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IXth International
Pear Symposium

Dear participants

•
On behalf ofthe Organising Commitlt:e I am delighted to welcome you to the IX'h International

Pear Symposium. The Department 01' Horticultural Science, University of Stellenbosch, with

assistance from ARC Infruitec-Nietvoorbij and technical consultants, has been planning this

meeting Cor several months on behalf 01' the Pear Working Group of the Fruit Section 01' the

Intcrnational Society for Horticultural Sciences (ISI-IS). We are now looking forward to meding

the more than 100 participants from 16countries. We have a very full programme with three days

of oral and poster presentations and a one-day field trip. The large number of scicntilie

contributions received has enabled us to prepare an opportunity for the stimulating exchangc 01'

the latest research and advances in technology in all areas ofthe pear industry from around thc

"vorld. Leisure activities wi11a11O\\'for visits to interesting places, good cuisine and \Vonderful

company.

We are sure that you wi11find South Africa a unique experience and a beautiful country for this
meeting and we hope that you will enjoy the relaxed atmosphere and warm hospitality ofthe
South Arricans. South Arrica has become one of the world's most popular vacation aud
conference destinations and we trust that you wiU find your visit most fruitful and enjoyable.

Karcn Thcron, Convcnor
Marius l-Iu)'sall1cr
Wichann Stc)'n
Pict Stasscn
Stcphanic Wand
Elkc Martin
Gustav Lotzc
Chris Juriseh
Christo Strydoll1
Taaibos HUll1an
Retha Venter, Seeretariat

Prof Karcn Theron, South Afriea: Convenor
TOIl1Dcekers, Belgiulll
Marius Iluysalllcr, South Afriea
Frank Maas, Ilolland
Stcrano Musaeehi, Italy
Iliroshi Gelllllla, Japan
Deirdre I-Ioleron, South Afriea
Nigel Cook, South Afriea
Enrique Sanehez, Argentina
Silviero Sansavini, Italy
Piet Stassen, South Afriea
Wiehann Steyn, South Afriea
David Sugar, USA
Stcphanie Wand, South Arriea
Ton)' Wcbstcr, United Kingdolll

• Prof Karen Theron, Convenor

ORGANISING COMMITTEE SCIENTIFIC COMMITTEE



'VE WISH TO THANK THE SUPPORT FROM

AGRIClJLTlJRAL CONSlJLTORS INTERNATIONAL

ARC INFRlJITEC-NIETVOORBIJ

BERGSIG WINE ESTATE

CANNING FRlJIT PRODlJCERS ASSOCIATION

GREEN MARKETING INT

KATOPE CAPE

NETAFIM

SA DRIED FRlJIT

SA ROOIBOSTEE DISTRIBlJTORS

STARGROW

TRlJ-CAPE

VALENT BIOSCIENCES
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•
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PROGRAMME

\\

'\ \
SUNDA y 1 FEBRUARY 2004

Registration from 16.00-19.00
Welcome reception 19.00 - --
Buses depart for Stellenbosch Lodge and Gucsthouses from 21.00 _____ .

-_----_._--- ------_-- I
I

MONDA Y 2 FEBRUARY 2004
---_._-- ---._--_._-

Registration from 8.00-9.00
---------

TIME AUTHOR/S TITLE
----- V9.00-9.10 Theron K.I. Welcoming on behalfofOrganising Committee-

Symposium Administration. _________ {V9.10-9.20 Van Huyssteen L. Welcoming on behalfofthe University of
Stellenbosch. .1/-----_ ... _-

9.20-9.30 Webster T. Welcoming on behalfofISHS. --__j

PLENARY SESSION I
-----

~

9.30-9.55 Bangelth F. Regulatory mechanisms in fruit development from~
tlower induction to ripening. 1\

9.55-10.20 Strydom O.K. Evolution ofthe pear training model in South ®
Africa.

10.20-10.30 Questions

10.30-11.0 TEA
~ í11.00-1 1.15 Sanchez E. Status of the pear industry in South America. ">iY

11.15-11.30 Seavert C. Status ofthe pear industry in North America. 0.-'*1

~

11.30-11.45 Oeckers T. Status ofthe pear industry in Europe. ~
11.45-12.00 Saito T. Status of the pear industry in Asia. '~. )
'12.00-12.15 Brewer L. Status of the pear industry in Australasia. ~ I
12.15-12.30 Fcrrandi C. Status of the pear industry in Africa. m J ./---
12.30-13.30 LUNCH AND POSTERS

SESSION 1 (13.30-15.30): FRUIT QUALITY ,

~

13.30-13.50 l. Steyn WJ., Wand SJ.E., Red ~r de.1;pment and loss in pears. (:!)
Holcroft D.M. & Jacohs (l. "'W .>\U ,.....

13.50-14.10 2. Bertelsen M. Retlective mulch improves fruit size and flO\\I r ~
bud formation ofpear cv 'Clara Frijs'. ~

14.10-14.30 3. Lotze E. & Bergh O. Early prediction of ripening and storage qUali(W; /pear fruit in South Africa. U
'--"

•



4. Wand S.J.r: .. Stcyn W.J., Use of evaporative cooling to improvc (J~'V
1\.1dluliJ. 8.: van den 0001 K. 'Rosemarie' and 'Forelle' fruit blllSh colour. ~f------_+_ ------ --------:_:--~~-t---::_:_::_::__::_:_=_:__:___::__:_;:"::__:_::__:__:_':_::_~~_::__:_:_:':::_:_::_~':_::_:::_:__:_---{
5. Iluybrcchts C. & Fluorescence imaging to stlldy physiological
Valcke R. changes in 'Conference' pears dllring a shelf;!.rffi /

experiment. ( 13)1

14.50-15.10

14.30-14.50

6. Maas F. Dynamics of fruit gro\\th in Conference as '--"
affec~~d by soil water tension and climatic Q'\ /
condltlons. \~'t)¡

16.50-17.10 9. Stern R.A., Dag A., Sequential introdllction 01' honeybee colonies (!lD:1 /
Zisovich A., Shafir S. & increases cross-pollination, fruit-set and yield 0)"-" 1/
Goldway M. 'Spadona' pear (Pyrlls cOlll1l1zIIlis L.). ,

17.10-17.30 10. Flaishman M.A., Shargal The synthetic cytokinins CPPU and TDZ P:.ro(0longV
A., Stern R.A .. Lev- Yadlln the phase of cell divisions in developing pe - ~~ ~\
S., Shlizerman L. & Grafi G. (Pyrlls COlll111111lis L.) fruit. '\ ..1

•

15.10-15.30

15.30-16.10 TEA AND POSTERS

f-----------------------------------------------j

SESSION II (16.10-17.30): REPRODUCTIVE BIOLOGY r-.O" /
16.10-16.30 7. Farkas A. Morphology and histology ofthe nectary in T.t1

Hllngarian local pear cllltivars. ~
16.30-16.50 8. Goldway M .. Zisovich Application of S-allele moleclllar analysis a~1 /

A.H., Shaffir S. & mean to elllcidate low yields in the pear orch~V
Stern R.A. /'Z.

17.50 Bllses depart for University of Stellenbosch: Campus 011 Foot and reception at -
I__,,~__._(_)() C_o_et.:_:z_en_b_:c_u_r_;¿g'-:---,- ---,--_,-- -1r " Bllses depart for Spier Estate and Stellenbosch Lodge

\ - T{~ESDAy 3 FEBRUARY 2004

I - - T~~!_~~ayfield cxcursion. Buses depart from Spier Estate at 7.30, and return by 18.00.

•
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WEDNESDA y 4 FEBRUARY 2004

Registration 1'rom 7.30-8.00.

SESSION III (8.00-9.40): BREEOING ANO EV ALUATION W
8.00-8.20 11. I-Iuman J.P. Progress and challenges oftl~~~th African p~(}r{G I \ ' \;breeding programo \ (\j...,W . \j\ l ") Lli.
8.20-8.40 12. Musacchi S., Ancarani Progress on selectiot1 01'better quality pl.:ars ......_

V., Gamberini A., Giatti B. through the University 01' Bologna brceding ( 1](1
\

& Sansavini S. programo --- -
8.40-9.00 13. Milutinovic D.M., Characteristics of F 1 generation arising li'oll1( ~ . "

Nikolic M. & Tanaskovic B. Butira Precoce Morettini x Bella di Giugno. \ ...:.s.-'
14. Johnson D., Spencer J.,

~'-~
9.00-9.20 Orchard comparisons of new quince and PY/'l~r> "

Webster T. & Adam S. rootstock clones. G~).

9.20-9.40 15. Arzani K. Progress in national Asian pear project: stucly (ln
the adaptation of some Asian pear (Pyrlls serotillLl .
Rhed.) .cultivars under Iranian environmental (2'2
condltlons. - - .'

•••...._--
9.40-10.30 TEA AND POSTERS

SESSION III (CONTINUEO) (10.30-11.10):
BREEOING ANO EVALUATION

10.30-10.50 16. Reighard G.L., Ouellette Field performance of fireblight tolerant, Pyrus
D.R., Brock K.H. & Bell COl11l11l1l1isselections in South Carolina. /
R.L.

/

10.50-1 1. 10 17. Silva J.M., Barba N.G., .Rocha', the pear from Portugal.
~/Barros M.T. &

Torres-Paulo A .

SESSION IV (11.10-12.30): GENETICS AND BIOTECHNOLOGY
11.10-11.30 18. Van Dyk M.M., Koning Molecular genetic studies on pears in the Western

G., Simayi Z., Booi S., Cape.
Maharaj R., Selala M.C., Du
Preez M.G., Labuschagné /I.F., Warnich L. & Rees
D.J.G.

11.30-1 1.50 19. Simard M.H., DUl110ulin Ploidy level evaluation 01' rootstock selections /c. & Del11illy D. and Pyms genus accessions.
11.50-12.10 20. Flaishman M.A., Expression 01'Cyclin B and histone 1-11kinase /Bryer Y., Shargal A. & activity l11ark reproductive bud break in pear

Grati G. grown in the hot climate of Israel.
12.10-12.30 21. Flaishl11an M.A., Expression o1'the health-beneficial stilbenes in

Shlizerl11an L., Cohen Y., transgenic Spadona pear (Pyrlls COlllll1111lis L.). /Sivan L. & Kerel11 Z.

/

('
:
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LUNCH AND POSTERS

SESSION V (13.40-15.20): POSTHARVEST ,

13.40-14.00 22. Bai J. & Chen P.M. Extending shelf-life ofpartially ripened

C::J'O'Anjou' pears by I-methylcyclopropene V
treatmcnt.

14.00-14.20 23. Crouch 1. The cffect of SmartFrcsh ™ (1-
methylcyclopropcne) on thc postharvest handi~g\ Vand storage quality of pears. . . ~.

14.20-14.40 24. Vaysse P. Sensory analysis of ne\\' pear varietics. el;<:' ~ L

14.40-15.00 25. Predieri S., Gatti E., Senso,y evaluaHon and pea' rmil qualily. (z .\
Rapparini F., Cavicchi L. &

/

U)
,

Colombo R.
15.00-15.20 26. Seavert C.F., Turner J., Sensory evaluation of pear cllltivars in the PactITc .

Marin A. & Colonna A. Northwest. U.s.A. /

15.20-15.45 TEA AND POSTERS

SESSION V (CONTINUED) (15.45-16.25): POSTHARVEST / ~
15.45-16.05 27. Mielkc LA., Orake S.R. 'Concordc' pear flavor, tcxture and storage ~~) .

& Elfving O.c. qualit~ improved by manipulating harvcst , . .// /

--_--_"'--- matunty.
I 1().()_:)-I ú.25 2S. Crollch E.M., Holcroft Mealiness of 'Forclle' pears - quo vadis? ~.\.Sb).
I ..~ .. _----- .

D.M. & Huysamer M .
n,\R.\.l_:l.h.

....____..

_~t~~SION VI (16.25-16.45): GENERAL
1(, ::')-1 (,,45 29. Scavert C.F. Remaining globally compelilive in lhe US 'T

fruit indllstry with the national tree fruit ,-:'I'~'1\
f----.----

technology roadmap. 'Y .1

1(,.·¡~·17.15 AGM, including brief presentations by potential hosts for next symposium. "
.- -_.- -~----.

1q:tH) 1(lr 1():JO Evening: Moyo BlIffet at Spier - Buses collect participants from
I '<1L'1klll'(l .ch I.:otlgc ~~_ ~lIesthouses at 18:45

/

•
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THURSDA y 5 FEBRUARY 2004

Registration from 7.30-8.00

SESSION VII (8.00-10.00): PLANTING SYSTEMS I
8.00-8.20 30. Cook N.e. & Architectural an~lysis of ~e~r cultivars grown, ":J)) /

Du Plooy P. under South Afncan condltlOns and the releva ~'
to local maintenance pruning stralegies. ,

8.20-8.40 31. Reynolds L., Jacobs J. & Variation in pruning severity and branch quality
Theron K.1. on pril1lary and secondary growth of'Packham's

Triumph' pears (Pyrlls commlll1is L.). /

8.40-9.00 32. Bertelsen M. Multi-branched V-systems improves producliv 'tr './and manageability of a vigorous pear cultivar. l~
9.00-9.20 33. Asin L., Montserral R., COl1lparison of 5 intensive training syslel1ls in.V

Carbo J., Vilardell P. & terms of cost, yield and fruit quality of ®.
I

Carrera M. 'Conference' pear. .-'
9.20-9.40 34. Musacchi S., Ancarani Training syslellls for high densily pear Planli®

V., Gamberini A., Gaddoni ~'
M., Grandi M. & Sansavini

.,J

S.
9.40-10.00 35. Vercal1lll1en J. Financial result of differenl planting syslems ~ t[

'Conference' pear. -s
'-.._.-'

10.00-to.45 TEA AND POSTERS

SESSION VIII (10.45-12.25): GROWTH REGULATION
10.45-1 1.05 36. Deckers T. & Natural or chemical growth regulation on pear (ée)' /

Schoofs H. ~\.I
11.05-1 1.25 37. Maas F. Ufeet of Regalis (prohexadione-Ca) on shool G

grO\vth, fruit production and return bloom in -:k " l./
'Conference' and 'Doyenné du Comice' pears.

11.25-1 1.45 38. AsÍn L., Dall1lau R., En"el ofprohcxadionc-Ca on growlh regUla'iOr?-
Bonany J., Pages J.I'vL & return bloom, fruit set and fruit quality in J,~, /
Vilardcll P. 'Confercnce' and 'Blanquilla' pears. ' 11

V11.45-12,05 39. Vercammen J., van Root pruning: a valuable alternative to reduce t1r?ú,'
Daele G. & Gorl1land A. !!.rowth of 'Conference' pear.

12.05-12.25 40. Maas F. Rool pruning and girdling as melhods lo controI~
shool growlh and fruit production in pear.

12.25-13.25 LUNCH AND POSTERS

SESSION IX (13.25-15.05): PEST MANAGEMENT
13.25-13.45 41. Addison P. Post-harvest control of grain chinch bug /

Macchiadc/J1l1s diploplcrus (Dislant) on pears inl
the Western Cape Province.

7



14.45-15.05

Alternative pheromone dispensing strategies
mana ement of codling moth in ears.

13.45-14.05 42.: l~lgcls_C.A., Van
Sleen\\yk R.A., Varela L. &
Llkins R.- :..:.:.... 1-- --''-<---:-1

Organic and IPM programs for areawide pes
management of pear.

Codling moth management throllgh postharv sl
control. \\

14.05-14.25 43. DUllley .I.E., l\ladsen T.
& Grcclltield B.iv1.

~----~---
14.25-14.45 44. \\~dter_S.C. & Cave F.

-::---~.

SlIppression of codling moth poplllations in S
African apple and pear orchards lIsing sterile
.in ect release ..

18: 15 Participants collected from Spier, Stellcnbosch Lodge & GlIesthollscs
19:00 Evenin : Closing han uet "Pear & Wine delighC at Kirstenbosch Botanical Gardens.

15.05-15.45 TEA ANÓ p-g.~~
SESSION X (15.45-17.05): DISEASE MANAGEMENT :\
15.45-16.05 46. Elkins R.n. Ingels C.A. Control of tire blight by Pselldoll1onas ~

& Lindo\\' S.E. f!lIorescens A506 introdllced into lInopened p r
flowers.

16.25-16.45 48. Postman 1.0., Spotts
R.A. & Calabro l.

Pear scab resistance in Pyrlls germplasm.

16.45-17.05 49. Serdani M., Spotts R.A.,
Calabro l. & Postman J.O.

Frllit and leaf incidence of Ven/lIria pirina i
mixed Euro ean and Asian ear rogenies.

16.05-16.25 47. I3rewer L. & Alspach P.

Evalllation of Pyrlls gennplasl11 collection fo ',<"\ \

resistance to powdery mildew. l.\\)

CLOSING REMARKS: SYMPOSIUM CONVENOR

8
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LIST OF POSTERS

# Allthors Titlc
1 K. Arzani and M. Koshesh-Saba Stlldy on compatibility and pollen tllbe growth 01'some

Asian pear (Pyrlls serotina Rhed) cllltivars.
2 K. Arzani, H. Khoshghalb and G. Scion/rootstock influence on grafting success, early

Karimzadeh performance, tree survival and efficiency of nutrient
uptake 01'some Asian pear (Pyrus serotina Rhed)
clIltivars.

-
Improvement of in vitro rooting 01' 'Rocha' and other3 M.T.F. Barros, c.1. Hipólito and

C.G.M. Baptista portuguese pear cllltivars (Pyrlls comlllwús l.) in
response to changes in auxin induction and darkness
treatments.

4 N.V. Bassil, C. Neou, and lO. Oevelopment of Pyrlls microsatellite markers ti'om
Postman Genbank sequences.

S J. Bonany, M. Casals, P. Vilardell, Effect 01'BA, NAA and ethephon as thinning agcnts of
L. Asin, R. Oalmau 'Conference' pear.

6 S. Booi, M.M. van Oyk, M.G. dll Molecular typing 01'red and green phenotypcs ol" Bun
Preez, I.F. Labllschagné and O.lG. Rouge' pear trees \Vith the use ofmicrosatellitl.!s.
Rees -

7 G.E. Burger, H.M. Griessel & M. Oeveloping an industry-related method for inducing
HlIysamer friction discolouration to pear fruit. --

8 M. Carrera, M.T. Espiall and l Gomez- Performance of'Conference' and 'Ooyenné dll COlllicc'
Aparisi pears on t\Vo quince and tive OH x F rootstock

selections.
9 E. Costes, A. Acou, A. Belouin, M. Heritability of morphological and architectural charactcrs

Lelezec and M.H. Simard in three pear progenies.
lO J. De Coster, lJ. Simonse, P.G.P. Concorde, a promising pear cultivar.

Gellrts, P van Arkel, H.l Weber. T.
Oeckers, N. Cook

I1 l De Coster, J. Bouma, F. Papzstein, Dicolor, a new red pear cultivar.
M. Brijs, J. Blasek, T. Oeckers, N.
Cook

12 P.F. de Jong, A. Boshuizen. B.Heijnc Test of fllngicides against Stemphyliwll vesicari1l11lwith
or \Vithout a warning system.

13 J.P. De Melo-Abrell, N.G. Barba. lM. Phenology prediction in 'Rocha' pear under mi Id
Silva \\ inters.

14 M.G. dll Preez, I.F. Labllschagné and DilTerential gene expression patterns for red and green
D.lG. Rees phenotypes of 'Bon Rouge' pear trees.

1S T. Eccher and R. Pontiroli Old pear varieties in Northern ltaly.
16 R.B. Elkins, K.M. Klonsky and R.L. Sample cost of production tor transitioning frolll

DeMollra conventional codling 1110thcontrol to aerosol-released
l11atingdisrllption (puffers) in pears.

17 1. Iglesias and L. Asín Pertonnance of sOl11epear rootstocks in NE-Spain.
18 A.L. Knight, P. Van Buskirk and R. Monitoring codling 1110thin pear with the pear ester.

Hilton
19 M. Le Lézec, A. Belouin and M.H. A selection frol11Pyrlls betlllaefolia as a new pollinator

Simard tor the main Pyrlls commllnis cultivars.
20 S.M. Liu, G.R. McGregor and S.M. Combining ability offrllit appearance and eating quality

Richards in pears.
21 J.J. Meintjes, P. Stassen and K.1. Effect of di tTcrent rates of prohcxadione-calcillm and

Theron girdling on shoot growth and fruit quality of different
pear cultivars.



22 R. t\1iletic, D.M. Millltinmic. M. Zikic, Water content 01'leaves in different pear cllltivars during
M.M. Milutinovic and G. Djakovic the vegetative period in relation to rainfall.

23 D. M. Milutinovic, G Jakovic. M.M. Variability in the \\ild pear population in \Vest Serbia.
Milutinovic and R. Miletic

24 D. Neri, C. Urbinati. G. Savini and A. Age determination and tree-ring growth dynamics in old
Sanchioni trees of'Angelica' pear(P)'rlls cOl11l1lwlis L.).

25 F. Rapparini and S. Predieri Volatile constituents and pear aroma studied by dynamic
headspacetechnique.

26 L.P. Reynolds, G. Jacobs and K.1. Reproductive blld development of pears (Py/"lls

Theron COllllllllllis L.) with emphasis on the bourse shoot.
27 L.P. Reynolds, G. Jacobs and K.1. EfTcct 01" scoring dllring flower indllction or initiation

Theron phase on rcturn bloom in P)'/"IIS COllllllllllis L.
28 P. Robert, T. Raimballlt. M. Le Lézec Resistance of SOll1ePyrlls C0l111111llliscultivars and Pyrlls

and M.H. Simard hybrids to the pear psylla Cacofl.lylla p.1'ri (Hollloptera,
Psyllidae).

29 F.I.A. Rumayor, C.A. Martínez and Breeding pears for warll1 climates in Mexico.
RJ.A. Vázquez

30 T. Saito, Y. Sawamura, N. Takada, Breeding ofhomozygotes ofselfincompatible haplotype
M. Shoda, O. Terai, K. Abe and in Japancse pear (Pyrus pyrifolia Nakai).
K. Kotobuki

31 M. Sharifani and P. Kolesik Analysis of ovule and ovary dimensions in pears.
32 M. Sharifani and J. Magarey Effect ofpollination on fruit set in 'Packham's Triull1ph'

pear.
33 C.F. Seavert, J. Moore and The economic costs and retllrns of establishing and

S. Castagnoli producing high dcnsity pears in Hood River, Orcgon,
USA.

34 C.F. Seavert, J. Moore and The economic costs of producing pears in Hood River,
S. Castagnoli Oregon, USA.

35 C.F. Seavert An evaluation 01" site-specific managemcnt strategies in
the US pear industry.

36 J. Turner, J.Bai, C.F. Seavert, A. Marin Evaluation ofharvest maturity, quality aspects, and
and A. Colonna sensory evaluation ofpear cllltivars in the Pacific

Northwest, USA.
n P.J.C. Stassen and M.S. North Nutrient reqllirements of'Forelle' peartrees on t\Vo

different rootstocks.
3:-; P.D. VanBuskirk and RJ. Hilton The challenges of implementing a successful IPM

program in pear.
3<) M.M. van Dyk, G. Koning, Z. Simayi, Development of microsatellite markers for marker-

S. Booi, R. Maharaj, M.C. Selala and assisted breeding in pears (Pyrlls spp.)
n ..l.ei. Rees.- Breeding of pear rootstocks. First lime-induced chlorosisI ,In .l. Bonan)", R. DoJcet. E. Claveria,
1. Igk<;ias. L. Asin and M.H. Simard and vigollr evaluation under field conditions of new

I interespecific rootstocks.~-,--
·1I 1). Kim . .1.11. IIwang. I.S. Shin, H.J. Development ofmoleclllar markers linked to several

I.cc. Y.U. Shin and S.S. Hong fruit traits in Oriental pear.
---_._.- --_._.

Analysis offllnctional compollnds content in pear.·L' S.S. I long. I.S. Shin. II.M. Cho, MJ.
y 0011 and CII. Lee

-
K. Sagrcdo and T. Cooper Pear production in Chile: Sitllation and trends...f3

[
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ORAL ABSTRACTS

MONDA Y 2 FEBRUARY: PLENARY SESSION

Hormonally Regulated Processes in Fruit Development from Flower Induction to
Ripening.

F.K. Bangcrth
Department 01' Special Crop Cultivation and Crop Physiology, Univ. of Hohenheim, 70593 Slullgan,
Germany.

Fruit growth and developll1ent is, to a considerable cxtent, eontrolled by plant hormones ami the pear !"ruit
is no exception. Great progress in understanding these processes has been achieved using "moJd plants",
like Aruhidapsis. However, results 01' this kind are not always applieable in fruit produetion 01' pen.:nllial
trees, as will be explained by ll1eans 01' sOll1e 01' the following examples. Long before the pear tlower
becoll1es visible hormones like GAs and CKs are involved in lhe transforll1ation of the meristelllatic to a
tlorigenic meristem. Thereatler, allxin seell1s to reglllate early eompetition/dominanee reaetions among
the developing tlower primordia. Following the visible appearanee ofthe tlowers, pollination/fertilizatilln
leads, in a sequential manner, to a burst 01' hormones (CKs, GAs, IAA elc.), whieh trigger cell
division/enlargement and, therefore, growth 01' the fruit possibly by affecting gene expression 1'01' cyclins
and expansins. The possibility to induce parthenocarpic fruil development by the applieation 01' sOll1e uf
these honnones, and in this way replace the process of fertilization, demonstrates the importanee 01' these
hormones during fruit set. Similarly important is the reduction of a too heavy fruit set by hormones nr
bioregulators, like NAA, BA 01' ethephon. These substances seem to exert their elreet via an interfercnce
with the basipetal IAA export and possibly ABA concentration of the fruit, whieh enhances the natural
(JlIne) drop. During these early stagcs of fruit development several ongoing processes already can
predetermine important fruit characteristics, such as firmness or Ca-eoneentration etc., which
considerably contribute to fruit quality much lata during fruit life. It will be demonstrated that this again
is influenced by plant hormones. Possibly the most obvious hormonal effect in the lifetirne 01' a
climaeteric pear is the induction of ripening by ethylene. Preventing production and/or action of this
hormone al so atreets the orderly ripening process which, beside storage life, deeisively alters a great
number of quality attributes of pear fhlÍts.

SESSION 1: FRUIT QUALITY

1. Red Colour Devclopmcnt and Loss in Pears.

W ..J. Stcyn\ S..J.E. Wllnd\ D.M. Holcroft2 llIld G. Jllcobs·
1 Department 01' Ilonicultural Science, lJniversity of SteIlenbosch, Private Bag XI, Matieland, 7602,
SOllth A frica.
2Dole Fresh Vegetables, P.O. Box 1759, Salinas, CA 93902, USA.

The endogenous and environmental regulation 01' red colour development in blushed and full red pears
(P.l'ntS cOlI/lllwlis L.) is reviewed referring to the extensive apple literature. Colour development in pears
has an lInderlying developmental componen\. Generally, highest anthoeyanin eoneentrations are attained
in immature pears and eolour tends to fade towards harvest. This is eontrary to most other erop species
where maximum pigmentation and colollr are attained in ripe fruit. Beeallse of this pigmentation pattern,
net anthocyanin degradation at high temperatun:s result in pre-harvest red eolollr loss in susceptible pear
cultivars. Susceptibility depends on capacity to accumulate anthocyanin and on whether low temperatures
are required for anthocyanin synthesis. Unlike apples, where red colollr Jevelopment in all cultivars
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seell1s to require or benefit from low tell1peratures. not all pear cultivars seem to respond to 10\\
temperatures. Light appears to have t\Vo opposing effects in pears. being both required for anthocyanin
synthesis. but also apparently increasing red colour loss through increased degradation of anthocyanin.

2. Reflective Mulch Improves Frllit Size and Flower Bud Formation of 'Clara Frijs'
pear.

M. Bertclscn
Departll1ent of Horliculture. Dani~h Institute of Agricultural Sciences. P.O.Box 102. DK-5792 Aarslev.
Denmark.

Exlenday. a reflective foil. \Vas tested in a 12-years-old experimental pear planting in Denmark in the
years 200 I to 2003. The aim of the experiment \Vas to examine whether benefits in the lorm of increased
fruit size. advaneed maturity and improved flower bud formation could be achieved by the use ofthe foil.
and to determine if the investment was profitable. The Extenday foil \Vas tested at t\Vo different tree
spacings. either 1.5 x 3.25 m or 2 x 4 m. Foil of different widths \Vas fastened to tree trunks using rubber
bands so that it covered ca. 90% of the area between the rows. The foil \Vas placed in the orchard shortly
after bloom and kept there until after harvest. In all years. fruit size was improved by Extenday
treatments, or trees carried significantly larger crop loads that reached the same fruit size as the less
loaded control trees. In 2002, ayear of high yields. the fruit size distribution optimum of the Extenday
trees \Vas shifted from 60-65 mm to 65-70 mm. The effect on size was also confirmed by fruit growth
measurements that showed an increased daily growth rateo Fruit quality \Vas monitored on a weekly basis
during the last month before harvest, but there \Vas no indication that the Extenday treatment sped up fruit
maturation. On the contrary, fruit finnness. soluble solids conten!, starch degradation. as \Vell as fruit
colour were similar to the control at harvest. Flower bud counts were carried out on 30 trees in the spring
of 2003. Trees from the Extenday treatment were found to have twice as many flo\Ver buds as the control
trees despite having carried similar crop loads the year before. Economic caIculations show the Extenday
loil to be profitable when used in 'Clara Frijs' plantings. especially in years of large crop loads when both
rruit sizc and flo"er bud fonnation may be improved.

3. Early Prediction of Ripening and Storage Quality of Pear Fruit in South Africa.

E. Liitzc' ami O. Bcrgh2

'Ikpt. 01' Ilorlicultural Science. Univ. of Stellenbosch. Private Bag XI. 7602 Matieland. South Africa.
'CAL 20 :-'lunnik Street, Strand, 7140. South Africa.

1\ laturily indices rccords for the main pear cultivars in two areas were compiled to study the fluctuation in
TSS (1<>(;11 S'olublc solids). firmness and starch breakdown during consecutive seasons. Heat units.
slIlli ighl hours, rruit size. days after bloom and soil type were used in the caIculation 01' rate of change in
TSS kvcl~. firmncss and starch breakdown during the last five to six weeks before the picking date.
Thc~c yari;lblcs \\ere sho\\ 11 lo have an efrect on the internal fruit quality. High temperatures were found
lo rcsult in a fasler decrcase in firmness levels while increased sunlight hours improved the TSS levels.
On:hards (In sandy snils ·;hll"ed consistent lower TSS levels and firmness when different orchards were
cOllll':u-cd duril1g conscculi\~' scasons. Equations were fitted to the data for each cultivar and area to
dc\t.?h,p models for Ihe prediction 01' the different indices. The predicted rate of change of the different
indices were compared with the actual values to test the accuracy and proved to explain more than 80% of
the fluctuation during consecutive seasons. The results also sho\Ved tha! the rate of change for these
indicc~ could be estimated as early as the miJdle of December. These models are considered important
lools In assist gro\\crs. pack houses and marketers in identifying seasons when fruit will have a short
shclf life. I'icking dates. cnld stomge and marketing can be adapted to ensure the best possible fruit
tjualily.
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Iln 4. Usc Of Evaporativc Cooling To Impro\'c 'Roscmaric' Ami 'Fol'cllc' Fruit Blush Colour.

¡s'

S.J.E. Wand1 W.J. Steyn, J. Mdluli ami K. van den 0001
Department of Horticultural Science, University of Stdlenbosch, Private Bag XI, Matieland, 7602, South
Africa.

l.

Downgrading of fruit due to insufticient red colour has limited the profitability of lucrativc bluslH:d p('<lr
cultivars (l'yrus com/llullis L.). In 'Rosemarie', poor fruit colour has been ascribed to pre-harvest red
colour loss during periods of high temperature. The use of overhead evaporative cooling (EC) to imp1"ll\'e
red colour in hlushed pears was evaluated over three seasons in Stellenbosch, South Africa .. Roselllarie'
fruit that received pulsed EC applications from t\Vo weeks before harvest at air temperatures excceJing
28°C were redder than control fruit at harvest. EC initiated earlier in fruit development led to larger rruit
but with a lower TSS concentration and tirmness, and sunbufll incidence \Vas reduced. EC had no eftl:ct
on 'Forelle' colour but reduced firmness and TSS. Though EC could be used to improve 'Rosemarie' fruit
colour in warm production areas, its effect was relatively small compared to colour change in response to
temperature.
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5. Fluorcsccncc Imaging to Study Physiological Changes in 'Conference' Pears during a
Shclf-Iife Experiment.

C. Huybrcchts and R. Valcke
Laboratory 01' Molecular and Physical Plant Physiology, Dept S.B.G., Limburgs Universitair Centrulll.
Universitaire Campus, B-3590 Diepenbeek, Belgiul11.
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Red-light chlorophyll tluorescence ean be used to determine the physiological state of plants amI is
induced atler excitation with UV or bluc light. Chlorophyll tluorescence imaging has showed potential to
predict fruit quality and storage potential as well as the incidence of physiological disorders during
storage. Two major changes arfect the level 01' chlorophyll fluorescence emission during fruit ripening
and senescence. Fluorescence deereases either duc to 1055of photosynthetic competence per unit
chlorophyll leading to reduced PSIl aetivity 01' due to a decrease in chlorophyll content associated with
fruit ripening and seneseence. In this experiment, a transportable chlorophyll tluorescence imaging
system build in the lahoratory of Moleeular and Physical Plant Physiology was used to study
physiologieal changes in 'Conference' pears during shelf-life experiments. 'Conference' pears were
bought in a local store and fluorescence measured over a few weeks in order to detect physiologieal
changes during this periodo The results \ViII be used to determine whether the chlorophyll fluorescence
imaging system is able to prediet the shclf-life quality of'Conferenee' pears.

6. Dynamics of Fruit Growth in 'Confcrence' as Affcded by Soil Water Tcnsion ami
Clima tic Conditions.

F. Maas
Praktijkonderzoek Plant & Omgeving, Section Fruits (PPO-Fruit), Plant Sciences Group, Wageningen
University and Research Center. Lingewal 1,6668 LA Randwijk, The Netherlands.

Root pruning has become standard praetice lar growth control of pear trees in the Netherlands since the
ban on CCC in 200 l. Howevcr, too strong pruning may reduce fruit size or decrease fruit quality due to
insufficient uptake capacity for water and nlltricnts by the remaining root system. Therefore, growers are
only recol11111endedto apply root pruning when there is the possibility of irrigation. In order to optimize
irrigation and growth control, more intofl11ation is needed on the dynalllies 01' fruit growth as related to
water availahility in the soil and evaporation by the tree eanopy. A technique to monitor the water
dellland of the tree would be helpful rol' establishing the relationships betwcen water availahility, water
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uptake and evaporation of trees before and after root pruning. Depending on the amount of water stress
experienced by the tree the grower might decide to carry out additional root pruning. supply water to the
tr('es of reducing evaporation by sprinkling water on top of the trees. In 2001. daily fluctuations in trunk
c1iameter "Ild fruit c1iameter \\'ere Illeasurecl with linear voltage displacement transducers. Daily shrinkage
and increasc in trunk diameter and fruit growth were direetly related to the level ol' sunlight temperature
en relative hUllliclity. On an average sunny day in July. trunk diameter started to deerease around 10 am,
"hen air temperature inen:ased strongly. until 8 pm when air temperature started to decline. Fruit
diametcr growth of 'Confcrenee' l'ollowed the same trend. mainly taking place at night and early
morning, cxcept on c10udy Jays when gro\Vth continued during daytime. The rate of fruit diameter growth
was fairly constant at ca. 0.04 mm h-I whencvcr it occurred. These observations suggest that the daily
incrcasc in fruit diameter is detcnnined by the nUlllber ofhours in which water availability in the tree was
sufficicnt to allow l'ruit growth. Apparently this only occurs when the evaporative dellland of the tree is
less théln the water uptake capacity ol' the tree, i.e. when trunk diameter does not decrease. In 2002, l'ruit
diallleter was recorded weekly for individual fruits on trees that were root pruned in June and either
reeeivcd no or optiméll irri~ation. Although root pruning. espeeially in trees without irrigation.
5'if:":r,:z,,!J~ ::''fe-elt>dIr.:e- grcm1h. nt>ither root rruning nor irrigation afTeeted fruit gro\\1h. Fruit sizt>
incr;,':l1~nt \\,1' almost line-ar from earl; :\Ia; up 10 haf\'e-st at the beginning or September and \\as on
awrage 3.9 mm per weck. Relationships bet"een fruit gro\\1h. elimatie eondition. soil water availability
and L"t1ltllr<llpraetiees \ViIIbe further disellssed.

I SESSION 11: REPRODUCTIVE BIOLOGY

7. Morphology and Histology of the Nectary in Hungarian Local Pear Cultivars.

Á. Farkas
Dept. ofBotany, University ol'Pées. 7624, Pécs. Ifjúság u. 6.. Hungary.

The topography. morphology and histology ol' nectary have been studied in twelve Hungarian local pear
cultivars in a Hungarian cultivar collection (Újfehértó) for 3 years. The intrafloral nectary is reeeptaculo-
ovarial, lining the adaxial surl'ace ol'the plate-like receptaele and the apical part ol'the ovary. The gland is
automorphic on the apical part, in some cases also on the basal parto protruding out of the receptacular
tissues. A narrow zone of the nectaril'erous tissue is stretching along the style. allowing nectar
aecumlllation in the gap between the style and the nectary. Pear nectary is covered by a smooth cuticle.
the thickness ofwhich slightly varies with cultivars and seasons. In the medial longitudinal section ol'the
flower epidermal cells are palisade-like or square-shaped, sometimes papillate. Guard cells ol' nectar
stomata can be found either at the level of epidermal cells (mesomorphic type) or sunken a few cell ro\Vs
hclow the epidermis (xeromorphic type). Below the stomata. among the cells of the glandular tissue.
nectar-storing intercellular cavities of varying size can be found. The glandular tissue consists of small,
dark-staining cells. In some cultivars the nectariferous tissue can be well distinguished from the nectary
parcnchyma. consisting of larger, light-staining cells. In other cultivars a mosaic-like structure can be
obscr\'cd. "here glandular cells are mixed with parenchyma cells, with no sharp distinction between the
t"o tisslIc types. In some taxa correlation can be observed between the size of the nectary and nectar
prodlletion. which may have importance in cultivar selection.

NOTES

__ .._- --------------------------------
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8. Application of S-AlIele Molecular Analysis as Meall to Elucidalc Low Yiclds in
the Pear Orchard.
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M. Goldway" A.H. Zisovichl.2, S. Shaffir2 and R.A. Stcrn'
'MIGAL - Galilee Technological Center, P.O.B 831, Kiryat-Shmona 110 16, Israel.
2Triwaks Bee Research Center, Department 01' Enlomolog1', The Hebrew University 01' Jerusalem, Faculty
01' Agricultural, Food and Environmental Quality Sciences Rehovot 76100, Israel.

.l
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The European pear (Pyru.I' CO/llIllUlli.l' L.) carries the gametophytic self-incompatibility fertilizatiún sysklll
(GSI). Orchards 01' trees carrying GSI contain at least two cultivars, which are fertilization-compalibk
with each other. However, compatibility may be full when the cultivars differ in both their S-Ioci nf

partial when they share one 01' the t\Vo S-Ioci. Semi-compatibility between cultivars can lead to yidd
reduction, since hall' 01' the pollinator's pollen is rejected. Identification 01' semi-compatibility according
to yield levels is not always trivial, since many factors are involved in yield production. On the contrar)'.
the application 01' molecular analysis, for the identification 01' S-RNase alleles, can clearly determine the
genetic compatibility between cultivars. In Israel the yield 01' the European pear is relatively low. The:
main cultivar is 'Spadona' and its pollinators are 'Coscia', 'Gentile' and 'Spadochina'. In orde:r to
elucidate if semi-S-allele compatibilit1' could provide the explanation for the low yields, the S-allcle
content of the four cultivars was determined. It \Vas found that 'Spadona' shares one of its S-alleles with
each of its pollinators and therefore is semi-compatible with them. In this analysis four S-alleles were
cloned out, of which three were new. In order to identify potential fully-compatible pollinators for
'Spadona', additional cultivars that are being considered for introduction into Israel were analyzed. In this
latter analysis, tive new S-alleles were identified so me 01' them with interesting features concerning GSI,
which will be discussed.
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9. Sequential Introduction of Honeybee Colonies Increases Cross-Pollination,
Fruit-Set and Yield of 'Spadona' pear (Pyrlls commullis L.).

RA. Stcrn', A. Dag\ A. Zisovich', S. Shafir3 and M. Goldway'
'Migal, Galilee Technology Center, P.O.B. 831, Kiryat Shmona 11016, Israel.
2Department 01' Fruit tree, Institute 01' Horticulture, ARO, The VoIcani Center, P.O. Box 6, Bet Dagan
50250, Israel.
'The 13. Triwaks Bee Research Center. Department 01' Entomology, Faculty of Agricultural, Food and
Environmental Quality Sciences, The lIebrew University of Jerusalem, Rehovot 76100, Israel.
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The 'Spadona' (f'yru.I' (,OIllIllUlli.l' L.) pear exhibits full self-incompatibility, therefore its fruit production
depends entirely on cross pollination, especiall)' by honeybees, which are the ultimate pear pollinators. In
the present study, the effect on yield 01' sequential introdllction 01' honeybee colonies and doubling their
density \Vas studied. It \Vas fOllnd (in three conseculive seasons, 2001-2003) that increasing the density 01'
colonies from 2.5 colonies per ha, as was recommended previously, to 5.0 colonies per ha at one
introduction (10% bloom) did not increase bee activity on the trees and did not improve fruit set and
yield, except for one case of a small on.:hard wilh heavy competition from surrounding llora. Ho\Vever,
introducing the colonies sequentially (hall' at 10% bloom and half at full bloom), with only a low ratio of
colonies (1.25 + 1.25 per ha, respectively), increased the number of bees per tree and their mobility
among the rows, and consequently increased frui! set and yield by 50-80%.



10. The Synthetic Cytokinins CPPU and TDZ Prolong the Phase of Cell Divisions in
Developing Pear (Pyl'lIS COI1lI1l11llis L.) Fruits.

I\1.A. F1aishmanl• A. Shargalt, R.A. Stern2
, S. Lev-YadunZ, L. Shlizermanl and G. Grafi

4

IDepartment 01' Fruit Trees. Institute of Horticulture. ARO, The Volcani Center, P.O. Box 6, Bet Dagan,
50250. Israel.
2MIGAL, Galilee Technolagy Center, P.O. Box 90000, Rosh Pina 12100, Israel.
3Dcpartment of Biology. Faculty of Science and Science Education, University of Haifa - Oranim, Tivon
36006, Israel.
4Lkpartlllel1t af Plan! Science~, The Weizlllann Institute of Science, Rehovot 76100, Israel.

The basic relationships alllong cytokinin signaling, ccIl divisions and fruit growth are kno\Vn. Final fruit
size depends on the combined effects of the number of cells prescnt at fruit set, the number of subsequent
cell divisions, and the extcnt to which cells expand. Most studies related to the cell cycle were performeJ
on cultured cells or model plants in optimal laboratory conditions. The qucstion, however, of how
cytokinin signaling and cell divisions regulate fruit growth under field conditions has not been addressed.
The elrect 01' the synthetic cytokinin CPPU and Thidiazuron (TDZ) on fruit size of the Slllall-fruited
'Spadona' (Pyrlls commlll1is L.) pears was examined during 4 consecutive years. CPPU (10-20 ppm) or
TDZ (15-30 ppm). applied two weeks after full bloom caused an appreciable increase in fruit size,
without affecting fruit shape and seed number. CPPU and TDZ-treated fruits displayed a significant
increase in the number of cells along the fruit radius. This increase correlates with a prolonged phase of
ccll divis ion as demonstrated by histone H 1 kinase assay as well as by the detection 01' G2 nuclei by
fluorescence-activated cell sorter (FACS) analysis. However, no correlation was found between H I
kinase activity and the cxpression levels of both cyclin B 1 and Cdc2, the components of the mitotic CDK.
Cell size was not affected by CPPU or TDZ application.

•

NOTES

•---------- ..---------------------------------------------------------------

--------_.- ..-----
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11. Progress and Challenges of the South African Pear Br'eeding Programo
'an,

J.r. Human
ARC Infruitec-Nietvoorbij, Private Bag X 5013, Stellenbosch, 7599, South Africa.
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Illlported cultivars are usually poorly adapted to South African conditions and in order to sta) clllllpelili\ l'
on overseas markets the South African pear industry needs new c1imatically adapted culti\ar~. 1 Iie pe~••·
breeding progralll in South Africa is largely funded by the local industries (Deciduous Fruit Produceh'
Trust, Canning Fruit Producers' Association & Dried Fruit Technical Services), which in turn spccit) ¡hL'
breeding objectives to coincide with market needs. The present cultivar range is not withoul pmhlems.
There are currently no full-red cultivars \Vith good storage ability and few full-green pear cullivals
without knobliness. Locally bred blushed pear cultivars, such as 'Rosemarie' and 'Flamingo', arl'
currently too sensitive to climate changes resulting in sub-optimal blush colour development. The high
demand of blushed cultivars frolll overseas marketers and the potential high returns for local producers
highlight the importance 01' addressing the colour problem in the breeding programme. The bn:eding
program is also aiming towards developing other unique products to fill niche market gaps. Produc¡s
include "miniature pears", suitable for "kiddies packs" and un usual product types such as Asian :-;
European pear hybrids. The pear breeding and evaluation program thus concentrates on the 1'0110\\ ing
areas: breeding climatically adapted blushed cultivars; a range of full-red cuItivars with good storage
ability; attractively shaped green pears, ne\\' product types such as Asian x European pear hybrids and lhe
development of unique products such as miniature pears.

12. Progress on Selection of BeUer Quality Pears through the University of Bologna
Breeding Programo

S. Musacchi, V. Ancarani, A. Gambcrilli, B. Giatti and S. Sansavini
Dipartimento di Colture Arboree, University 01' Bologna, Bologna, Italy.

•
The University of Bologna pear breeding program includes a series of crosses made in three periods
starting in 1978. The main goals \Vere to: i) diversify and improve fruit quality and time of ripening; ii)
select ne\V red skin pears; iii) find new genetic sources 01' resistance to Cacop~ylla pyri and to El1l'inia
ulIly!ol'ora (tire blight) and iv) find a hybrid (Pyrlls commlll1is x Nashi) pear for the fresh market. At the
moment more than 100 advanced selections (S2) are under evaluation. Some of them seem really
interesting for quality traits ancl harvest time, like the selection 92051124-8 obtained from a 'Harvest
Queen' x . Bartlett' cross that ripens at the end 01' July. Further advanced selections \ViII be presented.

13. Cluu-acteristics of FI Generation Crosses of Cultivars Buttira Precoce Morettini
x Bella Di Guigno.

D. M. Milutinovic, M. Nikolic and B. Tallaskovic
Faculty 01' Agriculture, University 01' Belgrade, 11080 Belgrade, Serbia and Montenegro.

The objective ol' our programme \Vas obtaining new, early maturing sUlTImer pear varieties \Vith good fruit
size, like cultivar Buttira Precoce Morettini, but with better eating quality. Crossing was done with
'Buttira Precoce Morettini' and 'Bella di Giugno'. A bearing plantation ol' 101 seedlings, together \Vith
the parent varieties, is situated in Ljubic near Cacak (Serbian Institute for Research in Agriculture, Center
for Fruit and Viticulture). Characteristics 01' both parents C'Buuira Precoce Morettini' as female and
'Bella di Giugno' as male) are present in alI 101 seedlillgs in the FI generation. In every year in every
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tt!sted chnracteristic. namely fruit mass, fruit dimensions, stem length, soluble solids content and time of
fruit maturation, there was large variability. 'Buuira Precoce Morettini' ripened from 23 to 30 July, 'Bella
di Giugno' from 24 to 29 June, and the FI seedlings from 16 July (seedling numbers 52/7 and 79/8) to 26
July (seedling nUlllber 7417). Generally. fruit from all seedlings ripened eloser to the later cultivar (Buttira
Precoce Morettini) than to the earl)' 'Bella di Giugno'. Fruit mass of'Bella di Guigno' ranged from 167g
to 170g, and in the FI seedling generation from 33.7g (seedling number 3/8) to 102.lg (seedling number
75/8) or 129.7g (seedling number 66/8). The soluble solids content in 'Buttira Precoce Morettini' ranged
from 13.7% to 13.8% and 'Bella di Giugno' from 16.9% to 17.3%. The seedlings had a soluble solids
content from 10.3% (seedling 3/R) to 17.3% (seedling 6017). \Ve selected t\Vo seedlings, numbers 75/8

and 66/8 as prospective new \'arieties.

14. Orchard Comparisons of New Quince and Pyl'lls Rootstock Clones.

D. Johnson, J. Spencer, T. Wcbster and S. Adam
Horticulture Research International, East Mailing. Kent. ME 19 6BJ, United Kingdom.

The breeding and selection of new quince and Pyrlls rootstock elones suitable for the common pear (P.
cO/ll/llllllis L.) continues at HRI East Mailing in the UK. One new quince elone, EMH, has been released
to commerce and evaluations of this dwarfing elone have continued in grower trials both in the UK and in
several countries in continental Europe. EMH induces very good fruit size in scions grafted onto it,
although it does tend to induce poorer yield precocity than EMC in so me trials. Another East Mailing
quince selection, C.132, proved to be slightly more d\Varfing than EMC in trials conducted some years
ago, both in the UK and the Nethertands. Results will be presented of more recent trials of C.132. Several
Pyrus rootstock selections from the East Mailing breeding progratnme are also sho\Ving some preliminary
promise. Results of trials comparing these with the standard commercial quince rootstocks and with
promising quince and Pyrlls rootstocks from breeding programmes in other countries \ViII also be

presented.

•
""

15. P"ogress in the National Asian Pear project: A study on the Adaptation of Some
Asian Pear (Pyl'us sel'otina Rhed) Cultivars under franian Environmental
Conditions.

e
ti

K. Arzani
Department 01' Ilot1iculture. Faculty of Agriculture, Tarbiat Modarres University (TMU). P.O. Box 14155-

4838 Tehran, Iran.

I\:al (1',I'rlls cO/ll/llllllis L.) is an important fruit of temperate regions of !rano The area of pear culture in
Iran consists of 1q 219 hectares with production of about 180000 tonnes. Most pear orchards in Iran are
localL'd in Tehran (Karaj), Khorasan, Isfahan, East and \Vest Azarbayjan and Ghazvin province. The
Irani:m fruit industry is not experienced in the culture and production of Asian (Japanese) pear (Pyrus
semfino Rehd.) cultivars. In order to evaluate so me Asian (Japanese) pear cultivars under Iranian climatic
conc1itions. the national research project was started in 1997 at the Department of Horticultural Science,
Tarhiat Modarres University (TMU). Nine Asian pear cultivars named . KS·(,. 'KS'7, 'KS'g, ·KS·? ·KS·,o.
·KS'". ·KS·,~. 'KS'" and 'KS',~ were introduced to Iran from Belgium. Scions were budded on European
pear (I'.I'rlls cO/ll/lll/llis L.) and quince (Cydonia oblonga L.) seedling rootstocks in August 1998. Growth
charactcristics and performance of the cultivars were measured from 1999 to 2003. Results indicated that
all Asian pear cltltivars showed a good performance on European pear seedling rootstocks. although their
growth \vas alli..'ctetl by bcnotypcs. On [uropcan pear rootstock .. KS' 6 and . KS' \O showed better earty
gro\Vth perfmtllancc ami ~urvival. In lhc first t'ruit bearing season of 2001, . KS' R showed the lowest fruit
nUlllhcr per trce. and ·K~·. 111<' highest fruit nut1lbcr. 'KS',) did not produce an)' t'ruit in the 2001 season. In
the seeond se:l~l1n l1f' 2()()2 .. KS' i again produced the highcst and 'KS' 9 the lowest fruit number. Taste test
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panel results indicated a good fruit taste of'KS'", 'KS'7, 'KS'ltI, 'KS"I ;lIId '¡";_S',1, hUI 'KS',¡ Sllll\\ed ti·uil
skin and internal disorders on the tn.:e befare harvcsL Rescarch is l'ontinuin~', un buddcd l'Ullivars to sludy
rootstock efTects adapted to the soil and climalic conditions 01' the country, lhe sl.!coml pha~e 01' the
project has been started with planting 01' some 01' the genotypes in the Norlh (Gorgan), Centre
(Abarkooh), and North-west (Khorasan) 01' Iran in March 2003, and will continue with planting in new
fruit growing regions such as Isfahan, Ormieh and Mashhad during the 2004 season,

16. Field Performance of Fireblight Tolerant, Pyrlls cOl11l11l1llis Selections in
South Carolina.

G.L. Rcighanl" D.R. Ouellcttc" K.H. 8roc!í' amI R.L. 8c1l2
•

IClemson University, Department of Horticulture, Clemson, South Carolina, 29634-0319, USA,
2USDA-ARS Appalachian rrllit Research Station, 45 Wiltshire Road, Kearneysville, WV, USA.

• Six pear cultivars and nine advanced P. COl1l111lll1is selections having fireblight tolerance were planted
together with . Bartlett' in 1996 and 1997 near Clemson, South Carolina. Disease resistance, tree gnmlh,
phenology, precocity, frllit maturity and fruit weight and yield were evaluated through year 2003. Amllllg
cultivars and selections, almost all exhibited some leaf bronzing, necrosis and partial defoliation by Illid-
Sllmmer in 2001 and 2002. However, selection 78304-057, 'Harrow Sweet', and 'Honeyswed' had re\\ or
no leaf symptoms, 'Stark's Delicious' was the most vigorous cultivar followed by •Potomac', 76l28-00l)
and . Harrow Delight', Mean fllll bloom dates among p, commul1is cultivars and selections varied by 10
days with only 78304-057 blooming later (3 days) than 'Bartlett', Secondary or rattail tlower prodllctioll
was comll1on in most years for 'Harrow Delight' and selections 76128-009 and 66125-035, Cumulati,·c
fruit yields per tree were highest in 'Potomoc' (138kg), 76128-009 (13Ikg), 'Starking Delicious' (120kg)
and 78304-057 (111 kg), The lowest yielding cultivars or selections were 'Honeysweet', 'Harrow Sweet'
and 66131-021 e Blake's Pride'), Largest mean fruit weights were from NY 10346 (285g), 76115-010
(253g), 'Bartlett' (242g) and 67218-083 (233g). Average fruit maturity date based on pressllre readings
all10ng cllltivars and selections varied by 38 days, 'Harrow Sweet' and NY 10346 were the only 2 pears to
ripen (~IO days) after 'Bartlett', 'Harrow Delight', 66170-047, 71655-014 and 76115-010 ripened the
earliest, - 4 weeks before 'Bartlett'. No cllltivars or selections were significantly injured by lireblight
through 2003.
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17. ' Rocha', the Pear from Portugal.
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.l.M. Silva', N.C. llarba2
, M.T. Barros' ¡llId A. Torrcs-PauloJ

'Instituto Superior de Agronomia, Lisboa, Portugal.
2Escola Superior Agrária de Santaréll1. Santaréll1, Portugal.
3Associac;ao Nacional dos Produtores de Pereira Rocha, Cadaval, Portugal.
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The original 'Rocha' pear tree, probably a chance seedling. dates ti-om middle 19,h century and is
described by an early 20'h celltury autIJor as beillg in the garden 01' Pedro Rocha, a horse dealer ti-om
Sintra, near Lisbon, It is not easy to market a 'new' pear cultivar, pear consumers being very
conservative, but the 1991/92 campaign, with an European deficit on the olTer side, provided the export
opportunity for 'Rocha' growers. The export to Canada, Srazil, United Kingdom, France, Spain and
Ircland peaked 50 000 t in 1997/98, allother bad year for the Italian pear crop. Retailers praise the good
shelf life 01' this attractive yellow summer pear. It is not as juicy as 'Doyenné du Comice', but has a good
taste and tlavour. lt is less messy than 'Beurre Hardy' to eat without a knife and plate. The usual picking
date is around August 15 and the pear stores well at O-1°C up to April, especially under controlled
atmosphere, 'Rocha' pear, however, is very sellsitive to pear scab and to Stel/lphyliu/1/ sp. It is moderately
sensitive to pear psylla, less than 'Seurre Hardy' or 'rorelle', Fire blight has not yet been detected in our
country, but according to rrench researchers say that 'Rocha' is not among the most sensitive cultivars.
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I SESSION IV : GENETICS AND BIOTECHNOLOGY

18. Molecular Gcnetic Studies on Pears in the \Vestern Cape.

M.M. van Oyk" G. Koning" Z. Simayi" S. Booi" R. Maharajl, M.e. Selala"
M.G. du Preezl

, I.F. Labuschagné2
, L. WarnichJ and o.J.e. Reesl

IOepartment of Biotechnology, University of the Western Cape, Private Bag X 17, Bellville, 7535, Soulli
Africa.
2Agricultural Research Council, Infruitec, Nietvoorbij, Private Bag X5013, Stellenbosch, 7599, Westt:rIl
Cape, South Africa.
30epartment 01' Genetics, University 01' Stellenbosch, 7600, South Africa.

The breeding 01' pears in South Africa at the Agricultural Research Council has historically beell based 011

the selection 01' quality traits. However, with the development 01' molecular markers and genetic map~ for
pear, it is now possible to implement the use 01' marker assisted selection (MAS) for pear,; for blllh
durable resistance and quality trait selection. The focus of our research program has bt:ell 011 tht:
il1lplementation of l1licrosatellite markers from the apple and pear reference genetic maps, ami lht:
development of microsatellite markers, using apple and pear genomic and cONA seqlll.!IIt:e data ... \
number of new markers have been identified and tested. The optimisation and multiplexing 01' lht:
complete set of markers is ongoing for apple and pear, and the Cllrrent status of the program \\ ill be
described. In addition, we are exploiting two bud mutation systems in the 'Bon Chretien' pear, Ollt:gi\ing
an extreme rcd colour eBon Rouge ') and the other giving a lowered chilling requirement ("Ead) [3,)11
Chrctien'). The genetic mapping am!moleclllar stlldies ofthese systems will be sUl1lmarised.
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19. Ploidy Level Evaluation of Rootstock Selections and Pyrlls Genus Accessions.

M,H. Simard" e. Oumoulinl and O. Ocmilly2
IINRA, Unité d'Al1lélioration, des Especes Fruitieres et Omementales, 42 Rue G. Morel, BP57, 49071
Beaucouzé Cedex, France.
2GEVES-SNES, Rue G. Morel, BP24, ..\9071 Beallcouzé Cedex, France.

•
Pear production needs a dwarfing pear rootstock. INRA's Angers pear rootstock breeding programme is
based on Pyrus interspecific hybridization using P. COlIIlIIlllÚS, P. nivalis and
P. hete/'ojólia. INRA 's Angers Pyrus collection contains 85 taxons: 46 genotypes belong to occidental
Pyrlls species, 25 to oriental ones and 14 to other species. In P. nivalis (perry pear), a large scale of
induced vigor has been obtained among progenies of 'Poire Branche' ("G hybrids') and 'Rouge de Vigné'
('RV hybrids'). G28-120 is the most promising genitor and RVI39 the most dwarfing. As low induced
vigor genotypes have a particular habit, the hypothesis that they are not diploid has been postulated. Flo\\'
cytoll1ctry technique is an efticient and rapid mdhod to cvaluate the ploidy level of plants. Pyrlls species
and roolstock selcctions have been tested lIsing mature leaves of one-year-old shoot and OAPI
tluorochroll1e. T\Vo progenies (25 and 15 plants, respectively) with 'Pyriall1' as fcmale and G28-120 or
P2532 (genitor belonging to
1'. heleroj(¡lia) as male have also bet:n cvaluated. One to ten taxons per species and at least two replicates
per hybrid have been tested. The reslllts sho\V that most accessions from I'yrus gemls are diploid. In perry
pear (l'. nil'Cllis) so me varieties are triploid; aneuploids were selected as G28-120 and RV 139. Two
hybrids selected from G28-120 (open pollination) are also aneuploid.
The hybrids selected in the t\Vo controlled progenies from 'Pyriam' are diploid. These results are
discussed as well as the prospects for the Angers pear rootstock breeding programo



20. Expression of Cyclin B and Histone Hl Kinase Activity Mark Reproductive Bud
Break in Pear Grown in the Hot Climate of Israel.

M.A. Flaishmanl, Y. Bryerl, A. Shargall and G. Grafi
2

IDepartment ofFruit Trees. Institute ofHorticulture. ARO. The Volcani Center. P.O. Box 6. Bet Dagan.
50250, Israel.
2Department of Plant Sciences, The Weizmann Institute of Science. Rehovot 76100, Israel.

In warm-winter regions, spraying pear orchards with dormant breaking chemicals during winter can
induce sullicient bud break. \Ve investigated the relationships between winter dormancy and cell cycle
regulation in the low chilling requiring pear (Pyrlls cO/ll/lllll1is L.) cultivar ' Spadona' by combining
morphological. histological and biochemical methods. The study \Vas conducted in two orchards located
in regions with different climatic conditions: at 40 m and at 700 m above sea level. In both orchards. bud
development was arrested during winter donnancy. While examining the phenotypic changes in the
reproductive buds, we found an increase in their weight toward the end of dormancy. A sequence of tlow
cytometry analysis during dormancy and release in both orchards. showed that the existence of G2 nuclei
correlated with the phenotypic changes in the buds and with histological observations on cell cycle in the
developing flower bud. In order to find molecular markers for bud break, \Ve followed the seasonal
expression of several key cell cycle regulators. While CDC2 was constitutively expressed during both
dormancy and dormancy release. the expression of cyclin B \Vas correlated with the amount of chilling
units accumulated by the reproductive buds, in the two different orchards. In addition. the expression of
histone H I kinase activity was correlated with the expression of cyclin B. In both orchards, reproductive
buds showed an increase in histone H I kinase activity as well as in cyclin B level 10 days before any
phenotypic changes were visible. It is suggested that the expression level of cyclin B and the activity of
histone H I kinase can serve as markers for early stages of reproductive bud break in pear.

•
21. Expression ofthe Health-Beneficial Stilbenes in Transgenic 'Spadona' Pear

(Pyl'lls COl1ll1lllllis L.)

I\I.A. Flaishmanl, L. Shlizermanl, Y. Cohenl, L. Sivanl.2 and Z. Kerem
2

IDepartment of Fruit Trees, Institute of Horticulture, ARO, The Volcani Center, P.O. Box 6, Bet Dagan
50250. Israel.
~lllstitute of Biochemistry. food Science and Nutrition, Faculty of Agricultural, Food and Environmental
VlIality Sciences, The Hebrew University of Jerusalem, Israel.

The reqllisite low-chilling Spadona pear (Pyrl1s comll1wlÍs L.) cultivar is the main pear variety grown in
Israel. I\n efficient and reproducible system for Agrobactcrillm-mediated transformation of this cultivar
was recently developed. To introduce health-beneficial compounds into 'Spadona' it \Vas transfonned
\\ilh ~rapevine (Vitis rinijáa L.) cDNA encoding stilbene synthase transcriptionally regulated by an
enhanced cauliflower mosaic virus (CaMV) 35S promoter. The gene encoding stilbene synthase is
resrnnsible for the synthesis of the compound resveratrol. Resveratrol and its glycosides are considered to
ha\'e health beneficial effects, including anti-ageing, anti-inflammatory, anti-platelet and anti-
carcinogenic activities. Six transgenic 'Spadona' plants were obtained from 276 infected explants,
correspnnding to a transformation efticiency of 2.2%. Transgenic plants carrying the stilbene synthase
gene \\ ere identi fied \'ia pnlymerase chain reaction. Transgenic plants accumulated several ne\V
compounds not present in the wild-type pear - these were identified as stilbenes by high-performance
liqllid chrolllalogr<lphy analysis. Stilbene production \Vas monitored in both tissue culture and I-year-old
rooled transt~enic plants. In tisslIe clIlture. Ihe major stilbene was piceid with traces of resveratroI. and in
the kaf nI" the I-year-nld 'Spadona', piceid and resveratroloside were recorded. Stilbene levels varied
alllong Irani~:cni, lines. Anti-oxidanl ami anti-carcinogenic activities of the transgenic pear lines \vill be

di~clI~;sed.
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1(1 I SESSION V: POSTHARVEST

1,

22. Extending Shelf-Life ofPartially Ripened 'd'Anjou' Pears by
l-Methylcyclopropene Treatment.
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J. Bai and P.M. Citen
Miel-Columbia Agricultural Research and Extension Center, Oregon State Universil)', 3005 I:xpcrimelll
Station Drive, Hood River, Oregon 97031, USA.

'D' Anjou' pears (P)'/"lIS cOlllll1l111is L.) were pre-conditioned with 100 ¡.tL.L·' (ppm) ethylene at 20 'C lllr ()
(un-conditioned), 1, 2, 3 and 4 day(s) after being stored in regular air (RA) for 2 and 4 monlhs or in a
controlled atmosphere (CA) (2% O2 + 1% CO2) for 8 months at -1 0e. Both un-conditioned and ethyJ.:llc
pre-conditioned fruit were then subjected to either 1.0 ~lL.L"'
I-methylcyclopropene (MCP) or no-MCP treatment (Control) at 20°C for 24 hours. Regardless 01"
storage condition and length, MCP-treated ¡i"uil softened much slower than Control fruit ir the li'uit had
been pre-conditioned with 100 ~lL.L"1 ethylene for 3 days or shorter at 20°e. We have demonslrated lhal l
~lL.L"' I-MC? treatment of partially ripened 'd' Anjou' pears extends the shelf life for as long as 1·1 days
in the retailmarkets.

23. The effect of SmartFreshTl\I (l-methylcyclopropene) on Post Harvest Handling
ami Storage Quality of Pears.

1. Crouclt
Capespan Technology Development, Capes pan (Pty) Ud, P O Box 1231, Stellenbosch, 7599, Soulh
Africa.
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SmartFresh ™ is an exciting new breakthrough in the post harvest storage of fresh fruit and vegetables.
American scientists at North Carolina State University identi fied I-methylcyclopropene (I-MCP), an
antagonist ethylene inhibitor in horticultural products. The technology, now known as SmartFresh™, has
been acquired and developed for use on fresh rruit and vegetables by AgroFresh Inc, a Rohm and Haas
Company. Due to its ethylene blocking effect, SmartFresh™ has incredible potential to maintain the
quality of fresh produce during cold storage and shelf life. SmartFresh™ has been registered for
application on apples since 2002 and has been successfully applied commercially within the USA and
South Africa. Research into its commercial application on pears is currently underway worldwide.
Capespan Technology Development is responsible for research supporting registration in South Africa,
and has been testing the product on pears since 1999. SmartFresh™ proved etTective in extending storage
duration and shelf life al a range of concentrations over all cultivars tested. Application of similar
concentrations of SmartFresh™ to pears, as those applied to apples, resulted in tj'uit that did not ripen
nonnally. Fruit remained too firm and skin colour development was inadequate. Application 01'
SmartFresh ™ at lo\Ver concentrations to ¡i'uit at l1Iore advanced maturities enabled cfl\:ctivc
il1lprovcments in li'uit storage duralion and shdf lile without adversely alTecting eating quality. The
signilicancc orthese lindings \Viii be discussccl.
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24. Sensory Analysis of New Pear Varieties.

P. Vayssc
Ctitl Centre de Lanxade. 8P 21 24130 La Force. France.

Sensory evaluation is a technique allowing measurement of the sensory characteristics 01' food as
perceived by mano Sensory analysis consists of identifying the sensory characteristics of a product by a
trained tasting panel (12 to 15 panelists). The panel uses a list ofterms (descriptors). generated by the
panel itself. in describing the product. Each panelist rates each descriptor on a scale ranging from O to 10,
depending on his or her sensory perception. The decriptors relate to:
• appearance; intensity of colouring. presence of spots. and extent 01' bronzed skin.
• sme11 and tlavour; intensity of overa11 taste, vegetal note. cooked pear. s\veet and acid flavours.

astringency. and
• texture: characterising the fruit as to crunchiness. juiciness. meltiness and coarseness.
Before being tasted. the pears are matured in a ripening room with a temperature of 18°C and relative
humidil) 01' 95%. The fruits are tasted at their gustatory optimum. i.e. a firmness of 1.5kg/0.5cm2

• In this
paper. Ihe sensory profiles of six ne\\' varieties (Harrow Delicious. Taylors Gold, Verdi. Eliott, Forelle et
Angélys) are compared lo the Iraditional varieties Williams, Conférence and Doyenné du Comice. •
25. Sensory Evaluation and Pear Fruit Quality.

S. Prcdieril, E. Gattil, F. Rapparinil, L.Cavicchi2 and R.Colombo2

IIBIMET-CNR-RO. Bologna. !taly.
2ClSA Mario Neri. lmola. Italy.

World production of European pears is based on a limited number of we11-known traditional cultivars,
each having distinctive fruit quality traits. The definition of major quality traits is fundamenlal to a11o\\'
consistent and comparable measurements of fruit quality leve1. This means that despite the number of role
players involved in the pear production industry a common approach should be chosen. The concept of
qunlity of apear at harvest, and during or after storage is different from that of the quality of fi'uit at the
time nI' consumption. Thus, an increasing number of scientists suggest that quality should be observed
frolll the poinl ofview ofthe final user: the consumer. Choosing this point 01' vi e\\', sensory evaluation is
of mnjor importance. Sensory-based techniques are increasingly being used in supporting breeding and
testing new cultivars of ditTerent species. Consumer science states that appearance (visible quality) of
fruit is a primary criterion for a favorable purchase decision. and specific consumer tests can assess fruit
\ isual nppeal. As related to eating quality, pear flavor depends on a delicate balance of sugars. acids,
phcllolics. and aromatic compounds. with a number of additional factors, such as texture, also influencing
percl'ption. The traits of importance in pear sensorial quality are: juiciness. sweetness. acidity. pear
aroma, n"trin¡!ency, aftertaste. Ilesh texture and firlllness. Eating quality is difficult to measure
objectively. However. analylical measurelllents coupled with adequate sensorial tests can be of help in
;]~,c:;sing overa11 rruit quality. Sensory evaluation is currently applied in Regione Emilia-Romagna. !taly
ti'r Ihe optimization of fruit qllality of standard pear cultivars and to evaluate new cultivars.

Thcre are currenlly t\\enl~-six pe ••r cultivars in the cultivar trial at the Mid-ColUlllbia Agricultural
R':search ;lI1J 1 ."\f::nsion Cl'n1l'r gn1\\ n and tesled for adaptability to the Pacific Nortlm est region. New
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2(1. Sl'llsory Evaluation of Pear Cultivars in the Pacific Northwest, USA.

C.F. Scavcl·tl, .1. Turncrl, A. Marin2 and A. Colonna2

10regon Statc lini\l'I,ily. Mid-Columbia Agricultural Research and Extension Center. 3005 Experiment
Slation Drive. lIood Ri\('r. OR 9703 L USA.
1The FClnd Innovation Cenler. 1207 NW Naito Parkway, Suite J 54. Portland, OR 97209-2834. USA.
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and marketable pear cultivars from <ll"llunJ Ih.: \\orld that ~l\l)\\ ':l'lllll,llll': prl'llli~e and rc~~i()nal
adaptability \\ill continlle to be evalual<:d. Oderlllining conSlllllcr acceplancc is an impurtant ~h:p in
cultivar evaluation. A sensory evaluation proto.:ol \\as developcd ami implclllenh:d. In 2(j()2, 253
participants sampled eight different culti\ars at t\\o din~rent \t:lllll':S. '1ht.: culti\urs sampleJ induJed
green .d' Anjou' and green .Bartlen' as commcrcial standards. three int.:rnational culti\ ars recentl;.
introduced to the coml11ercial orchardist. and three untested clllti\ars from the USDA disease resistant
breeding program in Kearne)s\ille. \Vest Virginia. Participants rated pears on appearance, overall
like/dislike, and purchase' intent, anu ranked each cultivar sampled in ordcr 01' ovcrall prell:rL'llcc.
Preliminary results suggested that two of the USDA cultivars ranked higher than green 'Bartlt:lI' ror
O\'erall liking score. In the sccond venlle green 'Bartlctt' and one of the USDA cultivars ratcd highcr in
visual appcarance scores. Data suggest that untcsted and unknown cultivars may actually be prdl:rr •.,l
over comlllercial standards. The project goal in 2003 will be to collect 1 000 surveys and compare
consumer preferences for commercial standards versus new untested cultivars.
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27. 'Concorde' Pear Flavor, Textllre, and Storage QlIality Improved by
Maniplllating Harvest Matllrity.

E.A. Miclkel
, S.R. Drakc2 and D.e. Elf\"ing3

1Mid-Columbia Agricultural Research and Extension Center, Oregon State University, 3005 Experimcnt
Station Drive, Hood River, Oregon 97031, USA.
2USDA, ARS-TFRL, 1104 N. Western Avenue, Wenatchee, Washington 98801, USA.
3Tree Fruit Research and Extension Center, Washington State University, 1100 N. Western Avenue,
Wenatchee, Washington 98801.
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'Concorde' has become a commercial pear in the United States' Pacitic Northwest, with nllrseries
reporting sales of approximately 150 000 trees through 2003. Initial studies suggest 'Concorde' may
have inherited 'Conference's' sensitivity to CO2 and ethylene and low boron induced physiological
disorders. Samples sto red for four months have developed astringency previously reported in England.
'Concorde' can be harvested over lOto 14 days without loss and store well in either regular air (RA) 01'

controlled atmosphere (CA) storage. The ten-day delay resulted in no change in flavor or tirmness but
did enhance soluble solids (SS) anu frllit size. An additional 14-day harvest delay resulted in overly
sweet frllit. Fruit stored longer than 30 days ripened to a smooth bllttery texture, while fruit stored for
120 days was dry and mealy on ripening. 'Concorde' pears can be stored in RA storage for periods not to
exceed 90 days. Earlier harvest should be considered when RA storage is expected to exceed 90 days;
however, the earlier the harvest the greater the danger 01' the fruit developing astringency during storage.
Regardless 01' harvest, 'Concorde' pears can be placed in CA storage for periods of 90 days with no
serious quality losses, particularly if the CA is l11aintained at 1.5% O2 and 1.0% CO2 at 1°C. In CA with
1.5% O2, CO2 levels of 3.0% or S.O% significantl)' increase core breakdown. Low oxygen CA (1.0% O2
and <0.1 % CO2) at -1°C is not recol11l11cndedas severe senescent scald results.
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E.M. Crollch" D.M. Holcroft2 all(IM. 1I11yslllllcrl

IDept. of Horticultural Science, University 01' Stellenbosch, P. Bag XI, Matieland, 7602, South Africa.
2DOLE Fresh Vegetables, P.O. Box 1759, Salinas, CA 93902, USA.

lent 'Forelle' (I'yrus comlllwlis L.), a late season blushed pear cultivar grown in South Africa, requires a
minimum of 12-weeks cold storage (-0.5 °C) to ripen evenly. Mealiness, a dry texture disorder, may
develop at this time. In contrast to other pear cultivars, longer cold storage periods result in less
mealiness. This could be related to insutlicient total ACC build up and ethylene production, for jllicy
texture development, during ripening .. Forelle' were stored for 3 weeks at -O.soC, treated with ethylene
(l OO~IL'L'¡, 24h, 20°C), stored at 20°C for 2 days and thereafter 3 weeks at -O.S°e. While treated fruit had
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± 5 times higher total ACC concentration and 251.76 ~IL'kg-l'h-1 ethylene production, compared to almost
no ethylene production in control fruit, both developed 100% mealiness. Mealiness could not be linked to
insufficient cthylene production during shorter storage periods. Harvest lI1aturity, a wcll-known
influential factor of mealiness, \Vas tested by harvesting fruit 2 \Veeks prior to cOll1mercial harvest, during
commcrcial harvest, and 2 and 4 ",eeks after commercial harvest. Mealiness occurred at all harvest dates
after 6 weeks at -O. 5°C ancl 7 days at 15°C. Storage temperature \Vas also tested as another influential
factor of mealiness. Fruit were stored at -O. 5°C. 4°C and 7.5°C for 6 \Veeks and ripened for 7 days at
15°C. Fruit stored at 4°C and 7.5°C ripened with O and 8% mealiness. respectively. in contrast to 70% in
control fruit. Results could. ho\\ever, not be confirmed in 2002 and 2003 as all treatments exhibited lo\\"
mealiness lcvc1s «4%). As high temperatures prior to harvest may influence mealincss, ovcrhead
evaporative cooling \Vas applied during earl} fruit developmcnt and 2 \Vceks prior to harvcst. Little to no
mealiness developed in all treatments making it difticult to conc1uele if cooling prior to harvest alrects
mealiness. The significance ofthese findings \ViIIbe discussed in relation to seasonal variations.

I SESSION VI: GENERAL

29. Remaining Globally Competitive in the US Tree Fruit Industry with the
National Tree Fruit Tcchnology Roadmap.

C.F. Seavert
Mid-Columbia Agricultural Research and Extension Center, Oregon State University, Hood River,
Oregon 97031, USA.

Thc U.S. tree fruit industry has bascd its success on production efficiency, product quality, and \Vorldwide
marketing. One third of its apple, pear, and sweet cherry crops are exported. To sustain its success in
domestic and international markets. this industry must rapidly adjust to the elynamics of globalized trade
<lneltechnology. In large part, globalization is a direct result of a worldwide proliferation of technology
that has enabled many to effectively compete in areas from which they were once excluded. lronically, it
is also technology that will empower American agriculture to remain competitive in a global economy.
The U.S. tree fruit industry will remain economically viable only if it systematically reduces production
casts anel delivers premium quality fruit to the consumer. Research must be conducted and technologies
devcloped to improve the sustainability, efficiency. and quality of fruit production. Producers and their
\\ ork force. the backbone of many rural agricultural communities, must have access to these technologies
and the means to improve their economic situations. Rapiel. easily accessible rural communications
systems I11UStbe developed. Decisions about how and where technology can be implemented are critica!.
The entirc industry and its research community must be involved in this initiative. We have prepared a
rnadlllap to fulfi11 our vision. This roadlllap is the collaborative product of industry and research
wlllmunity participants. We first define our industry's overriding problelll - increased global cOlllpetition
in tree fruit Illarkets. Then \Ve identi fy key barriers - escalating production costs and increased delllands
ti.lr frllit l]uality. Finally, we describe essential research and development areas and set specific near-,
Illcdiulll-, and long-terlll R&D priorities to overcollle these barriers. While the imlllediate beneficiaries of
tbis error! are the producers. \Vork force, and communities of the U.S. tree fruit inelustry, its ultimate
:-'lII.:cess \\ ill be the continued supply of the highest quality fruit to consumers worldwide.
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30. Architectural Analysis of Pear Cultivars G.-own Under SOllth African
Conditions and the Relevance to Local Maintenance Pruning Strategies.
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N.e. Cookl and P. du Plooy2
IDepartment of Horticultural Science, University of Stellenbos~h, Private Bag XI, Matidand, 7602,
South A frica,
2DuToit Group, P,O, Box 236, Ceres, 6835, South Africa,

\ er,

Initially, 2-year-old pear branches \Vere c1assified into groups based on the length and position 01' blcl.tI
shoots, Four groups were formed that ranged from cultivars with a spurred growth habit and strong apil.:al
control, to cultivars \Vith a spreading growth habit and \Veak apical control. Secondly, the devdoplllent 01'
fruiting branches was observed for up to ¡¡ve years by observing the five developmental alternativcs ol'
the terminal buds 01' laterals, i,e" dormant, vegetative, reproductive without fruit, reproductive with rruit,
and abortion, Under local conditions two general problems were observed, A large proportion 01' buds
remain vegetative giving rise to pOOl' tlowering, and many buds remain dormant, probably dlle to the LIS!.'
ol' vigorolls rootstocks and inadequate winter chilling, Local training systems address these shortcomings
through the use 01' rest-breaking agents, girdling, and winter pruning techniques. Winter prllning
strategies for locally important cultivars can be split into two broad approaches, In one approach spurs ar!.'
renewed within spur systems, primarily via bourse shoots, In the other, spurs are renewed via year-old
shoots, The motivation for the use 01' these systems is discussed in ligilt of the above ar~hite':llIral
findings,
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31. Variation in Pruning Severity and Branch Quality on Primary and Secondary
Growth of 'Packham's Trillmph' Pears (Pyrus COmJ1l11llis L.).

L.P. Rcynolds, G. Jacobs and KI. Thcron
Department ol' Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland, 7602, South
Arrica,
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The intluence on sink strenf:,rth 01' severc dormant pruning and quality of 2-year-old wood was
investigated during the 2002/03 season on 'Packham's Triumph' pear (Pyrlls commllnis L.) trees in the
Western Cape, South Africa. Primary growth increased by 40 % for short bearing units (SBU) and 140 %
for thick bearing units (BU) as compared to long bearing units (LBU) and thin BU, respectively,
Increased primary growth was due to increased fruit set and fruit size. Since the increase in primary
growth is less for SBU compared to thick BU, it is evident that branch diameter intluenced sink strength
more than brancI1 length. The size 01' the xylem transport system increases more than the size 01' the
phloem as brancl1 diameter increase. The increase in xylem transported metabolites, in particular root-
derived cytokinin, seems to predominantly intlllence the magnitude ofthe sink strength.
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32. Multi-branched V-systems Improve Productivity and Manageability ofa
Vigorous Pear Cultivar.

M. Bcrtclscn
Department 01' I-Iorticultllre, Danish Institute 01' Agricultural Sciences, P.O.Box 102, DK-5792, Aarslev,
Denmark.

In an attempt to fincl a suitable trall1l11g syslem 1'01' the vigorous pear cultivar 'Clara Frijs' (Pyrus
COIII/Ilwlis L.), two types of Y-trees trained to a V-trellis were tested and compared to standard spindle



Irees. Three planling dislances were used: 1. 1.5 and 2 m. The Y-lrees were lrained with four main
branches. Depending on planting dislance. the main branches \Vere allowed to carry one, lwo or three side
branchcs. all ()f which \Vere a!lowed 10 reach lhe 10p of lhe lrellis before they were headed back. The first
crop \\as la"-en in Ihe third lear in 1Q98, and there was no difference in precocity depending on planting
syslell1s. Trees on the V-Ir'ellis produced 40 % higher crops in years when lhe general cropping level was
high. In 10\\ -cropping years. the di ITerencc between systems was even grealer, but nol always significant.
Afler Ihe 2002 harvesl Ihe Y-Irees had yielded a total of 87 tons, while the spindle trees had only just
reached 60 tons. The biennial Ill'aring index was similar for all systems. Fruit size \Vas significantly larger
on the spindle trees the first 3 cropping years. but in 2001 and 2002 no size di fference \Vas detectable in
spite of larger crop loads on Ihe Y-trees. Fruit quality was evaluated in 2002 and no significanl
diOcrcnccs bcl\\ecn systell1s \\L're found. Planling distance af1cclcd yield significantly. Increasing the
nUl1lber 01' trees by 50% causL'l1 a 15% increase in the accull1ulaled yield. \Vhile a dOllbling 01' Ihe Irees
from 1300 to 2fJOOtree/ha resulted in a 34% yield increase. On a per tree basis fruit size was negatively
aOccted by closer tree spacing. but Ihe lotal all10unt of large fruits \Vas similar at all spacings. Trel' lrunk
circumlerence \Vas larger in the Y-trees. but the need to prune \Vas smallcr and more short spurs capable
of forming f1o\Verbuds were present. It is concIuded that the Y-trees are both more productive and easier
manageable and therefore represent a favourable altemative to spindle trees.

33. Comparison of 'Confcrcnce' Pear in Five Intensive Training Systems with
regard to Yield, Labour Timing and Fruit Quality in the Northeast of Spain.

L. Asint, R. Montserratt, J. CarboZ, P. Vilardele, M. CarreraJ

Ilnstitut de Recerca i Tecnología Agroalimentaries (lRTA). Eslació Experimental de L1eida, Avda. Rovira
Roure 191, 25198 L1eida, Spai n.
21nstitut de Recerca i Tecnología Agroalimentaries ORTA). Estació Experimental de Mas Badia, Crta de
La Tallada s/n, 17134 Canet de la Tallada, Spain.
'Centro de Investigación y Tecnología Agroalimentaria de Aragón (CITA). Crta. Montañana 930, Apdo.
727. 50080 Montañana. Spain.

A study on five intensive training systems was carried out during the first five years afier planting in t\Vo
di ITerent growing areas of Catalonia (NE-Spain): L1eida and Giroroa. The objective of the study \Vas to
e:\plore the possibilities of improving precocity and yield of 'Conference' pear (Pyrus COI1l111ZlIlis L.)
Irces. There were three tatura tre!lis training systems using preformed trees (tatura 4-branches, tatura 2-
hranches and tatura I-branch) and two central axes training systems with prefonned trees. Control trees
\\ ere Iraincd to a central axis using non-preformed trees. Density of planting ranged from 2133 to 5333
Irecs pl'r hectare, with trees spaced at 0.5 10 1.25 m \Vithin rows and 3.75 m between rows. The tatura and
central axis systems had higher yields Ihan Ihe control training system. However. talura training systems
rl'quirccImore time and had higher planting and pruning costs. The tatura 2-branches system cost the most
lo eslablish (29966 euros per ha). while Ihe control system cosl the least (7880 euros per ha). In Girona,
yields \Vere lower than in L1eida because of using a replanl site and specific soil characteristics. No
ditlcrcnces ClIlfruit qualily and size \Vere delecled bet\Veen systems.

34. Tnlining Systcms for High Density Pear Planting.

S.MlIsacchi, V.Ancarani, A.Gambcrini, M.Gaddoni, M.Grandi and S.Sansavini
Dipartill1cntn di Ct)lture Arhnrcc. llni\"crsily nf Bologna. Bologna. )taly.

Iligh dcnsity planlillg (I-IDP) of pears is expanding due lo lhe widespread use of quince roolslock cIones
ablc lo 1"l'llllCeIreL' size and induce carl)' bl'aring. However. HDP increases cost pressures so that lhe
bre:¡k-e\cn pnill! nnly nccur' ('ighl lo len years after eslablishment. The cOlllbination of I-IDP and
cOlllpacl Irel' archi1L'clllrl' is f"lIntbllll'nlal to achieve produclion goals. The Ulliversily of Bologna, in
IQ97. slartcd a Irial lo COl1lpar~'amI cvalllall' pwduclioll and economical aspects of seven combinations of •
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cultivar, planting density and training system. \Ve utilised three eulti\'ar», 'Abb0 F0tel', 'Conli.:rénec' ami
'Ooyenné du Comice', on t\Vo quince rootstoeks, done C and Sydo. Four density kvels \\Wé used; ver)'
high dcnsity planting (VHOP) (7936 trees per ha), high density planting (lID!') (5555 trees per ha),
medium density planting (MOP) (3968 trees per ha), and 10\Vdensity planting (LDP) (1984 trees per ha).
The training systems were the vertical cordon on done C for VHDP, V-shape on clone C for MOP and
HOP, slender spindle and drapeau on clone C for MOP, and slender spindle and drapeau on Sydo for
LOP, For 'Abbé Fetel', the vertical cordon on done C at VHOP and the V-shape at HOP pro ved to he the
most productive combinations yielding a cumulative total 01'32 and 47 kg per tree (257 alld 2()2 t per ha,
respectively) over the first seven years after establishment. 'Conference' showed, with tlte same t\\ II

training systems, an equivalent trend of production with cumulative yields of 179 t per ha and I ¡.; I t per
ha, respectively. 'Ooyenné du Comice' achieved the highest cumulative yiclds (132 t per ha) \\itlt Ihe
vertical cordon on done C at VHOP followed by the V-shape on done C at MOP (120 t per ha), h must
be underlined that the investments requircd by VHOP require in turn high farm-gate prices for equitable
returns to growers. This means that today, in Italy, if the farm-gate price is lower than OAO f per kg, lhe
break-even poinl is at least ten years and the enlire enterprise is at risk.

35. Financial Results of Different Planting Systems of 'Conference' pear.

J. Vercammen
PCF-Proeftuin Pit- en Steenfruit, Fruittuinweg 1,3800 Sint-Truiden, Belgium.
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In order to help fruit growers chose between planting systems, seven difIerent planting systems ror
'Conference' (Pyrus (,ollllllll/Iis L.) were planted in 1994. Besides production and fruit quality. attenlion
was also paid to costs and labour. Planting systems included in the test were: bush-spindle shape on
Quince C with a planting distance of 3.50 x 1.50 m, an intensive V-system on Quince C (3.20 x 0.80 m),
trees with a small volume on Quince C, a traditional V-system on Quince C, the hedge of Tienen un
Quince Adams, the table system on Quince Adams and the long pruning on Quince A. At planting ami
during the ¡irst years of growth, V-systems are high in cost and labour. From the fourth year of gro"lh,
cosls are more or less the same as for other planting syslems. Nevertheless, the nUlllber of working-hours
per hectare remains higher. Contrary to the tirst years, this now result from the higher production per
hectare and from more time required for pruning. The long pruning system and the hedge of Tienen have
the lowesl total costs alter nine years of growth. They also demand the least labour. Highest yields are
oblained with lhe V-syslems. Al! olher planting systems give comparable yields, 20 to 25% smaller than
wilh lhe V-hedges. When only comparing yields of the last three years, the differences between the
planting syslems are smaller than in the first years with yields of the hedge of Tienen, lhe table system
and the long pruning system comparable \Vith that of V-systems. On lhe other hand, the bush spindle
shape and the trees with a small volume yielded less over the last three years. Alter nine years the best
financial result is obtained wilh the c1assical V-hedge. followed by the long pruning system and the hedge
01' Tienen. The hedge 01' Tiencn, the tablc systclll and the long pruning syslem have made up a largc part
01' their arrcars since 200 l. Thcsc trees only camc into full production during lh!.! last few years. Trees
with a small volullle, still in tirst posilion aner six years 01' growth, has rallen back to the last position.
This is due to big tluctuations in yicld alier the interdiction on cee. When inlerpreting thcse reslllts onc
has to take into accollnt that in the firsl ycars alicr planling lhe V-hedges, lhe trees wilh a smal! vol lime
and the bush-spindle shape were sprayed with cec, which made these systems come ¡nto production
earlier.
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I SESSION VIII: GROWTH REGULATION

36. Natural or Chemical Growth Regulation on Pear Trees.

T. Deckers aud H. Schoofs
RSF - Royal Research Station ofGorsem, Sint-Truiden, Belgiull1.

Since the loss of the growth regulator chlonnequatchloride (CCC) in 1998, pear growing in inll!nsi\ l!
training systems has become more difticult and fruit growers are looking for alternative ways to conlrul
vegetative growth. First of all, training and pruning methods were adapted; there is a strong prclerl!ncl! f(¡r
single ro\\' systems, primarily central leader, trcllis 01' intensive V systems. A pruning systelll lhat '",111

keep vegetative growth reactions under control becomes important. The effect of each pruning
intervention on vegetative growth reaction of the pear trees should be considered and growth slillllllaling
pruning interventions should be avoided. There is also a change in rootstock choice frolll the slrong
growing Quince A rootstock to Quince Adams and the weak growing Quince C rootstock. Root pruning
in di fterent intensities 01' stem incisions with a chainsaw are used to reduce vegetative growth and to
improve crop regularity. The results of these measures are difficult to predict and there can be important
etTects on fruit quality at harvest 01' during storage. Prohexadione-Ca (ProCa) is a new growth regulalor
for growth control on apple and pear trees. The extent of growth reduction differs between pear cultivars;
growth reduction is strong in 'Doyenné du Comice', medium in 'Conference' and very weak in 'Beurr~
Alexander Lucas'. ProCa can also negatively atrect return bloolT'. This negative effect on tlower blld
formation is strongly dose dependent. Results of three consecutive years of application of ProCa at
different dosages on the pear cultivars 'Conférence' and 'Doyenné du Comice' will be discussed in this
paper. It becomes clear that ProCa \Viii never be able to replace CCC as growth regulator and that a better
understanding of the natural growth pattern of apear tree will be more important in the future. Within the
guidelines for integrated fruit production (lFP) chemical growth regulation is not allowed and recentl)'
many discussions were held in different European countries regarding this issue. It is clear that preference
should be given to natural ways 01' vegetative growth control and an overall use of che'mical growth
regulators is not indicated. On the other hand, it is necessary to find a solution for unbalanced pear trees
in the absence of a crop. Therefore, the exac( potential 01' ProCa should be known.

37. Shoot Growth, Fruit Production and Return Bloom in 'Conference' and
'Doyenné du Comice' Treated With Regalis (Prohexadione-Calcium).

F. Maas
Praktijkonderzoek Plant & Omgeving. section Fruits (PPO-Fruit), Plant Sciences Group, Wageningen
University and Rcsearch Ccnter, Lingewal 1,6668 LA Randwijk, The Netherlands.
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Regalis \Vas registered in The Netherlands as a growth regulator for pear in 2003. Since the ban on the
chcmical gro\Vth retardant chlorolllequat (CCC), growers had to rely on mcchanical methods for
controlling shoot growth of their trees. Althollgh good growth control can be obtained by prllning the
roots aml/or incising the trunk of the trees, (hese Illethods are more diflicult and time consuming to apply
than spraying a growth regulator. In apples, good results 01' Regalis on gro\\th control and fruit
production have been widely observcd. Howewr, in pears the results of application of Regalis have not
always been satisfactory and werc often not as good as those obtained in the past with CCC 01' more
recently with root prllning 01' trunk incision. In the Netherlands a number of (rials with Regalis have been
performed during the last decade on 'Confercnce' and 'Doyenné du Comice'. Generally, Regalis reduced
shoot growth with the extent of gro\Vth reduction depending on the concentration and number of
applications. Contrary to CCC and Ethrel, shoot growth reduction by Regalis is not accompanied with an
increase in return bloom. In fact, high concentrations and three 01' more applications of Regalis frequently
reduced returl1 bloom. Regrowth of shoots during summer occurs more frequently on Regalis-treated trees
than on trees treated with either CCC 01' Ethrel. Regalis did not signiticantly affect fruit set in
'Confercnce' and 'Doyenné du COlllice' and ti'uit production was not alTected in the year of application.
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Long-tcrm tri;lls are needed to cvaluate effects of Regalis on year-to-year production and to investigate its
potential use to prevent alternate bearing in 'Doyenné du Comice'. Trials are required to explore the
possible use ofRegalis in combinalion with root pruning for gro"th control in pear.

38. Effect ofProhexadione-Ca on Growth Regulation, Return Bloom, Fruit Set and
Fruit Quality in Conference and Blanquilla, the Main Pear Cultivars in Spain.

L. Asín', R Dalmau', J. Bonany2, J ..M. Pages2 and P. Vilardcll2
'Institlll de Recerca i Tecnología Agroalimenlaries (IRT A), Estació Experimental de Lleida, Avda. Rovira
Roure, 191. 25198 L1eida, Spain.
'Institut de Recerca i Tecnología Agroalimentaries(IRT A). Estació Experimental Mas Badia, Crta de La
Tallada s/n, 17134 Canet de la Tallada, Spain.

The gibberellin biosynthesis inhibitor, prohexadione-Ca, \vas evaluated over 2000 to 2002 in t\\'o growing
areas (Girona and L1eida) to study its adoption as a growth regulator for 'Conference' and 'Blanquilla'.
Prohexadionc-Ca was applied at rates of 100 to 400 g ha" distributed in three to six foliar treatments.
Application of prohexadione-Ca significantly reduced vegetative growth expressed in terms of shoot
length. However, important differences were observed between cultivars and among treatment schedules.
Percentage reduction in shoot length for 'Conferenee' and 'Blanquilla' was 14 to 32% and 12 to 33%
respectively, and in some cases an improvement in fruit size was detected. A maximum dosage
throughout the season to avoid a reduction in return bloom could be set at approximately 3 kg ha') for
'Conference' and 6 kg ha') for 'Blanquilla'. Our data show that prohexadione-Ca can be a suitable option
to control growth of pear orchards; nevertheless it is necessary to extend the studies on treatment
schedules to improve growth reduction and fruit set, and to avoid lower return bloom.

•
39. Root Pruning: a Valuable Alternative to Reduce the Growth of Conference

h·ees .

.J. Vercamrnen, G. van Daele and A. Gormand
1'( '1-- Proeftnin Pit- en Steenfruit, Fruittuinweg 1,3800 Sint-Truiden, Belgium.

lhe inlerdiction on chlormequat in 1999 led to an enormous demand for alternative methods to reduce the
!-,ro"lh of 'Conference' pear (Pyrus cOllllllullis L.) trees. Subsequent research showed that one sided root
I'rtming, t\Vice during the season, can be a good alternative to chloromequat for reduction of growth.
\\'hcll <Jppli.:d properly, root pruning can produce a considerable reduction in growth, less pruning hours
ami a unilorm yield. However, it should be taken into consideration that root pruning also influences
al'snrption ofwater and nutrients. When root pruning is applied in March, the effect on growth is visible
c!'peáilly in lhe reduction of number of shoots and possibly also in lhe reduction in shoot length.
Ilo\\C\'lT, these are Illainly results of reduced water uptake during the dry summer. With root pruning
!,Cro\\Ih ()CCllr~mainly at terminal positions while growth inside the tree is less vigorous. With proper
arl'!icati'lll ofroot pruning (I-sided, beginning ofMarch), more one-year shoots will end in terminal buds
and olíen thcre will also be more flO\\er huds on the older wood. Because of the larger nUlllber of flower
buds :lI1d the less vigorous grO\\ th. root pruning usually gives a more uniforlll yield. Root pruning
modi lies the absorption of nutrients. Therefore it is necessary to increase the level of the standard
ferlilisation on the plots wherc root pruning will be applied. We obtained good results with an additional
amount of ten units of nitrogen on the tree strip. Root pruning increases sugar levels and reduce firmness
\\ith subsequent earlier ripening of fruit in the season of application. The fruit grower should be aware of
the increased matllrity at har\'est. Earlier harvest dates and the adaptation offertilisation should reduce the
incidence of ydl<m ing frtlit. Root pruning has a residual effect on growth and even after three to four
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years a reduction in shoot number is still evident. Evidently, root prllning shulIld not 11.:appli.:d each )ear.
In conclusion: root pruning of the vigorous growing 'Conrerencc' should b.: consid.:red as a standard
orchard procedure in conjunction with the consequential adaptation 01' harvest time and fertilising
practises.

40. Root Pruning and Trunk Incision as Methods to Control Shoot Growth and
Fruit Production in Pear.
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F. Maas
Praktijkonderzoek Plant & Omgeving. section Fruits (PPO-Fruit), Plant Sciences Group, Wageningen
University and Research Center, Lingewal 1,6668 LA Randwijk, The Netherlands .

Non-chemieal methods to control shoot gro\Vth and to promote flower bud development ami fruit sd 01'
pear trees have been known and used 1'01' centuries. During the second hall' of the 20lh century th.:s.:
cultivation practices were replaced by chemical gro\Vth retardants like paclobutrazol and ehlorolll.:qllat
(CCC). Since 2001 all chemical growth rctardants for pear were forbidden in The Neth.:rlands.
Consequently, growers were torced to reconsider alternative, non-chemical methods such as ront prlllling
and trunk incision to reduce the vigour of high-density pear orehards. However, these techniqlles are
risky. 1'00 strong pruning may result in redueed fruit size and a decrease in fruit quality due to insullkient
uptake capacity for water and nutrients by the remaining root system. As root-pruned trees are more likcly
to suffer from drought stress, growers are only recommended to apply root pruning when they have lhe
possibility to supply water to their trees, either by drip irrigation or by a sprinkler system. In 2000. t\\O
experiments were started to compare lhe effecls of rool pruning and trunk incision on growth. prodllctil)Jl.
fruit quality and return bloom in 'Conferenee' and 'Doyenné du Comice'. Another aim ofthesc trials "as
to determine the most suitable time during the season to apply root pruning or trunk incision. Finally. ¡llr
'Conference' the effects ofthese methods on tour and 10-year old trees were compared. Root pruning <ln.1
trunk incision reduced shoot growth to a similar extent as previously achieved by applications 01' cee
without negatively affecting fruit size and fruit quality. The effect of root pruning and trunk incision did
not diffcr significantly between times of application. Both root pruning and trunk incision promoted
flower bud development.

41. Post-Harvest Control of Grain Chinch Bug ft1acclliadel11l1s diplopterlls (Distant)
on Pears in the Western Cape Province.
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I SESSION IX: PEST MANAGEMENT

P. Addisoll
ARC Infi'uitec-Nietvoorbij, Private Bag X50 13. Stellenbosch, 7599, South Africa.

The grain chinch bug (GCI3) is endemic to the Western Cape and as such is classified as a quarantine
pest. It is a direct pest 01' wheat and moves into adjaeent orchards when the wheat is harvested
(November), looking tor sites in which to shelter, such as in the stalk and calyx area of pears. During this
time, no feeding occurs and the insects lie dormant until the following winter when reproduction takes
place. This project evaluated post-harvest control methods to ensure that packed pear cartons were free of
live GCl3s and acceptable to international quarantine standards. Cold storage trials were carried out at a
commereial eold store in Ceres. Field-collected GCB adults were subjeeted to controlled atmosphere
conditions (treatment) and regular atmosphere conditions (control) tor a total period of 6 weeks during
2001 and 10 weeks during 2002 and 2003. During 2001 and 2002, the trials were carried out by packing
GCBs and pears into cardboard boxes with plastic liners as tor export, whereas during 2003 the GCBs
and pears were placed directly into open plastic lug boxes without liners. During each year, the trials were



replicated five times. using a total of 62 500 bugs. The results showed that GCBs appear to be very well
cold-adapted and that at least nine weeks will be required to achieve 100% mortality under controlled
atmospherc conditions if cardboard boxes with plastic liners were used. A mortality of 100% \Vas never
achieved under regular atmosphere conditions. If no cardboard boxes and plastic liners were used.
mortality ofGCB occurred one week earlicr under controlled atmosphere conditions. It was concluded
that km temperature in itself is not sufficient to effectively sterilize pears from GCB infestations as the
time required lo achieve 1OO~,'ó mortality would probably compromise fruit quality or be unacceptably
long.

42. Codling Moth Managell1cnt Through Postharvest Control.

C.A. Ingels', R.A. Van Steenw~'k\ L. VarelaJ and R. Elkins~
'University orCalifornia, Cooperativc Extension. Sacramento County, CA. USA.
~University ofCalifornia, Insect Biology Division - ESPM, Berkeley. CA, USA.
JUniversity ofCalifornia, C<)operative Extension. North Coast. CA, USA.
~University ofCalifornia. Cooperative Extension. Lake and Mendocino Counties. CA, USA.

A substantial postharvest infestation can result in large codling moth (CM) populations in the subsequent
spring. Postharvest development and control of CM in 'Bartlett' pear orchards were exarnined over 7
years. Some larvae were found to cnter diapause in early July and all larvae that completed development
by rnid-August entered diapause. I'ostharvest fruit stripping left an average of 230 fruitlha compared to
2900 fruitlha in non-stripped plots, and it reduced the postharvest fruit infestation by 93%. with an 86%
reduction in diapausing larvae. The postharvest use of insecticides. such as Lorsban or Guthion, reduced
the following spring's overwintering flight by 70 to 80%. The application of the plant growth regulator,
ethephon, shortly after harvest prornotes early ripening and fruit drop. The pears rot faster than the larvae
can complete their developlllent. In a trial using a hand-gun sprayer, the postharvest application of 3.5
L/935 L water/ha (900 ppm) ethephon increased fruit drop from 28% in the untreated control to about
80%. Substantial fruit drop occurred 2 wceks after application. Applications of 2.3 and 4.7 L/935 L
water/ha with an orchard sprayer significantly enhanced ripening of rattail fruit and reduced the pcrcent of
CM that could complete development. Rattail fruit are less mature than green fruit and thus stay finn for a
long tirne, which make them excellent breeding sites for CM. Ethephon rnust be applied as soon as
possible after harvest to gain the greatest benefit frorn its use, and it is only useful where harvest is
complete by mid-August.

43. Organic and IPM programs for Areawide Pest Management of Pear.

(;;:~~~I~.Madsen and R.M. Greenfield
\\'a<;hingtoi-i'State Univcrsity. Trce Fruit Research and Extension Center. Wenatchee,Washington. USA.

¡\reawide management programs for insect pests of apple and pear in the Western US have been
successful since their inception a decade ago, prirnarily targeting codling moth through the use of mating
disruption to rcplace organophosphate insecticides. Pear psylla, another irnportant pest of pear, is
amenable to areawide rnanagernent in that it is highly dispersive and has a nurnber of potential natural
enemies in sllrrounding native woodland. Establishing organic orchards or orchards llsing soft
managcmenl practices arnong eonventional orchards has often been difficult in that pests readily migrate
in frolll adjacent conventional orchards. yet natural enerny immigration is limited by the pesticide llsed in
the conventional management prograrns. Organic pest management used on an areawide basis could
provide more opportunities ror immigration of biocontrol agents by redllcing pesticide barriers to
movement. In I002, an Area\\ ide Organic Management Program was established on 310 ac of contiguous
pear. surroundcd hy natin' vcgctatipn in a small valle)' ncar Peshastin. Washington. USA. Organic pest
management praclices \Vere implementcd for insect and mite control throughout the project. However,
other organic practices \\ere nol required (e.g., nutrient. rodent. and weed rnanagernent were often hy
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conventional practices), anu approxinwldy 50%, 01" the a..:reagt: \Vas Ct:rli ti L'.) (lr!:,ani..:. Ovt:r 1\\ ,) yt:;lrs.
there was a reduction in pesticide use, and an assOl;ialed reduclion in in'ieClicid.: úlsb. I hmt:ver, Iht:re
have been no correlated increases in overall nalural enellly densities. I:mil yi.:ld and 1I11ality has been
maintained, and alternative marketing programs have been attempted.
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44. Alternative Pheromone Dispensing Strategies for Management of Codling Moth
in Pears.

S.e. Welter and F. Cave
Department of Environmental Science, Policy, and Management, University of California, 13erkel.:y, CA,

U.s.A

'7
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Pherolllone Illating disrllption is currently one ofthe most prevalent control strategies in California pear
on.:hards. T\Vo alternative dispensing strategies, microencapsulated 1'ormulations and aerosol ellliller~.
were evaluated. High dose aerosol emittcrs \Vere evaluated relative to e1'1'ective pheromone plUlllt: lenglh
using rdeases of sterile codling moths within a grid pattern. Suppression 01' recapture 01' sterile IllOlhs \\ as
used as an indirect measure 01' pheromone activity. Active areas for trap suppression varied over tillll.\ bul
plumes up to 150 m by 600 m \Vere estimated and used to design optimal deployment pattern~. llse 01'
reduced rates (1 elllitter per 1-2 ha) provided etTective control against 10\V-moderate populations in Illally
cases, whereas significant damage \Vas observed at higher pressures similar to conditions \Vith hand-
applied dispensers. Use of combination programs 01' hand-applied and aerosol applicators were evalllaled
in 2003 to address higher pressure situations with some preliminary success. Sprayable formulations wt:re
studied in multiple cropping systems with effective trap suppression and detectable electroantennagram
(EAG) signals ranging from 2 wecks ancl IIp to 6 weeks. I-Iowever, capsllles exposed to slInlight
conditions dClllonstrated loss 01' antcnnal activity within 7 days 01' exposun~. Greater observed sllccesses
in walnuts, Jllglans regia L, lIsing sprayable lorlllulations, cOll1pared to Bartlett pears is hypothesized to
result in part from differential canopy developll1ent bet\Veen the t\Vo cropping systell1s.

L
01' 45. SlIppression of Codling Moth Poplllations in SOllth African Apple and Pear

Orchards Using Sterile Insect Release.
ra
as
IS

M.F. Addison
Department 01' Entoll1ology and Nematology. University 01' Stellenbosch, Private Bag XI, Matieland,
7602, SOllth Africa.
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Coclling Illoth, ()'diil pO/llol1e//a L. (Lepidoptera: Tortricidea), is the key pest 01' apples and pears in South
Ali-ica. To date the control 01' codling moth in apple and pear orchards has depended on the application 01'
insecticides and in some cases pheromone mediated mating disrllption. Due to the developll1ent 01'
resistance to insecticides ancl restrictions placed on the use of certain insecticides, control of codling moth
has becoll1e problematic. Sterile insect rclease (SIR) 01' codling moth has been investigated as a potential
addition to Ihe current control strategy. The cost-hcnefit 01' codling ll10th SIR under local conditions, mass
culture methods and initial lield trials have becn cOll1pleted. It is envisioned that codling 1110thSIR will be
used in conjunction with insecticidc sprays and/or pheromone disruption. A large-scale pilot project is
planned for the South Western Cape.
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I SESSION X: DISEASE MANAGEMENT

46. Control of Fire B1ight by Pseudo11loJlasj1l1orescens AS06 Introduced into
Unopened Pear Flowers.

H..B. Elkins·, C.A. IIlgcls2 and S.E. Lindow3

IUC Cooperative Extension, 883 Lakepol1 Blvd., Lakeport, CA 95453, USA.
2UC Cooperative Extension, 4155 Branch Center Road, Sacramento, CA 95827, USA.
3University of California, Dept. Plant and Microbial Biology, III Koshland Hall, Berkdcy. eA 1)-1720.
USA.

•
Pselldolllonas flllorescens strain A506 is a bacterium that confers biological control 01' ¡in.! blighl by
preemptive competitive exclusion of Enl'inia ulIlylovora and is commercially available as Blightban
A506®. Best control is achieved if the antagonist is applied to newly opened flowers. Howewr, sim:c
tlowers 01' pear cultivars such as Bartlett can emerge for several weeks, the bacterium must be applicd
three or more times even though it can spread throughout the tree after application. We thus inwstigatt:J.
over a multiple year period, a means to ensure that it is the initial colonist of flowers by introdlll:ing it intll
flower buds with a penetrating organo-silicon surfactant, Breakthru®. The proportion uf Ih)\\crs
colonized with strain A506 throughout the spring generally increased with increasing concentratillns llr
surfactant in which the bacteria were applied in a single application at the time of ¡irst blool11.
Importantly. throughout the main bloom and into delayed bloom, populations of the antagonist on Il1llSt
tlowers on trees inoculated only one time at "nrst bloom" with strain A506 in 0.2% or 0.5% Breakthru®
remained as high or higher than those on trees receiving weekly applications of the same amount of A50(1
alone. Colonization of flowers from early-season applications was poor if flower buds were too tighlly
closed at the time 01' application. No fruit russet was observed at harvest when treatments were applied
before substantial bloom had occurred, but russet occurred at later appl ication times. A single application
of strain A506 at very early bloom reduced the costs of control.

47. Fruit and Leaf Incidence of Venturia pirina in Mixed European and Asian Pear
Progenies.

• L. Brcwer 3ml P. Alspach
HortResearch Nelson Research Centre. P.O.Box 220, Motueka, New Zealand.

In New Zealand, pear scab is caused by the fungus Ven/lIria pirina as Ven/lIria nashico/a, the scab fungus
of Asian pear has not been recorded in New Zealand. Scab can affect both the leaves and fruit, and
symptoms vary in intensity. Resistance to scab is widespread in the Asian and Chinese pear germplasm
(P.l'rus p.l'ri/ó!i(/ Nakai and P)'rus brt!lsc!lIIl'Íderi Rehd) but limited from European pears (P. COllltnUllis).
We report the results of 3 years scab assessment of a breeding population consisting of 14 families with
varying e!egrees of Asian/Chinese ami European pear in their pee!igree. In particular, we consider the
distinction between lesions on the leal' ane! those on the fruit. In 2000, a high infection year, 57% of the
446 trees from crosses with no more than 50'% European ancestry were scab free, and most (94%) ofthe
remainder were free of leaf lesions but had some level of fruit lesions. Most (82%) of the 56 trees with
more than 50% European ancestry exhibited scab lesions on both the leaves and the fruit. In 2002, scab
\Vas less severe overall and few trees \\ ere assessed. In this year, trees with no more than 50% European
were virtually all (94% of the 81 trees) completely scab-free, but the majority (62% of the 21 trees) of
those with more than 50% European once again showed both leaf and fruit lesions. Assessments will be
carried out again in 2003. Based on the 2000 result, it would not be worthwhile undertaking a seedling
screening for leaf scab resistance (as is done for apples) since most seedlings showed no leaflesions, but
almost hal f exhibit fruit lesions.
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I'p",dery mildew (PM), caused by the fungus Podosphaera lellcllO/r¡cha, occurs in most pear-growing
arcas (lf Ihe world. PM causes economic losses due to reduced market value of russeted fruit as well as
Ihe increased need for fungicides. A recent stlldy of PM resistance was done lIsing the core Pyrlls
!'nmp(:¡;111 colleclion al NCGR-Corvallis, which consists of about 200 cultivars and species selections
iclll ,;iI¡ed lo reprcsenl mosl of the genetic diversity present of this crop. It incllldes 30 Asian cultivars
(.\S;,,¡ l. 106 European cultivars (EUR) as well as hybrids and pear species selections. Trees were
C\.1I uatcd for PM s)'mptoms from natural field infections during 2002 and 2003, by counting the number
nI' le;1\es with sylllptoms on tcn current year shoots. In 2001, three trees of each core accession were
!!ra1icd on pl1tled seedling root~locks, artificially inoculated in a greenhouse. grown under suitable PM
conditinns al1(l evaluated rol' symptollls. EUR were overall more susceptible to PM than ASN, with 47%
\Ir um {colllparcd lo 25% 01' ASN) in the field and 93% of EUR (compared to 43% of ASN) in the
grl'cnhouse bcing inrected \\'ilh PM. Average PM incidence in the greenhouse (8% for ASN and 31% ror
um l \\;JS I11l1chhighcr cOl11parcd to field infections (2% for ASN and 6% for EUR). In the field. 33%
;\SN and 38% ol"LUR with PM symptoms had a mean PM value of>IO%. Symptoms were more severe
in lhe greenhouse, with 62% t\SN and 80% of EUR with PM symptoms having a mean PM value of
> 1O~~.Culti\'¡¡rs wilh consistent 101\'PM ralings Illay have good prolllise for developing improved PM
rl"islant culli\ars in flllurc pear breeding programs.

•

48. Pear Scab Rcsistance in Pyrus Germplasm .

.J.D. Postmant, A. Spotts2 aJ1(1.J. Calabro2

IUniled Stales Deparllllcnt of Agriculture (USDA), Agricultural Research Service (ARS), National Clonal
Germplaslll Repositnry (NC(iR). Corvallis. Oregon, USA.
20regon State Uni"ersity, 1\1id-Columbia Agricultural Research and Extension Center, Hood River,
Oregon, USA.

The 1800 Pyrus dones at USn.\-ARS-NCGR-Corvallis represent world diversity for pears. A "core"
subset of 31 Asian culti";II'" (AC), 119 European cultivars (EC), 8 hybrid cultivars (HC), and 4S species
selectiolls was e\ aluated ror resistance to pear scab caused by Ve/l/lIr¡a ¡¡¡r¡/la Aderh. Thrce potted.
grafted trees 01'each core accession were al1ificially inoculated. and gro\\n undcr greenhouse conditions
ideal l'or infection. Orchard trees were evaluated during 10 years l'or natural l'ruit seab (FS). and during 3
years l'or percent of leaves with leal' scab (LS). FS was rated on a scale ol' 1 to 9 (1 = no scab). Only 28
dones produced leaf sylllploms l'ollowing greenhouse inoculation; however 24 ofthese also rated high for
natural LS in the field. AII AC were nearly free of natural inl'ections or both FS and LS. No AC had a
mean FS rating greater than 5. and 42% had O or negligible ratings. Nineleen pereent ol' EC had Illean FS
ratings >5, and 8% had O or negligible scab. Average LS incidence \Vas 3.3% ol' leaves l'or EC cOlllpared
to 0.4% for AC. More Ihan 64% of EC had > 1% LS. EC with negligible FS and LS include 'Arganche,'
'Batjarka,' 'Brandy: ·Erabasma.' 'Muscat: and 'Passe Crassane·. Incidence of both FS and LS in HC
was intermediate between that of AC and EC. Most species selections had negligible FS. except P.
cOl'data which rated 5. FS was positively correlated with LS. Ol' 23 EC rated high for FS, 21 also had
> 1% LS. This study has identified pear cultivars that may be grown without chemical scab control. and
which may be useful in breeding for resistance.

•
49. Evaluation of Pyrus Germplasm Collection for Resistance to Powdery Mildew.

1\1.Sl'nlani" R.A. Spottsl,J. Calabrol and J.D. Postman
2

1.~{)()5 Fxperiment Station Drive, Hood River, Oregon 97031. USA.
:\ ISDA-ARS National Clonal Gennplasm Repository (NCGR). 33447 Peoria Road, Corvallis. Oregon
en]]3, USA.
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PRACTICAL AND RELlABLE TECHNICAL ADVICE
TO SUCCEED IN THE FRUIT AND WINE INDUSTRY

OF THE FUTURE

ACI cc specialize in making the link between soil conditions
and management practices.

Based on extensive experience and sol id scientific principies
we provide practical solutions to practical problems.

ynamic
"Ieallon

We offer high guality services in:

Soil survey & farm planning
Evaluations of agricultural potential
Integrated foliar nutrition and fertilization programs

Trouble shooting of production problems
Irrigation design, supply and scheduling advice
Hydroponics and fertigation program for all fruit types
Pruning and tree training by horticultural specialist

OPTIMISE THE ROOTS OF YOUR FARMING OPERATION
WITH THE RECOGNISED AUTHORITY IN SOIL SCIENCE CONSULTING.

Tel: 021 - 8801715 Fax: 021 - 8801990 e-mail: tdpk@tdpk.co.za
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paSTER ABSTRACTS

y l. Study on Compatibility and Pollen Tllbe Growth of Some Asian Pear (J~l'rus
./ serotilla Rhed) Cultivars.

K. Arzani and M. Koshesh-Saba
Department 01' Horticulture, Faculty of Agriculture, Tarbiat Modarres University (TMU). P.O. 130.\ 14155-
4838 Tehran. Iran.

This experimcnt was conducted during the 2003 growing season, in arder to explore tlüwering and
pollination aspects of some Asian pear cultivars introduced to lran through Belgium by the Departlll<.:nt ()i'

Horticultural Science (National Research project NO. 4225), Tarbiat Modares University (T1\1lJ) in IlJlJX.
For tlowering time and period, as well as the self- and cross compatibility and incompatibility study. nine
Asian pear cultivars including KS6, KS7, KSs, KS<¡, KSIO, KS110 KS12, KS13 and KSI~ were used. T\\o
branches on each 01' four trees 01' each cultivar were selected for controlled pollination. For pre\'ention of
any unwanted pollen contamination and pollination by insects, selected shoots were protected \\ill! (,1\1011
tissue bags. For controlled cross pollination, all tlowers were emasculated and protectcd bel'lre alllhesi~
amI hand pollination \Vas carricd out 2 days aflcr anthesis. In order to monitor pollen tube gro\\ Ih in Ihe
style, samples \Vere taken at 44, 72 and 96 hOllrs afler pollination and tixed in FAA solution. Prelil1linar)
results indicated that KS,) is a semi-self incompatible cultivar (fruit set = 2.8%). There were ditferences in
tlo\Vering period and time of bloom of the studied cultivars, although coincidence of tlowcring existed
betwcen some cultivars such as KSu and KS11. In addition, results based on the field and in-vilro pollen
tube growth tests indicated cross-colllpatibility betwecn KS1 lo KS 13 and KSs. Also, pn:lilllin,lI')
observations 01' tlowcrs showed di tTerenccs in tlower morphology in tenns 01' shape and color.

2. Scion/Rootstock Influence on Grafting Success, Early Performance, Tree Sllrvival
and Efficiency of Nutrient Uptake of Some Asian Pear (Pyrus serotilla Rhed)
Cultivars.

•
K. Arzani" H. Khoshghalbl and G. Karirnzadeh2

IOcpartll1ent of HorticuIture, Faclllty of AgricuIturc, Tarbiat Modan'es University (TMU), P.O. Box 14155-
4838 Tehran, lran.
2Dcpartmcnt of Plant Breeding, Faculty of Agriculture, Tarbiat Modarres University (TMU), P.O. Box
14155-4838 Tchran, Iran.

This cxpcriment was conducteel in ordcr to evaluate performance of so me Asian (Japanese) pear cultivars
(1'.l'/'lIS serolina Rehel.) on European pear (1'.1'1'1/.\' cOllllllwlis L.) seedling rootstocks under Tehranian
environll1ental conditions dllring thc 2000 amI 2001 gro\Ving seasons. The experill1ent \Vas started in 2000
with budding 01' nine Asian pear cullivars nallled 'KS'6' 'KS'7, 'KS's, 'KS'<), 'KS'IU, 'KS'11o 'KS'12, 'KS'I_1,
'KS' 11 and the local 'Shahllli\'ch' cultivar (ElIropean pear) on European pear scedling rootstocks. The
perftlrlnancc 01' blldded trees \Vas evalllaled with sOllle growth and physiological measuremcnts dllring t\\'o
complete growing seasons (2000 amI 2(01) at the Department ol' Horticultural Science, Tarbiat Modarres
University (TMU), Tehran, Iran. Reslllls showcd more than 80% gratling success in the first seasol1.
Microscopic examination 2 to 4 weeks aftcr blldding showed gaod call1ls prodllction in the grafting site on all
cllltivars. In the second season alter budding 10% 01' gratled trees failed to gro\V, bllt e1ifferences between
cultivars were not statistically significan!. There wcre signiticant differences between cultivars in leafll1ineral
concentrations, such as N, P, K, ea, Mg, Mn and Zn. The highest N, P and K were observed in 'KS'9, 'KS"2
and 'KS'(" respectivel)', and the lowest conccntrations in 'Shahmiveh', 'KS'6 and 'Shahmiveh', respectively.
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3. Improvcmcnt of In Vitro Rooting of 'Rocha' and Other Portuguese Pear
Cultivars (Pyrus cOl1ll1ll1l1is L.) in Response to Changes in Auxin Induction and
Darkness Treatments.

¡
M.T.F. Barros, CI. Hipólito and C.C.M. Baptista
Instituto Superior de Agronomia. Lisboa. Portugal.

An eHicient procedure for in vitro rooting of shoots ohtained from shoot-tip culture \Vas regarded as a key
issue in a programme aiming at virus elimination from traditional Portuguese pears. Hence, intense efforts
ha"e becn made for a continuous improvcmcnt of rooting protocols. In the first set of cxpcriments
prescnteJ. shoots were submitted either to Long Induction Pre-trcatments (LlPs) 01' la days in media with
5 ~lM or 1O ~lM IBA or to Bricf Induction Pre-trcatmcnts (B IPs) of 16 hours in 0.5 mM or 1.0 mM IBA.
After L1Ps or BIPs the shoots wcre transferred to a similar but auxin-free media. In both cases the shoots
stayed in darkness for the first 5 days. 'Rocha' showed no significant differcnces in rooting cfticiency
when L1Ps and 13IPs \\ ere compared. In contrast, rooting \Vas strongly enhanced by L1Ps in 'Pérola' and
by BIPs in 'Carapinheira'. The 16-h BIPs, however, led to excessive callusing. In subsequent experiments,
the effccts of shorter B IPs (2. 4. 8 or 16 h) and of restricting the darkness period to the duration of each
BIP were evaluated. BIP duration had no significant effect on rooting percentage but in 'Rocha' the 8-h
BIP led to a higher number of roots per rooted shoot. A reduced darkness period was highly favourable to
'Carapinheira', both in terms of rooting percentage and number of roots per rooted shoot. Darkness
periods coinciding with BlPs of short duration were thereafter applied with success in rooting of severa1
pear cultivars and micropropagated woody indicators. and are a valuable tool in the ongoing sanitation
programme.

4. Development of Pyrlls microsatellite markers from GenBank Sequences.

N.V. Bassil, C Neou, aml.J.O. Postman
lJnited States Department 01' Agriculture (USDA). Agricultural Research Scrvice (ARS). National Clonal
Germp1asm Repository (NCGR). Corvallis. Oregon 97333. USA.

Our ohjectives are to develop molecular markers to identify accessions, eliminate duplication, and
characterize the genetic diversity of the National Clonal Germplasm Repository (NCGR) Pyrlls (pear)
wllect i\ln. Simple sequence repeat (SSR) or microsatellite markers have become the marker of choice for
genotypc identification. A method \Vas developed to identify microsatellite-containing SSRs froln
existin¡; pcar GcnBank sequellces. A total 01' 366 genomic, mRNA and EST Pyrlls nuclear sequences
\\en: sc;cened for microsatellite sequences using the Perl script SSRIT. Microsatellite-containing
nucleotide sequences were compared against known gene sequences contained in GenBank using the
BIAS!'! algorithll1. For sequences with homology to knowll genes, the location ofthe microsatellite in
tll'~ gene \\'a" rrcdict<:d b) aligning genomic and mRNA sequences using the CLUST ALW algorithm.
Prilller::; SOn'.\ ;lrL'\\as used to design eighteen primer pairs that flank eleven of the 47 repeat-containing
l\lei icknti fietl by SSRIT. (llll"e the optimum annealing temperature of each primer pair \vas determined
by gradienl PCR. the resulting SSRs were evaluated for their ability to amplify a product and detect
pnlymorphisllls in eight cllll i\'ars (lf P. cOI11/11l1llis, three accessions of P. pyrifolia and one Pyrlls hybrid.
T\\'o primcr pairs all1plifietl fragments larger than the expected size and were discarded. Eleven out of the
rell1ainin¡; ·,ixlecll SSR loci alllplified in all three species and appeared polymorphic after separation on
3"" a¡;arosc. I'IUOI'csecnt fOf\\unl prilllers for six ofthese pear SSRs were synthesized and \Viii be used to
determine the IIsefulness 01' ¡hese GenBank-derivcd microsatellite loci in generating unique tingerprints
for pear gcrmplasl11.

•
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¡5. Effect of BA, NAA and Ethephon as Thinning Agcnts of 'Confcl'encc' Pear .

.J. Bonanyl, M. Casalsl, P. Vilardell" L. Asin2
, R. ()almau2

Ilnstitut de Recerca i Tecnología Agroalimentaries(IRTA). Estació Experimental Mas 13adia, Crta de La
Tallada s/n, 17134 Canet de la Tallada, Spain.
21nstitut de Recerca i Tecnología Agroalimentaries (IRTA), Estació Experimental de L1eida, Avda. Rovira
Roure, 191, 25198 L1eida, Spain.

Trials on 'Conference' orchards were carried out over 1998 to 2003 in two growing arcas, (j irllna ami
L1eicla, in North-eastern Spain. Various thinning treatments of 6-BA, NAA and Etephon \\ere applied
alone or in a mixture, and were compared with a hand thinned control treatment. Fruit se! on trees that
received 6-BA at 200 ppm di ffered signiíicantly from that of unsprayed control trees with no intcraction
with the year of treatmen!. Adding NAA at lOto 15 ppm slightly incre,tscd the eflicacy 01' 6-BA al 200
ppm compared to when the 6-BA \Vere applied alone. No effect of Ethcphon at 200 ppm was observed
compared to untreated trees. Although thinning treatments did not allecl fruit yield, average fruil weight
\Vas higher in some trials .

~. Molecular Typing of Red and Green Phenotypes of 'Bon Rouge' Pear Trccs withI the Use of Microsatellites .
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S. Booil, M.M. van Dykl, M.G. du Preez" I.F. Labuschagné2 and Ü..J.G. Reesl

IDepartment ofBiotechnology, University ofthe Western Cape, Private Bag X17, Bellville, 7535, South
Africa.
2 Agricultural Research Council, Infruitcc-Nietvoorbij, Private Bag X5013, Stellenbosch, 7599, Western
Cape, Sou:h Africa.

Bon Rouge is a red pear cultivar derived fi'om a rare, spontaneous bud mutation of the green pear cultivar
William's Bon Chretien (Bartlett). We have observed that Bon Rouge trecs generate revertants at a high
frequency to produce green tissues in clonal stripes on stems and fruit. We aim here to establish whether
this instability is the result of chimerism or genelic instability, and to examine the molecular mechanism
ofthis trai!. A closed cross between Bon Rouge x Packham's Triumph pears generated an FI population
with al: I segregalion of the red:green phenotype, indicating a simple Mendelian inheritance of this trait.
However, this do es not address the mechanism ofthe reversion. We are currently mapping apple and pear
simple sequence repeats (SSRs/Microsatellites) on the F I progeny. Both apple and pear microsatellites
were used in this study beca use of the high level of cross-species cross-reaction. Microsatellites that show
a high level of polymorphism are being used to construct a linkage map with the aim of identifying those
markers which are tightly linked to the gene/s of interes!.

7. Developing an Industry-Rclated Method for Indllcing Friction Discolollration to
Pear Fmit.

G.E. llurgcrl
, II.M. Gricsscl2 & M. III1)"samcrl

IDepartment of lIorticultural Sciences, University of Slellenbosch, Private Bag XI, Matieland, 7602,
South Africa.
2Tru-Cape Fruit Marketing (Pty) LId., AECI complex, De Beers Avenue, 7310, South Africa.

Friction discolouration is causing the South African pear (Pyrlls coml/lunis L.) industry multi-million rand
losses due to blemished fruit being rejected for the export market and being sold locally. To prevent such
losses, this disorder needs to be studied intensely, but research on a large scale is difticult to replicate.
This paper reports on a standardizcd method lo induce such damage to fruit samples during laboratory-
scale research trials, allowing for a very cost dTective way in which trials can be conducted under
controlled conditions. A laboratory shaker has been modi tied to simulate the degree of friction that is
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experienced on pear packing li,}(~~.The impact of each experimental replicate was measured using an
electronic impact recording de\ ice C'electronic apple"). Increasing the revolutions per minute of the
laboralory shaker gave rise to a ct,ncomitant increase in impact levels, as well as an increase in the skin
bro,,"ning index of the frui!. The data generaled on lhe shaker were correlated to impacts measured on an
actual packing line, and fruit d,lI11age could be reliably silllulated on a small scale. Data for trials on
'Packham's Triumph', 'Doyenn" dtl Cornice' and '80n Chretien' pears will be reported.

e

8. Performance of 'Confáence' amI 'Doyenné du Comice' Pears on Two Quince
and Fivc O" x F Rootstock Selections.

M. Carrera, M,T. Espiau amI .1.Gomez-Aparisi
Centro de Investigación y TecI1010gía Agroalimentaria de Aragón, Apt. 727. 50080, Zaragoza. Spain.

Previous research has demonstrated the higher productivity of 'Conference', in suitable environment
condilions. on quince rootstock~ than on seedling. Although lhe performance ofthe latter is satisfactory in
terms of total production and qllality of the fruit, the vigorous trees obtained on it reduces its interest. In
soib \\ ilh littlc tendency to induce chlorosis. quince is the better choice as rootstock, but in soils with pH
o\cr 8.2 or active lime higher than seven to eight (12 lo 14 % in some areas), the use of quince becomes
problernatic or even impossible. An important aim of our fruit research projects is to seek a reasonable
alternative 10 quince as apear rnotstock. To investigate the possibility of using some ofthe 'Old Home' x
'Farmingdale' (OH x F) donal <;elections instead ofseedling rootstocks in the calcareous soils ofthe Ebro
basin, a trial with two illlport<lnt cultivars, 'Conference' and 'Doyenne du Comice', was planted in
February 1992. The most important semi-dwarfing OH x F c1ones, (numbers 40. 69, 87, 282 and 333)
were compared with commercial seedling rootstock (only 'Conference') and two Quince rootstocks,
Adam's 232 and Provence INIZA BA 29. The trial was planted in a sandy 10al11soil with medium to 10\V
fertility, and at low risk 01' lirne-induced chlorosis to ensure optirnum performance of the quince
rootstocks. After nine crops (1995 lo 2003) of 'Conference', the highest cumulative yields have been on
OH x F 69, OH x F 40 and 011 x F 87 and the lowest on Adarn's 232, \vhereas seedling and 8A 29 were
intermcdiate. Arnong the OH x F clones, OH x F 282 and 011 x F 333 produced the lowcsl yiclds. Thc
vigor obtained on seedling was significantly greater than on any other rootstock. OH x F c10nes produced
trces of similar vigor, intennediate between seedling and quince. Productivity (accumulated yield/TCSA)
has bCl'1lhighcsl on quince. intermediate on OH x F 69, OH x F 87 and OH x F 40, lower on OH x F 333
ami UII x F 282 and lowest on seedling. Average fruit size from 1995 to 1997 was best on quince.
111I\\l'\'cl'. from 1998 to 2003, fruits on 8A 29 and seedling were slightly bigger compared to other
root.tnck<;. After seven crops (1996 and 1998 to 2003) of 'Doyenne du Comice', the highest cumulative
yiL'lds llave been on quince Adam's, followed by 8A 29. Yields were significantly lower on OH x F
cIones: 011 x F 333 produced the lowest yield ofthe trial. Trees on 8A 29 and OH x F 333 were the most
and least vigorous. respectively. Productivity (accumulated yield/TCSA) has been highest on quince
Ae!am's, intermediatc on I3A 29, lower on OH x F 87, OH x F 69, OH x F 40 and OH x F 282 and lowest
on 011 x F 333. In 2002. considered the optimal crop for this cultivar, the average fruit size was similar
"11all l'(1otstocks. The supcriority of quince Adam 's as a rootstock for this cultivar is beyond doubt.

.1

•

•
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9. IIcritahility of Morphological and Architectural Characters in Threc Pear
Progenies.(

E. Costes', A. Acou'Z, A, BelouinZ, M. Lclezec2 and M.H. Simard2
'

, INRA, équipe AFEF UMR BEPC, 2 place Viala, 34060 Montpellier cedex 1, France.
~INRA . lJnité d'Amélioralion des Especes, Fruitieres et Omementales. 42 Rue G. More!. 8P57. 49071
Beaucouzé Cedex. France.

The shapc and archill'clure of fruit trces have a dircct impact on their production. This study aimcd at
analysin~' Ihese fcnluro:s in Ihc pear Irec, in order lo provide preliminary results on their heritability which
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can be used for breeding programmes. It was carrit.!d out on three pear progenies obtained frolll nll~sing
'Harrow Sweet', a cultivar with a high agronomical interest, with thn.:e classical cultivars rLolllbacad',
'Abbé Fétel', 'Doyenné du Comice'). The trees were gralied on lIuince I3A29 and \Vere st!ven year-old,
each tree representing a given genotype. Two branches were observed per tree on thirty trees per progl'ny.
The considered variables were classified into (i) 1l10rphological, i.e. rclated to brand! fonll, (ii)
topological, i.e. related to growth and branching and (iii) tlowering and fi'uitir g traits. The genotypic
intluence on these variables was studied by decomposition ol' their total 'iariance into different
components and broad sense heritabilities were calculated. The difTerent values of broad sense heritabilit)'
obtained in the three progenies and for the different features will be presented and discussed \\ith n:spect
01'the total variability measured and the genetic proximity of the parents. In addition, correlation bet\\ ccn
variables will be discussed in order to simplify the t¡eld observations.

an
he
.In
:1Il

10. Concorde, a Promising Pear Cultivar.
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J. De Costcrl, J.J. Simonse2, P.G.P. Gcurts2
, P van Arkel\ H.J. Wchcr\ T. DcckersS, N. eook"

IWolvendreef 52, 3210 Linden Belgium.
2U.R. Wageningen P.P.O. sector fruit Randwijk 6668 L.A. Nederland.
3Dienst Landbouwvoorlichting Mijlstraat 20, PB 840, 5280 A. V. Boxtel Nederland.
~Versuchsanstalt fiir Obstbau, Walpozzheimerstrasse 48,53475 Bad Neuenahr-Ahrweiler Deutschland.
5RSF - Royal Research Station of Gorscm, Sint- Truiden, Belgiull1.
6Department 01'Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland, 7602.
South Africa.

'Concorde' is a very promising pear cultivar that resulted from a cross between Doyenné du COlllke. a
very tasty cultivar, and 'Conference', Ihe most popular cultivar in Europe today. The upright habil of this
hal f spur cultivar makes Concorde suitable for spindle and super spindle orchards, but one 01' the
consequences is more tree training work, On lhe olher hand, spur type growth provides more f10wer buds,
better fruit set and higher production. The fruit shape is perfect pyriform. The skin of the fruit is green
with russetting sometimes covering up to 20 % of the surface. Normally there is no blush while a
brownish background may sometimes be present. The average fruit size is nonnally 7 to 10 111mbigger
than ·Conference'. 'Concorde' achieves higher scores than 'Conference' in nearly all taste tests, and
sometimes scores even higher than .Doyenné du Comice'. The place in the market of this crisp and
crunchy cultivar is near 'Conference', but there is no doubt that 'Concorde' can be among the top five
cultivars. 'Concorde' has very low susceptibility to scab, providing an opportunity for organic production.
lt is also not susceptible to fire-blight, mainly beca use it does not produce late-flowers (second
Ilowering). 'Concorde' stores better than 'Doyenné du C0111ice' and many other cultivars. 'Concorde'
might replace 'Beurré Alexander Lucas' in the Gennan pear market, and might also do well in eastern
European countries. More than two years ago, apear expert working group was started, including people
from The Netherlands, Germany and Belgium. Convinced 01' the value of 'Conference', they also started
to investigate the possibilities of ·Concorde'. The more than 20 hectares planted to 'Concorde' in
England, the 15 heclares in Belgium alllllhe six hectares in The Nelherlands underscore its big potential.

')

45

al
'h



1J. Dicolol', a Ncw Red Pear Cultivar .

./ J. De Costert, .J. nouma~, F. PapzsteinZ, M. Brijs\ J. B1asek\ T. Deckers\ N. Cook
6

IWolvendrcef 52,3210 Linden Bele.ium.
2Ceskolipská 6, 41205 Litomerice. e.z.
3S.A.D. Duminievcs 1 Cito\·. c.z.
~R.S.F.G .. Ilolovonc". c.z.
5RSF - Royal Rescm:ch Station of(,orsem, Sint-Truiden, Belgium.
"Departmcnt of Hort icultural Science. University of Stellenbosch, Private Bag XI, Matieland, 7602,
South Africa.

I

Dicolor is a wintcr pear (I'yrlls coml11unis L.) cultivar of Czech origino selected from the cross between
'Nordhaser Wintl'rforellc' and 'Williams' and registered in 1997. A medium vigorous cultivar \Vith a
conical. mediulll dense canopy. fruits are born on spurs. Total annual production fiuctuates around 100
ton s in the Czech Republic. Fruits have an attraclive appearance and very good eating quality ",ith fine
fiesh texture. The fruit is ll1ediul11-~ized and its shape is oblong ovate pyrifonn with a short stalk
connccted obliquely to Ihe axis oflhe fruit. A bright red blush covers t\Vo thirds ofthe otherwise yellow
surface. The ficsh is white, fine . .lromalic and very juicy with a sweet and spicy taste. The skin is smooth
and thin. Fruit is used for fresh consumption and preservation. Harvesting takes place from the middle of
Oclnber. fruit ripens in Nll\en,bcr and can be stored until May or June. Some years ago The Vozar
Fruitccntre in Slo\\"akia started le' SCl' potential for this red pear. Three years ago, we introduced Dicolor
as a juicy. long-storage new red pear cultivar with a perfect laste even after a long storage periodo After
many years searching for a proJuctive, good tasting red pear. \Ve are optimistic about the possibilities for
'Dicolor". Sempra Praha a.s. holJs the breeders righl ofthe cultivar.

•
12. Test of Fungicides Against Stemp"yliul1l vesicariu11l with or without a Warning
System.

P.F. de Jongt, A. Boshuizen2
, B.Heijnel

IApplied Plant Research (PPO) Fruit, P.O. Box 200, 6670 AE Zetten. The Netherlands.
2Horti Bureau Wageningen, P.O. Box 592, 6700 AN Wageningen, The Netherlands.

Sfemph)'lillfll vesicariufll causes brown spot in pears. The fungus especially causes severe damage in
Southern Europe. In recent years the disease has also been found in the Netherlands and to a lesser extent
in Bclgiul11. Conference. the cultivar that is most commonly grown in the Netherlands, is one of the most
susceptible cultivars. The most important fungicides that are allowed in the Netherlands against S
.1'csicarillm on 'Conference' were tested over a period oftwo years. Some ofthese fungicides were tested
together "ith a Dutch warning system to find a way to reduce the number of sprays. The fungicides that
\\('re lestcd wcre: thiram, tebuconazole and trifioxystrobin. The preventive fungicides were sprayed
\\cek Iy from end 'Jf bloom until harvest. When in combination with the warning system. fungisides were
spnyed "fter an illfectioll. Symptoms on leaves and on fruit were counted. Infections with S. vesicarilllll
\\He rcduced. in Ih\! case of the best fungicide, by 83% on leaves and 49% on fruit in 2002. The
follp\\ing. year infection reduction of 100% and 89% were attained on leaves and fruit. respectively.
Wllcn l'ungicidcs ",ere sprayed according to the warning systelll the number of fungicide treatlllents was
rduced hy .1~f% in 2002 and 65% in 2003. In 2002, there was no significant difference in the percentage
nI' in fecl ions between the preventive treatlllents and application according to the warning systelll. In 2003.

\ fruit srrayed after an infectioll \\"ere significantly more infected than fruit sprayed weekly. but less
\ infccted than 114untreated plots. I I •

'< ,,, ·\\\ r' CQCulD 6\D \s-VlUfi¿J ..--I.&l~~~~d\' I ~~nl'C\uJ e_~
\ _\

•

46



13. Phenology Prediction in 'Rocha' Pea.- under Mild Wintc.'s.

J.P. De Melo-Abreu·, N.G. Barba" J.M. Sih'a·
Ilnstituto Superior de Agronomia, Tapada da Ajuda. 1349-017 Lisboa, Portugal.
2Escola Superior Agrária de Santarém, 2001-904 Santarém, Portugal.

\!n
I a
(lO

ne
11

,\\ •,th
01'
lar
101'
ter

~
,;))'

The main region of 'Rocha' pear cultivation in Portugal is the central coast of the country , where
insuflicient winter chilling occurs in many years. Often, in recent years, chilling requiremcnts wer\! nOl
me!. IJnder these circumstances the use of dormancy breaking chemicals is compulsory. It ",ould be
uscful, 1'01'its accurate use, to forecast the flowering date and other phenological stagcs. Flo\\'cring dat\!
can vary with up to 30 days between difIerent years.It is believed that a minimum of 6º_º_!'l_U~1~~!'_~\_i~;__

_required t~ donnancy breakingjlLR.o~. However: tIllS system of quantifying dormanc) has pnl\l:n tI)
be rather inaccurate. An analysis of 10 years of phenology records (1963-1972) was used in an atklllpt lO
parameterise a model, which is a generalization of the Utah model, to predict Ilowering date. Thc
standard error of the predictions of the model is 1.3 days and the extreme t10wering dates, 34 days apar!.
we predicted with an absolute error of ol1e day. The model was compared with commonly used mOlkls.
The chilling units predicted by the model to simulate the end of endodormancy and the lhermal time rol'
the forcing phase leading to full flowcring and to subsequent phenological events are also presented.

14. Differential Gene Expression Patterns for Red and Green Phenotypes of 'llon
Rouge' Pear Trees.

Ig

M.G. du Preez\ I.F. Labuschagné2 and D.J.G. Rees1

IDepartment 01' Biotechnology, University ofthe Western Cape, Private Bag X 17. Bellville, South Africa.
2Agricultural Research Council, Inli'uitec-Nietvoorbij, Private Bag X5013, Stellenbosch, 7599, Western
Cape, South Africa.
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The Bon Rouge pear (Pyrlls (,ol11l1ll/llis L.) under commercial production in the Western Cape region of
South Africa is known to revert to its parent phenotype, William's Bon Chretien, (Bartlett). To investigate
lhe underlying mechanism controlling the production of red pigment, anthocyanin, which is produced in
response to a variety of stress conditions inc1uding pathogen and UV light stress, we compared gene
expression between red-Ieaved Bon Rouge pear trees and their green sports. Differential display reverse
transcription-polymerase chain reaction \Vas used to detect dilTerential gene expression between the t\Vo
phenotypic variants with confirmation by quantitative RT -PCR. Several cDNA bands representing genes
that are differentially regulated \Vere c1oned, sequenced and subjected to similarity searches on an
available database using the BLAST tool. Eight cDNA c10nes showed significant similarity to known
genes including those associated with light stress, pathogenesis responses anel protein synthesis. Despite
there being only a single gene dilTcrence bet\\een red and green genotypes, this extensive pattern 01'
altered gene expression suggests this system presents an opportunity to identify a controlling
element/gene rol' stress responses in plants.
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15. Old Pear Varieties in No.-them Italy.

~ T. Ecchcrl amI R. Pontiroli2

/~[)i.Pro.Ve" University 01' Milan, via Celoria 2, 20133 Milan, ltaly.
2C.I.VI.FRU.CE., Regione Lombardia, via Emilia 7, 27058 Voghera, (PV), ltaly.

At the Department of Vegetal Prodllction 01' the University of Milan there is the largest Italian colIection
of frllit models, amollnting to about 1700 pieces, most of which \Vere modelled and mOlllded in the
second hall' 01' the Nineteenth Centllry by an ingenious artist and pomologist, Francesco Garnier ValIetti.
There are as many as 309 models of ditTerent pear varieties. With another 231 models from different



S\lurces. ahollt live hllnctred pear varieties are represented. This collection shows the great nllmber of pear
varietics grown in Northern Italy 150 years ago. In the same periodo Burdin NlIrseries published a
catalogue with more Ihan 250 cOllllllercial pear cllltivars. ando in the year 1901, the pomologist Girolamo
Í\lolon, grew more Ih,lI1 300 pear cllltivars in Ihe experimental fteld of the Royal High School of
Agriclllture in l\1il:m. Nowadays the number of pear varieties commercially grown in Italy is very limited.
as more than 80% of total annual pear yield is dlle to only ftve cultivars (Abbé Fetel, Bartlett (Williams),
Conference. Doyenlle dll Comicc and [3eurre Hose). The renewed interest in germplasm preservation has
letl public ami rri\;¡ll~ instillltiolls to establish eollections of old varieties, many of which are not
idellti lied or callnot be identifted. One such collection \Vas established by Lombardia Region at
C.1.VI.FRlI.CE. The comparison of the unknown fruits \\ith the models of the Garnier Valletti colleclion,
which reproduce not ollly Ihc sh;¡pe and colour. bul also Ihe size and the weight of Ihe fruil. can be very
lIseful in idenlifyillg Ihe allcienl varieties.

~6. S:tmple Cosl of ProducHon for Tr:tnsilioning from Convcnlional Codling MolhJ ~ontrol to Aerosol-Rl.'lcased Mating Disruption (Puffers) in Pears.

R.B. Elkins', K.M. Klonsky2 and R.L. DeMoura2

IU.e. Cooperative Extensio~, 883 Lakeport Blvd., Lakeport. CA 95453. USA.
2Agricultural & Resource Economics. University of California. One Shields Avenue, Davis, CA 95616-
8512, USA.

Cndling moth (CM) (Cydia {Jo/1lonella) is the primary pest of pear in California. Larvae bore into the core
and feed. Organophosphale (OP) insecticides are applied three or more times as a control. Pheromone
mating disruption (MD) has decreased the nllmber of OP sprays nearly 100% and allowed use of selective
matcrials. A tield demonstration project encompassing 65 ha from 1996 - 1998, 202 ha in 1999, 332 ha in
2000, 526 ha in 2001 and 459 ha in 2002, provided the basis for a comprehensive cost comparison.
Peslicide use data from monthly reports submitted by the growers participating in the Lake County,
California project. "Areawide Implementations of Mating Disruption in Pears Using Puffers", was used.
Crop prodllclion blldgets were prepared from the data, comparing annllal costs for scven years to a
conventional production budget. Evaluations of damage from 1996 - 2001 showed similar yields and fruit
quality between the conventional and aerosol MD practices, thus resultillg in increased grower
participation in the project. Total operating costs for each of the seven years using current costs (2003)
declincd compared to conventional/standard practices. During the tirst two years in the MD program,
tOI,!l "pcrating costs decreased $109 and $89, respectively, per year. From the third to seventh years,
sa\ing~ \·.cre $247 to $51 l/ha per year, an average of $352/ha per year or $8/ton. Fluctuations in savings
\\ere lllainly due to the variability in psylla and mite applications, as \vell as a post harvesl spray for rust
Illik Ih;l! l'egan in the sixth year due lo the reduced sprays in the previous years. Savings are minimal
duriil~ the first two years of transitioning into the MD program, but become significant beginning in the
Illild ~l';Ir.

17. PC1'fonnancc of Somc Pea." Rootstocks in NE-Spain.

1. I~le~i:l' :lnd L. Asín
mr,\-I ';1;ICi(',I>..:periIllcllla I de I.leitla, Alcalde Rovira Roure 177, 25 198-Lleida, Spain.

Eleven pcnr rootstocks were c"aluatcd from 1996 to 2003 at the IRT A 's Experimental Station of Lleida.
Clonal ro<,lstocks (quince and OH x F), some (EMe ¡lIld EMA) with 'Doyenné du Comice' interstems
and onc seedling roo!stock \\L'rC lIsed. ;\11 Ihe~e rootstocks were grafted to 'Conference'. Self-rooted
'Confercnce' Irees \\el e incllldcd in the evaluation. Trees were planted in 1996 at a spacing of 4 m x 1.75
111 ¡]ml Irained lo ¡] central ¡]xis. Bloom time \Vas essentially the same for all rootstocks. The most vigorous
n1()tslllCks \'.CJC (1I1 " F 333 ami ~ccdlin~. follo\\cd by self-r\loted 'Conference' and OH x F 69. 011 x F
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selections \Vere all more vigorous than quince roolslod.s. 01" lhc qUillL'L' rlloLShlL·!.;S.BA-2lJ ami
Comice/MA had almost the same vigour while M-e \Vas lhe \\ o.:akesl.Tilo.:w,_; 01" <Ininto.:r:>l<.:1lliIH:re<l:>cd
tree vigour, but did not affect yield. lIighest cumulative yields per tree \Vere obtained on self-rooted
'Conference' trees and the 10\Veston seedling and OH x F 69. Adjusting cumulative yields 101'rootstock
vigour and converting yields to tons per ha accentuated differences bet\Veen rootstocks with quince
rootstocks, especially EMC, giving higher yields. Yield efticiency \Vas inversely correlated to tree vigour.
The most eflicient rootstocks were EMC, Sydo and Adams. Seedling, self-rooted 'Conference' and 01-1 x
F clones had the lowest efficiencies. Self-rooted trees and seedling rootstock showed the least sensiti\'ity
to iron chlorosis, BA-29, 01-1 x F 333 and 01-1 x F 69 were of intermediate sensitivity and M-e \Vas lhe
most sensitive. Harvest date was not atTected by rootstock and there were no significant diftcrences in
fruit firmness. Sugar content (IR) and titratable acidity were higher on quince compared to olho.:rs
rootstocks. Quince rootstocks, in particular BA-29 and EMA, gave bigger fruit while self-rooted, seedling
and 01-1 x F rootstocks gave smaller fruit sizes. No significant differences \Vere observed on fruit shapc.
Self-rooted trees had the least russeting. followed by 01-1 x F types and seedling \Vith M-C showing lhe
most russeting .

18. Monitoring Codling Moth in Pear with the Pear Ester.

A.L. Knightl
, P. Van Buskirk2 and R. Hilton2

IYakima Agricultural Research Laboratory, U.S.D.A., A.R.S, Wapato, Washington State, USA.
2Southern Oregon Research & Extensioll Center, Oregon State University, Central Point, Oregon, USA.

The pear ester, ethyl (2E,4Z)-2,4-decadienoate, is a potent kairomonal attractant for male and relllak
codling moth (C )'dia pO/llollella L.). Lurcs loaded \Vith the pear es ter have been use fuI in IhL'
establishment 01' action thresholds, liming insecticide sprays, and assessing female mating slalus 01"
codling moth, particularly in orchards treated with sex pheromones for mating disruption. Initi<ll sludics
reported that the pear ester \Vas most effective in walnuts (Jug/ans regia L.), less attractive in applc
(Ala/lis dO/llestica Borkh), and least attractive in Bartlett pear (Pyrlls COllllllllllis L.). I-Iowever, ollr rcslIlb
have sho\Vn that the attractiveness of the pear ester for codling ll10th varies signiticantly among po.:ar
cultivars. Traps baited \Vith the pear ester in 'Comice' and 'D' Anjou' orchards caught significantly more
moths than sex pheromone-baited traps. The t\Vo lures \Vere similar in attractiveness in 'Bosc' orchards.
The effectiveness ofthe pear ester should be evaluated in additional pear cultivars.

19. A Selection from Pyrlls betlllaefolia as a New Pollinator for the Main Pyrlls
commllllis Cultivars.

M. Le Lézcc, A. Bclouin and M.H. Simard
INRA, Unité d'Amélioration des Especes Frllitieres et Orncmcntales, 42 RlIe G. Morel, SP57,
49071 l3eaucouzé Cedex, France.

Alter screening a large collection 01' pear genetic resources, the clone P337-41 1'rom P)'I'IIS hetll/aejiJ/ia,
introduced from Bologna (ltaly) in 1952, was selected at INRA Angers as a new pollinator for the main
Pyl'us COll1l11llllis pear cultivars grown in France, namely 'Williams', 'Conference' and 'Doyenné du
Comice'. This ne\V pollinator is able to cover a large range of tlo\Vering from early (' I-Iarrow Sweet') to
late (' Doyenné du Comice'). The nUl11berof tlowers is high and regular each year; therefore poli en is
available for a long periodo The tlowers are quite attractive to bees and transfer of the pollen to the
commercial pear cultivars is optimal. This ne\V selection has no high susceptibility to the main diseases
and pests of pears. After the success of ornamental Ala/lis as pollinators for apple orchards, this Pyrus
clone could be \Vell appreciated by the pear growers. Propagation of this clone is in progress through the
French nurserymen associated in the CEP-Innovation group.
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20. Combining Ahility of Fruit Appearance and Eating Quality in Pears.

S.M. Liul, C.R. McGregor 2 amI S.M. Richardsl

1 DPI. Tatura. VIC 3616, Australia.
2DPI, Knoxfield, VIl' 3176, Australia.

Combining abilities for fruit appearance and eating quality were estimated for 14 pear genotypes used as
parents in the Australian pear breeding progralllllle and their derived families. Seedlings of familics were
plantcd between 1993 anJ 1996 at ])PI, Tatura. Victoria. with 3.0 m inter-rows and 0.5 m intra-rows in
six blocks. Har\"ested fruits were placed in cold storage at O°c. ripened at room conditions of 18°C for
onc \\eek amI then scored for n'uit appearance and cating quality using alto 5 point invcrse and I to 9
point hedonic scale in 2002 and 2003, respectively. Mean seedling scores skcwed to poor fruit appcarance
and eating quality with no conelation between them. Large variations \Vere associated with 2003
assessment for both attributes and their GCA and SCA effects. AII parents had zero GCA effect for eating
quality. Heritability estimate was low (0.08 -0.29) for fruit appearancc and zcro for cating quality. The
ranking of GCA effects of parents were moderately correlated between seasons (r2=0.36, P=O.02). BPM,
Eldorado, Guyot and Corella had GCA effects for better fruit appearance, bul Packham's Triumph,
Comice and Winter Cole for poor appearance. SCA effects were in favour of better fruit appearance and
eating quality in 8 out of 23 families, respectively, and a weak rank correlation existed between seasons
across families for eating quality. The results indicate that good genetic gain can be obtained based on
phenot)pic sclection for fruit appearance using a detailed scale in fruit assessment. Selection for good
eating quality can be successful, based on family and then individual performance assessed over seasons.

•
21. Effect of Different Rates of Prohexadione-Calcium and Girdling on Shoot
Growth and Fruit Quality of Different Pear Cultivars .

.I..l. Mrintjes, P. Stassen and K.1. Theron
[kpart111cnl 01' Horticultural Science. University of Stellenbosch. Private Bag X l. Matieland 7602, South
Africa.

Prnhexadione-Calcium (P-Ca) is a promising new shoot grO\vth retardant that is already registered on
apples in America (Apogee1l) and Europe (Regalis1íé

). This gibberellin biosynthesis inhibitor with limited
pcrsistclKe and low toxicity were tested on five different pear cultivars. P-Ca reduced shoot growth in all
Ihe cullivars, but there \Vas a marked difference in sensitivity towards different rates of P-Ca between the
di fTerell1 cultivars. Fruit set \\"as improved in some of the cultivars, which led to a decrease in final fruit
sizc._ ~.~~~s..a!.l\.\d a decrcase in return bloom in so me ofthe culti~~rdling only reduced shoot growth
in onl' pf Ihe Clllt i,::ars and did nol improve fruit set in any of the cultlvars. Ulrdhng IInproved final ¡nllt
~i,.c ;md rchll'I'I-Floom in al111'15t all the cultivars. The data is described and the different cultlvars

• ~·;il,:~';:r¡ il'lfaccclrliing to thcir sensitivity towards P-Ca.

•
22. Water Content of Leaves in Different Pear Cultivars during the Vegeta tive
Pl'rind in ReJation to Rainfall.{

H.. l\lilelÍc'. 1).1\1. l\lilutinovic2, M. Zikic" M.M. Milutinovic' and G. Djakovic2

IIn51itute Serbia, Center for agricultural and technological research, 19000 Zajecar. Serbia and

Montenegro.
2Faculty nf Agriculture. University of Belgrade, 11080 Belgrade, Serbia and Montenegro.
'Institutl' PKB INI "Agroekonomik" 11213 Padinska skela, Belgrade. Serbia and Montenegro.

In this paper we present results of testing water contents in leaves 01' different pear cultivars in relation to
drnlll!ht. r-.kasurcll1Cllt" \\cre taken in collcctioll orchnrds in Zajecar. Timocka Karaina (East Serbia) over
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4 years (1999 to 2002). Ten cultivars \Vere ksled: .Iunsko zlalo, Uelld di (jllignll, Billira I'r~'coce
Morettini, Santa Maria, Willial11s, Abate Fetel, Curit.!, Pass e crassalle, I'ackhalll's Triulllph all,1 [)wlIard.
East Serhia, especially the narrow area Timocka Kraina, is \\'ell known as a dI')' arca \\ ilh low rainlitll
dllring the vegetative period of Ihe pear. Water contents 01'leaves 01'dirtCrenl cultivars 01' pcar ll1easllrcd
in the same 1110nthvaried between years, and rainfall was different in the sall1e Illonlh of dilTercnl years
too. Coefficients of correlation between monthly precipitation, air temperature and water contents al'
leaves during the vegetative period (April - October), showed high dependability al' water contents of
leaves on precipitation and air temperature.

23. Variability in the Wild Pear Population in West Serbia.

D. M. Milutinovic', G Jakovic', M.M. Milutinovic2 and R. Miletic3

'Faculty 01'Agriculture, 11080 Belgrade, Serbia and Montenegro.
21NI PKB "'Agroekonomik", 11213 Padinska Skela, Serbia and Montenegro.
31nstitute "Serbia" Center for Agricultural and Technological Research, 19000 Zajecar, Serhia ami
Montenegro.

In the region of \Vest Serbia (State al' Serbia and Montenegro), in the mountains Cer, Rlljevo and
Jagodnja, Pyrlls COlllllll/llis L. is found in its natural habitat. The largest towns in the area are Loznica.
Krupanj, Mali Zvornik and LJllbovija. The wild pear forests contain numerous genotypes that have been
classified according to various frllit characteristics. We separated 14 genotypes of pear which have becn
stlldied extensively in situ. The variability in characteristics 01' fruits is expressed in fruit mass, length 01'
stem, number 01' seeds per fruit, color 01' fruit skin and other characteristics. Fruit mass in the I~
genotypes varied fi'ol117.9 g (genolype number 4A) to 38.8 g (genotype nllmber 10). The Icnglh 01' Ihe
fi'lIit stem di ffers between lhe genotypcs, ranging from 18.6 111111(genotype 11) to 38.2 ml11(genotype 2).
The number of seeds per fruil varied from 2.3 (genotype 'Orenca') to 9.5 (genotype 9). There are also
differences between genotypes in the studied poplllation with regards to other pomological characteristics.

24. Age Determination and Tree-Ring Growth Dynamics in Old Trees of 'Angelica'
pear (Pyrlls commllnis L.).

D. Neril, C. Urbinati2
, G. Savinil and A. Sanchioni3

IOept. Energetics, Polytechnic University ofMarche, Ancona, Italy.
2SAPROV, Polytechnic University 01'1\1arche, Ancona, Italy.
lASSAM, Ancona, Italy.

In central Italy at Serrungarina (Marche Region), lhe 'Angelica' pear cultivar (P)'/'llS COllllllllllis L.) is still
cultivated on small hilly farll1s. Gallesio described 'Angdica' in his treaty Po mona (1800). However, its
origin is not known and numerolls synonyms are reported, sllch as 'Santa Lucia'. In the studied area,
'Angelica' reached Ihe maximull1 acrcage during the 1930's. It was still popular up to the 1950's, but
alier the rapid industrial growth and the di ffuse ahandonll1cnt of rural arcas, the production rapidly
decreasee!. Recently, a few farmers started 10 recover 'Angelica' cllltivation in traditional free-standing
open vases, and the annllal produclion can be cstimated as 500 tons, with alternate bearing. The frllits,
harvested in early September and cold slored up lo the end of Oecember, are much appreciatee! by the
local market lor their high quality ane! taste. The local government and the regional agricultural agency,
together wilh the Marche Polytechnic University, developed a fOllr-step project including clonal selection,
virus free nursery production, rationalisation 01' Ihe cultivation, and label and trade mark development.
Moreover, the apparent relevant age al' some trces (based on fannersl personal communications ane! tree
physiognomy) motivated the attempl al a e!endrochronological analysis. Al1IlUal tree rings series of some
ole! (living ane! dead) trees have been constructee! in order to determine their cambial age and to assess
their growth dynamics in relation to main climatic or land use changes and other disturbance factors.
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25. Volatile COllstitucnts and Pear Aroma Studied by Dynamic Headspace
Technique.

F. Rapparini and S. Predirri
IBIMET-CNR-BO. Bologna. Italy.

Pear aroma is, together with taste. a major determinant of fruit quality. "Aroma" consists of the aromatic
volatiles that define the distinctive pear fruit flavour. The dynamic headspace method is a very efficient
\\'ork-up proceoure for the analysis of the qualitative and quantitative flavour patterns of fruits. The
volatiles of pear fruits 01'different cultivars were studied using a dynamic headspace sampling technique.
Ilkntification and quantification 01' the dilTerent components contributing to the flavour character were
analyscd by thcrlllal desllrption gas chromatography and mass spectrometry (TD-GC-MS). Over 80
compollnds were detected at a wide range of concentrations and molecular weights. The volatile profi le
\Vas characterized by compounds in groups of esters. aldehydes. ketones. alcohol s and hydrocarbons. In
all ¡he It'stcd cultivars, esters cOlllpriscd the largest portion (often more than 80%) ofthe volatiles emitted
by the pear frllits. Volatile elllissioll from fruits \Vas studied by comparing different post-storage
conditions ano fruil manipulations.

¡26. Rcproductive Bud Development of Pears (Pyrlls COl1ll1lllllis L.) with Emphasis on
the Bourse Shoot.

L.P. Reynolds, G. Jacobs amI KI. Theron
Department of Horticultural Science. University of Stellenbosch. Private Bag X l. Matieland 7602. South
Africa.

Knowledge of reproductive bud development is required for consistent yields in pear fruit production.
The aim of this study \Vas to gain more insight into the development of the primordial bourse shoot. The
importance of bourse shoots stems from their ahi lity to become reproductive. \Vhich can lead to bourse-
over-bourse bearing. The progression ofreproductive bud development in 'Forelle' and 'Rosemarie' \Vas
studied from primordial bourse shoot initiation until dormancy the follo\Ving season. The primordial
bourse shoot development in the reproductive bud before fuI! bloom is poorly documented. The
primordial bourse shoot was initiated in February 2003. The primordial bourse shoot progressed during
d(ll"lllancy with a plastochron length of 60 days in June. The rate of preformed leaf formation increased
rapidly until August \Vhen the plastochron \Vas 5 days. 'Rosemarie' primordial bourse shoot development
\\ as 1110readvanced at full bloom \Vhich is one of the possible reasons for the higher bourse-over-bourse
bearing hahit of this cultivar. The number of leaves of the bourse shoot \Vas significantly more than that
(Ir "For~'lIe·. which has a 10\Vtendency for bourse-over-bourse bearing. Flo\Ver initiation of the terminal
bud 01' the bourse shoot \Vas 56 and 77 days after fuI! bloom for the 'Forelle' and 'Rosemarie',
respcclively. Initiation \Vas \Vell correlated \Vith the cessation of bourse shoot growth. An increase in
Illitotic activity occurred during flower differentiation of the terminal bourse bud \Vith a peak of floral
"I'pcIHbge fonnation during December and January. From February until dormancy enlargement of the
!loral I'arts took place.

•
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/27. Effec' of Scoring During Flowcr IlIdll<lioll o,· IlIi'i,,'iollJ in Pyrlls COnlnlUllis L.
PhaSl' 011 nl'tUI"Il Bloom

L.P. Reynolds, G. Jacohs ami K.I. Theron
Department 01'Horticultural Science, University ol' Stdlenbosch, Private Bag XI, Matieland 7602, Soulh
Al'rica.

j

The intluence 01' scoring during lhe tlower indllction phase in 'Doyenne dll Comice' and 'Roscmaric'
pears \vas investigated in the Western Cape, South Africa. The yield 01' '[)oycnne du Comicc' increased
with 38% in scored trecs comparcd lo lhe control. Thc increase in yield was due to 50% morc frllits on th..:
scored trees in comparison to the control trces. The increase in frllit number \Vas due lo a highcr
percentage reprodllctive buds per tree and improved qllality ol'these buds. For tlle 'Rosemaric' swring al
the correct time resulted in a 40% increase in reproductive buds. Scoring disrupts basipetal transport of
auxin in the phloem, which reslllts in reduced apical dominance and an increase in root-dcri\'l!d
cytokinins. More mcristems can respond to inductive conditions and the higher concentralion nf
cytokinins during inductive conditions leads to improved tlower quality.

\) 28. Resistance of Some Pyrlls COnll1l11llis Cultivars and Pyrlls Hybrids to the
~ Psylla Cllcopsyllll pyri (Homoptera, Psyllidae).

P. Robertl, T. Raimbaultl
, M. Le Lézec2 and M.H. Simard2

'INH, UMR PaYé, 2 Rue Le-Notre, 49045 Angers Cedex 01, France.
"INRA, Unité d'Amélioration des Especes Fruitieres et Ornementales, 42 Rue G. Morel. BP57. ·jl)(}71
Beaucollzé Cedex, France.

Cacops)'//a pl'ri is the major insect pest in French pear orchards. ClIltivars ol' pear trees resistant to C. ¡>rr¡
wOllld ol'l'er an interesting alternative to insecticide control. However, allmajor cultivars grown in Francc
are susceptible to pear psylla. Some interspecitic hybrids have a high level ol'resistance to pear psylla. bul
the bad quality ofthe fruits limits the usefulness ofthese hybrids in breeding programs. To identify olhcr
sources ol' resistance, screening ol' 16 Pyrus genotypes was condllcted in a mesh-covered tunnel during 3
months. The cultivar 'Williams', known to be sensitive to pear psylla, was considered as susccplibl..:
control. The hybrids .Katman' and 'NY 10355' were considered as resistant controls. The obscr\"ali(lll~
were carried out on 7 or 8 plants per genatype. The number ol' eggs was recorded on the 8 upper leaves 01'
the shoots 15 days after the adult inl'estation. The number al' eggs was ranked l'rom O (O eggs) to 4 (> 100
eggs). The number of nymphs \Vas recorded on the 8 upper leaves of the shoots: 36, 63 and 98 days after
the inl'estation. The number of nymphs \Vas ranked from O (O nymphs) to 4 (> 100 nymphs). Three P.
COllllllllllis accessions \Vere identi tied as having medillm levels ol' resistance to pear psylla: the cultivars
.Doyenné de Poitiers' and 'D'Aoüt Lamer' and the hybrid 'SEL80-79-69' ("Docteur Jules GlIyot' x 'Bella
di Giugno'). Several interspecilic hyhrids w..:re identitied as highly resistant: 'Gutui', 'BP6', 'BP81' and
'P20R5A 70'.

29. Breeding Pears for Warm Climates in Mexico.

F.I.A. Rumayorl, C.A. Martínci :llHIILJ.A. Vázquez2

ITlIrín 315 Oteo Col. Villa Olímpica C. P. 25230 Saltillo, Coahllila, México.
'Department Horticllltllre, University AlIt. Agraria Antonio Narro

Mexico contains at least 30 dilTerent climatic and almost 50 ecological zones. In tropical and sllbtropical
regions, winter temperatures are not 10\\ enollgh to satisly chilling reqllirement of temperate zone pears
and spraying of hydrogen cyanamid and oil have been necessary to achieve bud break and cropping.
Developing pear cllltivars adapted to the subtropics is the main breeding goal of breeding programs in
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Brazil. l3ecause of the lack of low chill pear germoplasll1, developing high quality pears adapted to
Mexico requires hybridization of high quality. high chi lIing pears like 'Anjou', 'Gamboa' and 'Kieffer'
\\ith the lo\\' chilling. low quality pear 'Hood·. This cultivar from Florida has a chilling requirement of
250 chill hours; howcver. \Ve founu some segregant seeds from self pollinated 'Hood' with O chilling
hours requirt'ment or the non dormant gene that \Vas found in evergreen 'Tetela' peaches and 'Anna'
apples. This paper n:ports preliminary data from the Mexican program conducted at Coahuila. Mexico.
where the climate is scmidcsert. altitude of 1950 meters above sea level and a milder winter climate with
150 - 300 chill hours. "lhis programo startcJ in 2001, describes the chilling requirement ofseeds from low
and high chill hours. We expectcd and found better quality in the 'Hood' x' Anjou' crosses.

30. Breeding of Homozygotes of Self Incompatible Haplotype in Japanese Pear
(Pyrus pyrifolia Nakai).

T. Saito, Y. Sawamura, N. Takada, M. Shoda, O. Terai, K. Abe and K. Kotobuki
Department of Breeding. National Institute of Fruit Tree Science. Tsukuba. Ibaraki, 305-8605, Japan.

Homozygotes of self-compatible haplotypes are useful tools to determine unknown S-genotype cultivars.
To date, \Ve have selectcd S2, S3 and S"¡sm homozygotes. The objective of this study is to select S.f. S5
and S7 homozygotes in Japanese pear. '421-6' and '421-24', which were selected among seedlings from
selfing of 'Shinsui' (S485), are compatible with the poli en of 'Shinsui·. Pollen of '421-6' is incompatible
with 'Yakumo' (S1S4) and 'Gold Nijisseiki' (S2S4), while compatible with 'Housui' (S3S5). On the other
hand, poli en of'421-24' is incompatible with 'Housui' and 'Okusankichi' (S5S7). while compatible with
'Yakulllo' (SIS4). '420-50', which was selected among seedlings from selfing of 'Okusankichi', is
compatible with the poli en of 'Okusankichi'. Pollen of '420-50' is incompatible with 'Hougetsu' (SI S7),
while compatible with 'Housui·. According to PCR-RFLP analysis. only one S-RNase fragmcnt is present
in these three lines and thal of'421-6' is digested by Ndel. that of'421-24' is digested by A/lI'NI and that
of'420-50' is digested by Accll. These results suggest the S-genotypes of'421-6·. '421-24' and '420-50'
are S..¡S"¡, ,,5,\'5 and S7S7, respectively.

•

31. The Economic Costs and Returns of Establishing and Producing High Density
Pcars in Hood River, Oregon, USA.

C.F. Se3vert, .J.Moore and S. Castagnoli
t-.liJ-Columbia Agricultural Research and Extension Center, Oregon State University, Hood River.

()reg<'n <n031, USA. •
Thc a\erage winter pear production in the Hood River Valley is about 35 tons per hectare. Many pear
trees in the I!(lod R iver Valley are over 50-years old. These blocks produce less than the County average
and gro\\'crs are faeed with the dilemma of either leaving these blocks in produetion or renewing with
I1C\\ pear plantings. In a recent Oregon State University study. the variable cash costs to establish a
heL·t:lre 01' pe<lrs is US $24253 <lnd $56611 when all costs of production are included. Howevcr, the
cconomic cosl to eslablish pcars does not yield adequate retums on investment to the grower. Therefore.
gnl\\'ers 111ust anticipate changcs to price, yield or expect a lower return on investment to make this
on:hnrd <1 prlldcnl bllsiness invcstment. It can be achieved by doing any one of the following: 1)
increasing pear prices hy 18.5 percent from $150 to $178 per bin, 2) increasing anticipated yield by 22
percent (4, 7. 15.29.39 and 49 tons per hectare for years 4,5.6, 7, 8 and 9, respectively), 3) change to a
r(lnlslock thal can yield lhe same tons per hectart: but begins yielding in Year 2 and reaching full
prodllction b) Year 7. nr 4) decreasillg Ihe rate of return for machinery, land and previous years'
estahlishment eosts lO 5.74 % for all ownership costs. What routinely happclls is the grower will accept

.54



o the lower return on investll1cnt. lIowcvcr, this is not a practical business decision 1'01'a gro\\ er's long-
tenn survival. Despite the high costs of cstablishing high-dcnsity pear blocks growers n':ll1ain interested in
pear scions and rootstocks that can gel1crate protits as well as keep them cOll1pditive in a global
marketplace.IJ
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32. The Economic Costs of Producing Pears in Hood River, Oregon, USA.

C.F. Seavert, J.Moore and S. Castagnoli
Mid-Columbia Agricultural Research al1d Extension Center, Oregon State University, Hood Rivcr.
Oregon 97031, USA.

r The average pear production il1 the Hood River Valley is about 35 tons per hectare for winter pcars. 30
tons for fresh market 'Bartlett' pears al1d about 40 tons for cannil1g market ,Bartlett' pears. Based on
these averages, per hectare gross il1comes are US $9 534/ha for winter pears, $10 215/ha for frcsh market
,Bartlett' pears, and $9 988/ha for canning market 'Bartlett' pears. lhe variable cash costs are US
$6 ISO/ha, $7 024/ha, and $6 547/ha for winter pears, fresh market 'Sartlett' pears, and canning markd
'Bartlett' pears, rcspectively. When tixed non-cash costs are included, the total cost to produce pears is
US $9232/ha, $10 106/ha, and $9 237/ha for winter pears, fresh market 'Bartlett' pears, and Céll1l1il1g
market 'Bartlett' pears, respectively. The long-run net projected returns a grower can expect in the Illllld
River Valley are US $302/ha, $21/ha, al1d $751/ha for winter pears, fresh market 'Bartlett' pears. alld
canning market 'Bartlett' pears, respectively. However, the costs not included are continuous orchard
renewal, family living, owner mal1agement and income taxes. The two latter costs can be quite difticult tn
estimate, but the average cost to renew orchards is approximately US $13.53/ton and about $20/ton 1'01'
family living costs. When both 01'these costs are included, the grower must deplete farm equity and cash
reserves to maintain the farm business for the long-run.
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)' 33. An Evaluation of Site-Specific Management Strategies in the US Pear Industry.
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C.F. Seavert
Mid-Columbia Agricultural Research and Extension Center, Oregon State University, I-Iood ({iver.
Oregon 97031, USA.

Site-specific farm management is the tcrm used to describe farming with consideration 01' landscape
dilTerences. This project highlights the econoll1ic benefits to employ precision agricultural technologies to
track yield differcnces, identify possible variables in thc tield that cause the greatest amount ofvariability,
and use technologies to eliminate that variability. When dollar returns per tree were compared to trunk
cross sectional area (lCSA) froll1 a grower's orchard and a block at the OSU-MCAREC Experiment
Station, thc rcturns varied fi'oll1$3 to $35 per tree. The TCSA also ranged from 150 to 725 C1l12

•Froll1 this
information, thc potential to increase revenues to justify the ill1plell1entation 01'any particular technology
was estimated. To calculate the revenue potential from completely removing per tree yield variability in a
block, a boundary condition was established, assuming that total per tree yield is optimized when the per
tree retllrllS lie 011the boul1dary conditiol1 lil1e and therefore, the returns per tree is perfeetly eorrelah:d
with TCSA. In this particular data set, if every dollar retllrn per tree did lie 011the boundary eondition line
the return to total revenues would il1ercase US $4 172/halyear. A partial budget compared the increased
revenues, decreased costs to the increased costs, and decreased revenlles of implementing a minor change
to this orchard system. lhe projected net present value 01' implementing changes to this orchard is US
$12 004/ha over a ten-year periodo Eliminating all yield variability within a 30-year old orchard may not
be realistic at this time. 1I0wever, the net present value 1'01'this ten-year analysis could be the upper limit
for dollars invested to eliminate orehard variability before young trees are planted. ldentifying differences
in the field before planting could greatly affect future profitability.
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34. Consumcr Sensory E\'aluation of Pear Cultivars in the Pacific Northwest, U.S.A.

J. Turner\ J. Bai, C.F. Seavert\ A. Marin2 ami A. Colonna2

IOregon State University, 1\1id-Colull1bia Agricultural Research and Extension Center, 3005 Experiment
Slation Drive, lIood River, OR 970.31, USA.
~The Food 111110\alion Center, 1207 NW Naito Parkway, Suite 154, Portland. OR 97209-2834. USA.

The pear cultivar lield Irial is a I\\o-phase program for evaluating cultivars that are newly developed or
recently patented. Phase One contains 26 cultivars each with 5 trees. Data collected in phase one focuses
on hloom periodo fruit sel. optimul11 harvest l11aturity, ripening characteristics, storage disorders. and
evaluation of dessert quality. Cultivars deemed acceptable frol11phase one are planted in phase t\Vo ami
tested more extensively. Phasl' two will have a maximul1l of five cultivars each with forty trees. AII
cultivars are bdng evaluated using a protocol created by The Ilood River Grower-Shipper's Association
rcscarch sub-coll1mittce, projcd leadcrs and coopcrating scicntists participating in selection and/or
rejection of specific cultivars. In 2002, the sensory evaluation of pear dessert quality was implel1lented
using pear consumers. Participants rated pears on appearance, overall like/dislike, purchase intent, and
rankcd each cultivar sampled in order of preferencc. Two hundred and fit1y-three participants sampled
fruit at two different venues. T\\o cOl1ll1lercialcultivars (green d'Anjou and green Bartlett), three different
nUl1lbered cultivars from the USDA disease resistant breeding progral1l in Kearneysville, West Virginia,
and the recently introduced cultivars Taylor's Gold and Concorde were evaluated. AII pears were pressure
tested and averaged between 3.8 and 2.5 lbs. At the first evaluation the USDA 66170-047 and green
Bartlett ranked the highest in visual appearance. However, the USDA 78304-057 and the USDA 71655-
014 were statistically higher in liking scores than green Bartlett, Concorde, Taylor's Gold, Chateau
Royale, and Abate Fetel. At the second venue USDA 78304-057 and USDA 66170-047 ranked the
highest in visual appearance. Green Bartlett and USDA 71655-014 were rated highest in overall liking
scores.

•

35. Analysis of Ovule and Ovary Dimensions in Pears.

M. Sharifanil and P. Kolesik2

'Horticulture Department, Gorgan Agricultural Sciences University, Gorgan, Iran.
2Discipline of Soil and Land Systel1ls , School of Earth and Environmental Sciences, The University of
Adclaide, Australia.

lliis study has been conducted to analyse and compare ovule dil11ensions between different pear species
anel cullivars. Fruit ami seed characteristics were correlated with ovule dimensions to understand which
vari:lblc show significant re!ations. Pear tlowers were collected at anthesis from P. hoissierana, P.
¡'('II//cat,,/irl. 1'. 1~\"1'asler,P. koroshinsky, P. cossoni, P. lIssricnsis lIlaxim, P. {ongipes. the Japanese pear
cu1li\'ar 0Jijiissr.'iki, and the P. COllllllunis cultivars Sensation and Lemon Bergomot. Petal, sepals and
<l11'11<'rs"cre di~carded and o\'ules were fixed in 3% g!utaraldehyde in 0.025 M phosphate buffer (pH 7.0)
or in rAA (formaline: acetic acid:50% ethano!, 5:5:90). Sections, 3 or 4 ~m thick. were stained with
periodic acid-Schiffs reagent and tou!idine b!ue using light microscopy. Length and diameter of ovaries
and ovules "ere measured. Comparison of means using Duncan test at 5% sho\Ved that 'Nijisseiki' and P
.lIssri"II\i /1/(/"im had the longest and shortest ovules, respective!y. The largest ovule diameters be!onged
lo " .l'osso/li, P. hoissieran and P. longipes while the smallest diameter belonged to P .koroshinsky. Pear
sl)l'cies and cultivars did not differ in ovary length. P. hreslchendri and the Japanese pear 'Nijissciki' had
Ihe smallest anJ largest o\'ar~ diameters, respectively. A signi ficant correlalion \Vas found bet\Veen seed
Icngth and pulp Ihickness of fruils.

•
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l. 36. Effect of Pollination on Fruit Set in 'Packham's Triumph' (leal'.

nt

M. Sharifanil and J. Magarcl
IHorticlllture Oepartment, Gorgan Agricultural Sciences University, Gorgan, lran.
"40, Magarey RD, Coromandle valley, S.A, 5051, Australia.
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'Packham's Triumph' pear is considered to be an outcrossing cultivar due to its self-incompatibility
characteristics. It is also considered facultative parthenocarpic under South Australian conditiolls. lh.:
character 01' parthenocarpy can change the result 01' pollination in an open orchard siluation. An
experill1ent \Vas conducted to determine changes in fruit set, seed set and fruit weight with increasing
distances from poli inator trees and bee hives in rows of 'Packham' s Tri umph'. An orchard with one ro\\'
of'Josephine' pollinator trees on the olltside ofa solid stand ofmany rows of'Packham's Triumph' \la,

used in the study. Fruit set, seed set and fruit weight 01' live randomly selected trees in each 01' Ihe
successive 'Packham's Triumph' rows at distances 01' 5,5, 11, 16.5, 22 and 27 meters from the poli inator
row were ll1easured. To determine fruit set, 120 flowers were labeled on each of the five replicatc trecs.
Fruit weight and seed set was determincd from a sample of ten fruit per tree. Results indicated that sccd
set decreased linearly with increasing distance from the row of pollinator trees while fruit set dcercased.
but not lincarly with distance. In contrast, fruit weight increased linearly (P<0.05) with increasmg'
distance from the pollinator row. No changes were observed 111 tnllt set, seed set and fruit wcigiil\\ilh----
increasing distance between experimental trees and hives. For confirmation of the pollen sourcc, (il'l
isozyme markers were applied. Results 01' isozyme analysis extracted from random seeds obtaincd frolll
the di fferent rows conlirmed the effectivencss of; Josephine' as pollen sOllrce for 'Packham 's Triumph'.
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7. Nutrient Requirements of 'Fol'clle' Pear Trees on Two Different Rootstocks.

J.c. Stassenl and M.S. North2

)epartll1ent 01' Ilorticultural Science, University 01' Stellenbosch, Private Bag Xl, Matieland 7602, Soulh
Africa.
"Division 01' Horticulture, ARC Infruitec-Nietvoorbij, Private Bag X50l3, Stellenbosch 7600, South
Africa.
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Accurate water and fertilizer management are essential in the modern high intensity orchard systems to
enable the manipulation of both reproductive and vegetative development. Such control may also ensure
the possibility of higher quality fruit with longer storage potential. Various studies have been conducted
in regard to establishing the annual plant fel1ilization requirements, including those of apples, peaches,
wine grapes, mangos and avocados. However, there exists little information regarding the requirements of
pear trees on rootstocks of differing vigour, especially under intensive cultivation conditions. For this
study, young and mature 'Forelle' pear trees on vigorous (BP l) and dwariing (Quince A) rootstocks \Vere
divided into various morphological componcnts (roots, stems. leaves, shoots and fruit), each portion
massed and a mineral analysis conduckd. Frolll the results it is clear that one-year-old pear trees do not
dilTer in their element requirements on the di I'lercnt rootstocks, and the annual amounts were smaller than
expected. Thc nine-ycar-old 'Forellc' trces produced 28 t ha-I and 25 t ha-Ion Quince A and BP
rootstocks respectivcly. Thcir annual rcquirclllcnts ror macro clements (N. P, K, Ca and Mg) \Verc
determined by calculating losses and lixation. The requirell1ents were expressed in g element per kg yield_
'Forelle' 011 the more vigorolls BPl sho\Vs higher reqllirements than the more dwarfing Quince A
rootstock mainly becallse of the higher mass 01' sllmmer and winter wood removed as prunings_ Similar
results \Vere achieved for the micro elements which were expressed as mg element per kg yield. From
these reslIlts, annllal fertilization guidelines based on the yield may be determined_
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/38. The Challenges of Implementing a Successful IPM Program in Pear.

J
Q
/

P.D. VanBuskirk and R.J. Hilton
Soulhern Oregon Research & Exlension Center. Oregon Slate University, Central Point. Oregon. USA.

The Southern Oregon Research and Extension Center has been developing and refining an integrated pest
management (IPM) program in pear fOTmany years. A five year, multi-state areawide IPM project. the
Codling Moth Areawide Management Program (CAMP) J 995-99, demonstrated that growers could
significantly reduce their synlhelic pesticide use and lower pesticide costs with the use of mating
disruplinn for control 01' codling. moth. By 2000, an eslimated 50% ofthe pear acreage in southern Oregon
\\as using Ihis II'M approaeh. In 2001 and 2002. ne\\' projecls were inilialed wilh the goal nI' slahilizing
ano exlending Ihe codling moth mating disruplion syslem to 75% 01' pome truit acreage. 13locks as small
as 20 acres werc used to demonstrate the util ity of codling moth mating disruption al thal scale. However,
in 2002 and 2003, the use of maling disruption declined lo less than 40% of Ihe pear acreage in soulhern
Orcgon due to a comhination ol' economic prcssure and Ihe perceived increascd risk 01' pesl problems in
the IPM programo Our results from 2001-2003 show that IPM continues to be effective when properly
managed, both at large and small scales. The perception Ihat the IPM program involves greater risk is
primarily due to the fact that inadequate monitoring can lead to increased pest problems. Our IPM
approach has proven to be successful and easily implemenled on cullivars such as 'Bosc' and 'Comice'
but more intensive managemcnt is needed on 'Bartlett' owing to that cultivar's greater susceptibility to
codling Illoth.

•
""'__~39. Development of Microsatellite Markers for Marker-Assisted Breeding in Pears

/ (Pyrlls spp.).,
M.M. van Dyk, G. Koning, Z. Simayi, S. Booi, R. Maharaj, M.e. Selala and D.J.G. Rees
Department of Biotechnology, University of the Western Cape, Private Bag X 17, Bellville, 7535, South
Africa.

Microsatcllites are becoming the marker of choice for cultivar identification and breeding, even though
the initial costs for their development are high. With the construction of a reference linkage map for
,\lalllS. consisting primarily of microsatellite markers, it is now possible to exploit this information to
de\'elop genetic maps for pears also, and thus develop markers for use in marker-assisted breeding
prngrams. A cross-species survey has shown that it is possible to amplify microsatellite repeats (SSRs)
using ,\falus primers on Pyrus. We currently are implementing SSRs obtained through literature for
¡\fa/lis and Pyrlls. In addition, \Ve are developing new SSR markers from the analysis of genomic and
c[)NA sequenccs from Malus and Pyrus. Candidate SSRs have been identified with Tandem Repeats
Findcr. and then optimised for PCR and tested for polymorphism in both Malus and Pyrlls. Markers are
Ihcn nlllltiplexed together for higher throughput screening and mapping. We will describe the generation
nI' a sel nI' new markers and preliminary mapping data of these on pear and apple mapping populations.
lllL' inlC¡lrati0n of the reference map markers and the new markers l'rom this project \ViII allow the
~:encr~lli()n01' a higher density map that is portable between species.

•
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40. Breeding of Pear Rootstocks. First Lime-Induccd Chlol"Osis ~'1H1 Vigoul"
Evaluation under Field Conditions of New Interspecific Rootstocks.

J. Bonanyt, R. Dolcee, E. CIaveria2
, 1. Iglcsias3

, L. Asin3 ami M.H. Simard4

IIRTA-EEA Mas Badia, Mas Badia, 17134- La Tallada, Girona, Spain.
21RTA- Centre de Cabrils, Ctra de Cabrils s/n 08348 Cabrils, Barcelona, Spain.
'IRTA -EE L1eida, Rovira ROllre, 177, 281 96-L1eida, Spain.
~INRA, Unité d' Amélioration des Especes Frllitieres et Ornamentales. BP 57 Beaucouzé Cede x, Francc.

Traditionally, either seedlings of Pyrus COllll/ll/lÚS or clonal selections of Cydonia oblonga have been uscu
as pear rootstocks. Pyrlls comlllllnis seedlings used as rootstocks, although generally tolerant to limc-
induceu chlorosis, are too vigorous for use in intensive orchards. On the other hand, clonal selections 01'
quince rootstocks used in most European orchards (i.e., BA29, ADAMS, SYOO, EMA or MC), cvcn
though interesting for the range of vigour reuuction, have a restricteu utilization in certain growing arcas
due to their sensitivity to lime induced-chlorosis or incompatibility problems with certain cultivars. In
1998, a collaborative pear rootstock breeding program was started by INRA and IRTA to obtain an
interspecific rootstock 01' low vigour, tolerant to lime-induced chlorosis and compatible with thc majlu'
pear cultivars. Crosses were carried out between . Pyriam', a new clonal Pyrus rootstock from INR:\. and
tive species, Pyrlls commllnis cordala, P)'I"lIS all1ygdaliformis, Pyrlls amygdaliformis persica anu I')'I"IIS
elaegrifolia. Auditionally, seeds were obtained from open pollinated 'Williams' trees. All these seedlings
were planted in a highly chlorosant soil and were gratted to 'Conference'. Vigour and chlorosis \Vere
evaluated under field conditions over a period of three years. Plants from the crosses with P. e[¡wgri/i¡liu
or P. comunis core/ala were the less vigorous, while those from crosses with P. elaegrifo/ia, P. ('Olllllllis
con/ala or P. amygdal[formis pcrsica sho\Ved a lower degree of chlorosis. The combination of vigour anu
chlorosis indicate than seedlings obtained from crosses 01" Pyriam' \Vith 'Williams', P. alllygdali{orlllis 01'

P. ('Olllllllis co/'(/ala are interesti ng options to achieve a \Vell adapted pear rootstock.

41. Development of Moleclllar Markers Linked to Several Fruit Traits in Oriental
Pear.

D. Kimt, J.lI. Hwangt, I.S. Shinl
, H.J. Lcc2

, Y.U. Shinl and S.S. Hong'
INational Horticultural Research Institute, ROA, Su\Von, 440-706, South Korea.
2School 01' Plant Science, Seoul National University, Seoul, 157-742, South Korea.

To develop molecular markers linked to fruit traits, several imp0l1ant fruit characteristics such as ski n
color, the amount of grit cells, hardness, core size. and weight \Vere investigated and genetically analyzed
in 135 r: 1 progenies from the cross between . Niitaka' (P. pI'rifólia Nakai) and 'Suhyangri' (P. IIssuriensis
Maxim.). Al! characteristics investigated in this study, except the amount of grit cel!s, sho\Ved normal
distribution. To uetect l110lecular markers linked to several fruit characters, high quality genomic ONAs
\Vere extracted and sorted into t\Vo DNA pools by bulkeu segregate analysis. For development of the
molecular marker related \Vith specilic fruit characteristics, \Ve selected 2 RAPO and 7 AFLP markers.
From thc results ofthe RAPD marker s)'stem, fruit tirmness and skin color specitic markers \Vere selected
at 01'008-500 and OPD05-850 in each characteristic. AFLP markers with 64 primer combinations
selected eight markers linked \Vith skin color (EaacMcag-440 and EaggMcag-470), the amount of grit cell
(EacaMcac-259, EacaMctt-330, and EagcMcta-170), hardness (EaacMctg-350), and fruit shape
(EacaMctt-340 and EaagMctg-330). The selected markers \Vere cloned and sequenced to use as stable co-
dominant markers for the increase of pear breeding efficiency. The selected t\Vo AFLP markers linked
\Vith the amount 01' grit cells \Vere sequenced successfully from EacaMcac-259 and EacaMctt-330 with
their original marker sequences.
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42. Analysis of Functional Compounds Content in Pear.

S.S. Hongt, I.S. Shinl, H.M. ChOI, M.J. Yoon2 and C.H. Leel

tNatinnal Horticultural Research Institute. ROA, Suwon, 440-706, SOllth Korea.
20erartment of Ilorticulture, Korea University. Anamdong 5-1, South Korea.

The pear, containing beneficial compollnds such as organic aci.ds, sugars, arnino acids and asc01bic acid
(vitamin C) that SllppOrt human health, is one of the most important sources of functional beverages. In
particular. flavonoids and phcnolic acids which occur at high levels in pear fruit, have recently received
extensive attention as potential sources of natural antioxidants, and due to their anti-inflammatory and
antiproliferative activity against cancer cells. Genotypic variation in sorbitol content, total phenol content,
total flavonoid content and total oxygen scavenging capacity (TOSC) was evaluated using 119 cultivars at
the ripe (ready-tll-cat) stage, so as to select breeding materials among major Pyrus species including P.
plTifil/ia, P. lIsslIrie/1sis. P. hrclsc!meideri. P. CO/lllIIlIl1is, etc. The sorbitol content ranged from 5 to 43
1lI~.g.t frcsh weight and .Kako' belonging to P. /¡yhrid had the highest sorbitol content (43.5 mg·g·

t
of

fresh weight) ofthe cultivars llIeasured followed by 'Hori' (32.6 mg·g·t offresh weight). Contents oftotal
phenols and flavonoids showed great differences among cultivars, with a ten-fold difference between
highest and lowest contents. 'Chllngseori', 'Woljin', 'Chungsilri' and 'Andongmukbae' derived from
domestic pear were classified into a group with high levels of total phenols, total flavonoids and TOSe.
Quercetin, a kind of flavonoid, also varied in content between species, but there was no significant
difference in luteolin content.

•
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43. Pear production in Chile: Situation and trends.

K. Sagredol amI T. Cooper2

IOepartment of Horticultural Science, University of Stellenbosch, Private Bag XI, Matieland, 7602,
South Africa.
~Oepartamento de Producción Agrícola, Universidad de Chile, Casilla 1004, Santiago, Chile.

Pear prodllction is concentrated in the central zone of the country (32°-36°33' S), under temperate
clilllatic conditions. It is the fifth largest fruit crop in the Chilean export basket, representing 5% of
plantcd area of fruit trees (approximately 10 000 ha), 200000 t of total production in 2003 and a 60%
I'rtckout for the export market. valued at US $65 207000. Chile holds a share of 8% of the world pear
c:\I'Ot1s ami 22% of the SOllthern Hemisphere exports. Frllit is exported mostly to Europe and USA.
11"" l'\'er. hccause of lower crop profitability the planted area and total yield have been decreasing since
11)'11, \\ ilh 7700 ha estimated for the 2003/2004 season. of which 94% are European pear and 95% are
nwturc. bearing orchards. The main cultivar has been 'Packham's Triumph', which represented 53% of
the tlltal Chilcan pears exported in 2003, followed by 'Beurre Bosc' (11%) and other minor cultivars
~uch as 'Cnscia', 'Abate Fete!', 'O'Anjou' and 'Bartlett'. The main problems for commercial pear
nr,)(!ttctinn in Chile are 10\\ orchard productivity, poor precocity and some quality problems being
Jctcctcd in th.~cXI'ort market. The aim ofthis study \Vas to analyze the pear production in Chile, in terms
nI' c\(,llIt ion pf the planted arca, cultivars and technical management aspects.
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j 44. The Effect of l-MCP on the Quality of 'Conference' and
'Abbé Fétel' Pears.

P. Eccher Zerbini, P. Cambiaghi, M. Grassi & A. Rizzolo
I.V.T.P.A.. via G. Venezian 26.1-20133 Milan. Italy.

The ethylene antagonist l-methylcyclopropene (I-MCP). through binding to the ethylene
receptors. blocks ethylene actions such as fruit maturation. Pears must undergo some
ripening after harvest and storage before becoming eating ready. Applying I-MCP to
pears requires careful dosage in order to retard ripening without preventing it. The effect
of l-MCP treatment (25 and 50 ppb) on 'Conference' and 'Abbé Fétel" pears sto red for
five months in normal (NA) and controlled atmosphere (CA) \vas studied. Treatments
\vere repeated ever)' two months in storage. I-MCP-treated fruit stayed greener than
control fruit. Fruit treated with 25 ppb I-MCP behaved similar to control fruit. while fruit
treated with 50 ppb shm:ved delayed softening during shelf life and produced less
ethylene. especially if sto red in CA. The effect of I-MCP on firmness and ethylene
production lasted for about one month in NA storage and three months in CA storage for
'Conference·. but less for 'Abbé Féter. The repetition of I-MCP treatment was not very
effective. perhaps due to a too long interval between treatments .. Abbé Fétel" pears
showed a higher ethylene production rate during shelf life and were less sensitive to 1-
MCP dosage than 'Conference' pears. 'Abbé Fétel" fruit softened during shelf life
whatever the l-MCP dose and the duration of storage. but. after three months in NA. the
l-MCP-treated fruit still had a good flavour and a better texture than control fruit. which
soltened with a firm texture and a \vater)' taste.
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Breeding of pear rootstocks. First evaluation of new interespeCifitID
rootstocks for tolerance to lime-induced chlorosis and vigour

under field conditions
Bonanyl, J. R. Dolcet-Sanjuan2, E. Claveria2, 1. Iglesias3, L. ASin3, M.H. Simard4

(l)IRTA-EEA Mas Badia, Mas Badia, 17134- La Tallada, Girona, España
(2)IRTA- Centre de Cabrils, Ctra de Cabrils s/n 08348 Cabrils, Barcelona, España
(3)IRTA-EE L1eida, Rovira Roure. 191. 25198-L1eida, España
(4)INRA, Unité d'Amélioration des Especes Fruitiéres et Ornamentales. BP 57 Beaucouzé Cedex, France

Introduction
Traditionally, either seedlings of Pyrus
communis or clonal selections of Cydonia
oblonga have been used as pear
rootstocks in commercial orchards.
Although Pyrus communis seedlings are
generally used as rootstocks for their
tolerant to lime-induced chlorosis, they
show an excessive vigour tor modern
intensive European orchards. On the
other hand, clonal selections of quince
rootstocks, such as BA29. ADAMS,
Ao, EMA or MC, used in most
~opean orchards for their range of
reduced vigour, they have a restricted
utilization in certain growing areas due to
their sensitivity to lime-induced chlorosis
or incompatibility problems with certain
cultivars. In 1998, apear rootstock
breeding program was started in
collaboration between INRA and IRTA to
obtain an interspecific rootstock of low
vIgour, tolerant to lime-induced chlorosis
and compatible with the major pear
cultivars.. Results of first field evaluation
of tolerance of lime-induced chlorosis and
vigour are reported.

Material and methods
In 1998, in a joint breeding project
between INRA and IRTA, a series of
crossings were carried out between
'PYRYAM', a clonal Pyrus rootstock
recently released by INRA, and 5 Pyrus
aies reported to have some degree of
t:ance to lime-induced chlorosis, Pyrus
communis cordata (P256), Pyrus
amygdaliformis (P257), Pyrus
amygdaliformis persica (P264) and Pyrus
elaeagrifolia (P1588). Additionally, seeds
from open pollinated 'Williams' (P415)
were collected. Hybrids obtained, atter
stratification and germination were
planted in the year 2000 in the EE Lleida
in Catalonia, NE Spain in a soil with high
lime content (18,7% and 33,1% Calcium
Carbonate equivalent in the soil and
subsoil, respectively). Due to high
variability in soil characteristics,
experimental setup consisted of planting
a quince BA29 rootstock every other
hybrid as a reference for vigour and
tolerance to chlorosis measurements. In
May 2001, both the hybrids and BA29
were budded with 'Conference'. During
2002, lime-induced chlorosis was
evaluated using a visual scale (Sanz and
Montañés, 1997).Vigour was measured
as diameter of stem 5 cm above rootstock
union and then classified in 5 categories
accordin to the vi our of nei hbour

oo.

401------- .Pl588.
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Figure 1 DIstributlon 01 % 01 Indlviduals in dlstlnct vigour elasses(1: <50%
; 2: 50-75%;3: 75-1~.; 4: >100'1001 vigour wiIh regard BA29) in differenl
erossings (PYRlAM with Pyrus communis cordata (P256), Pyros
amygda/ifonnis (P257), Pyrus amygdalifonnis persica (P264), Pyrus
elaeagnfolia (P1588),and lree polllnizallon 01 ' Wllllams' (P415)
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Figure 2 Dlstributlon 01 % 01 Indlviduals in dlstlnct elaases 01 sensitlvity
lO IIme-induced chlorosis (O: No symploms of ehlorosis; 4: tree with
young leaves 01 white-yellow colour and some necrotlc areas. Res! 01
leaves of green-yellow colour, Sanzand Montanés,1997) in 'Conferenee'
budded on BA29 and progenies of dlfferent crossings (Pyrlamwilh Pyrus
communis cordata (P256), Pyrus amygdalifonnis (P257), Pyrus
amygda/ifonnis peBH:a (P264), Pyrus -.gnfolia (Pl588), and lree
polllnlzatlon of' Wllllams' (P415)
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Agure 3 DllI1l1butlonof % 01 indlviduals In dlstlnct claases of sensltlvlty
lo IIme-induCedchlorosi. (O: No symploms 01 ehlorosis; 4: tree with
young leaves of white-yellow eolour and some necrollc areas. Res! 01
leaves of green-yellow colour, Sanzand Montanés,1997) In 'Conference'
budded on BA29 and progenies 01 dlfferent eroaslngs (PYRlAM wiIh

Results and discussion
Hybrids obtained showed a high variation
regarding its tolerance to lime-induced
chlorosis and vigor (Figure 1, Figure 2).
More than 50% of the seedlings from
crosses with P257, P264 and P415 had
more than 50% of the vigour of BA29
(class 4). On the other hand a high
proportion of seedlings from crosses with
P1588 and P256 were found on low
vigour classes (class 1, 2 and 3).
However, individuals from cross with
P415 (open pollinated 'Williams'),
although as mentioned the majority of
individuals had a vigour greater than
BA29, were also the most frequent
(20,32%) in the class of vigour 1 (Iower
than 50% of BA29). Although the major
part of the hybrids were more vigorous
than the reference BA29, results show
there is a potential tor reduction of vigour
using interspecific crossings with certain
Pyrus species. There is a substantial
percentage of individuals in each
crossing falling in the lowest vigour class
«50% of vigour of BA29) ranging from
3,74 % in the case of cross with P264 to
20,3 % for cross with P415. In general. as
far as tolerance to lime-induced chlorosis,
hybrids from crossings with P1588, P256
and P264 a 72,64, 77,5 and 80,6% of the
individuals respectively were classified in
class O (higher tolerance). In contrast
trees with BA29 as rootstock only 58,33%
of the individuals were classified in this
category confirming the potential of Pyrus
as rootstocks with certain tolerance to
lime-induced chlorosis. Combination of
the two characters of interest, high
tolerance to lime-induced chlorosis (class
O, no symptoms) and low vigour (class 1,
<50% of BA29 vigour), results in a
percentage of individuals between 2%
and 8% depending on the cross (Figure
3). Seedlings from open pollination of
'WILLlAMS' (P415) and derived from
cross with Pyrus amygdaliformis (P257)
and Pyrus communis cordata (P256) are
those with a higher percentage of
individuals that combine both characters
of interest. Further evaluation of these
characters and other characters of
agronomical interest is needed.

References
Lombard, P.B. y M.N. Westwood. 1987.
Pear rootstocks. In: Rootstocks for fruit
crops (C.R. and R.F. Carlson, eds), p.
145-183
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Plant Genetics & Genomics

Combining Ability of Fruit Appearance and Eating Quality in Pears

S.M. LiuA, G.R. McGregorS and S. M. RichardsA

AOPITatura Centre, Ferguson Rd. Tatura, VIC 3616, Australia; 'OPI Knoxfield Centre, 621 Burwood Hwy, Melboume. VIC 3156, Australia

AIM:

• Te investigate combining abllity and hentability estimates 01pear appearance and eating Quality Quantitied Wlth hedonic scales.

MATERIALS & METHOOS:

•

F.fUlts.came trom seedlinq trees of breeding families grown al OPI. Tatura Centre. Victoria, Australia.
ey were denved from Intercrosslng 14 European pear genotypes (Table 2) and planted from 1993 lo

,996 .n SIX orcnanl btocks.
Samples 014 lo 6 lrults per tree were harvested al Ihe estimated harvest date, and stored al 1°C lar

7 weeks. After cold storage. In.uts were npen al 18°C for 7 davs prior lO sensory assessment.
Fruit appearance and eaung quality were scored accordlng lO a 5-pOlnl inverse and a 9-poin!

~ hedonic scale In 2002 and 2003. reSpectIVely.

Umvartate analyses were conducted using a mixed model as follows, by ASReml statisllcaJ
software: Y'ik=~+b,+9I+9."I"si.-t-e'1k.whereY. b, g. s and e are a glven score for Quality attribute, tixed
orchard block eflect, general comOining ability (GCAl effect 01 parent, specific combining ability
(SeA) eHeet of family and random residual etteet.

Narrow-sense hentability (h2) was derived trom GCA. SCA and residual variance components
(Table 3). Spearman rank correlation coetticlent was estimated lo rank GCA or SCA ettects
across seasons.

RESULTS:
The distnbution and mean seedling Quality score were skewed to poor appearance and eating quality,

Out supenor pl1enotypes eXlsted among assessed seedlings In elther season (Table 1). Correlation was
nol significan! between two annbules Wlthin each season (ri=O.OS. P>O.OS).T_,. _ot-.g. .,.._

Appearanca Eatmg Quallty

2002 =3 2002 2003

No Seedlinqs 380 534 360 468

Rang. 2-5 '·9 '·5 1-8

~ean 393 336 378 294

SD 075 , 69 061 0.89

:-lote: Duc: Inlhc: <llffcrc:nl scales u.~Cl.I.m 2[)01 hil!"hc:r~cora m,jiClue T"ltlf qllollny. hUI m 2003 inc.lioatc heuc:r qualily

GCA effects vaned wtth parents for appearance. bu! were zero for eatlng quaJlty in both seasons
(Table 2). 8PM, Eldorado, Guyot and Carella shOwed GCA effects for better appearance. The rank
correlation was mOderate bul slgmficant lor truit appearance between seasons (r2=0.36, P<O.OS).

T_2. GCA __ III'*1ng for __ -""*'11q.-,_
Paren!

2002

HW606 -0.154• BPM -D.118

Eldorado -0111

Guyol -D,095

Coreila -0.010

JOS8Phine -0_003

L'lnconnu -0_003

Potamac 0014

Howell 0,034

1"·138--83 0040

WBC 0_059

Packham's T 0.080

Comice 0.103

WintarCole 0_134

Appearance Eating quahty

2002 2003

0.0 00

0.0 00

0.0 00

00 00

0.0 00

00 0.0

0.0 0.0

00 00

00 00

00 00

0.0 0.0

0.0 0.0

0.0 00

0.0 00

Ranking 2003 Ranking

{I_139

0308

0197

0604

0510

-0224

..()242

0,018

0.222
10 -0,161

10

11
7

11

'2
'3
14

0.307

-0613

.0.968

-0.552

4

13

14

12

Note: Que 10 me difIerenl )C8lca UKd.. in 2002 smallcr CiumalCS IIXÜCllC hcllcr GCA clTccl,
bul In 2003 indú;ate pooI'cr OCA cffCClS

Among 23 famllies assessed in both seasons. 8 families possessed SeA eHects for betler
appearance (Rg. 1) or ealing quality (FlQ. 2) (red dots). The rank correlalion lar eating quality was
signlficant bUI weak across seasons (ri=O.1 B. P<O.OS).

0.6

0.5

0.4

0.3 io., ·t .
~ 0.1 ,.... !

-0.1 [..
·0.2

0.8

0.6

0.4
• 1

~0.2 ,-:
O

-O., J..
.1-0.4 ·0.3

-0.4 +--~~-~_
-0.2 -0.1 o 0.1 0.2

2002

-0.6 '_-~~-~-~~-
-0.6 -0.4 -0'~OO20 0.2 0.4 0.6

FJg.1. Varlatlon and •.•••Uon.hlp 01 SCA
affect. for"un appuranc. 01 23 fIImlU••

Flg.2. V.rlatlon and r••• Uonahlp of SCA
.ffect. lor •• Ung qUII11Iy01 23 lamlU••

Note: Due 10 Ihe diffcrc:nl scales uscd.. in 2002 ~mallc:r CSIHNr,lCSmdialle OcllCr SeA dfccL nul in 1003 indiale
poorer SeA dfeclS

Low to moderate heritability estimates were obtained for fNit appearance. bul zero
values lar eating quaJity (Table 3).

T_3. GCA_SCA __ ---..y_IDrIN.
_-""*'11 quoifIy-

Appearance Eating quality

2002 2003 2002 2003

"'", 0.023 0.319 0.000 0.000

"'- 0.104 0.247 0,015 0.049

h' 0.10 0,29 00 0.0

CONCLUSIONS:

• Selecüon for recombinants witll gooo appearance and eating quality can be succes9fuf. as
no adversa correlation exists between them.

• Parental genotypes, BPM, Eldorado, Guyot and Corella. possess good ability to transmit
their 9000 lruit appearance inlO seedling progeny.

• GOOOgenetic gain can be achieved basad on phenotypic selection lar lruil appearance; selection
lar eating quality can be more sUcces9lul in tIle families witll larga and desired SeA effects
across seasons.

• A more extensive hedonic scale aUribules to lhe increasad magnrtude ot tIle estimates, and tIlen
by enhancing selection efficiency 01 breeding lar lruit quaJity.
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"Pyriam" : A new pear rootstock
Simard M,H .. Michelesi J,c.
Institut National de la Recherche Agronomique, Centre d'Angers, Unité d'Amélioration des Especes
Fruitieres et Omementales, BP57, 49071 Beaucouzé Cedex (France). e-mail: simard@angers.inra.fr

"Pyriam" (OH11) is apear rootstock
(Pyrus communis) obtained in 1967
at the INRA Fruit and Ornamental
Plant Breeding Unit of Angers in a
breeding programme initiated by B.
Thibau1t, J.C. Michelesi and L.
Hermann to create a clonal pear
rootstock. compatible with pear
varieties. inducing a low vigor to the
scion.

Photo n01 :
"Pyriam" in nursery

Photo n02 :
"Williams" on "Pyriam"

Fourpear genotypes have been chosen as female for apen pollination (O.P.): the rootstocks "Fieudiere 3"
and "Kirschensaller" ; the varieties "Beurré Hardy" and "Old Home". TIlirty two seedlings of each of
these genotypes have been grafted by "Williams" or "Passe-Crassane" and planted in 1969 to make

selection on induced vigor. productivity and graft-compatibiliry. Among these 128 seedlings, 9 genotypes
have been selected in 1981, for their induced vigor close to BA29 and their good productivity : OH11 ("Old
Home" OP11), OH20, OH33 ; BHl3 ("Beurré Hardy" OP13), BH15 ; K14 ("Kirchensaller" O.P. 14), K15.
K32 ; F26 ("Fieudiere 3" O.P.26).

Fig. 1 : Vigor induced by rootstocks
"'1 to .Williams» variery

-:1 ~
1::1 ~
'" I _/7
~15°il -...":'i 7;::7 F"": 1-=;:;"1

Then distinctive qualities of these 9 selections have been eva-
luated: tolerance to tire blight (Lemoine 1., Michelesi J.c. and
Allard G.. 1996), ability to propagate. habit in nursery, com-
patibility with "Williams" (Le Lézec M .• Lecomte P., Laurens
F. and Michelesi J.c., 1997). OH11 and at least OH20 and
OH33 have been choosen for their good ability to propagate,
their tolerancy to tire blight, their good growth in nursery and
their good compatibility with "Williams". , "

Yoar

Table 1 : Orchards results with 'Williams"

Cumulau:d Yicld ( KgItree) Index of Productivity (Ip) Frui! sizc abovc 70 (%)

Year BA29 (lIIII OHF333 BA29 011II OHF333 BA29 ()III' OHF 333

3 5 9 8 3 6 6 62 40 21
4 14 35 28 8 19 15 52 24 24
5 42 64 51 21 28 24 48 39 45
6 73 97 79 33 38 33 40 35 43
7 119 154 129 48 55 49 25 26 29
8 165 205 172 59 65 58 35 .1' 39
9 188 230 194 61 67 60 -
lO 257 .:1)7 259 82 's) 77 - -

In 1990, orchards of these 3 genorypes
grafted by "Williams" have been planted in
severa! locations. The results obtained at
INRA (Table 1) have been confrrmed by
the others experiments. With "Williams ",
OHll gives the best results inducing a
slightly higher vigor (Fig. 1), an equal pro-
ductivity and a fruit size close to BA 29,

IP : Cumulau:d Yield 100
Trunk Girth x

Fruit size : % of ftuiu with diamel<r aOOve 70 mm

In the South-East of France, on calcareous soils. orchards of "Williams" grafted on OH11 show homogeneous
and durable production without chlorotic leaves compared to those grafted on BA29. Thus this open pollina-
tion of Old Home (OHll=P2395) has been released as "Pyriam" for "Pyrus resistant to Erwinia amylovora"
in 1997. "Pyriam" is potentially of great value under mediterranean conditions, particularly in South-East of
France where it could replace BA29. Large experiments are in progress in connexion with Ctifl and regional
experiment stations.

Lemoine l .•Micbelesi l.C. and A11ard G., 1996. Quelques porro-grc1fc pour le poirier : bouturagc habacé el semi-ligneux (ll), Arbo
Fruil, 490.24-29.
Le Uux: M.l=>mte P., Laurcns E and Michelesi J.C., 1997. Smsibilité v.i&lc ••• feu b",téricn (2° p8ltic). Albo FruiL, 504. 33-37.

mailto:simard@angers.inra.fr
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,t\ selcctinn fron¡ Pvrus hetulaefolia ZlS d ne\t\;'
/

pollinJtor far the Tl1Jlil P:TU5 con7rnunis cultivars.
M. Le Lezec, A. Belouin, MH. Simard
INRA Centre d'Angers, UMR CenHort 42 rue Ceorges Morel, 49077 Beaucouzé cedex, France.

T he pear cultivars (Pyrus communis) are self-incompatible ; in any orchard, inter-fertile cultivars
have to be planted. Cultivar association is dependent on a same flowering time and inter pollen

compatibility. Moreover, in a given place, the cultivars of market value could not fulfill these conditions.
A selection only devoted to pollinate the main cultivars could be a quite interesting proposal.

Several Pyrus species were screened as potential pollinators. PARRY (1976) emphasized 4 of them :
Pyrus amygdaliformis, Pyrus longipes, Pyrus nivalis, Pyrus salicifolia.
KURENNOI (1985) investigated among Pvrus betulaefolia, Pyrus
syriaca and Pyrus salicifolia. At INRA ANGERS, research was initiated in
1990 within a large collection planted in 1960. A selection from Pyrus
betulaefolia, introduced from BOLOGNA (ltaly) in 1952, was selected as
the best candidate.
This clone, P337-41, was studied in 3 French locations : ANGERS,
West-BERGERAC, South West-NIMES, South East.

The tree has a spreading habit, a strong vigour and develops numerous
brindles ending in a flower bud. Grafting has to be perform on Pyrus
rootstock and not on quince. The French nurserymen associated in
the CEP-Innovation group will propagate a virus-free clone,
when available.

Flowering is very abundant and regular each year ;
the average number of flowers per cluster is 13. A whole
cluster has viable pollen for 2 or 3 weeks. P337-41 covers
a large range of flowering from early as "Harrow Sweet",
to late as "Doyenné du Comice" (Tab.2).

Fig.2 : Clustersduring fuI! bloom

The percentage of germinating pollen
grains is around 50%. Pollination experi-
ments were performed on three varieties :
Williams, Conference and Doyenné du
Comice. (rab. 1)

Table 1 : Performance of P337 -4 1 as a pollinator : number of seeds
per fruit.

Epine du Mas
(control) 8,6 8,5 8,5

The c!orw P n:- -41 originating from Pyrus
betulaefolia is recommended as a pollinator
of the main varieties grown in France,
Williams, Conference and Doyenné du
Comice. Each year, this new selection has
a lot of flowers available for pollination on
a long period - 2 or 3 weeks. As for the apple,
we advise the grower to display the pollinator
in each row, a one-in-ten plant.

Table 2 : Extreme values of flowering time at ANGERS from 1998
to 2002 (5 years).

March
\5

April
--'. 2,0

Harrow Sweet

Williams 21-----13

Conference 23 17

21- ¡ • M17Angélys

Doy. Comice 23•••••• 19
KURENNOI VN., 1985. The possibiliry olllsing the wild
pear species Pyrus betlllaelolia as a po/lilllltor lor rabie
\'arieties ill single varietv plantations. Povysh. urozhaillosti
plod. i ovoshclz. kll/'tur. 34-38, (Ellglish sllmmary).

P33i-41 P. betul. 15 •••••••• 19



Peñormance of 'Conference' pear on self-rooted trees and several
Old Home x Farmingdale, seedling and quince rootstocks in

Lleida (Catalonia NE-Spain),l. Iglesias
IRTA·Estaci6 Experimental de Ueida
Rovira Roure. 191. 25198-Ueída. España

.e-mail: ignasiJglesia~irtB.8s IRTAs:=
Introduction
In Spain pear is the third most important
deciduous fruit tree species after peach and
apple. with 32356 ha in 2002. Catalonia is
the most important region with 13623 ha.
mainly located in lIeida and Tarragona.
The most important cultivars are 'Blanquilla'
and 'Conference'. which together account
tor 64% of total pear production. In contrast
to apple and peach. the availability of new
pear rootstocks is very Iimited. The effect of
rootstock on the growth of different varieties
has been weJl studied. It is one of the most
effective options for growth control. as it has
a direct effect upon fruit quality and
homogenelty. Due to the loss oi
chlormequat chloride (CCC) in the

_ropean Union in January 2000. the use of
~arting rootstocks and root punning ha ve

become the two most interesting options tor
controlling tree vigour. Despite the
importance of pear in the main growing
areas of Catalonia. there is a lack of
information about the agronomical
performance of some new rootstocks. The
objective of this study was to provide
information about the agronomical
performance of some clonal Pyrus
rootstocks. quince, seedling and self-rooted
'C\lnference' trees at the IRTA Experimental
Station of Lleida (NE-Spain).

) ~¡ .:."' ~~ . , .•. -~~,:. ::.¡:":..;,.-

~! drG -;L.;':"1o~r :';j ~'O;'lt 3ucXer:; :),;.!r ~r.:.~
·'.:'?r:; ;·~.~I;Gr··led.7vverr-¡ /s:)ri.~SF::'n~3t¡'i(! :n.,:,r::,

)'=f ~¡,~r':;'I~!'!ta!.ctot '/i(:::f? U3ec ~o det~rm;::.~
:n.j!~ .:;ua~il~J "'"!""; ee \JIIJüur ,·••••a~ ~Xp(t:s';e.d /iS .3

.~!~r.k ..-:r:Y~S-3¿.ctlcnal ~.T:S,4)::J -.::m .]CO\.!~~
~r:e Jraft :Jn!on. 3J,:.ace occupted i:;y the :re.~s
Jf ,.:,tf¿rent 'oot;lOcks ""as ,isu¿¡¡¡'¡ '·ecorOt,.1
and related to TeSA. CC¡lPulative yle!o
efficlency (CYE) calculated aM expresseá
in kg/Gm~. Iron sensitivlÍ'1 was evaiuated
using a visual scale wlth a range of O te S,
where O '" no symptoms. 5= yeHow colol~r
and/or necrotic feafs, proposed by Sanz and
Montañés (1997). The experimental design
'Nas a randomised compleie oiock wah 4
reptications and elemental píots of tour
~Iees. Controls were carned out on the ':Wo
central trees of eacn plot. Controls were
carried out on the two central trees ot each
plot. Yields. frUlt size. fruit quality and yield
efficiency were tested with analysis of
variance using the Statistical Analysls
System soítware (SAS. 199h sratlslical
signlficance 'Nas 1SS2ssetl dt F=I).05. Wher.
~h2 :lnij!y~ls <·OV<=1S·;;tat:st:r:all't s¡qnlfic3nt (F·
,~~':::.T~-j.!Kt:·.,; :~-.t·r·r ';:-1>11 l1i(;Í: ·~r :~l,~:_~'V:.
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Results and discussion
Cumulative yields show significant
differences between rootstocks; the highest
and most precocious were obtained with the
quinces M-C. M-A and Adams 332. and the
lowest with seedJings and OHxF clones
(Figure 1). The least vigour was recorded
with M·C and the greatest with OHxF-333
and seedJings. OHxF-69 and self-rooted
trees produced greater vigour than quince
rootstocks. The weakest rootstocks were
also significantly more efficient than the
most 'Jigorous ones. No differences in yield
efficiency were registered between
seedlings and OHxF clones. Self-rooted
trees provlded intermediate values with
respect to quince and OHxF clones (Figure
2). Similar values were reported by
Westwood et al. (1976). Denby and
Meheriuk (1987) reported greater efficiency
\ln OHxF 69 than on OHxF 333 using
'Swiss Bartlett' pear, and also early yields
with OHxF 87. Fruit size distribution were
recorded as mean values for the period
1999-2003. The highest values for fruit size
were observed on quince rootstocks,
among them the lowest values for the
percentage ot fruits >70mm were obtained
tor M-C. No differences were registered
between the other rootstocks, particularly
when self-rooted, seedlings and OHxF
clones were compared (Figure 3). Fruit
firmness induced by quince rootstocks was,
in general, similar to that obtained with
OHxF clones, seedlings and self-rooted
trees. SSC and TA were lower for these
rootstocks than for quince. which may be
indicative of higher quality (Table 1). Fruits
from self-rooted trees always exhibited a
lesser degree of russeting than the resto
with intermediate values being obtained for
OHxF clones and seedlings. regardless of
differences between quince rootstocks. Fruit
colour expressed as Hue angle registered
lower values for quince rootstocks Ihan for
self-rooled trees. OHxF clones and
seedlings (Table 1). Self-footed trees.
seedlings and OHxF 333 were the most
tolerant to iron chlorosis and OHxF 69
showed similar sensitivity 10 BA-29. while
M-C was always the most sensitive (Figure
4). The OHxF series are usuaJly considered
as exhibiting moderate tolerance, similar lO
!ha! of seedlings (Lombard and WeslWood,
1987; Wesfwood and Lombard, 1983).

a
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Combining ability of fruit appearance and eating quality in pears

S.M. LiuA, G.R. l\tIcGregorB and S.M. RichardsA

A Primary Industries Research Victoria, Plant Genetics and Genomics, DPI, Tatura
Centre, Ferguson Road, Tatura, VIC 3616, Australia. Tel: 61-3-58245505; Fax: 61-3-
5833 5337; Email: shiming.liu@dpi.vic.gov.au.
B Primary Industries Research Victoria, Plant Genetics and Genomics, DPI, Knoxfield
Centre, 621 Burwood Highway, Melbourne, VIC 3176, Australia

Keywords: General combining ability (GCA), specific combining ability (SCA),
narrow-sense heritability, correlation

Abstract
Combining abilities for fruit appearance and eating quality were

estimated for 14 pear genotypes and their derived families used in the Australian
pear breeding programme. Data from sensory assessment of 30 and 35 families
in 2002 and 2003, respectively, was used in the analysis. Mean quality seores
skewed to poor fruit appearanee and eating quality. There was no correlation
between fruit appearance and eating quality in either year. Large variations
were observed in 2003 for both attributes and for estimates of GCA and SCA
effects. All parents had zero GCA effect for eating quality. Narrow-sense
heritability estimates ranged from 0.10 to 0.29 for fruit appearance and were
zero for eating quality.

The rankin~s of GCA effects of parents were moderately correlated
between seasons (r-=0.36, P<0.05). BPM, Eldorado, Guyot and Corella showed
large GCA effects for better fruit appearance, but Packham's Triumph, Comice
and Winter Cole showed GCA effects for poor appearance. SCA effects
contributed to better fruit appearance and eating quality in 8 out of 23 families
assessed in both seasons. Rank correlation was significant but weak for SCA
effects of eating quality across seasons (r2=O.18,P<0.05).

The results indicate that good genetic gain can be obtained based on
phenotypic selection for fruit appearance using a 9-point hedonic scale for fruit
assessment. Selection for good eating quality can be successful within families
with large and desired SCA effects over seasons.

INTRODUCTION
Fruit quality is a comprehensive response of human preference to fruit

appearance and eating quality. As appearance and eating quality are difficult to
measure objectively, fruit breeders rely on sensory assessment to identify the most
promising phenotypes among progenies derived by controlled crosses (Bell et al.,
1996; Hampson et al., 2000). To improve the success of this selection strategy,
knowledge of the inheritance of sensory attributes for fruit quality becomes essential.
In this study, we report estimates of combining ability and heritability for pear fruit
appearance and eating quality measured with predefined hedonic scales in the
Australian National Pear Breeding prograrnme.

MATERIALS AND MATHODS
Fruits assessed in this study carne from seedling trees of breeding families

grown at DPI, Tatura Centre, Victoria, Australia. All seedling trees were planted

mailto:shiming.liu@dpi.vic.gov.au.
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from 1993 to 1996 in six orchard blocks with 3 m inter-rows and 0.5 m between
seedlings within a row. The blocks were managed according to commercial practice.

Data from 30 and 35 families, which included over 360 and 460 seedling
trees for 2002 and 2003, respectively (Table 2), were used in the study. These
families were derived from intercrossing 14 European pear genotypes (Table 3). The
number of seedling trees assessed per family ranged from 5 to 46.

Fruit harvest and storage were carried out as follows in both seasons. Fruit
harvest date was determined based on maturity dates for parental genotypes, and
change of fruit skin colour and firmness. Samples of 4 to 6 fruit were harvested for
each seedling tree at each harvest, and then stored under cool room conditions of 1°C
for approximately 7 weeks. For productive trees, fruit were harvested and stored two
or three times at 2 week intervals. After cold storage, fruits were ripened under
controlled temperature conditions of 18°C for 7 days, prior to sensory assessment.

Sensory assessment was carried out by a panel of at least 3 people. Both
fruit appearance and eating quality were scored according to a 5-point inverse and a 9-
point hedonic scale in 2002 and 2003, respectively (Table 1).

The univariate analyses were based on a mixed model as follows for each
season:

Yijk=!..t+bi+gj+gk+Sjk+eijk.
where Yijkis a given score for quality attributes of individual trees, bi is a fixed effect
for orchard block i, gj and gk are the general combining ability (GCA) effects for
female and male genotypes, respectively, Sjkis the specific combining ability (SCA)
effect for the family derived from parents j and k, and eijkis the random residual
effect. For trees with multiple harvest dates, the highest score was used in the
analysis as it was likely to represent genotypic potential.

The above model was fitted using ASReml (Gilmour et al., 2000). Narrow-
sense heritability (h2) was calculated as follows: h2= 40'2geal("~O'2gea+4O'2sea+O'2e),where
0'2gea.0'2seaand 0'2e are estimated GCA, SCA and residual variance components,
respectively (Falconer, 1989). Spearman rank correlation coefficients were used to
compare GCA and SCA effects across seasons.

• RESULTS
The distribution and mean quality scores were skewed to poor appearance

and eating quality across assessed seedling trees in both seasons (Table 2).
Phenotypic variation was similar for both attributes in 2002, but in 2003 was almost
twice as large for appearance as for eating quality. There were phenotypes with
superior appearance or eating qualitr (Table 2), and correlation was not significant
between them within each season (r =0.05, P>Ü.05).

OCA effects varied with parents for appearance, but were zero for eating
quality in both seasons (Table 3). BPM, Eldorado, Guyot and Corella had larger
values and tended to improve fruit appearance. In contrast, Packham' s Triumph,
Comice, and Winter Cole had smaller values and contributed to poor appearance.
Genotypic difference for GCA effects was larger in 2003 than in 2002. However, a
moderate rank correlation (1=0.36, P<0.05) existed for genotypic GCA effects
between seasons (Table 3).

The estimates of SCA effects for 23 families are presented in Figures 1 and 2
as they were assessed in both seasons. The estimates differed with families for both
quality attributes, and 13 and 15 families exhibited consistency for SCA effects across
seasons for fruit appearance and eating quality, respectively. Among them, 8 families
possessed SCA effects for good appearance (Fig. 1) or eating quality (Fig. 2). The
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difference in SCA effects among farnilies was larger in 2003 than in 2002, and a weak
rank correlation was found for the estimates of eating quality across seasons (r2=0.18,
P<0.05).

The magnitude of a2gca and a2
sca estimates was larger in 2003 than in 2002

for fruit appearance (Table 4), and the relative importance of a2
gca also resulted in a

higher estimate for heritability in 2003. Heritability estimates were zero for eating
quality in both seasons due to zero values of a2 gca estimates.

DISCUSSION
Although the majority of assessed seedling trees produced poor quality fruits,

phenotypes with either better appearance or eating quality were identified. As no
adverse correlation exists between these quality attributes, it is not difficult to select
recombinants with excellent fruit appearance and eating quality as long as a large
number of seedling hybrids are assessed. This evidence agrees with a very low
retention of pear seedling hybrids at primary stages of evaluation in our breeding
programme. and accords with pear breeding practice world-wide (Bell et al., 1996).

Estimates of GCA effects and heritability both suggest that fruit appearance
is controlled by additive gene effects, but eating quality is predominantly govemed by
non-additive gene effects. Among paren tal genotypes, BPM, Eldorado, Guyot and
Corella possess good ability to transmit their superior fruit appearance to seedling
progeny.

A moderate heritability estimate for fruit appearance in 2003 implies that
good genetic gain can be achieved based on phenotypic selection (Lemer, 1958;
Hansche, 1983). In contrast, to improve eating quality, a strategy exploiting non-
additive gene effects should be emphasised. Non-additive gene effects can be utilised
in fruit crops due to their clonally-propagated nature (Bringhurst, 1983). As genetic
variation is similar within families to between families (Simmonds, 1996), and the
magnitude and directions of estimates of SCA effects varied with families and also
with seasons in this study, selection for promising phenotypes can be more fruitful in
families with large and desired SCA effects across seasons.

The larger magnitude of estimates in 2003 is more likely to be a result of a
• more extensi ve hedonic scale used for quality assessment in that season. The

expanded scale seems to be better in differentiating underlying genotypic difference
of phenotypic performance. Thus, choosing an appropriate scale is of utmost
importance to understanding the inheritance of fruit quality attributes, and thereby
enhancing selection efficiency of breeding for fruit quality.
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Table 3. OCA effect and ranking for fmit appearance and eating quality of 14 parental
genot:n~es in the 2002 and 2003 seasons, resEectively.
Parent AEEearance 1 Eating quality

2002 Ranking 2003 Ranking 2002 2003
OCA effect

HW606 -0.154 1 -0.139 8 0.0 0.0
BPM -0.118 2 0.308 3 0.0 0.0
Eldorado -0.111 3 0.197 6 0.0 0.0
Ouyot -0.095 4 0.604 1 0.0 0.0
Corella -0.010 5 0.510 2 0.0 0.0
Josephine -0.003 6 -0.224 10 0.0 0.0
L'inconnu -0.003 7 -0.242 11 0.0 0.0
Potamac 0.014 8 0.018 7 0.0 0.0
Howell 0.034 9 0.222 5 0.0 0.0

• I11-13B-83 0.040 10 -0.161 9 0.0 0.0
WBC 0.059 11 0.307 4 0.0 0.0
Packham's T 0.080 12 -0.613 13 0.0 0.0
Comice 0.103 13 -0.968 14 0.0 0.0
Winter Cole 0.134 14 -0.552 12 0.0 0.0

Rank correlation coefficient
-0.60*

Due to the different scales used for fmit assessment, in 2002 estimate with negative
value indicates better OCA effect, but in 2003 indicates poorer OCA effect for fmit
appearance.
* Significant at P<0.05.

Table 4. OCA and SCA variance components and narrow-sense heritability estimates
for fmit aEEearance and eating guality in the 2002 and 2003 seasons, respectively.

AEEearance Eating guality
2002 2003 2002 2003

2cr "ea
2'"

cr sea
h2

0.023 0.319 0.000 0.000
0.104
0.10

0.247
0.29

0.015
0.0

0.049
0.0

2 2 2 2 2h = 4cr geal(4cr gea+4cr sea+cr e).
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Fig. l. Variation and relationship of SeA effects for fruit appearance of 23 families
assessed in the 2002 and 2003 seasons, respectively.
Due to the different scales used in fruit assessment. in 2002 estimate with negative value
indicates better SeA effect for appearance. but in 2003 indicates poorer seA effect. The
points (~) indicate the families exhibiting consistency for seA effects across seasons.
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Fig.2. Variation and relationship of seA effects for eating quality of 23 families
assessed in the 2002 and 2003 seasons, respectively.
Due to the different scales used in fruit assessment, in 2002 estimate with negative value
indicates better SeA effect for eating quality, but in 2003 indicates poorer SeA effect. The
points (~) indicate the families exhibiting consistency for seA effects across seasons.
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Introduction: Stargrow South Africa

• HISTORY ...
., In 1992, Michiel Prins and Chris Goodman started a rootstock business that produced clonal

rootstocks of apples, pears and stonefruits. This would develop into a business that could

supply in about 75% of the South African fruit industries' need for clonal rootstocks.

Sophisticated propagation facilities and infrastructure for rootstock propagation enables us to

quickly multiply and supply rootstock cultivars. Stargrow is also conducting rootstock trials on

several sites to supply the industry with accurate information.

In May 1995, Michiel and Chris started a nursery whose main purpose was to supply deciduous

fruit trees for the domestic market. At this time, they also started a breeding and cultivar

development programme. Between 1995 and 1998 Stargrow diversified into a range of other

• agricultural crops which has enabled them to supply a wide range of plant material. The citrus

cultivar development and management company is an affiliate of Stargrow with co-owner Piet van

Rensburg.

MISSION ...

Stargrow specialises in the deve/opment and supply of high quality plant material,

supported by outstanding service.

The experts at Stargrow have extensive technological know-how at their disposal to ensure that

the plant material supplied is of the highest quality. The high cost and risk to the producer when

establishing a new orchard is precisely why Stargrow takes extra care to ensure that the quality of

our plant material is always reliable. This encompasses the physical, chemical, genetic and

phytosanitary profile of each plant.



Carefully grown plant material that complies with the client's specifications, can be attributed to

Stargrow's technological expertise, strengthened by a personal relationship with clients as well as

a comprehensive technical back-up service.

NURSERY SITES ...

•
• SUIKERBOSRAND

• MIDDELTUIN

• CITRUSDAL CITRUS

• ZEVENRIVIEREN

~"""_ -, - .• -'1'

~i~~~","~o:,.~:~,..'-- ...•.••....•...•• ~. 'caa"""_
Mldd.nuin • _ •.

"\',; Citru.aal Citrua

,>..~. '.c~·"_
~~~~ ~,.~:.~~ _>

~~ __.wrorc..t... -'.. •..••••••••...~_:

c:o •• '_;L~::;...;...::~.".~." .~;:.' . '
.: Zavennvleren ~•.t.w"""c:aJ:,·:~

Starqrow Head ame•. ~~..,._._.¡:~~.. ~-el•• _ -;r-' __'r

'OUTH APRleA

Nort"h.rn C8pe

Suikerbosrand is situated in the Koue Bokkeveld approximately 30 km west of the small town ot

Op Die Berg, north of Ceres. Suikerbosrand is the Stargrow Nursery site that is responsible tor the

propagation of Apple and Pear trees. This particular site is ideal tor pome truits because of high

chilling units which are necessary for a good hardening off of trees. This site also produces stone

fruit, pome fruit and cherry rootstocks.

Middeltuin is situated west of the N7, between Clanwilliam (Paleisheuwel turn-off) and Citrusdal

(Marcuskraal turn-off). Middeltuin is used mainly for stone fruit and vine (table and wine)

propagation. Cherries, berries and olives are also grown at Middeltuin. Apart from normal

propagation of plants, we also use this site for the rooting of pear and stone fruit rootstocks,

because of the exceptional rooting we obtain, due to a suitable climate and soil. Middeltuin is also

the site of our vine rootstock motherblocks for production of vine rootstocks.

Citrusdal Citrus is situated ±5 km north of Citrusdal. As Citrusdal is an area that is totally free

from citrus greening and black spot, this Stargrow Nursery site is very well positioned to produce

top quality citrus trees.

Zevenrivieren is situated in the Banhoek Valley in the Stellenbosch District, just off the Helshoogte

pass. Rootstocks for pome and stone fruit trees are produced here.

2



PROOUCT RANGE ANO MARKET SHARE
Apples

Pears

Table Grapes

Wine Grapes

Stone Fruit

Cherries

Olives

Citrus

Berries

43%

50~·'Ú
••..rOI
Lv O

We are currently handling more or less 1.9 million units of the above-mentioned products, as well

as about 2.25 million rootstocks. This makes Stargrow the biggest nursery in the country in

terms of volume and diversity.

INTELLECTUAL PROPERTY I CULTIVAR DEVELOPMENT ...

Stargrow is also a fruit cultivar development and management company. Its business is to

identify opportunities for new cultivars globally and to breed, acquire, evaluate, control and

commercialise these cultivars through a network of Master Agents worldwide. Stargrow is currently

commercialising its varieties in countries such as Chile, Brazil, Australia, Argentina, EU, Israel and

Africa. The company benefits from the royalty payments made on the sale of plant material and

fruit of its exclusively owned cultivars.

• Stargrow is a registered Plant Improvement Organisation

(one of only three in South Africa). This means that

Stargrow contro/s the phytasanitary and genetic

requirements of our plant material within our

government's certifica tian scheme.

We have multiplication and breeding facilities at a number of locations in the Western Cape.

Stargrow is the only private deciduous fruit breeder in South Africa. Stargrow is a member of

an international consortium consisting of leading nurseries (INN), and has license agreements with

cultivar development groups in the USA, Canada, Europe, Chile, Australia and New Zealand. The

South African Government breeding station has also appointed us as their agent to introduce

certain of their cultivars in several countries.

3



The fact that Stargrow also has its own breeding programme and an ongoing selection of field

mutations, ensures that it has continuous access to a wide range of new cultivars developed and
released globally for exclusive commercialisation.

The company also employs skilled specialists in the fields of plant breeding, evaluation, plant

propagation, plant pathology, plant importation and protection and registration of cultivars.

Plantmaterial Production
It takes from about one year to 18 months for plantmaterial to be released from the South African

Quarantine Station. We usually receive ± 50 buds, from which we can produce well over 100 000

nursery trees within 3 years. In the case of berries, we also have the option to bring several

• thousand plants into open quarantine, which will enable us to produce commercial quantities within
one to two years.

The above plants are produced in our nursery and planted out at our test sites. As our

nursery sites are located in different climatic regions, the varieties can be tested over a

wide range of climates and the right climate for propagation of every fruit type determined.

Isolation from pests and diseases and the use of virgin soils enable us to produce plant

material of the highest quality. Because they are planted on our own sites, we are able to
ensure maximum security of new varieties.

With South Africa being a UPOV member country, adequate legal protection exists for

effective control of varieties under the Plant Breeders' Rights Act. This confers the same

protection as a USA Plant Patent. If needed, we can also seek trademark protection.

4



Marketi ng/Distri bution

South Africa
Stargrow has a marketing department that markets its products through:

, newsletters

, advertisements in magazines

., telephone marketing

, the Internet

, personal visits to clients

., nursery and field days

, seminars

International
In foreign countries we are mainly making use of master agents whom we supply on a continuous

basis, with a technical back-up serviee on our products. We also allow them to use trademarks

registered on our products.

The price of plant material is determined by free market forees. High quality produets and service,

as well as availability of new varieties allow us to get a premium price for our products.

CONTACT US:

STARGROW

PO BOX 12536

DIE BOORD

7613

SOUTH AFRICA

TEL:

FAX:

E-MAIL:

WEB:

+27 21 880 1882

+2721 880 1485

stella@stargrow.co.za

www.stargrow.co.za

mailto:stella@stargrow.co.za
http://www.stargrow.co.za



