to a
constant weight and analyzed for Kjeldhal-N. Lipids
were extracted Dby soxhlet using chloroform methancl
2:1 (v:v) and ash was determined by burning the dry
matter in a furnace at 550°C for 4} hrs. Lipids
were transmethylated with methanol-acetyl chloride>
and the resulting fatty acid methyl esters (FAME)
were analyzed by gas chromatography on an SP-2330
capillary column. FAME were identified by
cochromatography with k:iown standards.

The effect of water quality on seed composition
was determined in the 1985 season. Fruits of
mature Kerman trees (Atlantica rootstocks) were
analyzed as described above. 'The water treatments
began in the 1984 season and were as follows: 1.
flood water; 2. tap water containing either 600
mg/L TSS, total soluble solids, (850 liters/tree)
or 4000 mg/L TSS (850 liters/per tree).

-vz-



388 GOLAN-GOLDHIRSH

RESULTS AND DISCUSSION

FRUIT COMPOSITION OF PISTACHIO VARIETIES

Fresh weight distribution in fruit parts of four
major pistachio varieties is shown in Table 1. The
exo-, meso- and endocarp, which are non-edible,
constitute the major part of the fruit. Kerman and
Larnaka produced the biggest seeds (0.65 and 0.60
gr./seed, respectively).

Chemical analysis of seeds is shown in Table 2.
Kerman seeds had substantially higher concentra-
tions of proteins (32.2%) and ash (8.2%) as com-
pared to the other varieties analyzed. Protein and
lipids were inversely related in Avdat and Larnaka.
Avdat had relatively less protein (20.7%) and more
lipids (53.6%) while Larnaka had relatively more
proteins (24.2%) and less lipids (18.0%). The re-
lationship between seed proteins and lipids and the
nutritive value and consumer preference for certain
varieties has not yet been tes-ed scientifically.
However, it is known that the western consumer
prefers the Kerman nut because of its larger size
{Table 1}). In addition, the data presented here
may indicate that higher proteins and ash content
of the seed is commercially preferable.

Avdat and Larnaka appear similar except for
slightly higher concentrations of oleic acid
(C18:1) in Larnaka (71.3%) than in Avdat (66.9%)
ind higher concentrations of linoleic acid (C18:2)
in Avdat (18.9%) than in Larnaka (14.0%) (Table 3).

We have studied the effect of water quality
(floed, tap and brackish water) on the weights and
indehiscence of Kerman fruits (Table 4). Brackish
water irrigation prcduced the biggest fruits and
nuts on a fresh aand dry weight basis. Both tap
water and brackish water produced significantly
bigger fruits than flcodwater, probably due to the
fact that the trees irrigated with floodwater
received a substantially lower amount of water
(1985 total precipitation was 73.8 mm). Water
quality alsc had a significant effect on the axtent

PISTACHIO NUT PRODUCTION

Comparative of fresh weights of pistachio fruit parts

TABLE 1.

of major varieties grown at Avdat.

Seed coat Seeds

Endocarp

&

wWhole Exo-

Fruit part

Mesocarp

fruit

{g)

Fresh weight#*

Variety

0.09 0.62 + 0.06 0.61 * 0.05 0.12 * 0.01 0.42 + 0.06

t

1.78

Sfaks

t 0.04

£ 0.02 0.55

+ 0.08 0.59 ¢+ 0.05 0.15

0.17 0.77

¥

2.06

Avdat

0.09

0.04 0.65 ¢

0.12 0.27 ¢

0.28 1.06 £ 0.11 0.99 ¢

b4

2.98

Kerman

0.06

t

+ 0.08 0.64 + 0.05 0.02 ¢ 0.04 0.60

0.15 0.91

t

2.35

Larnaka

Ten full fruits of each variety were analyzed.

389

-9Z-



391

PISTACHIO NUT PRODUCTION

.26-

*JUSWIPaI]l YOBS UT pazATeue aI1am S3TNIJ paipuny Teaaaas

e 0°T6 9°99 69°'0 L6°0 L3°1 08°T1 60°¢ I33eM ysTyoevad

0S 8°€6 6°18 £€9°0 YL 0 ¢S T 05°T T0°¢€ Iajem dey,

TL £°98 9°96 99°0 LLO 65°1 A 09°¢ 1331eMpPOOTY

% % aTun/wexb Juauleax]

20Uad AU3d quad aquao Jusd Uad Juad

-STYsp -STUSPUT -STY3E -STYIpPUT -STYSP -STYYpPUT -STYSIp (9TOYM) 2Iaed
pass pass anN ATNII 3Tnag

e 2

Jo Jsqump xa33euw Kig J933eW ysaij I933°FN

¥S3ITNIJ UPWISY JO IDOUIDSTYIP
pue siybtom Aap pue ysoi3z uo A3Trenb Iajem jo 309333 'y ITAVI

GOLAN-GOLDHIFSH

] ! | ' 0] ) | | |
(= ] twow m o < It [ Il o1
[ ] [ . . ot o ) oee [ [
9 t i < v o =i c 1o | 1o = |
o] 1 t | t [N A~
~ i ox ] 1 ] o] ) [ '
L] (] 1 | [ -~ ) (Bl |
E [ ] 1 ] i ) [ 1
] [ ] ! | 3] ) 1D [ -]
W o [ i | | o tol1 @1 o1 O
o> t M tow 1 | i [ [ L]
< [e) t O M | 0] to il >™Mlw ~
[Z] [NV [(T] «r Mo -~ P D0~
ko IPT] .o gs oo . 1 [ [P [ (]
¢ 101 Dy (=} [l 1 [ 1 0
[ Qe ol ~ o~ w 1 (Y] 1
0o t HB L UE ) | [o] ] | | 1 E
2 [ (-] | | 1ol i i1 0
w0 LU+ 1O | ' [<] ool @ e v 1 0
[ Y] 1 1D > ) 0 tool &d1d
o (RN ] ] 1 =1 00 (B
[<] (] t oo | o ' [ 1o
ouwn o (Y | | -~ ] | | [
A [ | | 0 (=] 7] | (Y] [T}
pu o [ . ' . 0 ] 10 ]
Y] [ 1 | n L] [ o ~1 g8
n o [ | | [2a) < | E [ ICTI P S R R «1 0
o -~ 1 1 | [V oM IwWI EIl A ~1
Q. 1 -1 | (7] Om i1 01 1>
£ ' wn ot ] [ Tt [N (Y]
o> I Nt | [ n ot [ (]
3] 1 o | [ Tt [T 1t
[e) I Cwt ] (] o t (-] I m
— b 1 I ™~ N N W [SNFT I ! | [ =)
=] [ [ . . el W Mo teo ~ 1 O
[E3] (Y ' In © N <1 .4 T b [ [
o M 1oz N NN ™ N ] >NE W = N M
E (Y | ] [ L3 te O
U n V— | oo A YO ' 1 (Y]
LA ' ' | [} E LIV | [}
U o | 1 ' M (S B o) | 13
[’ ] [Bse] [ t A | ]
(-] ! [ T (¢ 1 [
- (] S g1 [ . P > ©10
~ (= L ! e Mi1A O ™ 1 U M
[} [ tn P or g1 @ [ RS LY
&3] [N e [ g E (< SV 8] [ I . T <R A 4|
=1 I E Y] [ I - B [VRR o] ) 1 [P S I PR B « S VR ]
m 1 0O o (B Q g1 0 = m [, o> LY
2% 10 o [V T S P O T [ T B S R
[ t 1 [ | (2] | 1 t I



392 GOLAN-GOLDHIRSH

dehiscence. Trees irrigated with brackish water
-~duced considerably less dehiscent nuts (33%)
nan with flccdwater (71%). This may be due either
strengthening of the endocarp (shell), especial-
along the abscission zone, in nuts of trees 1ir-
ated with brackish water, Or that nuts in this
-aatment did not develop enough to produce the
ssure reguired tc rupture rhe endocarp. A third
v is that the fruits of trees irrigated
wirh brackish water did not develop to the dehis-
-ence stage by harvest time, while the nuts of
£1o~d water treatments had already reached this
stage. This last possibility might be related to
~he larger quantity of water in the brackish water
rreatment (850 1l/tree) than in the flood water
-reatment {(see abovel. This possibility is
supported by the high percent of indehiscence (50%)
also in the tap water treatment (850 l/tree).
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The effect of water quality on proteins and
lipids in FKerman seeds was deterraned (Table 5).
The indehiscent seeds contained a higher percentage
of lipids in all treatments compared to the dehis-
cent seeds. Protein content of dehiscent and inde-
hiscent seeds was similar. Brackish water produced
nuts with the highest protein content (27.7%) and
lowest lipids content (39.7%) . There were only
small differences in the fatty acids composition of
seeds of the different water treatments and between
dehiscent and indehiscent nuts. (Table 6).

Irrigation of trees with brackish water at a
level of 4000 mg/liter TSS did not have an adverse
affect on pistachio nut composition as compared
+ith flood water (Tables 5 and 6). Irrigation had a
cositive effect on fresh and dry weights of
pistachio nuts. Nut filling under these conditions
requires, presumably, a longer time to allow
dehiscence.

Our experimental work in the near future will
~oncentrate on the ccmbined use of brackish and
-un-of f water. Brackish water will supplement the
water requirements of the trees for maximal vyields
during years of drought or insufficient

PISTACHIO NUT PRODUCTION

Effect of water quality on protein and lipid content of

Kerman nuts

TABLE 5.

Lipid

Protein (%N x 6.25)

Component

Nut

dehiscent indehiscent dehiscent indehiscent

State

Treatment

Percent of dry matter

. 42,5 53.7

Floodwater

22.3 50.5 34.9

Tap water

27.8 39.7 .

27.7

Brackish water

393
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TABLE 6. Effect of water quality on fatty acids
composition of Kerman nuts

Fatty acids* 16:0 16:1 18:0 18:1 18:2

Treatment Mut state

Dehiscent 12.2 1.3 1.1 57.8 27.3

Indehiscent 12.3 1.3 1.2 56.8 28.4

Dehiscent 13.1 1.5 1.3 56.8 27.0

Indehiscent 12.7 1.5 0.9 54.6 30.9

Dehiscent 12.2 1.5 1.3 56.5 28.0
Brackish
water
Iindehiscent 11.6 1.2 0.9 56.9 28.8

Percent of total fatty acids.

1

PISTACHIO NUT PRODUCTION 385

precipitation. Run-off, beside providing water for
the trees, will also wash out salts from the soil
profile during years of abundant precipitation-.
The physiological and agrotechnical consequences of
this practice, as well as its effect on soil
structure, will be studied on a large scale between
1987 and 1990.
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Germination of Pistacia vera L. pollen in liquid medium
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Summary. The osmotic effect of Polyethylene glycol
(PEG) has been shown to be sufficient to indvce the
germination of Pistacia vera L. pollen in liquid medium.
The prehydration of the pollen in a saturated atmo-
sphere for approximately 10 h was nccessary to obtain
maximum in vitro germination. Imbibition of the potlen
in water resulted in the rapid leakage of solutes into
the medium. These solutes consisted of approximately
50% carbohydrates, of which sucrose (0.65 pmol/mp).
glucose (0.77 pmol/mg) and fructose (0.78 pmol/mg)
were the major sugars; the remaining 50% comprised
proteins with the fellowing major molecuiar weights 63
kDa, 60 kDa, 59 kDa, 40 kDa, 36 kDa, 35.5 kDa, 31
kDa, other organic matter and minerals.

Key words: Pistacia vera L. - In vitro germiration -
Pollen  Osmotic cffect

Introduction

Pollen giains of Pistacia vera L. have been considered
to be difficult to germinate in vitro (Cranc ct al. 1974;
Crane and Iwakiri 1981; Vithanage and Alexander
1985). This is in spite of the bicellular nature of its pollen
(Copeland  1955; A. Golan-Goldhirsh unpublished
data), which usually ensurcs ready germination (Knox
ct al. 1986). Recently it has been shown that controlled
hydration of these pollen prior to incubation in germina-
tion medium increased percent gr.mination (Polito and
Luza 1988). The germination of pollen in vitro is greatly
influcnced by the relative humidity at which the polien
is pretreated (Gilissen 1977). The assessment of pollen
quality by its in vitro germination is a useful method
for determining the acceptability of pollen for artificial
pollination (Stanley and Linskens 1974) as well as in
biochemical studics on pollen viability. However, nega-
tive results must be interpreted cautiously as a lack of

Offprint requests to. A, Golan-Goldhirsh

pollen germination may reflect cither inviability or a de-
ficiency in some requirement for pollen germination (i.c.
hydration state, medium composition, temperature,
ctc.). Pollen of some species can germinate in water
(Duffield 1954), while other species require more com-
plcx media for germination (Stanley and Linskens 1974).
The importance of water and the cffect of the osmotic
potential of the medium on pollen germination has been
reported extensively (Heslop-Harrison 1979; Dumas et
al. 1988 Hockstra 1986, and others). Nevertheless, there
is still a lack of understanding of the carly cvents in
pollen hydration and germination (Crowe ct al. 1989).
In the present article we report the effect of water and
medium osinotic potential on the germination and struc-
ture of Pistacia vera L. pollen in liquid medium.

Materinls and methods

Pollen of Pistacia ~era L. cv ‘Chico’ were collected during the
scason of 1988 and sieved through a 90-pm sicve net. The pollen
were kept at 4° C in containers plugged with cotton wool. The
water content of the pollen was approximately 5% throughout
the storage period.

Pollen germination in vitro

Pollen germination in vitro was done after hydration in a water-
saturated atmosphere in closed containets or by dircct imbibition
in distilled water at room temperature. The liquid medium for
germination contained 1.3 mmol/l calcium nitrate (Ca(NO,),"
411,0), 0.81 mmol/l magnesium sulfate (MgSO,-7H,0). | mmol/l
potassium nitrate (KNOy), 1 6 mnolfl boric acid (H,B0,) and
0.5 mmol/l sucrose (Harris et al. 1987). Sucrese or polyethylene
glycol (PEG) were added to this medium as indicated. Pollen grains
(40 mg) were added to 5 ml medium in a 100-ml Erlenmeyer flask
and allowed to germinate for 12 h al 26° C on a rotatory shaker
at 100 rpm. An aliquot (20 pl) of the suspension was taken for
determining pollen germination using an automatic pipette fitted
with a 200-pl capacity tip, the distal 2.5 mm of which had been
cut off. This prevented breakage of the pollen tubes (Harris ct
al. 1987). Pollen tube length was measured on a Image Processing
System (Kontron M15) attached to a Zeiss IM microscope via
a vidco camera (Sit 66). Pollen grains were stained with Alexander
stain for light microscopy (Alexander 1969). Scanning electron mi-



cropraphs of gold-coated specimens after freeze drying were taken
on a Hitachi S 900 microscope.

SDS-Polvacrylamide gel electrophoresis

SDS-PAGE was carricd out on 10%, polyacrylamide gel according
to Lacmmli (1970) and stained with coomassie brilliant blue.

Analviical procedures

Total C, N and S were determined with a Carlo Erba mitrogen
analyser model 1500 (Carlo Erba Strumentazione, Milan, laly).
K. Ca, Mg, P and B were determined with an inductively coupled
plasna emission spectrometer (Perkin Elmer, model ICP/5500, Ue-
berfingen, Germany). Nitrate was measured with a nitrate clectrode
(Orion, model 93-07) and sulfate was determined, semi-quantita-
tively with a reagent kit for photometric analysis (Merck, Micro-
quant 14789). Vitamin C was determined {luorometrically using
w centrifugal analyser equipped with Muorescence immunoassay
attachment (Vuilleumier and Keek 1989). Sugars were determined
by HPLC with a BIO-RAD HPX-87C column (Richmond, Calil).
The osmolalitics of the media were determined by a vapour pres-
sure osmometer (Wescor, 1500 B). Electrical conductivity was mea-
sured with a conductomcter (E 518 Mctrohm, Herisau); this was
converted 1o osmolality assuming that 1 mS-cm ' =14.2mOs-
kg .

Results

Pollen ydration

A scanning clectron micrograph of water-imbibed P.
vera L. pollen is shown in Fig. 1A, B. In the dry state
the pollen appeared shrunken with a convoluted surface
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Fig. 1A, B. Scanning clectron
micrograph of P. veru L. pollen. A Dry
polien, B water-imbibed pollen. Bar =
10 pn

(Fig. 1a). After being subjected to water for approxi-
mately 10 min, the pollen swelled and became spherical
(Fig. 1b). No wall rupture was seen, but therc was a
leukage of solutes to the medium (Fig. 2). It appeared
as if the water-extractable matter came out the wall ma-
trix. The vesicles (v, Fig. 2) on the wall surface resisted
the water wash. During the three washes of the polien
with water (ca. 10 min each time) there was a rapid leak-
age of solutes, with approximately 32% of the pollen
dry matter leaking out in the first wash (Fig. 3). In the
following twe washes only small amounts of dry matter
came out of the pollen (Fig. 3). The lcakage of solutes
from pollen suspended in germination medium was diffi-
cult to measure because of the high concentration of
solutes in the medium itself. Preliminary data (not
shown) indicaicd that in germination medium both the
rate of leakage and the quantity of solutes leaked were
lower than in distilled water. The composition of the
water-washable solutes from the pollen in distilled water
is shcven in Table 1. Approximately 50% of these solutes
were carbohydrates, of which sucrose (0.65 pmol/mg),
glucose (0.77 pmol/mg) and fructose (0.78 pmol/meg)
were the major sugars, The nitrogeaous portion of the
dry matter contained « protein fraction that was com-
posed of a large nurber of proteins (Fig. 4). The major
polypeptides had :nolecular weights of 63 kDz, 60 kDa,
59 kDa, 40 kDa, 38 kDa, 36 kDa, 35.5 kDa and 31
kDa (Fig. 4). Nitrate could not he detected with the ni-
trate clectrode, and sulfur was mainly in the form of
sullates lorming approximately 1% of the dry matter
(Table 1).



{84

Fig. 2. Scamning clectron micrograph of 1. vera 1. pollen surlace
after washing with distilled witter. r-vesicles. Bar =2 pm

RUREESS R

Pollen ary matter (%5}

1 ? K)
Washing slop

Fig. 3. Water washing ol 2. vera L. pollen, in three steps of approxi-
mately 10 min cach

Osmotic effect

The P. vera 1. pollen germinated poorly after imbibition
in distilled water. However, after prehydration in a
waler-saturated atmosphere there was an tncrease in ger-
mination in both liquid nutrient media (IFig. 5). When
the water content of the pollen was approximately 20%
walter, germination was highest in the sucrose-containing
medium (Fig. 5).

The low osmatic potential required for pistachio pol-
len germination ted to the hypothesis that an osmotic
component is strongly involved in the initiation of pollen
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Table 1. The composition of water-washable solutes from Pistacia
vera L. pollen

Component Dry weight (%)
Nitrogen 1824003
Carbon 39.76404
Sulphur* Q.3 £0.01
Ash: 6.9410.04
Potassium 3.85
Calcium 0.1
Magnesium 0.11
Phosphorus 0.92
Boron 0.002
Vitamin € 0.021
Sugars: 503 £3.0
Sucrose (pmol/ing) 0.6510.06
Glucose (pmol/mg) 0.7710.08
Fructose (pmol/mg) 0.78 +0.06

* As | % sulphate

MW
% 1000 1 2

925— - .

R
2- = w| ¥

450-

310-

Fig. 4. SDS-PAGHE of pistackio pollen water-washable fraction (2)
and standard proteins (7). The arrows point to the major polypep-
tide bands

germination. The replacement of sucrose with PEG at
the same osmolality (1000 mosmol/kg) resulted in about
10% pollen germination (Fig. 5). While germination in
medium containing PEG was lower than in medium con-
taining sucrose, it did indicate that an osmotic signal
might be involved in pistachio pollen germination. PG
docs not enter the cells; therefore, the low osmotic po-


http:0.65-�0.06

ential of the medium led to shrinkage of the germinated
ollen (Fig. 6a), in contrast to well swollen pollen in
ucrose-containing medium (Fig. 6b). Pollen tube length
n both media is shown in histegrams (Fig. 7). The pat-
ern of pollen tube length distribution was similar in
oth media. There was a large variability in tube length,
50+ 142 pm and 2634 172 pm in sucrose and PEG, re-
spectively. This indicated that pollen viability and matu-
ity at dehiscence and dispersal were quite variable.

N T w0 3
..g, 50 / 9.
& IS
% AN a0 .‘é’
E a0 =
D ‘\ 20 o
@
[© 20 — —— =
[ 10
At
1) A 0
0 10 20 an 40 50

Hydration lime (h)

Fig. 5. Germination of pistachio pollen in media containing sucrose
(m @) or PI'G (@ @). The asmolality of cach medium was approxi-
mately 1000 mosmol/kg. & a the water content of prehydrated
pollen
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Discussion

The test most commonly used to assess pollen viability
is in vitro germination. The known difficultics in germi-
nating pistachio pollen can be partially overcome by
prehydration, as has been shown by Polito and Luza
(1988) and in this work (Figs. 5 and 6). Whilc artificial
medium cannot lully simulate the complex pollen-stigma
interaction in vivo, polien tube development in vitro ap-
pearcd to be normal (Fig. 6b) under the appropriate
conditions. Furthermore, in a number of taxa the per-
centage of in vitre germination of stored pollen can be
corrclated with its ability to sct fruits and seeds following
in vivo pollination (Janssen and Hermsen 1980; Visser
1955).

In the experiments reported here, we have examined
the carly stages of pollen hydration and germination
and shown that rapid hydration of the dry pollen did
not result in much cell breakage, nor in germination.
The membranes of these pollen grains were apparently
not cffective in preventing the movement of solutes out
of the polien (Fig. 3). Pollen germination in the sugar-
containing medium was substantially increased by pre-
hydration of the polien in a humid atmosphere (Fig. 5).
These results may be explained by the model proposed
by Crowe et al. (1989): the membrane phospholipids
in the dry organism (pollen) arc in the gel phase, and
upon a sudden cxposure to walter a fast phase transition

Fig. 6A, B. Light
microscopy microgriaphs of
P. vera L. pollen
germinated in media
containing PEG (A) or
sucrose (B} (1000 mosmol/
kg). x 250
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PEG
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0 L
200
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800
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Fig. 7. Uistograms of pistachio poilen tube length after {0 h of
germination in media containing sucrose or PEG

oceurs to a liquid crystalline phase that results in leak-
age. When the pollen were exposed to partial prehydra-
tion in a humid atmosphere, up to 50% of them germi-
nated in the sugar solution (Fig. 5). According to
Crowe’s model (Crowe et al. 1989), these pollen grains
did not undergo phase transition and therefore did not
leak. One can not climinate another possibility that the
soluble fraction might have come froni the wall layers
partly derived from the haploid gametophyte and partly
from its diploid parent. Evidence for this has come from
the localization by immunofluorescence of the origins
of the antigens present in the leachates from intact pollen
(Heslop-Harrisan 1975). Protein release during germina-
tion (Fig. 4) has heen reported extensively (Heslop-Har-
rison 1975; Kamboj ct al. 1984; Jackson 1989; and
others). It has been suggested that these proteins may
play a role in the interaction between pollen and stigma
(Heslop-Harrison 1975). The SEM picture (Fig. 2) of
water-washed pollen showing the removal cf materials
from the wall layers may support the possibility that
at least part of the leachate originated in the pollen-wall
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layers and not in the cytoplasm. Furthermore, the pres-
encc of substantial amounts of solutes in the cetl-wall
layers was supported by the observation (data not
shown) that large amounts of solutes were also quickly
released from prehydrated pollen. At this hydration state
it could be assumed (Crowe ct al. 1989) that the mem-
brane integrity was reestablished, which would have pre-
vented the leakage of solutes from the cytoplasm.

In dry pollen only a minor amount of potentially
osmotic-active substances is in a soluble form. When
the water content of the pollen is 5%, the maximum
solubility of glucose is three times lower than the amount
present in the pollen. One-third of the sugars analysed
consisted of glucose, which contributed approximately
38% to the osmotic concentration. The water content
of the pollen was close to 50% after 44 h of hydration.
An osmotic potential of —9.7 MPa could then be gener-
ated by the osmotica contained in the pollen. It scems
unlikely that 4 major part of the solutes was found in
the cytoplasm, because esmotic potentials much lower
than ~10 MPa could result during hydration of the
dry pollen. Osmotic potentials of halophyte cells are —5
to — 8 MPa, and osmotic potentials of most plant species
lic between —0.4 and —2 MTa (Salisbury and Ross
1978).

The low water content of pistachio pollen and low
osmotic potential of the medium required for germina-
tion may be related to their phytogeographical origin
in the dry Irano-Turanian region. In species where high
water content in the pollen is required for germination
(c.g. Zea mays: 60%), the medium osmolality is also
lower, probably in simulation of a wetter stigma. It has
been speculated that in a wind-pollinated species like
pistachio, high osmotic pressure is nceded on the stigma
to allow for a controlled hydration and ielease of solutes
from the pollen and secretion from the stigma into the
grain, This osmotic compatibility is criticatly important
in the carly interactions between the pollen grain and
stigma (Heslop-Harrison 1979).

The importance of osmotic balance between the con-
centration of osmoticum in the medium and that con-
tributed by the solutes contained in the pollen has been
recognized since the carliest attempts to germinate pollen
in artificial medium. The successful germination of
Pistacia vera L. pollen required a high osmotic concen-
tration in the medium. Low water potentials in the pol-
len provided the pollen with a great capacity to hold
water vapour. This was certainly required for pollen hy-
dration under low relative humidity conditions, condi-
tions which this plant specics is frequently exposed to.
Maintenance of a high turgor pressure, a prerequisite
for pollen tube clongation in stigma and style, will be
promoted by a high internal solute concentration.

Sucrose could be substituted for by PEG for induc-
tion of germination (Fig. 5) (Roberts ct al. 1983). Indeced,
pollen germinated in PEG appeared shrunken (Fig. 6a),
and a lower percent germination was obtained than in
sucrose-containing medium (Fig. 5). We propose that the
net osmotic effect is itnportant in initiating pollen germi-
nation. The large variability in pollen tube size probably
reflects the fact that pistachio is wind pollinated and



that the pollen grains leave the anther at different stages
of maturity (Wagner ct al. 1989), which leads to dilterent
rates of water uptike upon rehydration and different
rales of germination.
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Abstract

The development of pistachio (Pistacia vera L.) male inflorescence bud was
examined microscopically and by electrophoretic analysis of the protein
composition at the same developmental stages during microsporogenesis. An
Inflorescence Bud Polypeptide, 32 KDa (Ibp32), wasidentified, it was not found in
vegetative buds. It concentrated in the reproductive zones of the bud and
disappeared between the pollen mother cell (PMC) stage and the tetrad stage in
pollen grain development.

Key words: Pistacia vera L., inflorescence bud, microsporogenesis,
pollen, protein.
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The Pistacia vera L. (common name pistachio) is a species of the genus Pistacia
(Anacardiaceae), which is exploited commercially. The latest monograph study
by Zohary (1952) recognizes eleven species of Pistacia.  This genus is unique in
that its species are dioecious, staminate and pistillate inflorescences borne on
different individuals of a population, and are  wind pollinated. Only a small part
(approx. 4%) of all plants on earth are dioecious, which makes the pistachio quite
attractive for studies on molecular aspects of sexual reproduction in plants. A
common feature of the female inflorescence of pistachio is that many of its
flowers do not produce seeds. The appearance of seedless fruitsin Pistacia vera L.
has been recorded by several authors (Savastano, 1929, Whitehouse & Stone, 1941
and others). The staminate and pistillate inflorescences are panicles that may
consist of one to several hundred individual flowers. Developmental aspects
related to pistillate inflorescence were reported by Grundwag & Fahn, (1969) and
Takeda, Crane & Lin, (1979). However, no description of the development of
pistachio staminate inflorescence was found in the literature.

Here, we describe microscopic changes during microsporogenesis of pistachio
staminate inflorescence, and the accompanying changes in bud protein
composition. It is the first report of identification of a 32 KDa polypeptide which
disappears from the reproductive male bud during bud dormancy break and

microsporogenesis.

Materials nnd Methods

Axillary male inflorescence buds of Pistacia vera L. Chico cv. trees were collected
during development, every season belween 1987 to 1990. The trees are growing
in the experimental orchard at the Avdat Run-Off Farm in the Negev Desert of
Israel. The buds were prefixed in a mixture of 2.5% glutaraldehyde, 7.5%
paraformaldehyde in 30 millimolar sodium phosphate buffer pH 7 (Rowley &
Walles, 1985). For light microscopy bud segments were embedded either in
paraffin or in araldite. Specimens in araldite were cut into sections 2pm thick
and in paraffin into 10um thick. The paraffin sections were stained with Alcian
green Saffranin, and the araldite sections stained with both Methylene blue azur
ii and Basic Fuchsin.

Buds for electrophoresis were collected directly into liquid nitrogen, and stored at
70°C until extracted for analysis. Extraction of bud protein and preparation for
electrophoresis were done as described before (Golan-Goldhirsh et al., 1990). SDS-
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Polyacrylamide gel electrophoresis (SDS-PAGE) was carried-out on 12.5%
polyacrylamide gels according to Laemmli (1970).

Results

Qverall sequence of development

Figure 1 shows the overall sequence of male inflorescence bud development in
pistachio and five specific stages in microsporogenesis, during which microscopic
and protein analyses of the bud were carried-out. There are two major bursts of
growth during differentiation of a vegetativebud to a flowering bud (Figure1). A
leaf at e. .1 node on the shoot subtends a single axillary bud, most of these
differentiate into inflorescence buds during April and grow to their ultimate size
by late June (First burst of growth, Figure 1). Generally, one or two axillary buds
located distally on the new growth are vegetative. They are considerably smaller
than inflorescence buds. Male Inflorescence buds begin expansion in the last
week of March of the following year and anthesis occurs generally during  the first
half of April (Second burst of growth, Figure 1).

Microscopic changes during Microsporogenesis

After reaching its ultimate size following the first burst of growth (Figure 1) in
late June, a young anther consists of a mass of homogeneous meristematic cells
(archesporial) surrounded by epidermis (Fig. 2). This situation persists until bud
expansion begins toward the end of March of the following season. As the anther
develops the archesporial cells divide lo form a primary parietal layer on the
outside and a primary sporogeneous layer on the inside (Fig. 3). Eventually, the
former gives rise to the wall layers by repeated periclinal and anticlinal divisions.
The sporogeneous layer develops into the microspore pollen mother cells
(Meiocytes). At the tetrad stage the microspore mother cells become enclosed
within a special callosic wall, undergo meiosis and give rise to tetrads of
microspores (Fig. 4). After the microspores are released from the tetrads, the
tapetum layer degrades (Fig. 5), each microspore enlarges and undergoes an
asymetric division producing the vegetative and the generative cells of a mature
pollen grain (Fig. 6).
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Electrophoretic protein pattern during microsporogenesis

The electrophoretic pattern of male bud proteins during development (Fig. 7)
corresponds to the developmental stages analyzed microscopically (Figs. 2 to 6).
In addition, lane F figure 7 shows the pattern of an extract of buds collected
during early May, before the floral induction period was complete. Although a
few slight changes in the electrophoretic paltern during development can be seen,
the most notable change was in a 32 KDa polypeptide. It accumulates during bud
formation, towards the end of the first burst of growth (Figure 1), in the transition
from a vegelative to a reproductive bud and stayed apparently unchanged during
dormancy, until the beginning of the second burst of growth (Figure 1; A, figure

7). This polypeptide disappeared between the pollen mother cell (PMC) stage and
the tetrad stage (B to C, Fig. 7). A comparison of protein extracts of the rachis and
flower primordia (reproductive) zones of the bud (Fig. 7) showed that the 32 KDa
is concentrated in the reproductive zone of the bud rather than in the vegetative

zone.
Discussion

A flower bud polypeptide 32 KDa (fbp32) was identified, whose appearance and
disappearance from the inflorescence bud is closely correlated with the transition
from vegetative lo reproductive bud and with pollen formation
(microsporogenesis), respectively. It may be significant that 1bp32 is synthesized
during early development of the bud and remains apparently unchanged during
bud dormancy, disappearing during inflorescence opening (second burst of
growth, Figure 1). Could it be involved in dormancy regulation? For the
moment Ibp32 may provide an important molecular marker for male flower
development in pistachio and potentially in other lrees.

The microscopic pattern of pistachio bud development shown in figures 2 to 5is
quite similar in other plants (Shivanna & Johri, 1985). However, time  of anthesis
and the duration of flowering is of extreme importance in dioecious species.
Under natural conditions the bloom period of male trees often precedes that of
female trees. Therefore, artificial pollination is practiced in pistachio orchards,
and the pollen vitality is essential (Polito & Luza, 1988; Golan-Goldhirsh et al.,
1991). Spraying winter oil has been used lo overlap male and female flowering
by induced early dormancy break (Procopiou 1973; Spiegel-Roy, Asaf & Garmi,
1972). The Ibp32 as a molecular marker, should enable early evaluation of the
effect of such treatments at the molecular level.
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Some of the developmental problems of the Pistacia vera L.includes abscission of
flowers and young fruits, a large number of the nuts  (drupes) that set and remain
on the tree lo maturily contain none, or underdeveloped seeds. The Ibp32 can
serve as a marker in studies of developmental processes in pistachio leading
ultimately to higher productivity of the pistachio. Preliminary experiments
indicated specificity of Ibp32 to reproductive buds (unpublished data). This is
indicative of ils potential functional specificity to reproduction in pistachio.

Acknowledgments: The technical assistance of Mrs. llana Salomon is greatly
appreciated. This research was supported by an AID-CDR grant No. DPF-5544-G
5S-7013-00.
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Legend to figures

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Approximate timing of Pistacia vera male inflorescence bud
development.

Longitudinal section in a stamen at the archesporial (Ar) cells stage
(A), as it is during bud dormancy, also showing a short filament (P
and sepals.

Cross-section in a differentiating anther at the pollen mother cell
(PMC) stage (B), showing anther epidermis (E), wall cells (W),
tapetum (T) and sporogenous tissue (Sp).

Cross section in an anther at the tetrad stage (C) showing
microspores, tapetum (T), callose (Ca), nucleus (N), nucleolus (Nu),
plastids (P1) and small vacuoles (V).

Cross section in an anther after microspores (Mi) separation from
the tetrad stage (D).

Cross section in a mature pollen grain, showing starch granules (S)
and wall layers, exine (Ex) and intine (1), stage (E).

Electrophoretic analysis of Pistacia vera male inflorescence bud at
several developmental stages. The lanes are marked by letters
corresponding to the developmental stages indicated on figure 1.
Lane F, represents archesporial cells at an early stage of floral
induction, and St is a lane of a standard proteins mixture with the
molecular weights indicated on the side lane.

Electrophoretic analysis of reproductive (1) and vegetative (2) zones
of Pistacia vera male inflorescence bud.
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Dioecious plant species, where staminate and pistillate inflorescences are borne
on different individuals of a population, offer a unique advantage over
hermaphrodite species for the study of sexual reproduction in plants. Some
important crop plants are dioecious e.g. Cannabis saliva, Vitis vinifern, Asparagus
officinalis, Humulus lupulus, Carcia papaya , Simmoridsia chinensis and Pislacia
vera . The study of genetic control of sex in these plants has contributed greatly
to our understanding of evolutionary aspects of sex determination and to the
improvement of crop production I, The Pistacia vera L. (common name
pistachio) is a unique dioecious and deciduous lree species, which is productive
under harsh desert climate 23, Flowering in Pisfacia vera seedlings is usually
delayed 5 to 8 years, therefore early sex determination in young seedlings would
be of great practical importance.

We have identified and purified an Inflorescence Bud Polypeptide of 32 KDa
(Ibp32) from pistachio. There was a close correlalion between its accumulation
and floral induction and its disappearance and flowering. Making use of  poly-
and monoclonal antibodies (mAb) against this polypeptide, we have identified a
new 27 KDa polypeptide (Ibp27), which appears to be specific tofemale
inflorescence buds. This allows us to examine the sex relatedness of the Ibp27
peptide and may allow early gender diagnosis in pistachio by a fast and simple
procedure.

Flower formation in higher plants is a complex process controlled by genetic as
well as environmental factors 4. Although, it is an integrated process, three major
phases can be recognized indeciduous trees, floral induction (evocation), bud
dormancy and flowering (Figure 1). In recenl years intensive research is done on
flower development using homeotic genes, mutations which specify a wrong
organ at the wrong place36. The model plants of these studies are Arabidopsis
thaliana and Anfirrhinum  majus., which offer significant experimental
advantages as model organisms. However, the pistachio as a deciduous and
dioecuous fruit tree offers unique developmental traits, i.e. flower bud dormancy
and chilling requirements for flowering and distinct separation of the sexes.
Physiological aspects of sexual development in plants have been described in
great detail’7. The potential of modern molecular biology in elucidation of sex
determination in plants has only recently started to emerge 8,

Phenological and microscopic aspects relaled to pistachio pistillate and staminate
inflorescence have been described 011, Much of the information on pistachio
inflorescence bud morphology and development is based on studies by Crane and
Iwakiri 12. There are two major bursts of growth during bud development (Figure
1). A leaf al each node on the shoot sublends a single axillary bud. In the Negev
plateau of Israel, floral induction (evocation) when most of these differentiate
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into inflorescence buds occurs during April (Spring) and grow to their ultimate
size by late June (First burst of growth, Figure 1). This will vary slightly ~ with
environment, amount of winter chilling and cultivar. Male inflorescence buds
undergo microsporogenesis and flowering in the last week of March (Beginning
of Spring) of the following year and anthesis occurs generally during the first half
of April (Second burst of growth, Figure 1). The general macroscopic pattern of
female buds development is simillar to that of male buds, however, after the
initial inflorescence differentiation to rachis, lateral branches and sepals between
April to June, there is a quiescent period of about three months, then pistil
growth initiates in early October and continues until March, when individual
flowers open 13,

Time of anthesis and the duration of flowering is of extreme importance in
dioecious species. The bloom period of male seedlings often precedes that of
female seedlings. Therefore, in the wind pollinated pistachio, staminate and
pistillate cultivars having overlapping bloom periods must be planted in an
orchard to obtain effective pollination 14,

We have shown recently that during the early stages of microsporogenesis a 32
KDa polypeptide (Ibp32) disappears from the maleinflorescence bud!!. This
polypeptide was purified to electrophoretic homogeneity (Figure 2).

The timing of accumulation of the Ibp32 is shown in figure 3. Using a  set of
specific poly- and monoclonal antibodies raised against this polypeplide, proteins
of buds collected during the first burst of growth (Figure 1) were subjected to
immunoblotting analysis (Figure 3). Temale (lanes 1,2 &3, figure  3) and male
(lanes 4,5 & 6, figure 2) bud proteins are compared at the period of floral
induction. Ibp32 accumulates during this process to the highest concentration
toward the end of June, the beginning of the bud dormant period. The lbp32 is
expressed throughout the quiescent period and disappears quickly between the
pollen mother cell (PMC) stage and the tetrad stage at the beginning of the second
burst of growth (Figure 1), before the tetrad stage of microsporogenesid!.
Although the antibodies were raised against the 32 KDa peptide (Ibp32), they
recognized a female bud-specific 27KDa polypeptide (Ibp27) in addition to the 32
KDa (Figures 3 and 4). A comparison of bud proteins of female and male trees,
harvested during bud dormancy shows the sexual relatedness of the 27 KDa
polypeptide (figure 4). None of the male trees tested (8 trees) expressed the Ibp27
polypeptide, but 26 of 37 female trees did. These polypeptides were detected in
reproductive buds only, neither in vegetative bud nor in leaf (data not shown).
The genetic female sex linkage of 1bp27 is now under investigation in a large
number of trees. The findings so far indicale a potential functional and/or
structural specificity to reproduction in pistachio. The close correlation of Top27
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with female buds is intriguing and points to a diagnostic potential. The fact that
these peptides accumulate in large quantities makes it less likely that they have a
regulatory role, nonetheless, they represent a different developmental pattern in
male and female tiees and can serve as molecular markers. It would be
important to examine if Ibp27 is an independent gene product, an alternative
splicing product 14 of 1bp32 or its post-transiational processing product through
proteolysis. If the first possibilly turns-out true, it would be of great interest to
characterize each one of the genes and their products in relation to their
regulation and function. If the Ibp27 is a separate gene product, it may be possible
to detect the gene in juvenile pistachio by Southern blot and PCR and develop a
diagnostic procedure for early gender determination in pistachio. If Ibp27 is a
result of alternative splicing, it should give insight on regulation of sex
expression in plants in analogy to what was recently reported in Drosophila 15, if
it is a product of proteolysis, it may be interesting to search for the enzymatic
activity which leads to the specific modification of the female bud protein. Even if
the Ibp27 is transitory in females, as part of a different pathway of turnover of
Ibp32, it is of biochemical interest to determine its cellular location and examine
its unique function in female buds. The finding that the 1bp32 is synthesized
during early development of the bud, remains unchanged during the  dormancy
period and disappears during flowering constitutes an intriguing pattern.  In
preliminary experiments we found cross-reactivity between pistachio Ibp32 and
immunologically related bud proteins of other deciduous trees (unpublished
data), using the anti-lbp32 antibodies. Could it be involved in maintenance of
dormancy or, possibly, in sensing an environmental signal for dormancy  break?
In any case, this protein should provide an important molecular marker  for
inflorescence bud development in pistachio and potentially in other trees.
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Legend to figures

Figure 1.

Figure 2.

Figl.:e 3.

Figure 4.

Approximate timing of Pistacia vera L. male and female inflorescence
bud development at the Negev plateau of Israel.

5DS-polyacrylamide gel electrophoresis of female inflorescence bud
extract (lane 1), showing the 32 KDa and 27 KDa polypeptides, and the
electrophoretically purified 32 KDa polypeptide (lane 2). 10% SDS-
polyacrylamide gel under reducing conditions was done according to
Lzemmli 16, Lanes 1 and 2 contained 50 pg and 5 pg proteins,
respectively, determined according to the method of Bradford17.

Immunoblot analysis 18 of female (lanes 1,2 & 3) and male (lanes 4,5

&6) inflorescence buds of Pistacia vera L. A 50 pg Protein sample 17
was applied to each lane.  Anti- serum from BALB/C mice containing
polyclonal antibodies produced against electrophoretically pure male
32KDa (diluted 1/100), was used for the wesern blot. The second
antibody was a Peroxidase conjugatedaffinity pure Goat Anti-Mouse
IgG, F(ab') 2 Fragment (Jackson Immunoresearch Laboratories, Inc.),
used at a dilution of 1/1500. Lanes 1 and 4 - buds of May 4 (early floral
induction); Lanes 2 and 5 - buds of May 28 (advanced floral
induction); Lanes 3 and 6 - buds of November 10 (dormant bud); Bl -
blank buffer.

Immunoblot analysis 18 of male (lanes 1,2,3 & 4) and female (lanes

5,6,7 & 8) inflorescence bud extracts, showing the 32 KDa and 27 KDa
polypeptides. The procedure is as described in figure 2, each lane
contained 16 pg protein!7 and represents a different tree. Tree's
identification numbers at the Avdat Run-off Farm, according to lane
are as follows: lane 1-529B; lane 2 - 516B; lane 3 - 515B; lane 4 - 513;
lane 5 - 540; lane 6 - 517; lane 7 - 514; lane 8 - 512; Bl - blank buffer.
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