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Executive Summary 

This project presents a unique combihotion of agrotechnology and biotechnology 

to an arid .,one and research on itsfar tile introduction of a crop tree (Pistachio) 

were set: 1. To introduce andreproductive biology. The following objectives 

establish experimental pistachio orchards in arid zones of Portugal where it has 

not been cultivated before. 2. To investigate biologcal aspects of low fertility and 

progress was madeproductivity of pistachio under arid conditions. Major 

iowards achieving t-ese objectives. Pistachio (Pisiacia vera L.) was introduced to 

Portugal and six experimental orchards were established. In the course of 

l.caeli experts in pistachio orchardestablishing the new experimental orchards 

and assisted thea ,rotechnology and nursery technics want to Portugal, guided 

portnguese colieagues in all operati(cns. Scientific meeWi;gs were held 

on "Intensivethroughout the research. This has culminated in a workshop 

RootstockAgriculture in Arid and Semi-Arid Zones" held in Portugal in 1988. 

and grafted seedlings and drip irrigation syslems were transferred from Israel to 

Portuga! to initiate the ex.perimental sites. Then, filling-lip 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. T'wo polypeptides, a 32 KDa and a 

27 KDa, which coincide with reproductive bud development were identified, 

isolated and monoclonal antibodies produced against them. T'hese polypeptides 

and their monoclonal antibodies may serve as molecular markers for 

horticultural research on the effect of environmental, hormonal and chemical 

treatments on floral induction, differentiation, and bud dormancy in pistachio 

and other deciduous fruit trees. ,ontinuous exchange of information on 

expeimnental progress was maintained throughout the project and was presented 

in the semi-annual reports. 
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Research Objectives 

The Pislacia vera L. (common name pistachio) is a deciduous, dioecious species 

which adapts to desert conditions. It produces a nutritious nut and its production 

adoes not meet market demand. Thcrefore, we believe that the pistachio offers 

of income to many of the less developedunique advantage as -; crop and a source 

with vast arid zones. The overall aim of this project is to increasecountries 

zones by focusing research on the followingproductivity of pistachio nuts in arid 

aspects: 1. Introduction and establishment of experimental pistachio orchards in 

arid zones of Portugal where it has not beeti rjltivated before. In the coursu of 

establishing the experimental orchards selection was made for rotstocks and 

scions, methods of budding and grafting were examined. 2. Biological aspects 

involved in low fertility of pistachio. We have set out to search for nolecular 

markers associated with reproduction in pistchio. 

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 

a geretic trait, and selection has beendevelopment. Chilling requirement is 

made for low chilling requirement. However, the mechanism of bud dormancy 

as in other deciduous tree crops isdevelopment and release in pistachio as well 

only vaguely known. As a dioecioLs species the time of anthesis and the 

duration of flowering is of extreme importance. Under natural conditions the 

of male seedlings often precedes that of female seedlings.bloom period 


Therefore, artificial pollinating is practiced in pistachio orchards, and the effect of
 

storage on the quality of the pollen studied. An alternative 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 polypeptide (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 detected 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 eight male trees 

tested so far contained the Ibp27 in its inflorescence buds. The genetics of these 

polypeptides and their subcellular location(s) are not known, although 

preliminary experiments suggesi association with the reprod.uctive z,ne of the 

bud. The sexual linkage is now under investigation because of the basic interest 

in plaMt 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 Ibp32 is synthesized during early development of the 

bud and remains apparcntly unchanged during bud dormancy, disappearing 

during infl'rcscence opening. Could it be involved in dnmancy regulation? For 

the moment 'bp32 may provide an important molecular marker for male flower 

development in pistachio and potentially in other trees. 

Methods and Results 

The experimental sites in Portugal are a lIngra-Lameira and Benafim Grande, 

located in the south of Portugal. lRevilheira, Elva, and Lameircies in the sout-east 

and Vilariqa in the north-east. Drip irrigation was introduced in all the sites. 

Germination trials were carried-out with seeds of several Pislacia species (P. vZ.ra, 

were 

also compared for rootstocks characteristics in trials at Ingra-Lameira and 

Lameirlies. Seeds of P. vera gave best germination when a "rag doll" was used, 

P. atlantica, P. integerrima, P. palaestina and P. teretinthus ). These species 

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 OC, 

which was reporter by other growers. After germination and development of a 

radicle longer than 1 cm, the seedlings were sLifted 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 1). atlanlica seeds was relatively 

easy in wet and sterilized media like burlap rolls, petri dishes with hydrophilous 

cotton or with agar media. The germination of 1'. lerebinthus, P. Palaestinaand P. 

was more difficult. This has led to trials to test the effects ofintegerrima seeds 

several reagents and treatments known to affect germination, e.g. fungicides, 

werecalcium hypochlorite, sulphuric acid, GA 3 and hot water. These treatments 

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". Ilowcver, in many cases there 

was wilting after a few weeks of budding and/or grafting. 

'Fle following varieties were tested as scions: 

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

Chico. 

2. From the Estaoo Nacional de Fruticultura Vieira Natividade, Portugal: 

Mateur, Safeed, 25-A and 40-A. 

3. From Centre Agropecuari Mas B3ov6, 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 Sperimen!ale per la Frutticoltura, Italy: Chico, Ask, Larnaka,
 

Bronte, Red Ak-ppo, Kerman, Enk, Naz, Irak and Rashtii.
 

In the course of the project there were two 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 grafted seedlings were shipped via iir-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 the experimental sites at Lameir6es and 

Elvas are shown in figures 1, 2 and 3. 

O '"Z'"!"il 


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

Portugal. 1'rial of varieties - 18; Trial of roolstock x varieties - 28. 
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Figure 2: 	 Pistachio trees at Elvas in a trial of varieties. Kerman - 6; Kerman 

grafted (Shield) oi July 29, 1991 - 7; Ashoury grafted (cleft) on April 

23, 1991 - 8; Ashoury grafted (chip) on June 20, 1991 - 9. 



* 
 -

Figure 3: 	 Pislaclio trees at Elvas in a trial of varieties. Sfax grafted (chip) on 

;me 20, 1991 - 10; Aegina grafted (cleft) April 30, 1990 - I1; 25-A 

(male) grafted (cleft) on April 30, 1990 -12; larnaka grafted (shield) 

on July 29, 1990- 13. 

The research was productive for 'ortuguese and Israeli laboratories. We have 

progressed in otur understanding of what is required for the establishment of 

pistachio orchards in an arid zone and wt! have i better knowledge of the 
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biology of pistachio. Furthermore, the molecular 	 markers
reproductive 

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

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

papers published or in preparation
The results are presented under the -cientific 

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


completeness, it is impossible to attempt to present it as a single paper.
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.:':,;,ura ZeCicam 


:a :or fim tamcrcm
s. 3 var'as 'Crmas Pstcr,.:a e-gro-Sro- a reilcresta-,.o. 
-s :raoal.cs Dcem ser .craticaocs ccr.:o 3ctividade principal cu como activi­
'e complementar. 

=u sei cue murtas auesties score muda.a os funrbes da .gricuitura ainda 
*o acertas a oiscuss.o. mas o estaco tem :ue formuiar ncrrase !erm que ter: THE PISTACHIO AS A STUDY CASE FOR CROP 
".;er :e ryves.:r Cs suzs;c;cs .u;--cs I _...;o orazo mais :,:a prctecq.o ca TREES IN ARID ZONES 
-:ente. '1o 4uturo de.!a so entrar 2.ri.a cecuz.ra carte Cos su':siccs cblicos na 
:,Jv, o agrana, cnce o c.nto crir.:ca oevia ser 3 nvestigar.o e a introduqo de 
s cuiluras. A acnada roduqso a;ranace Avi Go!an-Goichirsnoacder-se inar.carproc riarene The Jacoo Blaustein fns;itute for Desert Research
 
es ca erda bcs seus prod s no rnerooo sen' RubveN~des. IBen-Gurion University of the Nrge.,
 

Concluses e Recomendaq~es Sede Boqer Camous d4993. Israel 
Tern cue naver cuidado quando se transfer e.xcer;ncias dum oais para o outro, Introduction 

iue h,storcamente e cuturalmente e ass;m tamberm o corr-crtarmento das 
-oas There are two reasons for a sc:entist to be invoived in a seacn for croo treese aiferente. Por outro lado podem excenLrncias boas ou mas do estrangei-

udar oara nao tazer grandes erros no cr0orio oais. suitable for arid zones. One is the interest in cevelooment ot arid zones for the bet-
A colaborag.o internacional na investigaqg-o agraria 6 um born instrumento do :erment of life of human beings in These areas. Another reason is the scientific cu­

-"Irmtio de cxceriancias pe!os dois lados. Ainda ha murta coisa a tazer nio riosilyand thewish to undersiand the biology and adaotation mechanisms ofplants
envolvimento da agricuitura algarvia. eu so rec!amo: to arid conditions. 

- o inventArio dos recursos das aguas sugierr.neas: I am very glad to have initiated the cooperation bet.een our Portuguese co­- a intensificaqao na horicuitura, fruticutura e floricurtura; lleagues ot the Esta. ) Agronomica Nacicnai ,EAN) and our group at the Blaustein 
- a diversificaq~o das culturas e a invesrigaq7o corn plantas novas para tins Institute for Desert Research of the Ben-Gurion University of the Negev. In the first 

,icos (materias-primas renovaveis); two years, since we first met. we have been able to establish the pistachio project 
- a planiticagao das redes de rega: and make substantial progress. Here. I want to describe !he expenence accumu­
- a o4ganizag5o das associac6es de beneliciibrios e utilizadores: lated in the pistachio project as a stuay case. Carob. cork oak and Leucaerae are 
- a expansio da investigaqo agrara com apoio da Universidade do Algarve now under consideraticn as potential trees for arid zones as well. 

,o tambm It has been shown by M. Evenari and co-workers that pistachio trees adapt to 
os problemas de comercializaoo dos produtos agricolas. the climatic conditions of the Negev highlands. The trees develope well and 
Simoirlante assinalar que os pressupostos politicos agraros tornam hole um produce fruit on runoff water. Our aim now is to better understand the biology of this 

i orae ue aolao druo taa crop in order to increase its productivity in and zones.mmqeromentadas 

Jngdes sociais e a conservaqc do ambiente, que a actividade complementar da
2lltura vai aumentar e por im que as questes de ExploraAo eoa Gest.o dos 
ursos Hidricos 16m que ter a mesma importdncia como as questies tdcnicas da The genus Pistacia L. (Anacardiaceae) consists of deciduous trees and 
;truo de grandes obras pdblicas hidroagricolas. shrubs which piuduce single-seeded drupes. It is well known and reported that 

Pistacia species have a very low seed set. There are ,eports of trees which havefferatura not produce any seed bearing fruits (Grundwag & Fahn. 1969). In a preliminary ex­
"'AL: L"otfic Regional de Mise en Vaieur Agtkre d Louk~ks Xiii. ICO - Kogress Casablanca. periment to estimative biomass production and deposition in the fruit, we found that e.I87 in one speciric tree, out of 4.397 fruits, only three were full. This is of course an extreme
.N. H Landtro',nj uotdie Landw.ldt all dar Zukunt CLG - ,Mrlug7ci h,15 case. which, nevertheless, iltustrates the oroblem.-7%A'AEKA!.ECKER., -CiR" in orrnao b2s -.asotxe ,,, ocsac6et..de So~ko eA,uas %Anus,.nto19871L,,I C R The unique embryology of the pistachio hints at 1he comclexity and potential 

• ,A,d,, ,.,.o . . ,,-, ,,- .- -,., " , ,, stages at which development failure could occur. The Iruit and seed do not develop 
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1crsomeai
7 vr. re.et, olntrmran­tIower CevejicnerltFnent: 21,acncrmai 'emale 
'ne stigmas an_'or ovule: and 3) hin rate ofde-enera,;on ci the reveoping emor.'o 

:n :his 
aeveiooment aocrmalities :r envircnmental 'actores. 

erther because of 
on poiten 'erjtity usin g cicchem:ical ar-c

exoerimental etlans 

mcroscOpic ecnrncues. 
crotecl we !ocus our 

otu0 to 12.0 kg per ,ree were cbtained uncer 
Inscite of:he c,' fruit set. .ields 

aesert corcticns on njnoff water aicra (Spiege-Roy er ni. 977). tndicates ;at 
even :eicre the Prcciem :t 

may be ecrcncmical,stacnro can be .rocuctive and 

!erliity is solved. 

Establishment of Experimental PIstachio Orchard In Algarve 

Accompanying the basic research on biology and development of the pistachio. 
The
 

we have started estabiishing a new experimental Qistzchio orchard inAlgarve. 
new sites were plantec

first site was planted last year (1987) at Lameiras and ,No 

last week (on 18 March 1988) at Messines and Senafrim Grande. 

The landscape of the site at Lameiras be!ore piantinq (October1986) is shown 

in Picture 3. The same area after planting (August 1987) is show in Picture 4 (tharks 

due to Prof. Mota for providing me with Picture 4). 

The Prcaro is 

P--i~o fruits 
 after Pcimancfl uare 

-jx !o eignt wees 

this time the ovule is still small anc occupies oly a small part of the
During 

!ocule (Picture 2). The fertilized ovule starts to develop rapidly 10-12 weeks after 
pocllination.

Poilinaion. Full ripening of the fruit and seed occurs about 5 mcnths after 

on Oc.=oer 1986 beforepatnng e seectins. 
h Picturea: n- siteof Tug pstacrio piot !t Lameiras 

.5 ii-r tn m2i e, ,;rcnrr n' 1t r, , ' " -v..,,Z'O"do,3 Chn r v,, .ia, 
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SForseeing the nee, for oistacnio seedlings for this :;rc;ect we started a cista-nno 
nursery at Avcat iPicture 5. 

The major cve ot this nurserv me:hcd was to ceveioo a normal seec:'rg 
Ynh a smail volume and weight of root suitaole for air .ranscortation. This Has 
acnieved ty air pruning of the root system. The preoaration of the seedlings zc. 
transporlation nc:udes several stages and treatments. The seecling were cug ctof 
:he soil ano the Scii then washed oil in water (P:ct7re 6). The seeoings were tnen ci­
sinfected (Picture7) and wrapped in wet paper toweis and put in bags for shipment. 

-- ,. 

AL-_VPictr 6:The trst steps in the preparation afthSepisyacio seedling for shiimont. Gitring Tie 
seedlings out of thesoil and washing ol Mtetoots inwater. 

The first shipment of 630 seedlings weiched approximately 80 Kg. This methoc 

of preparing the seedling in the nursery for overseas transplanting has been develo-
A ?'n-l v- nt m -rh.,in ntrsry it Avt1at ped by Mr. J. Maurice and is continuously being modified and improved. 
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PERSPECTIVAS DA CULTURA DE NOVAS FRUTEIRAS 
EM PORTUGAL 

Abijo Mendes Gaspar 

Estaglo Agrondrmica Nacional, Oeiras 

1. Indroducgo 
7edisinectedare and wrapped inwet towels tokeep em wet uring t . Na CEE ha grandes excedentes de alguns pr-dutos agricolas, a que e devido t 

P,cre 7: The see ngs a- n t s e w ,r.methona progres.iv3 que se tern verificac na orodutividade da agricultura comuni­

t:ria e ao aumento las importag6es, feitas a partir de terceiros paises. de numerosos 
produtos que competern vantajosamente com as obtidos no Ambito da Politica 
Agricola Comum devido aros seus custoc initriores. Porem, a cnse resultante desses 
excedentes nio e ext ens.ivel a Portugal, pois aproauq#o agricola co nosso Pais tern-

Summary -se mantido persistentemente ern rivel aDasante reauzido. ern manisfesta oposiqgo 

The study cf pisiachio prc';ides us with two avenues of human enoevour: 1) ao que se tern verificaco nos cemais paises comunitarios. A reduzida dimens:o da 
nossa produgo agricola e que tanto tern a ectado a nosso desenvoivirnento econo­

basic biological researcn on infertility in plants and 2) development of technicues and 
mco n~o e de mooo alcurn irrerned;avel,pc:s deve-se ern orande pare ao aeficientemethodologies for growing, transolanting and establishing trees overseas. This 

project enjoys very enthusiastic cooperation Prof. Miguel Mota and Eng. Abilic aproveitamento cas potenc;aliaces existertes. 

Mendes Gaspar of the Estaqgo Agron6mica Nacional (EAN) in Portugal and the A diversificag.o aa procuqo agriccia aentro da CEE contribuira para a valor­
zagao da sua economia e por isso ta esta a ser estimuiada. nomeadamente atravesPlant Adaptation Research Unit of the Blaustein Institute for Desert Research in 
da utiizaq~o de culturas orocutoras oe be.s aeficitarios. coro ea caso das protea-

Israel. This pistachio project can nopefullyprovide a good study case for other tree 
ginosas. milho. fruteiras trcoicats e proou:- as de trutos secos, esoec es florestas crops suitable for arid zones. 
piantas medicinais e aromaticas. flores. e::. 

A posicqo de Portuga no que respe;*-- a diversificzcao cult-ra' ebastante tav.­
ravel pois. apesar das suas d:mensaes terr:orais, atr~senta crance neterogeneica­
oe dq climas e oe solos a pque Ine perm;:e utiltzar alternativas cue a Comunidace 
pretonce desenvoiver nos se-'s paises memros. Dentro dessas cultures ha F 
scenrtar algumas trute:ras z;.zo util:zaca- cu cuase aesconneccs no ncosso Pa:r 
eoue iavem merecen.c aa -:aoe aic'.-- e=-,c -:;o;2iSO-. e,ea_,._s . 



-%s.ovas .s::.:.s ce !ru:e'ras -s zzec4 :ev-rem :sr 4oe eS:jc c 

3croiundaco s.3o 3s se-un:es: 
o 	 Trrcciis: arantsero. sanaaneara. oa a;ara e . aosceara: 


SSurc~cica~s: e.:acaieire. ancneira2. ma acula. e.a.macaomla. 
'ioa 
cafasorearo: 

De ea caduCa e Crc~as s e:e : moeraas sCt:nCa. ,a smais 

2.Brave Caracterizagno Climatica de Porilogal 
2. Beve 

A e-ccqao CaS -egireS rCj ma:cr atude. cr.e -.queCas reguiares dea 

",eve duranle -) nvemo. -s ,mcs :s Pzrugal sao zo : :-a Cs Je Kbc-en. szo e. 

•*emoeraoas. ."m oquenle cnuvosa -o ucc::mas,estaq no-. Cue ,cceCes".ar 
-neciterr.Anccs. Tais 2!imas acreseram zuas es:aqces :em -narcacasVero e 

;nverno) e cuas estaqges intermeeias Prmavera e 0utrn,.,;.-. ,rem. a variacilidace 
C!imatica e bastante pronnciada, o ,e e devido lundame.taimenie ao facto do nosso 
Pais se desenvclver sobretudo em latluce. As acentuacas ciferencas em atitude e 

a marcada vanaqo Co eleito oceAoico. 
Nas regies srtuadas aSul co Tee., -cm excedo da laixa literal ccaiizada a 

ocidente. e na Terra Cuente Curense a c!;maa edo lipoC a. cois oVerao e -uente,eimetes
 
urna vez qua se atingem 221C de media mensal. Nas restantes regi(es. excectuaneoo 
as cue solrem cuedas reguiares de neve curante o Inverno, ocim aeeo tio C3, pos 
amedia cas temoeraturas n:o acanqa 22'C Curante o Ver~o. Nalgtimas zonas ha 

excesso de agua durante o inverno, mas curane aVerAo :iidrica ating.acarnc ­

todas a5 rees. naigumas de forma pouco aCertuada. enquanto neutras multo 

marcadamaenta. 
A insolagdo anual, de 1800 a3100 horas, eadispenibildade de energia radiante, 

de 130 a 170 Kcal par cm2 eper ano. vcam de forma sensivelmente proporcional ao 
indicede aridez. Estevaria no sentidocontrario aodanebullsidadeadapluviosidade, 

cor ano. As necessidades hidricasoscilando esta em media entre 400 e 3000 mm 
anuais variam entre 800 e 1200 mm. sendo obviamente maores nas zonfd 1ais 

scahentas. quentes e secas. 
Em relagto I amenidade do Invemo, ha que aistinguir entre Invenos .do-es-

-(D .N spimerosas emp ralrasmeda3do ais
- osInv mos-Iros--(F 	 ~ s 
-

havendo geadas ou ocorrnaofrio sio maiores ou peo menos iguais a 10* C.no 

estas em numero reJuzido (nunca mais de 5-10 pr an)) e corn pouca intensidade. 


ariorAlomdisso. o numero dedias corn temperatura media suOenora 1 OCnfto sera inf 

a 300 ou pete menos a275. 
No que respeita Acar~ncia hidrica e de scorco corn THORNTHWAITE, cistin-

eandez: .,adez leve u nula. (s,), ar;dez mdedrada- (s-) e-guem-se tr~s niveis 
(s.), consoante o valor desse indice 6, respect.vamente, menor queaddez forte-

ultimo valor.16.7%. estA compreendido entre !6,7% a33,3%.1. ou e superior a este 
Algumas zonar situadas aSul do Pais. nomeadamente as ocnas costeiras me-

eCsbD. respeczivamente) e asridionais e ocidentais do Algarve (corn climas CsaO 
-sc d eisTendo 

:onas costerras do Alenteio (corn cimasCsOD),~m Invernos muto suaves. peis a 

:McorraC:aanua! :e gacas rmenrr cue I na care cc:dertal e me,,or que 5na cana 
merdionaL =n,:iaumas cssas onas -,e se ,:fl:Caram e vdo prcsseguir s es ucs 
ce adactaq.o de aigumas !ru'teiras trCocais e suctrcicas. 

Nas zcnas ntencres co Algarve e do Alentejo, once cs ciimas Ao do suctio 

VsaF. a Vertc e ;org o. uente e secc. ao passo cue o inverno efrio, tendo geralmerte 
ce 600 -;-,ras ze fno- temcoeraturas ;nfericres a 7-C). Estes cimas s~o 

isso foram esccihidos par Cs'avoraveis para as curiuras ca pistAca e da caria a cres~scmessfuers
 
nsaios corn essas !.uteiras. 

Nas zonas ccsteiras stuadas no None e Centro de Porugal os climas so Co 

subtipo CsoD. senco os Estios relativarnente frescos a humdos ecs Invemos ,OucO 

3everos e corn geaCas limitaoas a 2-3 meses. Es:as zonas sto mu,'to favoraveis para 

3cudtura da acinidia, a qual jadesperou o interesse de muitcs agncurtores. 

3. Fruteiras Tropicais 

3.1. 	- Ananaseiro 
As principals regit5es do Mundo onde se cuttiva o ananaseiro (Ananascornosus 

Norte. Fora destes
est~o stuadas entre 25=de Latitude Suc 25de latitud 

tao st a etr5 eLitue Sue e ar None. Fba dests de 
tambem se cuitiva esta bromelicea, COrno sucece per exemplo nalgumas zonas dede S. Miguel, situadaAfrica do Sul. localizadas entre 33'e 34°de Latitude Sul. e na Ilha 
a 38° de Latituce Note,mas este Ontimo caso em estufas de vidro. 

Em tennos gerais considera-se que o ananaseiro nfo tolera geadas e por isso 
r-,corr~ncia.a sua cultura encontra-se geralmente confinada a areas isentas da sua 

-Pode. no emanto, suportar temperaturas ligeiramente inerores a00C de-de que tai 

suceda durante periodcs de tempo muito curtos. Terperaturas superkres a 320 a parti; de 3500, especialmenmecomegam a c.-usar prejuizos, que se acentuarn 
quando a humiade relativa 6 baixa. pois podem surgir queimaduras ncs frutos,dado
 

qua as temperaturas infernas nestes slo nitidamente mais elevadas do que as
 

exteriores. As temperaturas mais tavorveis para a crescimento do ananaseira So
 
compreendidas entre 21* e 30°C.
 
(19m Ao proceder A zonagem do ananaseiro
)estabeleceu as trs faixas seguintes: em ungo das temperaturas, Sava 

( e 
Faixa A, que c!assificou como .apta -,corn temperzturas m~dias anuais su­-

periores a 19" C;
 
Faixa B , a que atribui adesignaqgo de -restrita-, abrangia as zonas corn
-

temperaturas medias anuais compreendidadas entre 18, e 19"C: 
Faixa C,qua classificou como restrra e inapta-, corn temperaturas mtdias 

anuais intenores a 18".
 
De urn modo geral considera-se qua o ananaseiro requer 1000 a 1500 mm de
 

suas necessidadescfluvas bern distribuidas ao longo do ano, estimando-se as 

hidricas di~ias em 2 a 4 Mm.
 

o u s;sterna radicular grandes necessidades de arelamento, o anana­
seiro requer soles 

-J 
corn tex;'-ras ligeiras ou medias, sendo inadequados as argilosos. 
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calcanos, sa;cadcs, ccmoaccs ou mal drenacos. Cs va:cres 'o pH mats incicadcs 

sAo os de 5 a 5. 
As varic-ac~es ma isutizadas ncs ensaios realizaces m Podugal em alros de 

Cueen e a V.C. Cueen. As densidades chegam:;Iisticos let., - .,a Cayenne Lise. -" 

a 3aingir ICO COO oanas Por hectare. sendo grance a procuqdo e muito boa 
a 

quaidade cos frutos. 

3 2 3ananeira 

As CrnnC~c~s :o,as Drodutcras da bananeira eso aocalizadas entre 30°de 

atitude Sul e 30' de Latude Nrtone. -.;itraassando esses i'mites agumas zonas 
prooutoras situacas na Australia. FCrmosa, srae, Afrca co Sul e Maceira. icandn 
toas estas reg':,es s;tuadas na certera cas isctermncas c'ue definem aproximada-
mente os limites cue seoaram as areas sentas das suletas as geacas. 

0 crescimento aa nananeirc processa-se entre 15, e 35'C, sendo ma's faro-
ravels os valores compreen2;f'os entre 25'e 30'C. Abaixo cos 12'C sofrern os eiei*ts 
da ,,riagem-. dsturbio Isiologico cue se code ooser.sr nos frutos verdes e cue se 
manifesta sob a !orma de mancnas que se vtem soo a fcrma de traqos escuros em 

° 

Corte iongitucinat. Temperaturas inienores a 8 C durante lcngos periodos podem 

° 

causar scrips preiuizos e inferiores a 0 mstam as plantas. 


Ao crocederam A zonagern da ibananeira. Antunes & Fcries (1980) deram 

crande imp .nc:a ,,, 0- cons:derandocueura
terceraturaeia rbsm:is o 

regqac era , , , aoracos- restr es, " nata - ccnsoante esse parameiro Se 
stuava aoima doe 18°C, estava cncmreendido cire 15°e 1S'C ou era inferior a 

15'C. respeotivimente. 
Consideram alguns investigadores quea bananeira necessita de mats de 1500 

mm de ctuvas bem distnbuidas ao iongo do ano cu de 100 a 150 mm por m6s, 
estimancdo-se as sua. necessidades hidr;cas oarias em 2 a 5 mm consoante os 
valores ca evapotransoiraq o. 

A bananeira preere solos profundos, f4rteis. bern drenados, francos ou iranco­

argilosos, podendo porerm su*oriar tambei, outros tioos.Tolera valares de pH 

bastanle diferentes, embora se considere que prefere os solos neutros ou ligera-

mente alca.'nos. 
As cuftivares utilizadas nos ensairs em curso s~o Ant. Coccos, William rOs 

e Grande And. mas tambem estAo a sai muitiplicadas atraves das culturas de tecidos 

a Rodusta e a Vaiery. 

o crescimento daConsidera-se que as tenmeraturas mais favoraveis para 

papaieira 'Caricapapaia) sAc as comoreencidas entr5 22' e 28C,pois tavorecem 

o cresomentr.o e a obtengocld frutos cor etevada quaidade. 
o ser cullivada derefer~ncia em;eg'oso papareira no toleora geadas leveria 

onde as temperaturas se mantivessem cnnm reduz:das oscilaqses ao tongo do ano. 

,ois cuando Cescem exagermdamente duramreo nverno .rovocam a zueca :as 

Ichas, grandes eecresc:mos cou 2nmo oaratisias o crescimento. ausenc:a e 

maturaq o e ma -u.idaoe os ntcs. -a ciferer,as'Ioraq~o. retarcamentu na 

cronunciacas no ,ue resceita so comconamento cas aiversasvanecaces em reiac,
 

-s baixas temoeraturas, veriicandu-se tarnoam cue as clantas femnnas so mencs
 

resistentes ao fr~o do que as masculinas.
 
A paoaieira recuer cerca ce 1 500 mm de cnuvas bern aistnbuidas ao icnq;o do 

ano. ornando-se necessano recorrer a rega cuanco s;o escassas cu mal istn­

buidas. Neste caso e haoitual o fomecimento de 100 a 150 mm ce Jgua por mes. 
A papaeira crefere so!cs profuncos e ccr texturas ligeiras cu medias. --ca 

'ertilidade e hem drenados. Cs solos argilosos e munro cornoactos ndo se devem 
utilizar. p'cis dificuttam o cresc:mento das piantas e codem ocasionar a sua m.crte 
quanCo sujeuos ao encharcamento. Cs vaiores de pH mats reccmendavel so cs 
compreendidos entre 6 e 7. 

As var;edades de papaieira podem se, hermafroditas cu di6icas. As Princicais 
variedades hermairod'!as so a Sunnse Solo, Tainuna e Taiindia no Brasil e Kapono 
Solo. Waimanalo. Higginc e Wiiaer no Hawaii. 

No que resceita ;as Gir6.as Iras quais as fores mascuiinas e femininas esAo 
Iocalizadas em nlantas d;stintas) .asrrincipais vari,-eac:ces so aHortus GoldnaAfrica 
dooSule lmprovt=d Peterson e ettina na Australia. estando a serensaiadas com bons 
resuitados a Cariflora na :i6rica. 

Oentro do genero Canca esta a ser encaiada nalgumas zonas mediterr~nicas 
a C.pentagona, esoecie subtropical conhecida por babaco. eque e um hibrido entre 
a C. uescens,papaieirp ca montanha, e a C. stipuata.Os frutos desenvolvem-se 

Por oaren,.carpia. ndo havendo. ponantonecessidade de plantas masculinas. Ape­
sar ce ser uma esp",ie subtropical, obacaco apenas Lcuttivado em estufa, mas os 
resultados estio bastante longe de corresponder As expectativas, nio so devido A 
fracaqualidde dos rutos ras tambem aos proberas de natureza ftossanitariaque 
t~m surgido. 

3.4. Goiabeira 

comeam em tomo dos 1500,cesimentos da goabeira (Psiium gua ava) 
Sendo uma fruteira tropical, a

atingindo os vatores maximos proxiro dos 281C. 
mas Dode supodar geadas ligeiras e sobreviver a

goiabeira 6 sensivel ao rio. 
temperaturas de - 3 C quando s~o de curta duraqio. 

Para que a floraqAo e a irutificagqo se processem em boas condiqdes, a planta 

necessita de urn minimo de 3.5 a 6 meses corn temperaturas m-dias superiores a 

dos truos bastante preludicada quando as temperaturas16C, sendo a qualidade 
m,dias durante a maturaqAo se situam abaixo dos 151C. Tambem os ventos frios 

limitam ocrescimento vegelativo eprejudicam a tloraqgo e o crescimento do fruto. 
ser cunivada ac arContrariamerle As demais especies tropicats. a coiabeira poderA 

tivre em diversas zonas do Algarve, nomeadamente naquelas em que as tempera­
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,uras medias anuars se aoroximam dos 18C e as :ernera:uras medias mensav 

exceodem 15-C Curante 6 meses e 201C urante 5 meses. 
zue a maior are das outras ,nuteirae, a=flnbora res:sta meher 3 seca cao 

1000mmce cruva duranea cerioco de cresczmento.;ciaeira necess:a oe na's ce 
?ode sercu.,,vaca em vares t1o1s de scos.cesce as ma~s argilcsos ate acs arenosos. 

prciurcos e bem crenados. Pacescue se atresentam fe.,eis, 

suporlar encnarcamentoc, revela escec:ai lo~erncia ao sale suporta vaiores de pH 

:cmoreenidcs entre 4.5 e 8.2. 

creierindo. cc-.Rnuco, 

sumos.Aescciha cas vanecaces depence do tim z que se cestinam as trutos ­

sooremesa. geleias, sorvetes, gciabacas, doces, etc. - havendo algumas que 

satisiazem aiversos objeciivos. Entre as variedades cue se padem er-saiar incluem-
Safeca. Etherrge Selection. Ruby, Miami -se a oanesian Seedless. Allahadad 

White. Lage Whte e Sucreme. 

4. Fruteiras Subtraicais 

ao cue se passa em relaqgo ao ananaseiro. a bananeira e AContrariamente 
papa eira, todas as fruteiras suat:ooicais devem ser curtivadas ao ar :ivre. 

4.1. 	 - Abacateiro 
As Aslo do abacateiro -. mas ha-oeso (Persea f,icana ) so hermafroitas, 

cesencontro entre a receptividade do estigma ea liberaqo do polen das anteras das 

da mesma planta, fenomeno conhecido par dicogamia, que sera protoginica no 

caso dessa fruteira pais os pistilos est.o funcionais antes das anteras. De uma forrn4 

resumida poua- dizer-se que hA cultivares da ciasse A e cultivares da classe B, 

flores 


comprtando-se as pnimeiras coma femininas durante as manh~s e come masculinas 
durante as tardes. ao passo que as segundas se ccmpartam coma mascuTinas 

durante as manhds e como feminrnas durante as tardes. Em face disso 6 necessario 

recorrer a cultivares da ciasseA e a cultivar,'s da classeB para a constituiqo dos 

pamares, pots s6 assim se garante a obtenq:o de elevadas produgr6es em conse-

qu~ncia das primeiras polinizarem e serem polinizadas pelas segundas. 

Pelas suas caracteristicas e exigdncias clim~licas. as abacateiros podem ser 
ainda a considerar as hibndosclassificados em tr4s grupos naturais, havendc 

resultantes dos cruzamentos feitos entre plantas de grupos naturais diferentes. Os 

trds grupos s6o as seguintes: 
a 	) Gupo Antilhano, que compreende as abacateiros origindrios das baixas 

altitudes da America Central e da pare None da America do Sul, as quais, no 

suporando geadas, se revelam desorovidos de interesse para o nosso Pais. 

b) Gnupo Guatemalteco, que feune as abacateiros de algumas zonas be media 
suportaraltitude da Guatemala e do Sul do Mexico, as quais podem 

as cultivares Hass, Queen, Reed. Sharpless,temperaturas de -2"C. Inclui 
eTaylor e Wagner. da classe A,e Edranol, Itzamna. Linda, Nabal, Prince 

G0 

Suardia ca cias.,e 3, arnadurecendc as Seus fnrtos durante a inve:ra :u 

durante a Prmavera. 
) Grupo Mex;cano. cue agrupa cs aIcaeras cujos aentros de crem se 
srtuam nas zonas montanhosas co Mexcc e ,aGuatemaa. as quais cne-am 

a s,;oorlar temperaturas ce --cC. Engcca as cuitivares DuKe. Gottfried -aina. 
e Bacon, Winslowson e Zutano.Mexicoia, P=uecla e Tooa Toca. da O!asse A. 

da c!asse B. amadurecendo as seus trutos curante a Ver#o e durante oCutono. 

Al6m das cultivares acima menc:onacas. merecem particular realce os se­

resutantes de cruzamentos entre abacateiro pertencentes acsguintes 	hioridos 
Gnupos Mexicano e Guatema!teco: 

- Lula e Rincon, da c!asse A: 
- Ettinger, Fuere e Ryan. ca c/asse 3. 
Ao pretenoer-se lazer a zonagem da cuitura do aibacaeiro em funqo das tern­

peraturas medias anuais. pdera dizer-se ;ue as regides cam valores superres a 

as grupos e que aoaixo dos 171C comeam a surgr
19C s~o favoraveis para ods 
grandes restngi es, dado que estas 61timas s~o nadequadas para aGrupa Antilhana 

emarginais para a Grpo Guatemalteco. As regides em cue as temperaturas medias 
e 190C apresentam limrtagdes para o Grupoanuais esito campreendidas entre 1710 

Antilhano, mas p-odem ser utilizadas pelos dois restantes Giups. obviamente corn 
nas que possuem temperaturas mais baixas. Osprelerencia paa a Mexicano 

abacateircs requerem geralmente solos acidos, quando se utilizam porta­masenxernes come G.A. 13, oMoa.7e oFuch 20 poden tambem cuitivar-se ncutro tipo de 

solos.
 

4.2. - Anoneira 
A anonelra (Anona cherimola) tern exig~ncias climaticas algo parecidas com as 

do abacateiro. oque nao sucede em reiaqo ;sdemais especies cultivadas do mesmo 

genero, coma a fruta-pinha (A. sq,..,tosa ). 
Os climas mais favordveis para a anoneira slo as que se apresentam rnodera­

damente fris e isentos de geadas, embora estas possam ser suporladas desde que 

sejam pauco frequentes e muito ligeiras. As quedas pluviometricas devem atingir os 

1200 mm par ar.o. sendo vantajosa a existfncia de ura estzeq#o seca relativameine 

longa. Os melhores solos so as de texturas medias, mas tambdm se utilizam Os 

argilosos, como no sul da Calif6rnia. e as arenosos coma na Fl6rida. 
T6m sdo ensaiadas algumas cultivares, r, jstrando boa adaptarAo a Carmpas e 

a Fine de Jete. 

4.3. - Maracuid 

A espcie mais importante do maracuift 4 a Passflora edu(is, naqual se indueri 

as forrrias cultivadas mais imporlantes e que s~o conhecidas pelas designagtes de 

roxo (P. edulis f.edulis) e maracuj' amarelo (P. edulis f.flavicarpa).maract!IA 
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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. Blaustein Institute for Desert Research
 
Ben-Gurion University of Negev
 

Abstract Pistachio trees have adapted well to
 

the climatic conditions of the Negev
 
2


highlands. 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 compared
as 

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
 
The
Mediterranean and Middle Eastern countries. 


major pistachio nut production at present is in
 
1
 

Turkey and Iran.


385
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There are several experimental pistachio 

plantations in Israel: in the Galilee, Judea and 

central Negev. The results presented in this paper 

were obtained from fruits of trees at the experi­
mental orchard of the Avdat Farm located in the 

Ziegev highlands, a desert area with an average 

yearly precipitation of 50-100 mm, cold winters and 

hot, dry summers. Evenari and co-workers have 


shown that pistachio can survive and produce nuts 

under harsh desart conditions even when runoff 

water only is used.

2 However, increasing pistachio

productivity to its full potential in the desert
requires more than erratic floods 


The 	major research problems Confronting us are: 


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

quality; response of trees to mineral and
 
nitrogen nutrition.
 

2. 	Pest management - identificatior of 

pathogens and insects causing damage and 

development of appropriate treatments. 

Epicarp lesion is one severe disease which 

sometimes causes losses of greater than 30% 


3

of the crop. It is not yet certain 

whether the cause for this disease is an 

insect, a genetic or physiological 

disorder, or a manifestation of 

scion-rootstock incompatibility, 


3. 	Low seed setting - a common feature of the 

female inflorescence is that many of its 

flowers do not produce seeds. 


4. 	 Indehiscence - dehiscence of the endocarp 

(shell) of the pistachio nut is an 

important factor determining its economical 

value. Unfortunately, sometimes more than 


4

40% of the fruits are indehiscent.
 

5. 	Propagation - P. vera cuttings do not 

produce roots, therefore it is propagated 

by grafting. The recent development of
 

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

6. 	Fruit quality - 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 by soxhlet using chloroform methanol
 
2:1 (v:v) and ash was determined by burning the dry
 
matter in a furnace at 550°C for 41 hrs. Lipids

5
 
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).
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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 (,.9%) 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 (48.0%). 
 The re-

lationship between seed proteins and lipids and the 

nutritive value and consumer preference for certain 

varieties has not yet been tested 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 

(flood, tap and brackish water) on the weights and 

indehiscence of Kerman fruits (Table 4). Brackish 

water irrigation produced the biggest fruits and 

nuts on a fresh and dry weight basis. Both tap

water and brackish water produced significantly 


bigger fruits than floodwater, 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 also had a significant effect on the extent 
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TABLE 2: Chemical composition of seeds of major 
pistachio varieties grown at Avdat 

Component Protein Lipids Carbohydrates* Ash 
(%N x 6.25) + Fiber 

o 

i 

, 

WU: 
a 

Variety Percentage of 
dry matter 0 

.I 
-O8 

I I 

• 
o 0 I 

Sfaks 

Avdat 

25.4 

20.7 35.6 

-

20.4 

4.6 

5.3 1 

El 

W 
I Q0 I 

I U) U)W 
I 

I 

Kerman 32.2 - - 8.9 1 oo (nI 

Larnaka 24.2 48.0 23.3 4.4 4 I En1 

Obtained by difference "0 W0a) 

-Not determined 

TABLE 3. Fatty acids composition of pistachio nuts 
grown at Avdat 
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0 -4 

. 
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of dehiscence. Trees irrigated with brackish water
 
nuts (33%)
less 	 dehiscent
7rcduced considerably 


This may be due either
 "han with floodwater (71%). 

the endocarp (shell), especial­to strengthening of ir­

along the abscission zone, in 
nuts of trees 


1y 	 nuts in this 

-iaated with brackish water, or that 


_reatment did not develop enough to produce the
 

rupture the endocarp. A third 
pressure required tc 

trees 	irrigated
=cssibility is that the fruits of 


the dehis-
vith brackish water did not develop to 


:ence stage by harvest time, while the nuts of 


flood water treatments had already reached this 


stage. This last possibility might be related 
t 

in the brackish water 


te larger quantity of water 

in the flood water 


treatment (850 1/tree) than 

This possibility is 


treatment (see above). 

indehiscence (50%)


supported by the high percent of 


also in the tap water treatment (850 1/tree). 


The effect of water quality on proteins and 

seeds was deterrined (Table 5).


lipids in Kerman 

The indehiscent seeds contained a higher percentage
the dehis-


lipids in all treatments compared to 
of 
Protein content of dehiscent and inde-
cent seeds. 


hiscent seeds was similar. Brackish water produced 


nuts with the highest protein 
content (27.7%) and 


content (39.7%). There were only
lowest lipids

small differences in the fatty acids composition of 


treatments and between
the different water
seeds 	of 

(Table 6).
dehiscent and indehiscent nuts. 


trees with brackish water at a 


level 

Irrigation of 


of 4000 mg/liter TSS did not have an adverse 


effect on pistachio nut composition as compared 

a
Irrigation had 


with flood water (Tables 5 and 6). 


fresh and dry weights of 

positive effect on 	 these conditions
Nut filling under
pistachio nuts. 


a 


dehiscence. 

requires, presumably, longer time to allow 


th
workwork 	inin the near future will
Our experimental 

the ccmbined use of brackish and 


Brackish water will supplement the

concentrate on 

run-off water. 


for maximal yields 

water 	requirements of the trees 


years of drought or insufficient
 
during 
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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 Tut state 


Dehiscent 12.2 1.3 1.1 57.8 27.3
 
Floodwater 


Indehiscent 12.3 1.3 1.2 56.8 28.4
 

Dehiscent 13.1 1.5 1.3 56.8 27.0 

Tap water 


Indehiscent 12.7 1.5 0.9 54.6 30.9 


Dehiscent 12.2 1.5 1.3 56.5 28.0 

Brackish 


water
 
Indehiscent 11.6 1.2 0.9 56.9 28.8 


, 

Percent of total fatty acids.
 

PISTACHIO 	NUT PRODUCTION 


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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Summary. The osmotic effect of Polyethylene glycol 
(PEG) has been shown to be sufficient to induce the 
germination of Pistacia tera L. pollen in liquid medium, 

The prehydration of the pollen in a saturated atmo-
sphere for approximately 10 I was necessary to obtain 
maximum in vitro germination. Imbibition of the pollen 
in water resulted in the rapid leakage of solutes into 
the medium. These solutes consisted of approximately 
50% carbohydrates, of which sucrose (0).65 itm(O!!ifP). 

glucose (0.77 ptmol/mg) and fructose (0.78 unol/mg) 

were the major sugars; the remaining 50% comrprised 
proteins with the 1.,flowing major molecuiar weights 63 
kDa, 60 kDa, 59 kDa, 40 kDa, 36 kDa, 35.5 kDa, 31 

klDa, other organic matter and minerals, 

Key words: Nstacia rera L. - In vitro germination --
Pollen Osmotic effect 

Introduction 

Pollen giains of Pistacia vera L. have been considered 

to be difficult to germinate in vitro (Crane et 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 ensures ready germination (Knox 

et al. 1986). Recently it has been shown that controlled 
hydration ofthese pollen prior to incubation in gernimna-

ion nmedium increased percent gr .ruination (Polito ,ad 
Luza 1988). The germination of pollen invitro is greatly 
influenced by the relative Iumidity at which the pollen 
is pretreated (Gilissen 1977). The assessment of pollen 
quality by its in vitro germination is a useful method 
for determining the acceptabilily of pollen for artificial 

pollination (Stanley and Linskens 1974) as well as in 
biochemical studies on pollen viability. Ilowever, nega-
live results tust be interpreted cautiously as a lack of 

Olfp'lrisit request.s if.A. (Golan-Goldhirsh 

pollen germination may reflect either inviability or ade­
ficiency in some requirement for pollen germination (i.e. 
hydration state, medium composition, temperature, 

etc.). Pollen of some species can germinate in water 
(Duffield 1954), while other species require more corn­
pl(x media for germination (Stanley and Linskens 1974). 
The importance of water and the effect of the osmotic 
potential of the medium on pollen germination has been 
reported extensively (Ileslop-lIarrison 1979; Dumas et 
al.1988; 1lockstra 1986, and others). Nevertheless, there 

is still a lack of understanding of tile early events in 
pollen hydration and germination (Crowe et al. 1989). 
In the present article we report the effect of water and 
medium osmotic potential o the germination and struc­
ture of I'istacia tera L. pollen in liquid medium. 

Materials and methods 

Pollen of Pistacia -era L. cv 'Chico' were collected during the 
season of 1988 and sieved through a 90-tim sieve net. The pollen 
were kgpt at 4' C in containers plugged with cotton wool. The 
water content of thepollen was approximately 5% throughout 
the storage period. 

Pollen germination in vitro 

Pollen germination in vitro was (lone after hydration in a water­
saturated atmosphere in closed containeis or by direct imbibition 
in distilled water at room temperature. Tileliquid medium for 

germination contained 1.3 mmol/l calcium nitrate (Ca(NO03 2 
41120),0.81mmol/I magnesium sulfate(MgSO,71l2O). Immol/l
 

I 6 mmnol/l boric acid (1.tB()0)potassium nitrate (KNO.), 	 and 
0.5 mninol/l sucrose etal.1987). Sucrose(llarris or polyethylene
glycol (PEG) wvere added to this medium as indicated. Pollen grains 
(4o mg)were added to 5 nil mediuni in a 100-ml lrlcnneyer flask 
and allowed to germinate for 12h at 260 C on a rotatory shaker 
at 100 rpm. An aliquot (20 id)of the suspension was taken for 
determining pollen germination using an automatic pipette fitted 
with a 200-1d capacity tip, the distal 2.5 mm of which had been 
cut off. This prevented breakage of the pollen tubes (Ilarris et 
al.1987). Pollen titbe length was measured on a Image Processing 
System (Kontron MIS attached to a Zeiss IM microscope via 
a video camera (Sit 66). Pollen grains were stained with Alexander 
stain for light microscopy (Alexander 1969). Scanning electron mi­
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Ii i 

Fig. I A, B.Scanning electron 
micrograph of P. vera L. pollen. A Dry 
pollen, B waler-imbibcd pollen. Bar= 
10Itn
 

crr raphs ol gold-coited qpecinmens afterfreee drying were ltken (Fig. I a). After being subjected to water for approxi­
on liitachi S 900 imicroscope. mately 10 imin, the pollen swelled and became spherical 

(Fig. I b). No wall rupture was seen, but there was a 

leakage oif solutes to tie medium (Fig. 2). It appearedSDS-I'olyarylamide gel clectrophoresis
SS-as 	 ifthe water-xractable matter came out the wall ma-

S-;I)S-PA(IFi P as carried out on I01, polyacrylamide gelaccording 

the wall surface resisted 
to lacinli (I970)and stained with coornassic brilliant blue. 	 trix. The vesicles (v, Fig. 2) on 

the water wash. I)uring the three washes of the pollen 

with water (ca. 10 inin each time) there was a rapid leak­
nAl~dl'i(aI ;proi('i/dttr age of solules, with approximately 32% of the pollen 

lotalC. N and S were 
1
elerniined with a cario Frba nitrogen dry matter leaking out in the firstwash (Fig. 3). In the 

analyser model 1500 (Carlo lErbaStrunirle:laionc. Milan. Illy). following twc washes only small amounts of dry matter 
K. Ca, Ng.1Pand It were determined wihlan iiidtuclively coupled came out of the pollen (Fig. 3). rhe leakage of solutes 
plasma eiission spectrometer (l'erkin FImer, model ICI'/5500.' tc­

was measured wilha nitrate clectrode from pollen suspended ingermination medium was diffi­berlingen. Germany). Nilrate 
(Orion, model 93-07) ;indsulfate was determined, seni-quanlila- cult to measure because of the high concentration of 

lively wilh at reagcnl kit for photoeltric analysis (Merck, Micro- sotlcs in the medium itself. Preliminary data (not 

quail 14789). ViIalnin C was dclermined Iltoronirically using shown) indicated that in germination medium both the 
a ccntrifugal analyser equipped with fluorescence immunoassay rate of leakage and the quantity of solutes leaked were 
atlachmen (Viillcuimicr and Keck 1989). Sugars were delermined lower than in distilled water. The composition of tie 
by IlPL.C wil a 131(-RA) IlIPX-87C column (Rchtiond.Calif.). water-washable solttes from the pollen in distilled waler 
Ihe oslnolalities of the media were dleermined by atvapour pres-

Ficcrical conductivily was lina- is sh( ,n in Table 1.Approximately 50% of these solutes sure osmomuelcr (Wcor,1500 13). 
sured wilh a corductonicter (i 518 Meitrohr, Iterisan); this was were carbohydratcs, of which sucrose (0.65 tlmol/mg), 
converted Io oniolahity assuming that I iiS cin =14.2 mOs glucose ().77 Intmol/mg) and fructose (0.78 lImol/mg) 
kg 	 were the major sugars. Tl'e nitrogenous portion of the 

dry mattcr contained a protein fraction that was com­

posed of a large nuriber of proteins (Fig. 4). The major
Results polypeptides had molecular weights of 63 kl),:, 60 kDa, 

59 kl)a, 40 kl)a, 38 kDa, 36 kDa, 35.5 kDa and 31Pollen hilrhation 
kDa (Fig. 4). Nitrate could not be detected with the ni-

A scanning electron micrograph of water-imbibed P. trate electrode, and sulfur was mainly intime form of 
vera L. pollen is shown in Fig. 1A, B. In the dry state sulfates forming approximately 1% of the dry matter 
the pollen appeared shrunken with a convoluted surface (Table 1). 
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Table I. The composition of water-watshable solutes from l'isiacio 
era L. pollen 

('omponent Dry weight (%) 

Nitrogen 3.82 0.03 

Carbon 39.76 -0.4 

Solphur' 0.31 10.01 

Ash: 6.94 ±0.04 
Iolassit ull 3.85 
Calcium 0.11 
Magnesium 0.11 
Phosphorus 0.92 
loron 0.0102 

O"0, 0vVitamin C 0,021 

- Sugars: 50.3 ±3.0 
Sucrose (gmlol/tng) 0.65-±0.06 
(lucose (imol/mg) 0.77 ±0.08 
Frctose (tlnlol/Ing) 0.78 ±0.06 

As I % sulphate _ 

4., 1,.l"MW
.xI 1000 1 2 

Fig. 2. Scanning electron micrograph of 1'. 1onw I. pollen surface 
alter %ahingsnilh distilled water. n-vesicles. lar=2 11m 

92.5­
. ­

66.2- * 

45.0­

rno

E 

0 if 
31.0- -

Wahirtnq slop
IFig. .. WVater %a~hiog ofI'.rcia IL.pollen. in three steps orapproxi- 21.5- '­

nlnllclyt1miil c hch 

O),Snolin, ni/c l FIg. 4. SI)S-'A(GF of pislachlo pollen waler-wasltable frnction (2) 

and stladard proteins (/). The arrow'spoint tt Ile major polypep-
The I'. rertl I.. pollen germinated poorly aler imbibition lide bands 
in disti led water. I lowever, tiflcr prehydration in a 
waIcr-sattrated atmnosplhere Ihere was :tntitcrease in ger­
mitt ion in both liquid nutrient I nedia (Fig. 5). When germination. The replacement of sucrose withi PEG at 
the water content of Ilte pollen was approximately 20% tite same osillohily (1000 mosmol/kig) resultled in ahout 
waler, germination was highest in fihe sucrose-containing 10% pollen germination (Fig. 5). While germination in 
medium (Fig. 5). mcidittn containing PlEG was lower than in mledium con-

The low ostotic potential required for pistachio pol- taining sucrose, it did indicate that ;it ostnolic signal 
len germin:mIt led to tihe hypothesis thai tn osmotic might be involved in pistachio pollen germination. PLG 
Conmponent is mlrongly invlved in the initiation offpollen does not enter the cells; thereforc, tle low osmotic po­

http:0.65-�0.06
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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 
inboth media is shown in hislograms (Fig. 7). file pat-

ern or pollen tube length distribution was similar in 

oth media. There was a large variability in tube length 

50 + 142 Itin and 263 + 172 pim in sucrose and PIEG, re-
npectively. Tbis indicated that pollen viability and 

-ity at dehiscence and dispersal were quite variable, 

750 

40 

03 0 30 
0 

2 

20 
1 10 

-
0 0 2M 30 40 WO 

Ilydril3oim (h) 

FIg. 5. (erminalion ol'pisiachio polen in media coniaining sucrose 
n a) or IT'(; te 0). The osiiolality of acti imediumn was approxi-

matcly t10001msiiolf/kg. A A Itie walcr content of prchydraicd 
pollen 

Discussion 

Thc test most coimonly used to assess pollen viability 
is in vitro germination. File known difficulties in germi­

nating pistachio pollen can be partially overcome by 

prehydration, as has been shown by Polito and Luza 

and in this work (Figs. 5 and 6). While artificial(1988) 
mediuin cannot fully sinuilate the complex pollen-stigmia 

interaction in vivo, pollen tube development in vitro ap­
peared to be normal (Fig. 6b) tinder the appropriate 
conditions. Firt hermore, in a numiber of taxa the per­
centage of in vitro germination o1 stored pollen can be 
correlated with its ability to set fruits and seeds following 

in vivo pollination (Jaussen and llerisen 1980; Visser 
1955). 

In the experiments reported here, we have examined 
the early stages of pollen hydration and germination 
and shown that rapid hydration of the dry pollen did 
not result in inuch cell breakage, nor in germination. 
The membranes of these pollen grains were apparently 
not effective in preventing the movement of solutes out 
of tie pollen (Fig. 3). Pollen germination in tle sugar­
containing iediuin was substantially increased by pre­

hydration of the pollen ii a hiunlid atmosphere (Fig. 5). 

These results may be explained by the model proposed 
by Crowe et al. (1989): tie inmicbra ne phospholipids 
in the dry organisln (pollen) are in the gel phase, and 
upon a sudden exposure to water a fast phase transition 

Fig. 6A, 1. Light 
microscopy micrographs of 
A. tera L. pollen 
gerlinacd in media 
contlining PFG (A) or 
sucrose (B) (1000 mosiol/ 
kg). x 250 
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8 	 layers and not in the cytoplasm. Furthermore, the pres­
ence of substantial amounts of solutes in the ce!l-wall 
layers was suppoited by the observation (data not 

PEG shown) that large amounts of solutes were also quickly
released from prehydrated pollen. At this hydration state 
it could be assumed (Crowe et al. 1989) that tile mern­
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%, tile maximum 

2 solubility of glucose is three times lower than the amount
Ipresent in the pollen. One-third of the sugars analysed 

consisted of glucose, which contributed approximately 
" I j I to the osmotic concontration. The water contentI JJ38%c 	 fteple as close to 50% after 44 Ih of hydration. 

An osmotic potential of -Q.7 MPa could then be gener-
L ated by the osmotica contained in tile pollen. It seems 

unlikely that a major part of thu solutes was found in 
Sucrose the cytoplasm, because osmotic potentials much lower 

than - 10 MPa could result during hydration of the 
6 	 dry pollen. Osmotic potentials of halophyte cells are -5 

to - 8 MPa, and osmotic potentials of most plant species 
lie between -0.4 and -2 MI'a (Salisbury and Ross 
1978). 

4 The lowv water content of pistachio pollen and low 
osmotic potential of tile medium required ror gerilina­
lion may be related to their phytogeographical origin 
in tile dry Irano-Turanian region. In species where high 

2 	 water content in the pollen is required for germination 
(e.g. Zea mats: 60/), the medium osnolality is also 
lower, probably in simulation of a wetter stigma. It has 
been speculated that in a wind-pollinated species like 

0 i i-,pistachio, 	 high osmotic pressure is needed on the stigma
200 400 600 800 to allow for acontrolled hydration and release of solutes 

Pollen tube length (pm) from tle pollen and secretion from tile stigma into the 
Fig. 7. 1lislograms of pistachio pollen tube length after !Oi of grain. This osmotic compatibility is critically important 
germination inmedia containing sucrose or P'EG in the early interactions between the pollen grain and 

stigma (Heslop-l-larrison 1979).
The importance of osmotic balance between tile con­

occurs to a liquid crystalline phase that results in leak- centration of osmoticum in tile medium and that con­
age. When the pollen were exposed to partial prehydra- tributed by the solutes contained in the pollen has been 
tion in a humid atlmosphere, up to 50% of them gerni- recognized since the earliest attempts to germinate pollen 
nated in tle sugar solution (Fig. 5). According to in artificial medium. The successful germination of 
Crowe's model (Crowe et al. 1989), these pollen grains Pistacia iera L. pollen required a high osmotic concen­
(lid not undergo phase transition and therefore did not tration in the medium. Low water potentials in tile pol­
leak. One can not eliminate another possibility that the len provided the pollen with a great capacity to hold 
soluble fraction might have come from the wall layers water vapour. This was certainly required for pollen hy­
partly derived from the haploid gametophyte and partly dration under low relative humidity conditions, condi­
frot its diploid parent. Evidence for this has come from tions which this plant species is frequently exposed to. 
the localization by imnunofluorescence of the origins Maintenance of a high turgor pressure, a prerequisite 
of the antigens present in tile leachates from intact pollen for pollen tube elongation in stigma and style, will be 
(Ileslop-Ilarrisoi 1975). Protein release (luring germina- promoted by a high internal solute concentration. 
lion (Fig. 4) ha., been reported extensively (Ileslop-Har- Sucrose could be substituted for by PEG for induc­
rison 1975; Kanboj ct al. 1984; Jackson 1989; and tion of germination (Fig. 5) (Roberts et al. 1983). Indeed, 
others). It has been suggested that these proteins may pollen germinated in PEG appeared shrunken (Fig. 6a), 
play a role in tile interaction between pollen and stigma and a lower percent germination was obtained than in 
(lIleslop-liarrison 1975). File SEM picture (Fig. 2) of sucrose-containing nedium (Fig. 5). We propose that the 
water-washed pollen showing the removal -f materials net osmotic effect is important in initiating pollen germi­
from tile wall layers may support the possibility that nation. Tile large variability in pollen tube size probably 
at least part of the leachate originated in the pollen-wall reflects tile fict that pistachio is wind pollinated and 



that the pollen grains leave the anther at dilfferent stages 

of maturity (Wagner Ct al.1989). which leads to difterent 

valer uptake upon rchydration andtt different 
rates of 

rates oJ" germinaiot). 


Prof. I1I.F. tinskens for vain-
able cOiileni s in the prcparation (ifie mlanu cript. Ithis ics.cirt 
..Ir lhririI ll'~iiiliI. lieanthors tlhank 

supported by :i USA-ISRAIl. Alt)-CI) R progran 
I)TF-5544-(i-SS-7013-tH) and by I tolfinann-Lta 
%%.as grant No. 

Roche & Co Basel. 
Ssiticrland. 

References 

) and non-

abortcd pollen.Stain lechol 44: 117 122 
(opeland ItF (11955)lic rcprodctive structc,cs of I'i.rn'ih 'hin-

rims {..!mardimev'I). Itrytoirorphology 5:440 449 
(rane W(.hakiri Il (1981)Morphorlogy and reprodurtctiion of 

Ah."xander Kitl (1t961 t)iffcreltial staining of alorihil 

I Ioric Rev 3:376 393 
Crane I(.Vordei l. )anicl C (1174) Pollentongvity inPi.iraria. 

Calif Agric 28:8 9 
('rowe .1I.IIrrk Stri FA.Crve [I (1989) Menrnire pse tranl-

silions sponsiblc for imbibilinrl darage in dtry pollen. 

pistiachio. 


arc r 

Prc Nail Acad Sci lISA 86:5201 523 


l)nlfiehld 4)Stndics storage and tesing of
.W 1195 of extraction, 

pine pollcn. Z Forstgenct 3:39 45 


lrmas C. Kcrhoas C. iiy (, (;autde Water content.
T 11988) 
membrane state lrid pollen physiolgy. In:Mulcahy I)l., Mul-
caily I)I. Otaviano FV(eds) liotechnology and ecology of pol-

Ien.Springer, Ilcidelberg Icrlin New York, pp 333 337 
(ilissen I.JW (1977) Tre influencc huiidity (inof relative tie 

swelling of pollen grains in vitro. Ilania137:299 301 
Ilarris IIJ. Freed K. Anderson MA. Weinhandl JA, Clarke AF 

(11987)An Cnryrine-linked ininnriosirben assay (FILISA) for 
invitro pollengross thbased on binding of a nmonoclonal anti-
body itiIhepollentrbe snrrace. Plant Physiol 84:851- 855 

IIriop- IlarrisonJ (1975) lie physiologyvof thepollen grain stir-
face. 299Proc R Soc Londlon Ser0 1')0:275 

-34­

187 

Ilcslop-Ilarrison J (1979) Aspects of the struclure. cylochemisry 

and geruninalion (if tie pollen of rye (Secrlr,creah .). Ann 

Hit 44 [Sippljl 47 
I lockstra FA (1986) Waler content in relation to stress in pollen. 

hi'I eopold AC (ed) Membranes, metabolisnm, and dry organ­

isris. Comstock. Ithaca londo, pp 102 122 
Jackson JF (1989) lorate control of proleinsecretion firom I'etunia 

pollen exhibits crilicol tenhperatrire discontinities Sex Plant 
Ieprod 2:11 14 

Jansrn AWl. Ilerisen J(;l1 siinitiig pollen fertility in(1980) 
Srrhrr,1 species and h:loIids. Vi-phytica 25:577 586 

Kanboj RK. Iinskeis I 'cksrt JF (199)141 'nergy-drimci pro­

teinrelease from gernimating pollen of I'rtuia iribrir. Ann 
Ilot 54:647 652 

Knox HIi.Willialrs . (196)Polen. pistil. and repro-V( l)rrmas Ct 
dtictive fnClionin crop plants. It:Janick J (cd) Plant breeding 
reviews. Avi Pub Co.Westport, Conn. pp 9 79 

Iacinnili IJK (19701 Cleavage of strnctural protein during ire as­

scirbly of thetread o"bacteriophage t4.Natnre 227:680 685 
Polito VS. I.u:,a L[ongevity of pistachio pollendeter­.11(1988) 

Sci 113:214mined by invitro germination. J Am Soc Itorlic 
217
 

Roberts IN. (;aude TC. I t t( Pollcn-
Harrod (, l)ickinsoln (1983) 

Stgrind intelrciiiter~itons si
Brrssira ohrarea: a new pollen germina­

lion niediriri and its usein clncidaling tie mechanisn lit self 

incompatibility. Theor AppI (enet65:231 238 
Salisbury lit, Ross CW (19781 Plantphysiology. Wadsworth tl11i11 

Co, lelmont Calif.. pp 8 18 
Stanley R,(;, Pollen biology biochemiiry andLinskens ItF (1974) 


management.Springer, Berlin I Icidclberg New York. p 67
 
"1


Visscr T (1955) (erniinalion . storage of pollen. Meild Land­
bouwhogesch Wagcningen 55:1 68
 

Vithanage II IM, Alexander I)MF (1985) Synclionouis flowering 
and pollen storage techniqnes as aids toarlificial hybridizalion 
inpistachio (Ilistaria 113spp.) J I lortic Sci 60:11)7 

Virilleinfier Jl, Keck E 1989) Flnororretric assay of vilanin C
 
inbiological materials using a citrifrigal analyser witi flnores­
cence alt'ichrent. JMicronitrient Anal 5:25 34
 

Wagner VT,I)unas C, Mogensen III. (1989) Nlorphornelric analy­
sisof isolatld 184
Zra mays sperm. JCell Sci 93: 179 



-35-


Microscopic aspects and protein composition during microsporogenesis in 

Pistacia vera L. 

A. Golan-Goldhirsh*, E.Laslo-Cohen, S.H. Lips 

Ben-Gurion 	University of the Negev, The Jacob Blaustein Institute 

for Desert Research, Sede Boqer Campus, 84993 Israel 

*Author to whom correspondence should be addressed 



-36-


Abstract 

The development of pistachio (Pistacia vera L.) male inflorescence bud was 

of the proteinexamined microscopically and by electrophoretic analysis 

developmental stages during microsporogenesis. Ancomposition at the same 

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: 	 Pistaciavera L., inflorescence bud, microsporogenesis, 

pollen, protein. 
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The Pislacia vera L. (common name pistachio) is a species of the genus Pistacia 

The latest monograph study(Anacardiaceae), which is exploited commercially. 
This genus is unique inby Zohary (1952) recognizes eleven species of Pistacia. 

dioecious, staminate and pistillate inflorescences borne onthat its species are 

different individuals of a population, and are wind pollinated. Only a small part 

(approx. 4%) of all plants onl earth are dioecious, which makes the pistachio quite 

on molecular aspects of sexual reproduction in plants. Aattractive for studies 
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 

coOst 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. 

-lere, we describe microscopic changes during microsporogenesis of pistachio 

in bud proteinstaminate inflorescence, and the accompanying changes 

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 and Methods 

Axillary male inflorescence buds of Pistacia vera L. Chico cv. trees were collected 

The trees are growingduring development, every season between 1987 to 1990. 
Negev Desert ofin the experimental orchard at the Avdat Run-Off Farm in the 

Israel. The buds were prefixed in a mixture of 2.5% glutaraldehyde, 7.5% 
7 (Rowley &paraformaldehyde in 30 millimolar sodium phosphate buffer pH 

Walles, 1985). For light microscopy bud segments were embedded either in 

paraffin or in araldite. Specimens in araldite were cut into sections 2tim thick 

and in paraffin into 101im thick. The paraffin sections were stained with Alcian 

and the araldite sections stained with both Methylene blue azurgreen Saffranin, 

ii and Basic Fuchsin.
 

Buds for electrophoresis were collected directly into liquid nitrogen, and stored at
 

-700C 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 Laemnli (1970). 

Results 

Overall 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 dtiing differentiation of a vegetative bud to a flowering bud (Figure 1). A 

leaf at e, it node on the shoot subtends a single axillary bud, most of these 

April and grow to their ultimate sizedifferentiate into inflorescence buds during 

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 

in the lastthan inflorescence buds. Male Inflorescence buds begin expansion 

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 cell- divide to 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 

from the tetrads, themicrospores (Fig. 4). After the microspores are released 

tapetum layer degrades (Fig. 5), each microspore enlarges and undergoes an 

matureasymetric division producing the vegetative and the generative cells of a 


pollen grain (Fig. 6).
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Electrophoretic protein pattern during microsporogenesis 

(Fig. 7)The electrophoretic pattern of male bud proteins during development 

corresponds to the developmental stages analyzed microscopically (Figs. 2 to 6). 

the pattern of an extract of buds collectedIn addition, lane F figure 7 shows 

during early May, before the floral induction period was complete. Although a 
seen,few slight changes in the electrophoretic pattern during development can be 

the most notable change was in a 32 KDa polypeptide. It accumulates during bud 

transitionformation, towards the end of the first burst of growth (Figure 1), in the 

from a vegetative to a reproductive bud and stayed apparently unchanged during 

the second burst of growth (Figure 1; A, figuredormancy, until tile beginning of 

7). This polypeptide disappeared between the pollen mother cell (PMC) stage and 

the tetrad stage (Bto 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 

zone of the bud rather than in the vegetativeis concentrated in the reproductive 

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 to reproductive bud and with pollen formation 

(microsporogenesis), respectively. 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 (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 trees. 

The microscopic pattern of pistachio bud development shown in figures 2 to 5 is 

quite similar in other plants (Shivanna & Johri, 1985). 1lowever, 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., 

has been used to overlap male and female flowering1991). Spraying winter oil 

by induced early dormancy break (Procopiou 1973; Spiegel-Roy, Asaf & Garmi, 

1972). The lbp32 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 Pislacia vera L. includes abscission of 

flowers and young fruits, a large number of the nuts (drupes) that set and remain 

on the tree to maturity contain none, or underdeveloped seeds. The lbp32 can 

serve as a marker in studies of developmental processes in pistachio leading 

ultimately to higher productivity of the pistachio. Preliminary experiments 

This isindicated specificity of lbp32 to reproductive buds (unpublished data). 

indicative of its potential functional specificity to reproduction in pistachio. 
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Legend to figures 

Figure 1. Approximate timing of Pistacia vera male inflorescence bud 

development. 

Figure 2. Longitudinal section in a stamen at the archesporial (Ar) cells stage 

(A), as it is during bud dormancy, also showing a short filament (F) 

and sepals. 

Figure 3. 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). 

Figure 4. Cross section in an anther at the tetrad stage (C)showing 

microspores, tapetum (T), callose (Ca), nucleus (N), nucleolus (Nu), 

plastids (PI) and small vacuoles (V). 

Figure 5. Cross section in an anther after microspores (Mi) separation from 

the tetrad stage (D). 

Figure 6. Cross section in a mature pollen grain, showing starch granules (S) 

and wall layers, exine (Ex) and intine (1), stage (E). 

Figure 7. Electrophoretic analysis of Pistaciavera male inflorescence bud at 

several developmental stages. The lanes are marked by letters 

corresponding to the developmental stages indicated on figure 1. 

Lane F, tepresents 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. 

Figure 8. Electrophoretic analysis of reproductive (1) and vegetative (2) zones 

of Pistacia vera male inflorescence bud. 
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Dkiecious plant species, where staminate and pistillate inflorescences are borne 

a unique advantage overon different individuals of a population, offer 

hermaphrodite species for the study of sexual reproduction in plants. Some 

important crop plants are dioecious e.g. Cannabis saliva, Vilis vinifera, Asparagus 

and Pistaciaofficinalis, lhunulus lupulus, Carcia papaya , Sninmondsia chinen.is 

The study of genetic -nntrol of sex in these plants has contributed greatlyvera . 

to our understanding of evolutionary aspects of sex determination and to the 

L. (common nameimprovement of crop production 1. The Pislacia vera 

pistachio) is a unique dioecious and deciduous tree species, which is productive 

under harsh desert climate Z3. Flowering in Pislacia 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 correlation between its accumulation 

and floral induCion 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 

us to examine tile sex relatedness of the lbp27inflorescence buds. This allows 

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 in deciduous trees, floral induction (evocation), bud 

dormancy and flowering (Figure 1). In recent years intensive research is done on 

flower development using homeotic genes, mutations which specify a wrong 

organ at the wrong place5 ,6 . The model plants of these studies are Arabidopsis 

thaliana and Antirrhinumo majus., which offer significant experimental 

advantages as model organisms. I lowever, 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 1, 7 . The potential of modern molecular biology in elucidation of sex 

determination in plants has only recently started to emerge H. 

Phenological and microscopic aspects related to pistachio pistillate and staminate 

inflorescence have been described1 , , 11 . 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 at ea,:h node on the shoot subtends a single axillary bud. In the Negev 

plateau of Israel, floral induction (evocation) when most of these differentiate 

http:chinen.is
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and grow to their ultimateinto inflorescence buds occurs during April (Spring) 

size by late June (First burst of growth, Figure 1). This will vary slightly with 

Male inflorescence budsenvironment, amount of winter chilling and cultivar. 

undergo microsporogenesis and flowering in the last week of March (Beginning 

of Spring) of tile 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 1. 

We have shown recently that during the early stages of microsporogenesis a 32 

KID. polypeptide (ibp32) disappears from the maleinflorescence bud 1 . This 

polypeptide was purified to electrophoretic homogeneity (Figure 2). 

The timing of accumulation of the lbp32 is shown in figure 3. Using a set of 

specific poly- and monoclonal antibodies raised against this polypeptide, proteins 

of buds collected during the first burst of growth (Figure 1) were subjected to 

immunoblotting analysis (Figure 3). Female (lanes 1,2 &3, figure 3) and male 

(lanes 4,5 & 6, figure 2) bud proteins are compared at the period of floral 

induction. lbp32 accumulates during this process to the highest concentration 

toward the end of June, the beginning of the bud dormant period. The 1bp32 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 microsporogenesi41 . 

Although the antibodies were raised against the 32 KDa peptide (Ibp32), they 

recognized a female bud-specific 27KDa polypeptide (lbp27) 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 lbp27 

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 lbp27 is now tinder investigation in a large 

number of trees. The findings so far indicate a potential functional and/or 

structural specificity to reproduction in pistachio. The close correlation of lbp27 
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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 trees and can serve as molecular markers. It would be 

important to examine if lbp27 is an independent gene product, an alternative 

splicing product 14 of ibp32 or its post-translational 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 lbp27 is a separate gene product, it may be possible 

to detect thegene in juvenile pistachio by Southern blot and PCR and develop a 

diagnostic procedure for early gender determination in pistachio. If lbp27 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 modificaition of the female bud protein. Even if 

the Ibp27 is transitory in females, as part of a different pathway of turnover of 

lbp32, it is of biochemical interest to determine its cellular location and examine 

its unique function in female buds. The finding that the lbp32 is synthesized 

during early development (if 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 bp32 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, ;n 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 

Pistacia vera L. male and female inflorescenceFigure 1. 	 Approximate timing of 

bud development at the Negev plateau of Israel. 

Figure 2. SDS-polyacrylamide gel electrophoresis of female inflorescence bud 

extract (lane 1), showing the 32 KDa and 27 KDa polypeptides, and the 

10% SDS­electrophoretically purified 32 KDa polypeptide (lane 2). 

was done according topolyacrylamide gel under reducing conditions 

Laemmli 16. Lanes I and 2 contained 50 1ig and 5 p.g proteins, 
.respectively, determined according to the method of Bradford 17 

Figt.:e 3. Immunoblot analysis 18 of female (lanes 1,2 & 3) and male (lanes 4,5 
A 50 jig Protein sample17&6) inflorescence buds of Pistacia vera L. 

Anti- serum from BALB/C mice containingwas applied to each lane. 


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); BI ­

blank buffer.
 

Figure 4. 	 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 lig protein 1 7 and represents a different tree. Tree's 

to laneidentification numbers at the Avdat Run-off Farm, according 

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; BI -blank buffer. 
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