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Al V raziskavi smo ovrednotili vsebnosti metabolitov v plodovih in listih evropske Zlahtne
hruske (Pyrus communis L.) sort ‘Williams' in ‘Conference’ kot odgovor na upogibanje
rodne veje. Petletne rodne veje smo upognili v dveh terminih: pozno poleti 2003 in
spomladi 2004. Kontrolno obravnavanje so predstavljale petletne rodne veje, ki jim nismo
spremenili kota rasti. Narodnih vejah smo v letih 2004 in 2005 vzorcili liste v rastni dobi in
plodove v tehnoloski zrelosti. S tekocinsko kromatografijo visoke loéljivosti (HPLC) smo
izmerili vsebnosti doloc¢enih ogljikovih hidratov (saharoze, glukoze, fruktoze in sorbitold) in
fenolnih snovi (klorogenske, vanilne in sinapinske kisline, epikatehina, katehina, rutina,
kvercetin-3-D-gal aktozida in kvercetin-3-B-D-glukozida) v listih in plodovih ter organskih
kidiin (citronske, jabol¢ne, Sikimske in fumarne kisline) le v plodovih. Upogibanje rodnih
ve je v obeh letih mnogo bolj vplivalo na vsebnosti fenolov kot na vsebnosti ogljikovih
hidratov in organskih kislin. Proucevani sorti sta se razli¢no odzvali na agrotehni¢ni ukrep
upogibanja. Zlasti poletno upogibanje je pri sorti ‘Williams' zmanjSalo vsebnosti dolocanih
fenolnih snovi v listih, toda pri sorti ‘Conference je zlasti spomladansko upogibanje
povetalo vsebnosti fenolnih snovi. V letu 2004 so bile pri sorti ‘Williams' najvecje
vsebnosti posameznih fenolov v plodovih, ki smo jih obrali na rodnih vejah upognjenih
spomladi 2004 in pri sorti ‘Conference€ v plodovih na vejah upognjenih poleti 2003. V
naslednjem letu je priSlo do preobrata - morda tudi zaradi nizjih temperatur in obilnih
padavin - in so bile najvecje vsebnosti posameznih fenolov pri sorti *Williams' v plodovih s
poletnega upogibanja ai kontrole in pri sorti ‘ Conference’ s spomladanskega upogibanja ali
kontrole. V kontrolnem obravnavanju so bile v drugem letu pri obeh sortah znagilno vecje
vsebnosti kvercetin-3-D-galaktozida in kvercetin-3-p-D-glukozida ter sinapinske kisline in
epikatehinale pri sorti ‘ Conference’. V poskusu smo ugotovili razlike v vsebnosti doloc¢enih
metabolitov med proucevanima sortama, med obravnavanji ter med prou¢evanima letoma.
Narezultate je vplival tudi ¢as upogibanja (pozno poletho in spomladansko upogibanje).
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The study investigated the response of ‘Williams' and ‘Conference European pear (Pyrus
communis L.) subjected to branch bending, according to the contents of various metabolites
in their leaves and fruit. Five-year-old branches were bent in the late summer of 2003 and in
spring of 2004, and the third treatment with unbent branches was the control. During both
growing seasons of 2004 and 2005, leaves from bent and control branches were sampled
monthly from May to October and fruit at commercial maturity. The content levels of
carbohydrates (sucrose, glucose, fructose and sorbitol) and phenolic compounds
(chlorogenic, vanillic and sinapic acids, epicatechin, catechin, rutin, quercetin-3-D-
galactoside and quercetin-3-B-D-glucoside) in the leaves and fruit, as well organic acids
(citric, malic, shikimic and fumaric acid) in the fruit were measured by high-performance
liquid chromatography (HPLC). Branch bending had a greater influence on phenolics than
on carbohydrates and organic acids in ‘Williams' and ‘ Conference’ leaves and in the fruit
from 2004 and 2005. Both cultivars displayed various responses to branch bending in their
levels of metabalites. ‘Williams' leaves from bent branches, especially those bent in the
summer, had lower contents of some phenolic compounds; however, ‘Conference’ leaves
from bent branches, especially those bent in the spring, had higher phenolics contents. In the
first year, the highest content levels of most phenolics in *Williams' fruit were found in the
current spring treatment and in ‘ Conference’ fruit in the summer treatment. However, in the
next year, the opposite reaction occurred, perhaps because of lower temperatures and
abundant rainy weather: the highest content levels of certain phenolics were found in
‘Williams' fruit in the summer treatment and in the control, while in *Conference fruit the
highest levels occurred in the current spring treatment and in the control. Nevertheless, in
2005 significantly higher content levels of quercetin-3-D-galactoside and quercetin-3-p-D-
glucoside were measured in both cultivars, as well as levels of sinapic acid and epicatechin
in ‘Conference fruit in the control. The differencesin content levels of selected metabolites
between cultivars and among treatments were confirmed in the research; moreover, the
results were affected by the time of bending (late summer and spring) and by the year-to-
year.
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1 uUvOD

Evropska zlahtna hruska (Pyrus communis L.) je zelo razSirjena sadna vrsta v zmerno
toplem podnebnem pasu. Sorti ‘Williams' in ‘Conference’ predstavljata pomemben delez
med sortami, ki jih pridelujemo v Sloveniji (Hudina in Stampar, 2000a). Obe sorti se poleg
splosnih znacilnosti razlikujeta tako v rasti in razras¢anju rodnega lesa kot tudi v rodnosti.
Sansavini (2002) razvrsa sorte evropskih zlahtnih hrusk po rasti in rodnosti v pet
modelov: tako spada sorta ‘ Williams v model | in sorta‘ Conference’ v model 111.

Med Ze uveljavljenimi agrotehni¢nimi ukrepi v nasadih sadnih dreves (gojitvena oblika,
rez, prehrana, namakanje) se je upogibanje rodnih ve] izkazalo za enega izmed
najucinkovitejSh ukrepov, s katerim uravnavamo rast in rodnost (Luckwill, 1970).
Uravnavanje prekomerne vegetativne rasti in Stevilarodnih brstov ter stem posledi¢no tudi
pridelka ima Se toliko vecji pomen zaradi gospodarskih razlogov — zmanjSanja stroskov,
sg) se je razmerje med stroski pridelave in trznimi cenami pridelanega sadja v zadnjih
nekaj letih povecalo. Upogibanje rodnih vej je dandanes pogost ukrep v intenzivnih
nasadih in je vkljucen tudi v gojitveno obliko sonéna os (Costes in sod., 2006).

Z upogibanjem zmanjSamo vegetativno rast, vplivamo na obilngSe cvetenje in vecje
pridelke ter imamo s tem vecje donose v obdobju polne rodnosti (Lauri in Lespinasse,
2001). Podobno ugotavljajo na jablani (Malus domestica Borkh.) tudi Grochowska in sod.
(2004). Goldschmidt-Reischel (1997) je primerjal dva agrotehnicna ukrepa: upogibanje in
rez. Drevesa jablan in evropskih hrusk so imela vecje pridelke, ¢e so jim uravnali rast in
rodnost le z upogibanjem v primerjavi le z rezjo, prvi ukrep pa je vplival tudi na zgodnejso
pridelavo plodov. Upogibanje rodnih ve nasja ali azijske hruske (Pyrus pyrifolia (Burm.)
Nak. je vplivalo na vecjo tvorbo cvetnih brstov (Ito in sod., 1999) ter na zgodngs
zakljucek vegetativne rasti poganjkov (Banno in sod., 1985). Tudi evropska zlahtna hruska
sorte ‘Drustvenka se je odzvala na upogibanje s pospeSeno tvorbo cvetnih brstov in z
zmanjSano rastjo poganjkov (Lawes in sod., 1997).

Odziv sadnih dreves na upogibanje rodnih ve na fizioloSkem in biokemi¢nem podrocju Se
ni dovolj raziskan. Do sedaj je bilo nekaj raziskav opravljenih na jablani in nasju.
Upogibanje je ugodno vplivalo na fotosintezno aktivnost listov jablane zaradi spremembe
kota osvetlitve listov (Pitushkan in Shtirbu, 1985). Ito in sod. (2004) so ugotovili, da
upogibanje vej naSja vpliva na vsebnost dveh pomembnih primarnih metabolitov -
sorbitola in saharoze v lateralnih brstin in v internodijih poganjkov v primerjavi z
neupognjenimi  vejami. Na naSju povecanje kota poganjka upognjenega navzdol ni
vplivalo le narazvoj lateralnih rodnih brstov, temve tudi na zmanjSano vsebnost indol-3-
ocetne kidine (od abitev apikalne dominance) v poganjkih (Ito in sod., 2001) in v lateralnih
brstih teh poganjkov (Ito in sod., 1999) v primerjavi z neupognjenimi poganjki. Z
upogibanjem vej so se v le-teh vglah vsebnosti avksinov in giberelinov zmanjSale ter
vsebnosti abscizinske kisline in citokininov tipa zeatin povecale. Ker je upogibanje
poganjkov spremenilo hormonalno ravnovesie, so bili zato lateralni brsti veliko bolj
sposobni, da tekmujgo za asmilate, zato tudi vecja tvorba rodnih brstov. Podoben
hormonalen odziv na upogibanje rodnih ve jablane sta ugotovila tudi Sanyal in Bangerth
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(1998), sgj je upogibanje povzrocilo od 2 do 2,5-kratno zmanjSanje polarnega transporta
avksinov v primerjavi s kontrolnimi - neupognjenimi vejami.

Odziv drevesa na upogibanje se razlikuje med sortami proucevane vrste, pomembno pa je
tudi kdaj med letom in pod koliksnim kotom so bile rodne veje upognjene, pa tudi koliko
¢asa so hile te veje v upognjenem polozaju (Lauri in Lespinasse, 2001).

Kar nekaj raziskav je bilo opravljenih s podrocja spremljanja vsebnosti metabolitov sadnih
rastlin (tako primarnih kot tudi sekundarnih). V Soveniji so bili do sedaj najbolj raziskani
plodovi (Veberi¢ in sod., 2005; Veberi¢ in sod., 2007) in listi jablane (Veberi¢ in sod.,
2003; Sircelj in sod., 2005; Usenik in sod., 2004). Vsebnosti primarnih metabolitov -
ogljikovih hidratov in organskih kidlin v plodovih razli¢nih sort evropske zlahtne hruske,
pa tudi nadja, so z razli¢nih vidikov podrobno prougili Hudina in Stampar (1999; 2000a;
2000b; 2000c; 2004) ter Hudina in sod. (2003). Sekundarni metaboliti v hruskah do sedaj
pri nas Se niso hili raziskani, v tujini pa so jih proucili mnogi, zlasti v zrelih plodovih
(Galvis-Sanchez in sod., 2003), manj pa v listih (Gunen in sod., 2005).

Plod hruske vsebuje najvet vode (84 % sveze mase), dedijo ogljikovi hidrati: fruktoza (54
%), sorbitol (18 %), saharoza (15 %) in glukoza (13 %). Zaradi ugodnega razmerja med
posameznimi ogljikovimi hidrati ter zaradi precejSnje vsebnosti surovih viaken (1,5 2,8
%), plodove priporocajo dadkornim bolnikom namesto dasic (Blattny, 2003).

Med organskimi kislinami pri vecini sort hrusk prevliaduje jabol¢na kidina, dedi ji
citronska kisling; vsebnosti kininske, skimske, fumarne in oksalne kisline pa so veliko
manjSe. Jabol¢na in citronska kidina prispevata glavni delez k najbolj zeleni stopnji
kidosti plodov, njuno razmerje pa je povezano s senzoricnimi ocenami okusa (Colari¢ in
sod., 2005). Sorte ‘Williams',' Red Williams' in ‘Rosired’ imgjo citronske kisiine vec kot
jabol¢ne kidline (Hudina in Stampar, 2000a). Seveda so vsebnosti metabolitov v plodovih
odvisne tako od sorte (Hudina in Stampar, 2000a) kot tudi od zrelosti (Hudinain Stampar,
2000b; Herrmann, 2001). V razli¢nih raziskavah Hudina in Stampar (2000c) ter Hudina in
sod. (2003) ugotavljajo, da so vsebnosti ogljikovih hidratov in organskih kislin v plodovih
hrusk velikokrat povezane tudi z razli¢nimi agrotehni¢nimi ukrepi v nasadu.

V plodovih zlahtne hruske so med fenolnimi snovmi (sekundarni metaboliti) izmerili
najvecje vsebnosti klorogenske kisline, hruska pa vsebuje tudi epikatehin, katehin, arbutin,
flavonol glikozide (kvercetin in izoramnetin glikozide), procianidine, kavino kislino, p-
kumarno kidino, ferulno kidino (Amiot in sod., 1995; Escarpa in Gonzalez, 1999,
Schieber in sod., 2001; Ferreirain sod., 2002; Leontowicz in sod., 2003; Galvis-Sanchez in
sod., 2003). V plodu imajo fenolne snovi pomembno fiziolosko viogo, med drugim tudi v
njegovi odpornosti na mehanski in bioloski stres. Poleg tega fenolne snovi prispevajo k
senzori¢nim lastnostim ploda - aromi, trpkosti, grenkosti in obarvanosti (Macheix in sod.,
1990). Se vet, fenolne snovi skupaj s surovimi vliakni zmanj3ujejo moznost pojava sréno-
zilnih bolezni (Gorinstein in sod., 2002).

Evropska zlahtna hruska in tudi druge sadne vrste iz druzine Rosaceae imajo v listih med
ogljikovimi hidrati najvecje vsebnosti sorbitola in saharoze, manj pa glukoze in fruktoze
(Loescher in Everard, 1996). Deguchi in sod. (2002) so ugotovili, da se vsebnosti zgoraj
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nastetih ogljikovih hidratov v listih japonske hruske povecajo, ¢e so drevesa izpostavljena
stresnim razmeram (npr. anatlain mraz). V listih evropske zlahtne hruske med fenolnimi
snovmi prevladujeta klorogenska kidiinain arbutin (Gunen in sod., 2005). Slednjega je ve¢
pri sortah, ki so odporngiSe na hruSev bakterijski ozig (Erwinia amylovora (Burill)
Window et al.). Pomembne fenolne spojine najdene v listih razli¢nih sort hrusk so Se
epikatehin, katehin, flavonol glikozidi (kvercetin glikozidi), procianidini, p-kumarna
kidina, ... (Andreotti in sod., 2006).

Ogljikovi hidrati so primarni produkt fotosinteze in osnovna organska snov, iz katere se
sintetizirajo Se druge organske snovi. Lesnate rastline iz ogljikovih hidratov, aminokidlin in
mascob proizvajajo razli¢ne sekundarne metabolite, kar omogoca obrambo pred okoljskimi
degjavniki, med katerimi so fenolne snovi ene najpomembnegjSh. Mnoge raziskave so
pokazale, da fenolne snovi vplivajo na rast rastline tako, da pospesujejo ali pa zavirgo
delovanje hormonov (medsebojne interakcije) (Kozlowski in Pallardy, 1997; Taiz in
Zeiger, 2006).

Kemicna sestava razli¢nih organov sadnih rastlin ni odvisna le od vrste, sorte in podlage
(Amiot in sod., 1995; Hudina in Stampar, 2000a; Colari¢ in sod. 2005), temvet tudi od
okoljskih dejavnikov (Hudina in Stampar, 1999; 2004) in razli¢nih agrotehni¢nih ukrepov
(gojitvena oblika, rez, prehrana, skropljenje, namakanje....) opravljenih v nasadu (Hudina
in Stampar, 2000c; Hudina in sod., 2003). Ker je upogibanje tudi agrotehni¢ni ukrep, smo
Vv naSem poskusu zeleli ugotoviti ali z njim vplivamo na vsebnosti primarnih (ogljikovi
hidrati in organske kisline) in sekundarnih metabolitov (fenolne snovi) v plodovih in listih
sort ‘Williams' in Conference’, ki stanajbolj razsirjeni sorti hrusk pri nas.

V svetovnem merilu do sedaj Se ni poznanih raziskav evropske zlahtne hruske z
bi okemi¢nega podrocja (vsebnosti metabolitov v njenih organih), kjer izvajamo upogibanje
rodnih vej. Kot smo omenili Ze na zacetku, je upogibanje rodnih vej v nasadih Ze ustaljena
praksa sadjarjev, s katerim zmanjSamo rast poganjkov in pospesmo tvorbo cvetnim brstov.
Z upogibanjem vplivamo na arhitektonsko zgradbo rodne veje, saj s spremembo kota
spremenimo njen polozaj v krosnji. Najbolj arhitektonsko raziskano sadno drevo je
jablana; manj pa oreh, breskev, marelica, ¢e3nja, oljkain hrudka (Stampar in sod., 2005).

Obe sorti, ki sta bili vkljuceni v poskus, sta cepljeni na podlago kutina MA in sta bili
posajeni v letu 1987 v nasadu Sadjarstva Hudina v Zagaju pri Bistrici ob Sotli. Poskus je
zajemal naslednja obravnavanja:
rodne veje upognjene 1. septembra v letu 2003 (pozno poleti 2003) pod kotom
120° od navpicne lege,
rodne veje upognjene 15. maja leta 2004 (pomlad 2004) pod kotom 120° od
navpicne lege ter
kontrola - rodne veje, ki niso upognjene (izraStajo pod kotom 45° od navpicne
lege.

V vsako obravnavanje je bilo vkljuc¢enih 10 dreves s po 1 rodno vejo na drevo (primerljivih
lastnosti), ki izras¢ajo iz provodnika in so imele pri meritvi prirasta v aprilu 2003
popolnoma razvit eno-, dve-, tri-, &tiri- in petletni les. Rodne veje, ki so bile vkljucene v
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poskus, v letih 2003, 2004 in 2005 niso bile rezane. Rodne veje, ki smo jih upognili, so
pred tem izra¢ale pod kotom 45°, tako kot kontrolne veje. V dveh zaporednih letih (2004
in 2005) smo pri obeh sortah vzorcili razvite liste med rastno dobo (mese¢no od maja do
oktobra) ter plodove v tehnoloski zrelosti za kemic¢ne analize vsebnosti izbranih primarnih
in sekundarnih metabolitov.

Postavili smo naslednje hipoteze:

. med proucevanima sortama hrusk ‘Williams' in ‘Conference’ bodo razlike v
vsebnosti izbranih primarnih in sekundarnih metabolitov (posebej znacilna
dika za vsako sorto) v listih in plodovih, ker se proucevani sorti hrusk
‘Williams' in ‘Conference’ razlikujeta tako v morfoloskih lastnostih (po rasti
in namescenosti rodnih brstov) kot tudi v pomol oskih lastnostih ploda,

med rastno dobo se bodo vsebnosti ogljikovih hidratov in fenolnih snovi v
listih spreminjale,

upogibanje vej bo vplivalo na vsebnost dadkorjev in fenolnih snovi v listih v
primerjavi s kontrolo,

upogibanje vej bo vplivalo na vsebnost dadkorjev, organskih kidin in fenolnih
snovi v plodovih (notranjo kakovost plodov) v primerjavi s kontrolo,

proucevani sorti hrusk ‘Williams in ‘Conference se bosta na upogibanje
razlicno odzvali v vsebnosti izbranih primarnih in sekundarnih metabolitov,
tako v listih kot tudi v plodovih,

pricakujemo razlike v vsebnosti fenolnih snovi, sa so iz razlicnih
podrazredov: fenolne kisline (hidroksicimetne in hidroksibenzojske kidine),
flavonoidi (flavan-3-oli in flavonol glikozidi),

da bodo vidne razlike med dvema zaporednima letoma, sg ne smemo
zanemariti vpliva okoljskih dejavnikov.

Glede na to katero upogibanje bo dalo boljSe rezultate (vsebnosti posameznih metabolitov
v plodovih in listih v dveh zaporednih letih), pa bomo lahko predvideli za prouc¢evani sorti
‘Williams' in ‘Conference’ najprimerngs ¢as upogibanja.
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2 ZNANSTVENI CLANKI

21  SPREMEMBE VSEBNOSTI SLADKORJEV IN FENOLNIH SNOVI V
LISTIH HRUSKE SORTE ‘WILLIAMS MED RASTNO DOBO

COLARIC Mateja, STAMPAR Franci in HUDINA Metka

Changes in sugars and phenolics concentrations of Williams pear leaves during the
growing season.

Canadian Journal of Plant Science, 2006, 86: 1203-1208.

Prejeto 11. 10. 2005, sprejeto 22. 5. 2006.

Odgljikovi hidrati so neposreden produkt fotosinteze v listih, glavna skladis&na snov in
osnovna organska snov, iz katerih nastaja vecina ostalih snovi v rastlini. Fenolne snovi
imajo pomembno vlogo pri obrambni funkciji rastlin proti boleznim in Skodljivcem. Precej
fenolnih snovi se tvori preko vmesnega produkta fenilalanina, ki povezuje primarni in
sekundarni metabolizem. Kar nekaj raziskav je bilo nargenih v povezavi s spremljanjem
sezonskega gibanja ogljikovih hidratov v listih sadnih dreves iz druzine Rosaceae med
rastno dobo, toda spremljanje gibanja fenolnih snovi je manj pogosto. Evropska Zlahtna
hruska (Pyrus communis L.) je iz tega vidika Se prece malo raziskana sadna vrsta, zato
smo izvedli raziskavo gibanja vsebnosti dolocenih dadkorjev in fenolnih snovi med majem
in oktobrom 2004. Analize smo opravili s tekocinsko kromatografijo visoke lo¢ljivosti
(HPLC). Podobno kot pri drugih sadnih vrstah iz druzine Rosaceae je bil sorbitol
(alkoholni dladkor) po vsebnosti najpomembneSi dolocani dadkor v listih hruske sorte
‘Williams'. Znotraj dolocanih fenolov smo izmerili najvecjo vsebnost klorogenske kidline,
po vsebnosti sta ji dedila rutin in epikatehin. Med rastno dobo (6 vzoréenj) smo ugotovili
statisticno znacilne razlike v vsebnosti sorbitola, saharoze, glukoze in v vsebnosti vseh
analiziranih fenolov. NajmanjSe vsebnosti posameznih snovi so bile v listih z zacetka
rastne dobe. Z izjemo sorbitola, so bile najvecje vsebnosti dadkorjev v oktobru. Med
rastno dobo so vsebnosti posameznih fenolov v listih sprva narastale, nato pa se
zmanjSevale: vsebnosti klorogenske kidline, rutina in kavine kisine so narascale do julija,
vanilne in sinapinske kisine do avgusta ter vsebnosti katehina, epikatehina in siringinske
kisine vse do septembra. Na koncu rastne dobe je bila dinamika gibanja primarnih in
sekundarnih metabolitov v listih najbolj razlicna: vsota merjenih dadkorjev se je Se
povecala od septembra do oktobra, toda vsota vsebnosti merjenih fenolov se je v oktobru
razpolovila v primerjavi z mesecem pre.
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Changes in sugars and phenolics concentrations of
Williams pear leaves during the growing season

Mateja Colaric, Franci Stampar, and Metka Hudina

Department of Agronomy, Biotechnical Faculty, University of | jubljana, Jamnikarjeva 101, S-1000 Ljubljana,
Slovenia (e-mail: mateja.colaric @bL.uni-ij.si). Received 11 Oclober 2005, accepted 22 ay 2006,

Colariz, M., Stampar, F. and Hudina, M. 2006 Changes in sugars and phenolics concentrations of Williams pear leaves dor-
ing the growing season, Can. I, Plant Sci. 86: 1203 1208, Leaves of Williars peir were cellected during the growing season
from May to October and the contents of sugars and phenolic compounds were analyzed by bigh-parfarmance liquic ehromatoa-
raphy method. Sorbitol was the major sugar (up to 813 g k% L W, Followed by suciose (up w 22,1 g k™! W), Concenrrations
of glucose and fructase were as high as 12.9 and 2.0 2 kg™! DW, respectively. Leaves coniained 0p tr 294719 mg kg~! TOW of
chlorogenic ucid, followed in concentration by rutin (up to 6789.2 my kp~! DW), epicatechin (up 1o 7378.0 mg ke~ 0W), cate.
chin iup 1o 3846.5 mg kg™ 0W), venillic acid (up to 1832,1 mg kg ! DW), svringic acid fap o 1235 me ke~ W), caffeic acid
{up w1225 g kg~' DW) and sinapic acid {up w 94.1 mg kg~ YW ‘The signibicant ditferences in concentration of sorhicel,
suciosz, phwcose, and o all analyzed phenclics were observed during the prowing sezson (3ix sampling dates), The lowest con-
cenirations in the leaf weee found at the heginring of the prowmng seasen in May and June. The highesi contants of SUEArE WENE N
October, with the exception of sorhitnl. Thiring the growing season, etal phenolic content fisst increased, then declined,
Chlarogenic acid. nitin and cattess acid conients increaszd until Tuly, vanillic acid end sinapic acid natil August, and carechin, epi-
eatechin and syringic acid until Sepiember. However, toral phenclic content dropped by 50% from September W October,

Key werds: Pear leaves, sugars, phenolivs, growing season

Colurie, M., Stempar, F, ¢t Hudina, M. 2006. Evolution de la concentration de sucres et de phénals dans les fenilles du pairi-
er Willinms pendant la saison de ereissance. Can, ] Plant Sci, 86: 12031208, Les aneurs ont recosilli des fevilles de poirier
Williams pendant le période végrative (de mui & octobre) puis ont analysé Iy concenteation de sucres et de phénals par chro-
matographie liquide 2 hante performance. Le scrbitol et le suere le plus shondan: fjnsquia 838 r par ke de poids sec) soivi du
sugruse (jusqu'h 22,0 g par kg de polds sec). La conceatration de glucose e celle de fructose peuvent atteindre respectivement
Jusqu'd 12,9 61 9.0 ¢ par kg de poids s2c. Les feuilles renfermaient jusqu'a 29 4719 mg par ke de poids see d'scide chlorogénique.
Venalenr enzuite la rutine (jusqu’ 6 TRO.2 mg par kg de poids s2¢), "épicatéchine (jusqu'd 7 378,0 mg pur kg de poids sec), la
catéchine (usqu'h 3 846,5 mg par kg de poids sec), I"acide vanillique (jusqu'i | 832,1 mg par kg de poids sec), |'acide syringique
(jusqui 1 123,5 mg par kg de poids sec), acide caféique (jusqus 122,5 mz por kg de poids sec) et Pacide sinapique (jusqu’a
1.1 mg par kg de poids sec). L'écart significatif entre les corcentrations de sorbitol, de sucrose, de glucose ef des phénols exam-
inés a €8 observé durant la saison de croissance (six dates d'échantillonnage). Les concentrations les plus faibles Gans les fenilles
ont &8 releveas au début de la période végétatve, en mai et en juin. La plus forle teneur en stcres 251 survenue en oetokre, saf
paur be corbitol. La concentration totele de phéncls augmente avant de diminuer peodant 1a période vépérstive, La concentrating
d'acide chloregénique, de rutine et d acide cafficue sugments jusquen juiller: celle de acide vanillique et de I'acide sinapiqus
le fait jusqu’en wolt vl velle de Lo caéchine, de 1'épleatéching et de Dacide syringique jusqu'en septembre. Néanmeins, la con-
centration fogale de plnols diminoe de moitié entre seprembre &t octohre

Mots clés: Feuilles de poinier, sucres, phénols, szison de croissance

Carbohydrates are direct products of photosynthesis and
consequently the primary energy storgge compounds and
principal organic sulstances (tom which most other organic
compounds found in plants are synthesized. Among simple
sugars, plocose and fructose are commeon and abundant in
woody plants, Sucrose is considered che most important
alignsaccharide in higher plants. Tt has & high concentration
in cells and it is the main transport form of photoassimilates
from source leaves (synthesis) Lo sink fissues (use), and it
is also a significant reserve carbohydrate (Kozlowski and
Pallardy 19973 In the woody Resaceae Family, wo which
pear {(Pyvies commds 1) belongs, sugar aleohol soshitol
(D-glucitol), in parallel with sucrose, are the major
photosynthetic products in the mature leaves, the main
translocalable snd basic reserve carbohydrates in nonphoto-
synthesizing cells. Sorbitol s also found in the
Mantaginaceas and may be derived from plucose as well

1203

{Loescher and Everard 1994; Moing et al. 1997; Deguchi
et al. 2002; Watari et al. 2004,

Leaves often have a high content of carbohydrates; nev-
ertheless, they only conlain a small proportion of the total
amount present in the whole ree. Tae lzaves play a decisive
role in growth and cevelopment of woody plants because
they are the basic photosynthetic organs, which consecu-
tively influence growth of vegetative and reproductive tis-
sues, Leaves also stose carbohydraies snd mineral nutrients
for short periods. Leafl longevity is of much interest, because
of its importance to plant growth and also to plant rezpons-
es (Rozlowski and Pallardy 1937). Carbohydrates produced
in the leaves are ransported Lo the other parts, and then used
For the growth of various organs. Sorbitol accounts for

Abbreviations: HPPLC, high-performance liguid chio-
malegraph; DW, dry weight
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G0-90% of the carbon caported from the leaf (Bieleski
1982},

In contrast to primary metabolites, secondary metabolites
are widely distributed in plant tissues and play a prominent
voke in general defense strategies of planis. S=veral thovsand
phenolics have been described, and their contants have been
reported to vary from 5 to 50 g kg~! dry weight of plant s-
sues (Swanson 2003). However, Laitinen et al, (2000
reportesd that the high intraspecific and interspecific varia-
lions in metabolitz composition found in plants are the con-
sequence of evalotion of plant species and may be an
effective means of adaptation in variable abiotic and biatic
Environments.

Phenolic compounds are synthesized mostly by the shiki.
mate and acetate pathways (Kozlowski and Pallardy 1997),
Several simple phenylproparoids (with the basic C6-C3 car-
bon skeleton of phenylalanine) are produced from cinnamic
acitd via a series of hydroxylation. methylation, and dehy-
dration reactions; these include p-coumaric, caffeiz, feralic
and sinapiz acids, and simple coumsarins, Cinnamic ocid is
formed from phenylalanine by the action of phenylalanine
ammonia-lyase, the branch point enzyvme betwesn primary
(shikimale pathway) and secondary (phenylpropanoid)
metabolisrm (Dixon and Paiva 19495),

Phenalics comprise a larae groop of endogenous growth
inhibitors and therefore can affect plants directly by their
involvement in metabolism and their function on growth
and develepment, and ecolegical functions (Koelowski and
Pallardy 1997) As well, phenoliz compounds play s major
vole in the resistance (o plant pathogens. These compounds
exist in many different plant parts: root, shoot, flower, leaf
buds, woaly lissues, leaf, phioem, pollen, and stylus
{Mizicli et al. 1995). Morcover, chlorogenic acid is induced
in response to wounding and can act as defenze compound
i Dixon and Paiva 1995},

Many regearchers have conducted studies on the s=asonel
changes of caiohydrales in leaves of Roseceae tress
(Loescher et ol. [982; Bicleski and Redgwell 1985; Merlo
and Passzrn 1991; Moing et al. 1997; Wang ot 21, 1999; Lo
Bianco ot al. 2000: Deguchi et al, 2002; Veberic et al. 2003:
Sircelj et al. 2005) while seasonal patterns of leaf phenolics
have been investigated less (Mayr et al. 1995; Misirli et al
1985, Treutter 2001; Usenik et al. 2004). If we focus on the
carbobydrae and phenolic dynamics of leaves of Furopean
pear (Pyrus commanis L) during the prowing season, there
exisls even less information (Guaen et al. 2005), and data
are mostly restricted to dipe fruits, Consequently, this study
investigated the changes of carbohydrates and phenclies
pactitioning in Jeaves of Williams pear from May o
Cctober,

MATERIALS AND METHODS

Plant Material

Williams pear wees grafied on quince MA were planted in
1987 in the eastern part of Slovenia (Bistrica ob Soilii, To
evaluate varigtions in the chemical composition of pear
leaves during the growing seasor, the healthy leaves were
collected six times from May to October (May 15, Jun. 11,

Jul 09, Aug. 06, Sep. 02, Oct. 01). For each sample date, 12
representative pear leaves (Pyrus communis L) were picked
[rvarm the: same marked S-yr-old beanches taken from shoots
of equal length from the eastern part of the tree. Eight repe-
titions were prepared for each of the six sampling dates,
Leaves were placed in liquid nitrogen immediately afte:
they were collected and then lyophilised. The samples were
stored at —20°C unti! the chemical analyses were performed

Extraction of Sugars and Phenolic Compaounds
For extraction of sugars, | g of ground leaves was weighed
and bidistilled water was addexd (up to final volume of 50
mL) and left tor 43 min at 20°C. The extracted samples were
centrifuged at 12000 = g for 7 min at 10°C (Eppendorf
Centrifuge 5810 R, Hamburg, Germany) and the super-
nagant was vsed for analyses of sugars afier filtration
through a (.45 um cellulose mixed osters filter (Macherey-
Magel, Ditren, Germany).

To prepare samyples for analyses of phenolics, 100 myg of
the ground leaves were weighed into a test tube and extract-
ed once with 10 mL of methanol containing 1% of bulyla-
ed hydroxytoluene (used as an antioxidative agent) in an
ultrasonic bath for 45 min. After that, the homogenate was
centrifuged (12000 » g for 7 min at 10°C) and the super-
natant was filtered through a 045 pm Cheomalil polyamide
filter, transferred into a vial and vsed for analyses of pheno-
lic compounds,

Standards of fructese, glucose, sucrose, sorbitol, (-)-epi-
catechin, caffeic acid, vanillic acid, synngic acid, {+)-cate
chin, chlorogenic acid. sinapic acid, wml rotin were used,
Bidistillad waler was used tor the preparation of standards
of sugars, and standards of phenolics were dissolved and
diluted in imethanol,

Analyses of Sugars and Phenolic Compounds

A high-performance liquid chromatograph (HPFLC) of
Thermao Separation Products equipment ( Riviera Beach, FL)
was used for sugar analysas (fructose, plucose, suerose and
sorbitol), Separation of sugars was done using a Rezex
RCM Meonosaccharide column (300 = 7.8 mm) from
Phenomenex (Torrance, CA), The column femperamre was
maintained at 65°C. Bidistilled water was used for mobile
phase with a Mow rate 0.6 mL min~t, The total ren time was
60 min and monitering of cluted sugars was carried ol
using refrsctive index detectar.

A Surveyor HPLC system (Therme Finnigan, San Jose,
CA) equipped with a photo diede array detector was per-
formed for the analyses of phenolic compounds {chlorogenic
acid, rutin, epicatechin, catechin, vanillic acid, syringic acid,
sinapic acid, and caffeic acid). Scparation was car-ied ool
wsing a Chromsep HPLC column 55 (250 = 4.6 mm,
Hypersil 5 ODS) coupled with a Chromsep guard eoluran 55
(10 = 3 mm) from Chrompack (Middelburg, tho
Metherlards) and operated at 25°C. The chromatographic
conditions were as previously described Schicber et al.
(2001} with miner medifications. The mobile phases wers
2% accric acid in bidistilled water (A and 0.5% acetic acid
in bedistilled water and acetonitrile (ratio 1:1} (B). Initial
gradient was 90% A, mssing to 45% o A within 50 min, 43
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Tuble 1. Sugar contents [sorbitol, sucrose, plucese and fructise) expresed as mean valoes = SE ditring sesson

May June Seplember Oetrber
Sugzr g kg~ DW) fu kg™ TW (g kg W) (g kg LWy
Sorbito] TR £ 7. 2ak 533 £82e B8 + 356 Th.| + T lah
Sucrose 142 = 2 8o 1394 N0 15,7+ 1. 7ab 2lxie
Glucose B =2 lab 532 140a 1.5+ 0,5ab 129 =2y
Frucios: T1=18 30=13 [ 20£212
Suim 1087 = j0.8 BhG 2 100 176252 120,17 + 14.1

a, k Values followed by d fferent kevers within ench row are significantly different aceording to Duncan's multiphe-renge test ot & < 005

to (V0 of A within 10 min and retorning w the indtial 20% of
A within 5 min, The total run time was 65 min. The flow
rate was | mL min™!, and the injection volume was 20 pL.
L5 min of equilibration treatment {90% of A) was performed
between cach analvsis.

Tdentification and quantification of analyzed compounds
were done as previously described (Colaric ot al, 20085,
Absurbance was monitored ar 280 nm (catechin, rutin,
vanillic acid and epicatechin), and at 320 um (chlorogenic
acid, syringic acid, celfeic acid and sinapic acid),
Concentrations of analvzed compounds are expressed in g
kg (sugars) or myg kg™ of dry weight (DW) (phenolics).

Data Analysis

Data were presented a5 mean = standard @eror for each treat-
ment. A1l data were tested by one-way analysis of variance
{general linear model) using the Sungraphics Plus 4.0 pro-
gram (Manogistics, Ine,, Hockville, MD}. Differcnces
among mean values were determined by using Thnesn's
multiple-range test at the significant level 0,05,

RESULTS AND DISCUSSION
The results of high-performeance liguid chromatography
showed that identilied sugars (sothitol, suerese, glucose and
fructose) and phenclics (chlorogenic acid, rutin, epicate-
chin, catechin, vanillic acid, syringic acid, caffeic acid and
sinapic acid) fluctuated in their contents in a seasonal pat-
tern from May to Oetober,

SBugar concenlrations in leal were almost invardable in the
descending order: sorbitol, sucrese, glucoss and fructose
(Table 1) The total sugar concentration (sorhitol + sucrose
+ glucose + fructose) of analyzed leaves was batween 108.7
and 1201 g kg™ D'W, cxcept in June (86.6 ¢ ke DW. The
conitent of tolal sugars inereased ducing the growing season,
except in May, and the highest total sugars conlenl was
observed after harvest {an the last sampling date), However,
Bieleski and Redgwell (1985) fourd that the total sugar con-
ceniralion of apricot leaves was reasonably stable between
11 and 16 g kg™ of fresh weight, except at the beginning of
the growing scason.

Sorbitol was the major translocating assimilate in all sam-
pling dates (63.4-72.6% of total supars) and a muech lower
proportion of suerose (13.0-18.4%) was determined. Witk
subsequent samplings [from May to October), the proportion
ol surhitol to the totsl sugars decreased, and the proportion of
suerose to the total sugars increased, Glucose represented
6.2-10.7% and fructose 5.6-9.2% of wilal sugars.

Moreover, several authars reported that throughout the
growing scason sorbitol was also the major sugar found in
leaves of many species of the woody Hesaeeae fomily
including the economically imporiant genus Meles (apple).
Leaves from Elstar apple trees had a slightly lower sorbitol
b total sugars content {up to 48.7%) (Sircclj ct al. 2005,
while sucrose had a higher proportion to total sugars {up 1o
27.6%) than our findings in pear. Merlo and Passera {1991
described the levels of leaf sugars of peach [Prunus persica
(L.) Batsch.] during the growing season, when their con-
tents, especially of sorhitol, incrzased. In very young leaves
only 2% of tnal sugars were present as sorbitol, However,
at the last sampling (in October) serbito] reached 40% of
tota] sugars, Sucrose and glucose were predominated (40
and 304% of total sugars, respectively) in very voung leaves
ard then decreased in muturs Jeaves (up o 30 and 206
the last sampling, respectively). The percentags of fructose
was reasonably stable throughout the growing season {about
10% of wral sugarsh, Similar results were also oblained by
Lo Bianeo et al. (2000). In their stody, sorbitol and sucrose
were the (wa main sugars found in mawre peach leaves,
although the sucrose content was from four- to eightfold
lower than the sorbite] conent, Rieleski and Redgwell
(1985} have shown that throughout eack stage of apricot leal
development, all leaves contzined sorbito] as the major
sugar (hetween 60 and 70% of total sugars), and a much
lower proportien of sucrose (from 24 o 16%%). Sorbitol was
also found as a major phloem componert in rosaceous fruit
trees and can represent a major portien of the carbon mele-
cules in the phloem sap. Tn a sudy with peach leaves
[Maoing et al, 1997), sorbite] accounted for 60 to 90% of the
carbon cxported from the source leaves,

In our study, the loweat sorbitol content in pear leat was
abserved in June, and the peak of sorbitol content was reached
in September. The ahove-mentioned samplings significanty
diffared in sorbitol contents (Duncan’s test, P < 0,05, Sorbitol
was [ound (o allow continuation of pherosynthetic activity
and carbon metabolist under adverse snvironmental condi-
tions such as water steess (udvanlage of sorbitol), Sorbitol
sccumulation in plants is considerad an adaptive reacticn to
drought steess (ITudina and Stampar 1999). Moderate
drought influeneed higher sorbitol concentration in apple
leoves, while severe drought caused a decrease in sorbital
concentration (Sircel) et al. 2002). Deguchi et al, (2002)
reported sugar contents [sochitol, sucrose, fructose and
sucrosc) incroased in Tapanese pesr lesves responding 1o
salinity and chilling stresses. Zhou and Quebedeaux (2003)
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Table L. Contents of phenolic compounds expressed wes mean values = SE during season

Phenaolic My June Tuly AlpUs Seplembes Oeinber
compond {mg kg™l D) (g kp-! DW) (mg kz-! I¥AN img kg~" DWW (mg kg W) {mg kg™ T}
Chicsogenic acid 10401 % 53730 615532 | 02300sb 2047002331974 207593 =3 44000 22712352 1749 124227+ 1 200.1b
Rurin 154592 5101 3220,] £ 388,58 f TR + 43004 57972 = 428,94 5 T0ALG + 347 Ted 50333 21100
Hpicviechin 3003« |28 50 1 5254 & 373500 I0ITT & THD I 2204 = 51196 T IR0 = 667 T 2 BERT 242598
C'slechin 1787 £ 06.7a T2E.4 = 309, 3ek 20680 £ 229.9¢ 2 1443 = 53040 3 840,52 52194 L T8 = 246,00
Wanillic ackd 4349 = B4,k DOES = |50.30 LAITT = [32.8 TH3ZD £ 106,59 109401 = 131,50 | 65035 = 106,50
Svringic neid G619+ 113 LRS54 £ 164, Th BI28 £ 1325 Q900 L 3660 11235 = 67 5 IS e ES1b
Caifele acd 14 + 130 110 = 6.8ah 1225 = 2660 1100 + 17.2¢ 119,01 & 7.8 G0T £ 428
Simapic acid 20 % d N2 £ B4b B8 = A6 240 L 56 58,2+ 360 G0.0+4.2h
Surm FTRAA |08 A 1 TR + 7 2R3 R AOSTS £ 1060 MAATI2AT080F 42 04122346644 24 2690 2 1 M0.A

el Waluws fllowed by differeat lzeters within each row are significanily differant seonmding e Dunear's muliple range test ot P < 0,03,

found that metabolism of three photosyrthetic end produets
in mature apple leaves (sorbitol, sucrose and starch) was
accelerared in the source lzaves in resporse Lo increased
sourcefsink ratio, which was reflected as a sort of stress.

Owr stocy agrees with that of Veberde et al. (2003), that
fructose. glucose and sucrose contents incrcased in the
leaves but that sorbito] conlents decreased from September
to October. They studied seasomal dynamics of leaf sugars in
apple (Malus domestics Borkh.) from mid-Auwgust 1ill
MNovember, and increasing levels of fructose towards the end
of the growing senson were chserved, just the opposite of
sarbitol. Sorhite] concentration in leaves decreasad in the
second hall of the prowing season (up to 85 g kg~ DW) and
was accompanied by decreased phowsynthetic activity.
Further, no significant ditferences in sugar leaf content
among fruiting and defruited trees were reported in that
stndy. According to Zhou et al, 2}, suercse phosphata
synthase activity in apple leal was inhibited by sorbitol-6-
phosphate, so it is feazible that the products of sorbitol
biosynthesis may have inhibiled sucrose biosynthesis in our
Williams pear leaves uniil September. Therefore, i is su-
2ested that sucrose content could not incrense until the sor-
bitol content began to decrease, Generally, the much higher
values of sorbitel than sucrose in Williams pear leaves {uniil
September) could also be cxplained by Suzue at al, (2006),
wha found that the activity of sorbitol-related enzyme i
pear leaves was more than 10 times that of the sucrosc-relat-
ed encyme-aelivity.

Loescher et al. (1932) reported that 8: apple leaves devel-
of in the spring, leaf sugar contents increase, especially in
sorbitol. In setumn, the senescing leaves also change with
leaf sugars decreasing substantially, Their sorbitol content
tecreased the most, and sucrose essentially fell to zero,
Wang at ol (1999 observed the highest sorbitol content
threghout various ages of apple leaves. Sorbitol increased
throughout leaf age (to 40 g kg~! DW) and sucrose reached
a peak (28 g kp™" DW), then decreased (o 12 g ko ! DW)
Sorbitol is not only the most impertant sugar in leaves, bat
it was also found as the most abundant sugar in hods of
Fapanese pear [Pyrus pyeifolia (Burm.) Nak.] during flower
bud farmation (Tro et al. 20027,

The highest sucrose, giucose and fructose contents were
observed af the lnst sampling date in October. Sucrose con-
tents in May end June were significantly Inwer than in

October, The lowest value of glucose was reached in JTune,
and sgain was significantly lnwer than in October. There
were no significant differances in fructosa content through-
out the sampling dates,

Leaf concentrations of phenolic compounds declined
mosily in the followirg order: chloroaenic gcid, mtin, epi-
catechin, catechin, vanillic acid, syringic acid, caffeic acid
and sinapic acid (Table 2). Generally, the lowest contents of
phenvlics wene: in May, followed by a strong increase in
phenolics contents during the growing scason, reaching a
peik  and  then  slowly  decreasing entil  October.
Consequently, the lowest concentration of total phenolics
{i.c., the sum of the cight quantified phennlics) appeared a
the first sampling date in May (37840 mg kg~' DW),
Further. the highest concentration of total phenolics
occurred in July (44 057,5 mp kg™ DW), and remained high
in Adigust and September. Similar patterns were ohserved in
apple leaves, with phenolics increasing to a peak in July or
August and then decreasing (Usenile et al, 2004),

Many significant differences in individual phenclics con-
temt among the sampling dates were observed, Among the
analyzed phenalic compounds in pear leaves, chlorogenic
acid, which is very important for fire blight resistance
Gumen et al. 2005}, predominated in all samplings, excent
in May. Dixon and Paiva {1995) mentioned chloropenic acid
15 induced in response to wounding and con ast a5 & defense
compound, In the first sampling (May) rotin predominated;
its proportion o the total phenclics was the ghest in that
satpling (43.5%), and the proportion of chlvrcgenic acid 1o
the ol pherolics was only 27.5%. Although the lowest
rutin content among samplings was observed in May, its
content wis still higher then the chlorogenic acid content.
The highest chlorogenic acid (29471.% mg kg™ DW) and
eutin contents (57892 mg kg' W) among samplings were
observed in July, The proportion of chlorogenic acid to the
total phenolics was the highest (66,55 in Ju]:,l; howeaver,
the proportien of ratin was smang the lowest (15.4%). Maye
et al. (1995) observed that the contents of chlorogenic acid
increased during the seasonal development in leaves of
Golden Delicious apple, reached itz peak in older leaves,
and then the content slowly decreased. In apple leaves of
Gold Rush similar increases in rutin content were observed,
reaching a peak in August {1400 mg kg W), followed by
2 continual decline thereatter (Usanik et al, 20041,
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Among sampling dates, the highest contenls ol epicale-
chin and catechin were reached in September (7378.0 and
3846.5 mg kg ! DW, respectively), followed by o decrease
in Qctober. The highest proportions of beth epicalechin
(17.6%) and eatechin (9.25) to total phenalics were noticed
in September. Similar seasonal changes were also confirmed
fior epicatechin and catechin in apple leaves (Mayr et al. 1995).

Although the contzas of vanillic acid in pear leaves
reached the minimum values in May, its proportion Lo telal
ohenolics was the highest (11.5%), Vanillic acid reached a
peak in Awgst, declined in Sepember and incressed onee
again in October, The content of syringic acid constantly
incrensed until Scptember and then declined. Caffeic acid
reached its peak in July, and did not significantly decranse
umtil October, The content of sinapic acid gradually increased
until August, and decreased significantly thereafter,

Arbutin §s characteristic of pear leaves and was also iden-
tified, but difficultizs in its separation ai the beginning of
enach annlysis occurred; therefore, the data are not shown
here, Arhutin has also been found in strawberry, beasbemy,
wheat and in whear producis (Clifford 20000, However, oth-
ers have alse had difficulties with arbutin in phenclics
extractions (Schicber et al. 2001,

Fhenolic compounds (secondary metabolites of plants)
are one of the biochemical foctors that affect resistance 1o
plant pathogens, such as Erwinia amylovora, which can
cause fire hlight on pears, apples, quinces, etc. Gunen et al,
(2005} found (hat resistant cultivars had & higher arbutin
content, and the chloropenic acid content was also signifi-
eantly higher in resistant varieties (120 mg k') than in zus-
ceptible varieties (70 mp k2~ partially dried material), Cui
ct al. (2005) found chlorogenic acid and arbutin to be the
main phenolic compounds in leaf bud, floral bud, flower and
young fruit of Oriental pear (Fyrus bretscharideri). They
reported that the content of chlorogenic acid in leaf bud was
2260 mg kp ' FW and of arbutin was 11 900 mg k2~ FW.

Significant changes in primary and sccondary metabolites
over the growing season were confirmed for pear leaves in
this sudy and found o have different distribution patterns.
Further studics are needed to clarity how changes in carho-
hydrate and phenclic concentrations during the growing sca-
som are related to variows smress gitnations or carbon
assimilation patterns. Kelm el al. (2005) stdied apple leaf
chemical composition, with the aim of relating these prima-
1y and secondary metabolites 10 elevaied levels of CO..
However, their cathon nutrient balance hypothesis, which
predicted that an ineresse in photosynthates, demorstrated
by elevaled OO, concentrations, wounld have an influence on
incressing primary and secondary leaf metabolites, was
refuted,

CONCLUSION
The changes in sugar and phenclic contents in leaves of
Williams pear were confirmed during the prowing season,
Leaves from the early sample dates in spring had Iower lev-
els of carbohydrates, dircct products of photosynthesis, and
secondary metabolites, which play & prominent role in the
general defense stratzgies of plants. The highest contents of
sugars were observed in October, except for sorhitol. The

lowest coments of phenolics wers in May, then increased
quickly, seacking a peak sometime in summer and decreas-
ing thereafier until October. The patterns of primary and
secondary metabolites from September to Oclober were
guitz different, the content of total sugars continued to
increase, while the wial phenolics contents dropped by 50i%.
Sirnilar w other rosaceous trees, sorbitol was always the
major sugar fellowed by suerose, Chlorogenic acid was
identified as a major phenolic in pear leaf, followsd by rutin,
epicatechin, calechin, vanillic acid and syringic acid.

ACKNOWLEDGMENTS
This work is part of the program Horticulture P4-0013-
0481, granted by the Slovenian Ministy of Higher
Education, Science and Technology.

Bieleski, B, L. and Redgwell, B, J. 1985, Sochitcl versus sucrose
o= photosynthesis and translocation products 1n developing apricot
leaves, Austr, J, Plang Pliysiol. 12: 057=008.

Bieleski R. L. 1982, Sugur slcohols. Pages 158102 fn F. A,
Loewus and W, Tanner, eds. Flant carbnfydrates. 1. Intracellular
carbohydrates. New Series, Vol 13A. Springer-Verlag, Berlin,
Germany.

Clifford, M. N, 2000, Miscellanzous phenols in faods and bever-
ages = Nature, occurrence. and dictary burden, 1. Sci. Food Agiic.
B0 1120-1137,

Colarie, M., Yeheric, R., Salar, A., Hudina, M. and Stampar,
F. 2005, Fhenoliz acids, syrinpaldehyde, and juglone in fruits of
different cultivars of Suplans regia L 1 Agric, Food Chem, 53
B3P0,

Cui, T., Nakamura, K., Ma, L., Li, J.-Z. und Kayuhzra, H,
2005, Analyses of arbutin and chlorogenic acid, the wajor phenc-
lic constments in Oriental pear. I Apric, Food Chem 53
AREI-FHET.

Ireguchi, M., Watanabe, M. ond Konayama, ¥, 2002, [ncrease
in sorbite] biosynthesis in stressed Japancse pear leaves, Acta
Haortic. 587: 511-517.

Dixon, B, A. and Palva, N, L. 1995 Stiess-induced phenyl-
propanaid mefahalism, The Plant Cell 7: 10851047

Gunen, Y., Misirli, A, and Gulcan, K. 2005, Leaf phenolic con
tent of pear cultivars resistant or susceptible to fire blight. Sci.
Horc. 105: 213-221,

Hudina, M. and Stampar, F. 1999, Inflosnce of water stress and
assimilalion area on the sugar content snd arganic scid daring the
zrowth period in the pear froits (Pyrus commons 1) ow,
"Williams™. Phyton 3% [07=111.

Ito, A., Hayama, H. and Kashimurn, Y. 2002, Sorbitel metobo-
lism in bads during flower bud formation: o comparison of two
Iepanese pear (Pyrus pyifolio (Burne,) Nalc) cultivars possessing
diflerznt Mowering habits, Sci, Horie, 96 163175,

Kelmy, M. A., Flore, . A, and Beninger, C. W. 2005, Effect of
elevated COy, levels and leaf area removal on sorbitol, sucrose, and
phloridzin content in *Gala'Malling 9 nople leaves. 1. Am, Sce.
Hortic, Sci, 13 326-330,

Koglowski, T. T. and Pallardy, &. G. 1997, Physiology of woody
plants. Znd el Academic press, San Diepo, CA. 411 pp.
Laitimen, M.-L.., Julkunen-Tiltte, E. and Rousi, M. Z000,
Wariation in phenolic compounds within a birch (Remla perdida)
population. J. Chem. Ecol. 26; 1609-1622,

Lo Bisneo, R., Rieger, M. and Sung, 8. 5. 2000, Gffect of
dionght om sorbite] mnd sucruse metsbolism in sinks and sources of
peach. Physiol. Plant. 106: 71-78.

10



Colari¢ M. Vsebnost metabolitov v... hruski (Pyrus communis L.) glede na arhitektonsko zgradbo rodne veje.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehni &a fakulteta, Odd. za agronomijo, 2007

1208 CANADIAN JOURNAL OF PLANT SCIENCE

Loescher, W, H., Marlow, G. €. and Kennedy, K. 4. 1982,
Sorbitel metabolism and sink-source intarconversions in devalop-
ing apple leaves. Plant Physiol, 70 335-339,

Loescher, W, H, and Everard, J. D. 1996, Sugar aleohol metab-
alism in sinks and scurces. Poges 185-207 in E, Zamsk: and A, A,
Sehaffer, eds. Photoassimilate distribation i plants amd crops
Source-sink relationship, Marcel Dekber, New York, NY.

Muyr, U, Treutter, D., Santos-Buelga, €., Bawer, H, and
Feucht, W. 1995, Developmental changgs in the phenol coneen
rrations  of “Golden Deliciows” apple Fruits and  loaves
Phvlochemistry 38: 11511155,

Merlo, L. and Passera, C. 1991, Changes in carbobyedrutes and
enzyme levels duting development of lzaves nf Prusue persice, o
sorhitnl symthesizing species. Physiol. Plant 83: 621-626,
Mizirli, A, Gulcan, R. and ve Tanrysever, A. 1995, A relation
ship betwaan the phenclic compounds and the resistance (o
Sclerosinia (monili) oo (Aderh et rubl.) in some apricot vari-
ctics, Acta Hortic, 384 208-211,

Muing, A., Carbunne, F., Fipperlin, B, Svanella, L. and
Ceanwdillere, J. 1% 1997, Phloem loading in peach: symplastic or
apoplagtic? Physiol. Plant 101: 489496,

Schicher, A., Keller, P. ond Carle, B. 2001, Determination of
phenolic acids and Mavenoids of apple and pear by high-perfor-
mance liquid chromatography. 1. Chromatngr. A ®10: 265273,
Sircelj, H., Tausz, M., Grill, I, and Balie, B, 2005, Biochemical
responses in leaves of two apple ree enltivars enbjected o pro
gressing drought. [, Plaat Physiol, 162: 1308-1318,

Suzue, Y. Tsukuoda, M., Hatano, 5., Kanayama, Y., Yamusds, K.,
Shiivatake, K. and Yamuki, . 2006, Changes in the activity and gene
expression of socbitol- and sucrose-related enzymes wilh leat cevel-
opment of "La France' pear. 1. Jpn. Soc, Haortie, Sei, 75 45-50,

Swanson, R. G, 2003, Tannins and polyphenols. Pages 5T29-5733
in 8. Cakallero, L. C. Trugo, and P. M. Finglas, eds. Encyclopedis
of food soiences and nutrition, Ind ed. Academic Press, London,
LIE.

Trewtter, D. 2001, Bivsynthesis of phenolic compounds and its
regulation in apple. Plant Growih Regul. 34: 71-89,

Usenik, V., Mikulic-Petkovsek, M., Solar, A. and Stampar, F.
2084 Flavenols of leaves i relation o apple scab resisance, 2
Pflanzenkr. Pllanzenschute 111: 137-144,

Weberic, R, Vodnik, I, and Stampar, F. 2003, Carbon parti-
tiuming und seasonal dynamics of carbohydrat=s in the bark, l=aves
and fruits of apple (Malus domesrica Borkh,) ov. 'Golden
Dezlicious’. Bur. J, Horte. Sci. 68: 223-336,

Wang, Z,, Pan, (0 and Quebedeaux, B, 1999, Carbon partition-
ing into sorbitol, suerose, and starch in source and sink apple
leaves as affected by elevated OO, Environ. Exp. Bot, 41 39-44,
Walturi, J., Kobae, Y., Yamaki, 5., Yamada, K., Toyofukn, K.,
Tabuchi, T. and Shiratake, K. 2004, ldentification of sochitel
frangperers expressed in the phlgem of appls source leaves, Flant
Cell Fhysiol, 45: 1032-1041.

Lhow, R and Quebedeaux, D, 2003, Changes in plotosyathes:s
and carbofyydrate metebelism in matre apple leaves in rEsponss o
whole plant sonrce-sink manipolation. 1. Am. Soc, Hortie, Sci,
128: 113-119,

Zhou, Ry, Sicher R, C. and Quebedeaux, B, 2002, Apple leaf
stcrosc-phosphate synthase 15 inhibited by sorbitol-6-phosphate.
Funct, Plent. Biol. 2%; 569-574,



Colari¢ M. Vsebnost metabolitov v... hruski (Pyrus communis L.) glede na arhitektonsko zgradbo rodne veje.
Dokt. disertacija Ljubljana, Univ. v Ljubljani, Biotehni&a fakulteta, Odd. za agronomijo, 2007

22 VPLIV UPOGIBANJA RODNE VEJE NA VSEBNOSTI SLADKORJEV,
ORGANSKIH KISLIN IN FENOLNIH SNOVI V PLODOVIH HRUSKE
SORTE ‘WILLIAMS' (Pyrus communisL.)

COLARIC Mateja, STAMPAR Franci, SOLAR Anitain HUDINA Metka

Influence of branch bending on sugars, organic acids and phenolic contents in fruits of
‘Williams pears (Pyrus communisL.).

Journal of the Science of Food and Agriculture, 2006, 86: 2463-2467.

Prejeto 7. 9. 2005, sprejeto 6. 7. 2006.

Kemic¢na sestava plodov je pokazatel] notranje kakovosti ter je razlicna med sadnimi
vrstami in sortami. Na vsebnosti metabolitov vplivgjo tudi zrelost plodov, okoljski
dejavniki in agrotehnicni ukrepi, ki jih izvajamo v sadovnjaku. Med slednje uvr&camo tudi
ukrep upogibanje vej, za katerega domnevamo, da bo vplival na vsebnosti dadkorjev,
organskih kidlin in fenolnih snovi v plodovih hrusk sorte ‘Williams'. V poskus smo
vkljucili tri obravnavanja: petletne rodne veje smo upognili pozno poleti 2003 (i) in
spomladi 2004 (ii) ter rodne veje, ki niso bile upognjene (iii) — kontrola. V tehnol oski
zrelosti smo obrali plodove in jih analizirali s tekocinsko kromatografijo visoke locljivosti
(HPLC). Med dadkorji smo izmerili najvecjo vsebnost fruktoze, med organskimi kislinami
citronske kidine in med fenolnimi snovmi klorogenske kidine. Vecina doloc¢anih
metabolitov je imela ngjmanjSe vsebnosti v plodovih na vejah upognjenih poleti 2003 in
najvecje na vejah upognjenih spomladi 2004. V plodovih na vejah upognjenih poleti 2003
smo izmerili statisticno znacilno manjSe vsebnosti fruktoze, sorbitola, epikatehina,
katehina in sinapinske in dringinske kisine. Znacilno najvecje vsebnosti fruktoze,
sorbitola, epikatehina, katehina ter sringinske kidine so hile v plodovih na veah
upognjenih spomladi 2004 ter sinapinske kisline v kontrolnih plodovih. Razlike med
obravnavanje so bile pod edica upogibanja rodnih vej v poletnem in pomladnem obdobju.

12



Colari¢ M. Vsebnost metabolitov v... hruki (Pyrus communisL.) glede na arhitektonsko z_gradbo rodne veje.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehni &a fakulteta, Odd. za agronomijo, 2007

Fonarnad of the Science of Food and Agriculiurs F Scr Fovd Agric 862463 -2467 (20006)

Influence of branch bending on sugar, §§I
organic acid and phenolic content in I
fruits of ‘Williams’ pears (Pyrus communis L.)

Mateja Colaric,” Franci Stampar, Anita Solar and Metka Hudina
Deaartment of Agronamy, Blatechnical Faculty, University of Ljubifjana, Jfamalkagera 107, Si-1000 Ljvblians, Skovaria

Absiract: Selected sugars, arganic acids and phenolic compounds were analysed in mature fruits of 'Williams® pears
using high-performance liquid chromatography. Fruits were harvested from the branches of trees tested in three
ireatments: branches were bent in summer 2003 (1 Scptember), in spring 2004 (15 May) and contral (hranches were
not bent). Pears contained up to 73.54gkg ! fresh weight (FW) of fructose, 9,.42gkg™' FW of glucose, 7.9 gkg'
FW of sucrose ond 24.59gke~! FW of sorbitol, Major organic acids were {in order of descending guantity)
citric, mallc, shikimic and fumaric acld (up to 3.05gkg™! FW, 324gkg™ FW, T1.79mgkg™' FW and 0.4 mg kg’
FW, respeetively), Chlorogenic acid (280,86-357.34 me kg~' FW) was the predominant phenolic acid, followed in
concentration (mghkg™' FW) by syringic acid (95,46-131.32), epicatechin (46.55-83.09), catechin (25.67=44.81),
vanillic acid (1.87-3.48), sinapic acld (0.83-1.72) and eaffeic acid (1,72-1.04). Significant differences in content
of fructose, sorbitel, total sugars, catechin, epicatechin, sinapic acid, syringic acid, and a sum of determined
rhenolic compounds were observed among the treatments, Fruits from suiminer bending branches had the lowest
content of individual sugars, cliric acid and phenolic compounds and the highest content of mualic, shikimic and
fumaric acid. The highest content of fructose, sorbitol, sucrose, total sugars, caffeic acid, catechin, epicatechin
and syringle acid were determined in the fruits from the spring treatment. In the control treatment the highest
content of plucose, citric acid, chlorogenic acid, sinapic acid, vanillic acid, as well a sum of detcrmined phenolics,
were observed. The lowest content of fumaric acld was in the spring trearment and of malic and shikimic acid in
the conrrol.
2006 Socicty of Chemical Industry

Keywords: pear fruit; sugars; organic acids; phenolics; bending

INTRODUCTION in lsraeli pear peels than in pear pulps, and Spanish
Chemical composition of pear firuit, which determines pear peels and pulps of v “Blanquills® wete an even
its quality, has been investizated to a lesser extent better source of phenolic acids.!! Similar findings
in comparison with apples or peaches, However, for have been obtained in uther studies, emphasising the
its determination various chromatographic procedures importance of consuming the whole fruit {with peely,
exist, among which high-performance liquid chro- because phenolics are a natural source of antioxidanis.
matography (HPLC) has been used most frequently, However, the fear of pesticide residues often leads
In this way many researchers’ ¢ have reported that people to peel a fruit before eating it, Consequently,
peat Truits of the cultivar {cv) “Willlams' contain fruc- organic fruit is more desired for consumption.'*'*
tose, glacose, sarbitol and sucrose, Among organic Sugers and organic acid composition of pear fruits
acids, ‘Willams' pear fruits conain citric, malic, grown in Slovenia have already been investigated.’™?
shikimic, fumaric and alse guinic acid.2-* MNevertheless, thers is no known information available
Chlorogenie acid was the major phenolic in French on the individual phenolic content of pears grown
pears ov "Williams®, followed by epicatechin and then in Slovenia. Fach species' and each cultdvar™® of
catechin.” Separately from pear pulp of ov ‘Decana’ Fruit has its own significant chemical compaosition;
only chlorogenic acid and epicatcchin were isolated however, differences in compound amounts may occur
by Escarps and Genzilez,® whercas in the pear depending on the matority stage,™'® environmental
peel arbutin, catechin, caffeic acid, rutin and some factors and rechnological measures {ie., training
glycosides, ae well as chlorogenic acid and catechin systell, pruning, iree nurriton, irdgation) applied
were identified ® In Portuguese pear fruits the highest in an orchard.'” Conscquently, bending treatment
ventent of chlorogenic acid and flavonoeids was also may affect chemical composition. Tro er ol '® reported
found in the peel, whereas in the pear pulp only the influcnce of bending shoots on flowering unid
chlurogenic acid was determined.” Teontowics ot af, 1Y sugar metabolism'® of lateral buds in Japanese
detecied significantly highet conrent of phenolic acids pear (Pyrs pyrifolia (Burm.) Mak). Bending is

* Comespandanice to: Mataia Calaric, Denartment of Agrenomy. Biotechnieal Facuty, University of Ljubliana, Jamnikarieva 164, SI-1000 Liubljana, Skovania
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a long-established and widely used conventional
agricultural technique to reduce vegetstive growth
ishoot exrension) and promote flowering and fruting
in high-density orchards.®® The aim of this study was
to cxamine how bending affects sugars, crganic acids
and phenolic content in pear (Pyrus communis 1. fruirs
of ov “Williams’,

EXPERIMENTAL

Chemicals

Malic acid and syringic acid were obrained from Merck
Kgad (Darmstade, Germany) and (+)-catechin was
purchased from Carl Roth {Karlsruhe, Germany'.
Fructose, glucose, sucrose, sorbitol, citric acid,
shikimic acid, fumaric acld, (—)-epicatechin, caffeic
acid and vanillic acid were from Fluka Chemie GmbH
{Buchs, Switzerland). Chlorogenic acid, sinapic acid
and burylated hydroxyroluene (DIHT; 2,0-di-ger
butyl-1-methylphenol), used as an antioxidative agent
in the extraction solution, were obtained from Sigma
Chemical Co. (St Louis, MO, USA), Methanol (an
extraction sulvent for phenolics) was from Riedel-de-
Haén (Seelse, Germany) and acetonitdle (an eluant)
was from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany).

In all cases water wsed was bidistilled, and purified
in a Milli-Q water purificetion system by Millipore
(Bedford, MA, TISA), Supare and organic acids
standands were prepared in water and phenolics
standards were dissolved and diluted in methanol.

Plant material

Pear trees ov "Williams' grafted on to quince MA were
recearched in the experiment. Trecs were planted
in 1987 in the eastern part of Slovenia (Bistrica ob
Sotli). To study variations in the chemical composition
of fruits three differant weatments (ten trees per
trearment) were given: (1) one five-year-old branch
per tree was bert at an angle of 50° from the vertizal to
horizontal position in late summer 2003 {1 September)
or (2)in late spring 2004 (15 May) or (3) was
not bent - control tree. From those branches the
undamaged pear fruits were harvested at commercial
maturity on 1 Seprember 2004,

Extraction of sugars, organic acids and phenolic
compounds
Immediately after harvest, fruits wers cur inte rthin
slices and stored at —20°C unril preparation of
the samples. Eight samples per treatment, consisting
of three representative pcar fruits cach and picked
from the same branch, were individually prepared
for analyses of sugars, organic acide and phenolics.
The pear slices were homogenized to a purée
with a homogeniser (T'25 basic Ulra Turrax, TICA
Labortechnik, Janke and Kunkel GombH, Staufen,
Germany),

Bidistilled water {up to a final volume of 50mL}
was added to 10g of homogenized tissue and left

2diced

[or 45min at room temmperature for extraction of
sugars and organic acids, After the exrraction the
homegenate was cenwifuged at 12 000 » g (Eppendort’
Centrifuge 5810 R, Hamburg, Germany) for 7 min
at 10°C, The supernatant was filtered through a
cellulese mixed esters filter (Macherey-Nagel, Dhiren,
Grermany), ansferred to g vial and used for HPLC
analyses of sugars and organic acids.

To obtain phenolic compounds, 1g of the homog-
enized sample was weighed into a test tube and
extracted once with 10 mL of methanel containing 1%
BHT in an ultrasonic bath cooled with ice for 45 min.
BHT prevented oxidaton of samples, bur did not
influence the extraction process and did not interfere
with the extracted phenolics in HPLC anglysis. ‘The
extracted samples were centrifuged (12 000 x g, 7 min,
10°C) and the supernatant was used for HFLC anal-
yses of phenolic compounds after filiration through a
0.45 pm Chromsfil polyamide filter.

Analyses of sugars, organic acids and phenalic
compounds

Sugar (fructose, glucose, sucrose, sorbital) and organic
acid (malic, cittie, shikimic and famaric acid) content
was analysed using HFLC equipment (Thermo
Separation Products, Riviera Beach, FL, USA).

Scparation of sugars and sorbitol was  camied
out wsing a Rezex RCM-monosaccharide column
(300 x 7.8mm) opergred at 65°C (FPhenomenes,
Torrance, CA, USA). The mobile phase was bidisrilled
water and flow cate was 0.6 mL min '} total run dme
was 60min and a refractive index (RI) detector was
used for monitoring eluted carbohydrates according o
the method of Delenc and Stampar. !

Organic acids were analysed with HPLC using an
Aminex HPX-8TH column (300 = 7.8 mem) {Bio-Rad,
Hercules, CA, TUSA) associated with a UV detector
set at 210 nm as deseribed by Dalenc and Stampar.?!
The column temperature was set a1 65 *C, The elution
solvent was 4mmol L7 sulfure acid in bidisrilled
water at 8 flow rate of 0.6 mL min ', The duration of
the analysis was 20 min.

The analysis of phenolic compounds (chlorogenic
acid, syringic acid, epicatachin, catechin, vanillic acid,
sinapic acid and caffeic acid) was carried out using
2 Surveyor HPLC system (Thermo Finnigan, San
Jose, CA, USA), equipped with a photw diode array
(PR2A) detector and controlled by the ChromQues
‘4.0 Chromartography workstation software system.
Separations were carried out using a Chromsep HPLC
column 88 {250 x 4.6 mm, Hypersil 5 ODS] coupled
with # Chromsep guard column 88 (10 » 3 mm) from
Chrompack (Middelbusg, The Netherlands). Column
temperature was maintained ar 25°C,

The chromatographic conditions were similar to
those previcusly described by Schicber er el with
minor modifications, The mobile phase A was 2%
aceric acid prepared in bidisdiled water; solvent B was
0.5% acedc acld in bidistlied water and nceronirrile
(ratio 1:1). The gradient was as follows: 90 to 45% of

J 8ci Fond Agric 86:2463-2467 (2006)
DL 10,1002/ska
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A within 50 min, 45 10 0% of A within 10min, and
recurning to the initial 0% of A within 5 min, Between
each analysis 15 min of equilibration treamment (90%
cf A} was performed. The flow rate was | mL min™"
and the injection volume was 20pL. The wtal run
time was 65 min.

Analvsed compounds were identified by addition
of standard solutions in combination with retention
times as well as by comparing their spectra with those
of corresponding standards. Absorbance moenitoring
of eluted phenolic compounds was done at 280 nm for
catechin, vanillic acid and epicarechin, and at 320 nm
for chlorogenic acid, syringic acid, caffeic acid and
simapic acid. Quanrificadon was achieved according
to the cencentrations of a corresponding external
standard. Concentrations of analysed compounds are
cxpressed in g per kg or mg per kg of fruit fresh weighe
(V).

Data analysis

Data are presented ss meon = standard error (SE)
for each treatment. All dara were rested by ANQOVA
(general lincar model - one-wavy analysis of variance)
using the Statgraphics Plus 4.0 program (Manugistics,
Inc., Rockville, MDY, USA). Means were separated by
Tukey's least significance difference (L5D) test at a
signilicunt level of (.05,

RESULTS AND DISCUSSION
Content of sugars and organic acids
Fructose was the most abundant compound of all
those quantified in pear [ruits (Table 17, followed
by sorbirol. (lucose and sucrose content showed
a similar range. These results sre in accord with
other investigations on “Williams' fruits reported in
the lirerarure, ! 6

Fruits from summer bending branches had ths
lowest content of individual sugars. The highest
fructose, sucrose, sorbitol and total sugar conrenr
was observed in the fruits from spring bending
branches; an exception was glucose, the levels of which
were highest in contrel fruits, Significant differences
in fructose, sorbitol and total sugars content were

Table 1. Average content of sugars in "Williams' paars afer different
treatments

Bending traatrmant

Sugar  Summer 2003 Spring 2004 Cortiol
Sructose G44B+223a FISA L2680 E7.61 4 3.0<ab
Glucoze S48 L1.14 8,01 156 9424111
Sorbitol  T9P9=180a PAFO4+15EH 218421030
Sucrose B25 =075 794 +054 7284+ 1.068

Sum 884643220 11607 £3.930 105.66 + 4.70ab

Values are presanted 83 the mean £ standard emor (3E) in ghyg"
trashy walght {FW), Values followed by different letters within each now
are saificantly different accarding 1o 19 LSC mult pla-rarge e al
P = 05,

J Sei Food Agric 85:2403-2467 (2006)
DOT: 10, 10025k

observed even among treatments. In Japanese pear,
branch reoricntation te the horizontal position had
an influence on increaze in sorbirol and sucrose
concentation of the central internode in comparison
with that of control vertical branches.'? Sorbitol and
sucrose are the main anslocered sugars found in
the family of rosaccous plants, to which the pear
plant belongs.® Spring bending branches must have
had more photosynthates, which were exporced o
the fruit, and therefore higher carbohydrate content
in those fruits. Stored carbohydrates are essential for
pear fruit growth and development,®

Among organic acids, malic acid especially is formed
in most pear cvs. However, the results of our study
showed thar pear fruits of ov “Williams® contzined more
citric acid than malic acid in all reatmens (Table 2).
The conten: of citde acid is mostly dependent on a
ripening stage and culivar.® Hudina and Stampar®
contirned cur results. Besides ov “Williams®, cvs “Red
Williams' and *Rosired” were also reported o conrain
higher content of citde acdd. However, citric acid
content in cvs ‘Concorde’ and ‘Conference’ were
below detection,

Fumaric acid concentration was the lowest among
the guantified creganic acids; nonctheless, the taste
effect of fumaric acid on the fAnvour of Fruits is, despitc
its scarcity, srronger than the effect of citeic acid, s
Drake and Eizsele® reported higher content of famaric
acid for "Williams® pear juice {up tw 1.6 mgL™"3, and
the content of citric, malic and shikimic acids was
in a similar range (up to 3.6gL™', 2.0gL"! and
67.0mgL ™", respectively) to those measured in our
study,

The highesr content of citric acid and total organic
acids was in fruits from control trees, while the same
fruits had the lowest malic and shikimic acid content.
Fruits from branches bent in spring 2004 atained the
lowwest fumaric acid content and also the total crganic
acids were the lowest. Malic, shikimic and fumaric
acid content was the highest in fruits from summer
bending branches, while those fruits wers the poorest
in citric acid, Interestingly, with the same (reatment the
fruits were poor in sugars, Monethe less, there were no
statistically signilicant differences in individual organic
acid content among the treatments.

Table 2. Average contant of organic acds in “Williams' poors after
differart treaiments

Barckng traatment
Orpanic acid  Summer 2008 Soring 2004 Contro
Cifric acid 2BF+028 283=007 3054016
sl acid 2244+0C13 2.45=C.08 2134013
Shibemic acid T179+£045 58.14+6894 5767580
Funnaric acid 04%+0.16 041 £0.05 0,44 40,14
Sum H519=028 E10+£015 524 £ 000

Waluas ane prasented &= the mean = SE ingko ' W, excentions are
shikimic and fumarie acid va'ves, which are n mgkg™'. Mo values
within cazh row are significantly different (ANCWA, P > 0.05).
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M Colzric er al,

Table & Avarage content of phenollc compounds in Wiliams' pears alter differant treatments

Bending sreatrmant

Fhencie: compound Summer 2003 Spring 2004 Central
Ceatfals acid 07e+01 1044042 086+ 012
Cietest:bim 2667 =1.74a 4481 = 557D 36,60+ 4,60ab
Chloroganic asid 28086 L 2845 31817 £ 22.82 A57.34 £ 2086
Fpicatachin 46,55 &£ 2.17a B3.09 4= 10580 50,82 4 10.28ah
Cinapks aciel 0,83 0.08a .18 +£0.11ab 1.72 % 0,260
Synrgic goid G546 + 4808 13,32 £ 10,330 120,65 4+ 9.97ab
varilic: acid 1.87 £ 0.03 252 £ 065 3482073
Bum 46196 = 531.50a 582132 = 46,480 S00.88 + 48 E8L

Wiatlues e presented Bs the mean + 5E inmgkg ™" FW. Values llcwed by different lethers within cach row ara significantly difarent sccording to

the LED mulbiple-rangs best st P < 0,05,

Content of phenclic compounds

As shown in Table 3, chlorogenic acid was the major
phenolic compound found in pear froits. That is
in accordance with Clifford,™ who reported quite
similar chlorogenic acid content in pear fruits {up to
280mg kg~ ' FW). Lower content of chlorogenic acid
was reported for “Williams® pears (up to 100 mgkg']
FW) by Herrmann® and Amior er a7 and sven lower
content for ov ‘Red Williams® (21 mp ke~ Fn 22

Comparng our Buropean pear froits (Perus commeu-
afs L) Cuier ol ™ observed that Buropean pears were a
much better source of chlorogenic acid (309 mg kg )
than were Oriental pears (Perus  Brecchnriders)
(163 mekg ") Juice made from “Williams' pcars con-
tained 174mgL™" of chlorogenic acid, as shown by
the findings by Tanriven and Eksi??

Syringic acid showed nearly one third the con-
centration of chlorogenic add content in this sudy.
Epicatechin content was very close (o that shown by
Tsanova-Savova e al.,”™ who reported thar pear fruirs
contained 20.9-81.2mg kg FW, Hermmann® found
“Williams® pears had up to 30mgke ™' FW of epicate-
chin, Amiot ef a7 cited 21 mg kg™ ! FW of cpicatechin
and Tanndven and Eksi®™ determined that “Williams®
juice contained 34.9mgL " of epicatechin. However,
Schieber er a/.** reported that ‘Red Williams® pears
contained only up to 6 mgke ' FW of epicatechin.

Catechin values were about one half of epicatechin
in all resiments (up to 44.81 meke™! FW in pears
from spring weanment), Herrmann® reported that
“Williams' fruits exhibited up o 10mgkg™' FW of
catechin. Tsanova-Savova e ol ™ determined lower
mean values (3.7 mgke ™! FW) and Amiot e ol.7 alse
cited similar values of catechin (5 megke ™' FW).

Vanillic, sinapic and ceffeic acids were minor
phenolic compounds found in pear fruits, According
to the findings of Tannéven and Blgi,*” “Williams’
pear juice contained 11.0mg L' of caffeic acid, Much
higher conrent of caffeic acid was found in Iseaeli pear
pulps (198 mgkeg™" FWY,'" and Spanish pear pulps of
cv ‘Blanguiila® were an even better source of caffeic
acid (701 mgkg ™' FW). !

Arbutin was also identified, but owing to difficulties
in its separation at the beginning of each HPLC

2466

analvsis the data are not shown here. Schieber e ol %2
also had problems with arbutin interpretation; its
content in cv 'Red Williams' was only 0 4mgkg™!
FW. Galvis-Sanchez er ol.” analysed pear pulp and
peel separately, and arbutin was found only in the
pear peel (1158 meke ™" FW.

Fruits from summer bending branches (1 Sepiem-
ber 2003} had the lowest content of all individually
analvsed phenolic compounds. Contant of carechin,
epicatechin, sinapic acid, syringic acid and a sum of
analysed phenclics differed significantly among the
treatments (ANOVA, 15D test ar P < 0.05). The
highest concentrations of caffeic acid, carechin, epical-
cchin and syringic acid were detected in the fruits from
spring bending branches. Chlorogenic acid, sinapic
acid and vanillic acid, as well a3 total analysed pheno-
lies, exhibited the highest values in control weatments,

We propose thar the bending of branches altered
the brimech metabolism and consequently influences
o fruit composition. Due o lower content of
most apalvsed compeunds in che froits from the
summer treatment and higher content from the spring
treatinent, it is supposcd that spring bent branches
saved the assimilates for fruits, but summer bent
branches spent assimilates for other dssues before the
fruit required them for development and growth.

COMCLUSION

This investigation demonstrated the sugar, organic
acid and phenolic composition of “Willlams™ pears.
Fruits were harvested from branches on wrees involved
in three different trestments (branch was bent in
summer 2003; branch was benr in spring 2004; and
no bent branch - control). Statstceal analysiz showed
significancly lower content of fructose, sorbicol, fotal
sugars, catechin, epicatechin, sinapic acid, svringic
acid, and sum of determined phenoclic compounds
in fruits from the summer bending branches.
Significantly, the highest content of fructose, sorbitol,
total sugars, catechin, epicatechin and syrinpgic acid
were in fiwits from the sprng bending branches,
and the highest content of sinapic acid from the
coftral trestment, It has been shown thar differences

F S Fovd Agric 36: 24632467 (2006)
DOL: 10.1002sfa
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among trestments regarding content of sugars, organic
acids and phenolics could be the result of branch
reorienmation. Further stediss are needed to confiem
and darify how those differences occur.
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23 UPOGIBANJE VPLIVA NA VSEBNOST DOLOCENIH FENOLNIH SNOVI
V LISTIH HRUSKE SORTE ‘WILLIAMS

COLARIC Mateja, STAMPAR Franci in HUDINA Metka

Bending affects phenolic content of William pear leaves.

Acta Agriculturae Scandinavica, Section B, Soil and Plant. Science, 2007, 57: 187-192.
Prejeto 31. 1. 2006, sprejeto 24. 5. 2006.

Upogibanje vej je pri sadnih drevesih uveljavljen tehnoloski ukrep in zelo razSirjen v
intenzivnih nasadih. U¢inek upogibanjarodnih vel se odraza tako na zgodneSem in vecjem
pridelku kot tudi na zmanjSani vegetativni rasti. Na biokemi¢nem nivoju je hilo
ugotovljeno, da vpliva upogibanje na vsebnost hormonov in njihovo premeSanje ter na
metabolizem dadkorjev. Ucinek upogibanja rodnih ve hruske na fenolno sestavo listov do
sedaj e ni bil poznan. Fenolne snovi so pomembna skupina endogenih rastnih inhibitorjev,
ki imajo v rastlini pomembno vlogo v odpornosti na bolezni in Skodljivce. V poskusu smo
nakljuéno razporedili 30 proucevanih dreves hruske sorte ‘Williams' v tri obravnavanja,
kjer smo upognili po eno petletno rodno vejo na drevo, in sicer 1. septembra 2003 in 15.
maja 2004. Tretjo obravnavanje so predstavljale oznacene petletne rodne veje, ki niso bile
nikoli upognjene - kontrolne veje. Z upognjenih in kontrolnih vej smo vzor¢ili liste od
maja do oktobra 2004. Dolocili smo naslednje fenolne snovi: rutin, epikatehin in katehin,
kavino, klorogensko, sinapinsko, siringinsko in vanilno kislino, katerih vsebnost je bila
nagjmanjSa v maju, nato so vsebnosti posameznih fenolov narastale, dosegle najvecjo
vrednosti v juliju, avgustu ali septembru ter se zatem do oktobra zmanjSevale. Med
posameznimi obravnavanji smo najmanjSe vsebnosti pri vecini dolo¢anih fenolnih snovi
izmerili v listih na upognjenih rodnih vejah, zlasti na vejah upognjenih pozno poleti 2003.
Znacilno najvecje vsebnosti posameznih fenolov so hile v listih iz kontrolnega
obravnavanja. Domnevamo, da je sprememba kota rodne veje hruske sorte ‘Williams
sprozila fizioloski odgovor z razli¢cnimi vsebnostmi fenolnih snovi v listih z upognjenih in
neupognjenih ve.
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Bending affects phenolic content of William pear leaves

MATEJA COLARIC, FEANCI STAMPAR & METKA HUDINA
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Abstract

‘I'he effect of branch bending on the phenolic content in pear leaves was investigated, Leaves were sampled from the tres
branches which were bent in summer 2003 {1 September), in spring 2004 (15 May), and from unbent trees, Samplings were
made during the growing sezsen May 1o Octeber 2004, on the following dates: st sampling, |5 May; 2ad sompling, 11
June: 3rd sampling, @ July; 4th sampling, € August; Sth sampling, 2 September; and &6th sampling, 1 October. The leaves
contained caffeic acid, chiorogenic acid, sinapic acid, syringic acid, vanillic add, cutn, epicatechin and catechin, The lowes:
contents of phenalics were found on the first nccasion. After that, in the sequence of sampling dares, an incresse was noticed
at firse, but after resching their highest point, the contents of phenolics decreased. In most cases fewer contents of phenolic
compounds were found in leaves from bent branches (especially from branches bent in summer), and the highest ones in
leaves fram the control group, For all phenclics, apart from the caffeic and vanillic acids, significant differences were evident
among treatments, with the highest contents in the control group and almoest the lowest in the summer reatment. Tt s
sugpested that the change in branch angle caused the physiological response of pear tree, with different contents of phenolic
compounds in its leaves from bent and neon-bent branches.

Keywords: Bending branches, HPLC analyss, leaves, phenoliz contponends, pear, Povies commuris I

Introduction

Bending is a long-established and widely used
technological measure applied in high-density orch-
ards to reduce vegetative growth and promocs
Mowering and fruiting of fruit trees  (Luckwill,
19700, According o Goldechmidt-Reischel (1997),
by bending branches from a vertical to a horizontal
position, mechanically induced stress is unposed.
This has a wide range of influence: on the growth
and development of plants, varying from speciés to
species and even within species. Lauri and Lespi-
nassc (2001) reported that branch bending of two
apple  penotypes  influenced the development
and growth of lateral branches differently according
o genotype Bending branches instead of pruning
proved to be an effective means of producing apple
and pear fruit earlier and ylelding more fruit as
well as reducing vegetative growth (Goldschmade-
Reischel, 1997}, Likewise, Grochowska, Hodun and
Mika (2004) showed that branch bending increased
fruiring of apple trees, but it had no ellect on plum

trees, In the lateral buds of Japanese pear, branch
bending stimulated flowering oz well as influencing
hormone levels, their disrribution and transport (Ito,
Yaegaki, Havama, Kusaba, Yamaguchi & Yoshioka,
1999}, snd sugar metabolistn  (Iro, Yoshioka,
Havama & Kashimurz, 2004). Sanyal and Bangerth
(1998) found that branch bending had an influence
ory the increase in flower buds number, higher
internal ethylene production, and en reduction in
polar auxin transport and cytokinin levels in the
branches.

Since no known literamure provides information
ahout the affect of branch bending on the phenolic
content of fruit ree Jeaves, its effect was examined in
this study. In genaral, only few studies on the content
of phenolic compounds in pear leaves are available;
nevertheless, phenolic compounds are widely dis-
tributed in plant tissues where they play a significant
role in general defence sirategies of plants (Swanson,
200%). Kozlowsks and Pallardy (1997) explained
that phenolic compounds belong to a large group
of endogenous growth inhibitors and can therefore
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affect plants directly by influencing their metabo-
lism, growth and development.

The aim of our research was o evaluate the effect
of the change in branch angle on content levels of
phenolic compounds in its leaves. Therefore, Wil-
liam pear branches were bent in late summer and in
late spring; and then phenclic variations among
bending and contrel treatments were determined at
different sampling datcs.

Materials and methods
FPlane matertal

The experiment was implemented on pear trees
(Pyrees comnnons L), ov. Willam, grafred on quinece
MA,. The wees were planted in the castern part of
Slovenia (Bistrica ob Sotli) in 1987 and were divided
into three different weatments (10 trees per treat-
ment), One five-year-old branch per wee on the
tree’s eastern side was bent gl an angle of 60° fum g
vertical 1o a horizontal position: 1) in late summer
2003 (1 Seprember - rthe summer rearment), or 2)
in late spring 2004 (15 May - the spring creatmnent),
or 3) was not bent at all — the control group. From
those branches, heslthy leaves were sampled six
times through the growing season from May 1o
Ocrober 2004 to evaluate variarions in the leaf
phenolic composition among treatments. The sam-
plings took place on the following dates: lst sam-
pling, 15 May; 2nd sampling, 11 June; 3rd sampling,
O July; 4th sampling, 6 Auguwst; 5th sampling, 2
September; and 6th sampling, 1 Octcber. On each
sampling date, 12 rcpresentative pear loaves were
picked from the same marked five-year-old branch
and from the equally long shootss to make up one
sample, For each weaunent, cight replications were
made. Leaves were immediately [rozen in liguid
nirrogen and then lyophilized.

Sample preparanon

Each sample was ground in a mortar o achieve a
fine rexrure. Precizsely 100 mg of each sample was
weighed into & est tube and exmracred with 10 mi of
methanol containing 1% of antioxidant agent BHT
(butylared hydroxytoluene or 2,6-di-rerr-buryl-4-
methylphenol) for 45 min in an ultrasonic bath
cooled with ice. The exmacted sample was centri-
fuged at 12,000 =g for 7 min at 10°C (Eppendoref
centrifuge 5810 B, Homburg, Germany). The super-
natant was filtered through a Chromafil polyamide
filter with a 0.45 pm pore diamecter (Macherey-
Magel, Diiren, Germany), rransferred into a vial and
used for HPLC analyses of phenolic compounds.

Analysas of phenolic compounds

An HIPLC analysis was performed using 2 Surveyor
HPLL system and a dinde array detector, controlled
by a ChromOuest 4.0 chromatography workstation
software systemn (Therma Finnigan, San [ose, CA).
Separanon of phenclic compounds was carrded our
using 3 Chromsep HPILC column S5 [250 % 4.6
mm, Hypersil 5 ODS) coupled with a Chromsep
guard column S§ (10«3 mm) from Chrompack
(Middelburg, The Metherlands), and the column
temperature maintained at 25°C. Two per cent
acetic acid was prepared in bidistilled water as
solvent A. Sclvent B was 0.5% acetic aad in
bidistilled warer and acetonnrile (ratie 1:1). The
gradient used for the phenclics analysis was as
follows: from mmtial 20% A to 45% A (50 man),
from 45% A to 0% A (10 min), from 0% A to 90% A
(% min) (Schicher, Keller & Carle, 2001). The
analysis duration was 65 min, with 15 min of
cquilibriation treatment (90% A) between each
analysis. The flow rate was 1 ml min~!, The
injection volume was 20 ul.

Tderwificarion and guaneificarion of phenolic compounds

Identificatdion was carried out by monitoring absor-
bance at 280 nm for catechin, rutin, vanillic acid anc
epicatechin, and at 320 mm for chlorogenic acid,
svringic acid, calleic acid and sinapic add, Quanti-
fication of analysed compounds was carned oul as
previously  described (Colaric, VYeberic, Solar,
Hudina & Smampar, 2003). Also, standards of
phenolics, which were dissolved and diluted in
methanol, were used for identificarion and guantifi-
cation.

Data analysis

Thata were analysed wsing the Statgraphics plus 4.0
programme  (Manugistics Inc., Rockville, MD,
UISA). The bending effect on the conrenr level of
individual phenaolic componnds was rested by one-
way analysis of variance (ANOVA) for each sampling
date. Means were separated by the test for least
gignificant difference (LSD) at a significance level of
0,05,

Results and discussion

In William pear leaves, the levels of caffeic, chloro-
genis, sinapie, syrngic and vanillic acid, as well as
rutin, catechin and cpicatechin were defined. Gen-
erally, chlorogenic acid was found to have the highest
cotitent in all teatments comparcd o the other
compounds analysed — the opposite of sinapic acid,
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the content of which was the lowest (Table I).
Morcover, often the highest contents of phenolic
compounds were determined in the conool, and the
lowesr  contents were found in leaves from rthe
summer treatment (1 September 2003) (Figure 1),

Among the phenolic compounds studied, only
caffeic and wvanillic acid (Table [ showed no
statisticelly eignificant differences among bending
treatments on all sampling dates, Iowever, on the
third sampling date, the control differed most from
both bending treatments,

Chlorogenic acid. which iz also formed by the
esrerification of caffeic acid with quinic acid, reached
its maximum in the third sampling, where it differed
significantly in its content from the summer and the
control (Table Ty, Also in all other samplings, the
differences among treatments were observed, and
the conrent of chlorogenic acid in the summer
rrearment was Iower rhan in the control, but no
more significant differences among treatments were
found. Untl now, no knewn study on the content
levels of phenolic compounds in pear leaves con-
tingent on bent and non-bent branches has been
available, Morzover, only few studies on the content
Ievels of phenolic compounds in pear leaves are
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available. Gunen, Misirli and Gulean (2005} showed
differences in the phenolic content in pear leaves
which were a consequence of resistance to fire blight.
Significantly higher leaf chlorogenic acid content
was found in pear genotypes resistant to fire blight in
the year 2001,

Tn our study, sinapic acid gave the most gignifcant
differences (Table I). The control showed the highest
contents of sinapic acid on all sampling dares, On the
second and the fourth sampling dates, the summer
rreatment differed significantly from the conreol.
IMurthermore, on the fifth sampling date, both
bending treatments differed significantly from the
control.

The syringic acid pamern was highly unusual
i(Figure 1). On the second, third and fourth sampling
dates, the content of syringic acid was lowest in the
control, However, stztisteally significant dilferences
appeared only on the fifth sampling date, where the
control showed the highest content of syringic acid
among all weatments, and in both bendmng treat-
ments guite similar values of syringic acd were
found.

Although no significant differences were con-
firmed in vanillic acid content among reatrments,

Thablz I. Phernolic contents {mesn values, mg/ 100 g OW) according o different creatments and according wo sempling daces, Differenc letrers
it each subcolumn indicate (he sistcally signifivant diferences ameng restments for madividesl phenoliv compeunds (LSD test,

pevalue = 0.05).
Sampling date
Phenclic compaund Trearment = “" 3 4 i At
Caffeic Summer 2003 09 kR 9.1 9.8 10.4 5.0
acid Sprang 2004 1.0 50 H.2 12.0 12.7 4.6
Cantriy 1] £ 12.2 11.0 1.9 fi.1
Chlorogenic Summer 2003 o97.4 3408 2009.0a 1742.1 1835.5 208.0
il Spaing 20004 11249 (54,0 2508, 6uls 2213.5 2335.5 B75.0
Contral 104.0 613.5 2047.2b 20759 2271.2 1242.3
Sinapic Summer 2003 1.6 4.5a T.b G.da 4 3a 5.2
arad Spring 204 21 5. Tah Th 7. 7ah 4.7n 4.7
Contral 2.1 &.8b BB 2.4k 3.8k 6.2
Syiingic Sumuner 2003 3.4 5.8 1127 1122 TT.4a 5.1
i Spring 2004 &0 53.8 1087 1123 76.2u 25.4
Contral 6.2 46.5 a7.3 09.0 1123k a2
WVanillic Sumurer 2003 26.2 101.7 154.6 latud T35 130.9
acid Soring 20044 309 111.2 133.6 176.7 105.8 1408
Conorol 435 407 1618 1R3.2 109.4 169.0
Fusin Surmumer 2003 121.3 257.6 3194 4931 4G8.0 387.7
Spring 2004 153.3 310.9 G0k fab S44.9 460.4 395.0
Control 1646 322.0 G78.%h 57R.7 STLE 503.3
Catechin Summer 203 4.0 6, 6 160.2 156.6 21B.2a 109.1
Spring 2004 03 81.3 1545 1687 303.6ab 1121
Ciontenl 179 TR 2008 2144 3H4.Th 17d.3
Epicarechin Summer 2003 259 L1226 244.1a 2469 475.3a 192.4
Sprng 2004 35 1547 250 Subs 2791 o33, Fubs 1402
Cantral 33.1 1525 30280 292.0 T37.8b 288.6
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Figure |. The progression of phenolic compounds in pear beaves sampled from branches bent in summer 2003, in spring 2004, and from
naon-bent branches {the control} through the sampling dates in year 2004 (the mean velues and standerd crror bars). Macks: * staristically

gigaificant ar p-value below 0.05 {one-way ANOVA, TSD teor).

in most cases the lowest content of vanillic acid was
found in the summer tregtment, and the highest
content was in the control (Table I). The most
noticeable differences in vanillic acid content were
obscrved on the last two sampling dates, but these
were not significant.

The lowest rutin content was found in leaves from
branches which wete involved in the summer treat=
ment, and the highest rutin content in leaves from
non-bent branches on all six sampling dates (Table
I, Mevertheless, anly on the third sampling date did
the summer treatment sighificantly differ from the
control,

The highesr carechin contant was in the confrol,
except on the second sampling dare where the max-
imurm content was reached in the spring treatment

(Takle 1). T'he lowest catachin content was noted in
the summer treatment, the only exceplion being on
the third sampling date, On the fifth sampling date,
the diffecences between the summer treatment and
the contral were statistically significant.

As with the other phenolics patern, the highest
epicatechin content was found in the conreol and the
lowest content in the summer treatment, cxcept for
the sixth sampling, where the lowest epicatechin
content was in the spring treamment, On the third
and fifth sampling dates. the difference in epicate-
chin content between the summer and the congrol
proved to be statiztically significant. Both flavanols
catechin and epicarechin had similar patterns from
the point of treatment, but they differed in their
contenis. The tlhird and fourth sampling dates had
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very similar contents, and after reaching a peak no
earlier than the fifth sampling date (Figure 1), their
contents declined. Mayr, Treutter, Santos-Buelgn,
Bauer and Feucht (1995} glso reported epicatechin
as exhibiting & maximum value in oldcr apple leaves.

It is evident [roem the results above that branch
bending and the time when it is carried out do
influence the contenrs of phenolic compounds,
which are important endogenous growth inhibitors
that can affecr plante directly through their involve-
ment in metabolism, growth and development (Io-
zlowskn & Pallardy, 1997), the reason being the
existence of phenolic compounds in various parts of
the plant, such a8 root, branch, flower and leaf bud,
woody tissue, leaf, phloem, pollen, and stylus (Mis-
itli, Guleon & ve Tanrysever, 1995,

Apart from technolegical growth regulation mea-
sures, such as bending, with the aim of reducing
vegetative growth and improving flower bud quality,
alternative solutions were sought. During the last fow
years, the chemica! gprowth repulator prohexadione-
caleium (P-Ca) has proven successful as one of
these, Furthermore, this selution controls fire blight
infections and FPswlla pyrd multiplicetion, and ic thus
comsiderably reduces the required application of
fungicides (Deckers & Schoofs, 2004). It is being
recommended becauze prohexadione-calcium alters
flavonoid metabolism (Rémmelt, Treuner, Speak-
man & Radcmacher, 199%). The phenolic com-
pounds content is not only under endogencous
control bur is also influenced by environmental
cotditions  {Treutter, 2001). When nitrogen in
plants becomes limited, the formation of phenolic
compounds is accelerated (Lundegardh & Martens-
son, 2002).

According to Treutter {2001}, the biosynthesis of
phenolic compounds is induced by stress situations,
Iz 15 suggested that by branch bending mechanically
induced stress could not be induced in our study, for
just the opposite reasons of phenolics: from bent
branches (especially [tom (he summer treamment)
contents of phenolic compounds in leaves wers
almpst lower than in the control, where most of the
highest phenolics contents were observed, These
dats suggest that bent branches could receive less
light, a situation that induces lower rates of photo-
synthesis. This could have resulted in lower activity
of phenylalanine ammonia-lyase (PAL), the key
enzyme between primary and secondary merabolism
which catalyses the conversion phenylalanine to
form cinnamic acid with the loss of an ammonia
molecule (Taiz & Ziegler, 2002} and, consequently,
in lower content levels of phenolic compounds.
However, branch bending appears m be a good
tool for further studyving the involvemenr of plant
phenelics in the plant growth and development
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processes. Because it is hard to reach clear conclu-
sions from these results slone, it would be useful to
include research inte phenclic compounds and PAL
accumulation in pear leaves at hiswological and
subcellular levels as well as the vascular structure
of a branch. Mevertheless, the present research
provides the first known data on phenalic composi-
tion of pear leaves dependent on branch bending and
showing differences between bent and non-bent
branches. One possible reason for these differences
could involve the physiological mode of action on the
change in branch angle.
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24 VPLIV UPOGIBANJA RODNE VEJE NA VSEBNOSTI DOLOCENIH
OGLJKOVIH HIDRATOV IN FENOLNIH SNOVI V LISTIH HRUSKE
SORTE ‘CONFERENCE’

COLARIC Mateja, STAMPAR Franci in HUDINA Metka

Effects of branch bending on the levels of carbohydrates and phenolic compounds in
‘Conference’ pear leaves.

Journal of Horticultural Science & Biotechnology, 2007, x: 000-00.

Prejeto 24. 1. 2007, sprejeto 18. 5. 2007.

V rastnih dobah 2004 in 2005 smo proucevali ucinek upogibanja rodne veje na vsebnost
ogljikovih hidratov in fenolnih snovi v listih hruske sorte * Conference’. Liste smo vzordili
na petletnih rodnih vejah, ki smo jih upognili pozno poleti 2003 in spomladi 2004 ter iz
petletnih neupognjenih ve. S tekocinsko kromatografijo visoke loéljivosti (HPLC) smo
dolocili vsebnosti saharoze, glukoze, fruktoze in sorbitola ter klorogenske, sinapinske in
vanilne kidine, katehina, epikatehina, rutina, kvercetin-3-D-galaktozida in kvercetin-3--
D-glukozida. V listih na rodnih vejah upognjenih spomladi 2003 smo v rastni dobi 2004
izmerili znacilno vecje vsebnosti klorogenske, vanilne in sinapinske kisline ter rutina in v
letu 2005 znacilno vecje vsebnosti klorogenske in vanilne kidine (v dveh vzorcéenjih) ter
katehina in kvercetin-3-D-galaktozida (v enem vzorcenju). V kontrolnih listih smo v enem
vzoréenju izmerili znacilno vecje vsebnosti katehina in epikatehina (v letu 2004) ter
snapinske kidline in kvercetin-3-D-galaktozida (v letu 2005) in kar v &tirih vzorcenjih
znagilno vecje vsebnosti kvercetin-3-pB-D-glukozida (v letu 2005). Vsebnost epikatehina je
bila znacilno vecja v listih na vejah upognjenih pozno poleti 2003 le v enem vzoréenju v
letu 2004. Med obravnavanju nismo ugotovili razlik v vsebnosti posameznih ogljikovih
hidratov, niti v letu 2004 niti ne v letu 2005. V poskusu smo spremljali tudi sezonsko
spreminjanje vsebnosti posameznih ogljikovih hidratov in fenolnih snovi. V prvem letu so
vsebnosti posameznih fenolnih snovi vecinoma narascale do julija in se nato do oktobra
zmanjSevale. V drugem letu so vsebnosti fenolnih snovi narascale do junija, se
zmanjSevale do avgusta in se nato ponovno nekoliko povecale do oktobra. Med dolocanimi
oglikovimi hidrati je po vsebnosti previadoval sorbitol in med fenolnimi snovmi
klorogenska kidlina. V raziskavi so podani prvi rezultati dvoletnega poskusa spreminjanja
vsebnosti ogljikovih hidratov in fenolnih snovi v listih med rastno dobo, kjer smo izvedli
agrotehni¢ni ukrep upogibanje rodnih vej, sa so razlike med obravnavanji rezultat
fizioloSkega odgovora drevesa in listov nata ukrep.
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SUMMARY

The effects of bending on carbohydrates and phenolic compounds was investigated in
‘Conference’ pear leaves during the growing seasons 2004 and 2005. The leaves were
sampled from tree branches bent in the late summer of 2003, in spring 2004 and from unbent
pranches. Levels of carbohydrates (sucrose, glucose, fructose and sorbitol) and phenolic
compounds (chlorogenic acid, sinapic acid, vanillic acid, ()-catechin, (-)-epicatechin, rutin,
quercetin-3-D-galactoside and quercetin-3-f-D-glucoside) were determined in the pear leaves,
using high performance liquid chromatography. In the first sampling vear, significantly hi gher
contents of some of the measured phenolics (chlorogenic acid, vanillic acid, sinapic acid, and
rutin) were observed in leaves from the spring trealment. In the second year, a similar
tendency among treatments was significant at two sampling times for chlorogenic acid and
vanillic acid and at one for catechin and quercetin-3-D-galactoside. At one sampling, both
measured flavan-3-ols (in 2004), as well sinapic acid and quercetin-3-D-galactoside {in 2005)
exhibited significantly higher values in the control. The quercetin-3-B-D-glucoside was
highest in the control leaves, at four samplings. At one sampling, significantly higher content
of epicatechin was found in leaves from the summer treatment (in 2004). Carbohydrates
showed no clear tendency among treatments as did some phenolics. During our research, the
carbohydrate and phenolic dynamic over the growing season was also ascertained. Generally,
in the first year, the levels of phenolics increased and then decreased over the growing season.
[n the second year, however, the maximum was reached earlier, and after decreasing, another
increase occurred from August to October, Moreover, it was found that sorbitol predominated
among carbohydrates and chlorogenic acid predominated among phenolies in both growing
seasons. The first known data about carbohydrate and phenolic variations in pear leaves
influenced by branch bending are given in two successive years. These variations appear to be
the result of the physivlogical response of the pear tree and its leaves to this cultural practice.
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Carbohydrates are the primary energy storage compounds and the basic organic substances
from which most other organic compounds arc synthesized. A variety of secondary
compounds is produced by woody plants from carbohydrates, as well as from amino acids and
lipids. The most important among these are phenolic compounds, which also influence plant
growth and development, and many of them provide protection against herbivores and
pathogens (Kozlowski and Pallardy, 1997). In this way, most of the phenolics in rosaccous
fruit trees are synthesised from products of the shikimic scid pathway, such as from
phenylalanine, which is one of the pathway intermediates between primary and secondary
metabolism (Taiz and Zeiger, 2006). The accumulation of phenolics in leaves is also a
consequence of various stresses, e.g. water stress (Cohen et al., 1994). Higher content levels
of leaf phenolics were detected in pear cultivars resistant to plant pathogens compared to
susceptible cultivars (Gunen ef al., 2005).

The chemical composition of leaves and other organs of a fruit tree is dependent not only
on species, cultivar and rootstock but also on environmental factors, orchard management and
the various cultural practices (pruning, bending, spraying, etc.) applied in an crchard. To date,
on the chemical level, Tto ef al. (1999, 2004) ascertained that branch bending affected
hormone levels and carbohydrate content and their related enzymes in the lateral buds of
Japanese pear. Colaric ef al. (2007) have also studied the influence of bending on phenolic
content in “Williams® leaves.

As an alternative to pruning, branch bending of pome fruit trees is a long-cstablished and
widely used method in high-density orchards, especially in the solaxe training system. It is
well-known to reduce vegetative growth and induce Mowering and then fruiting to maintain
high annual economic yields as a mature tree (Lauri and Lespinasse, 2001). Lawes ef ai.
(1997) reported that tree management by bending the leader resulted in greater floral
precocity and reduced shoot vigour. Branch bending increased fruiting in apple trees
(Grochowska et al., 2004); moreover, apple and pear trees yielded more fruit if regulated only
by bending instead of by pruning alone, and bending proved an effective means of producing
fruit carlier (Goldschmidi-Reischel, 1997).

The aim of our study was to understand the effects of bending of five-year-old fruiting
branches (in late summer and in spring) of ‘Conference’ pear compared to unbent branches
(the control) on the contents of carbohydrates and phenolic compounds in leaves over the
following two growing seasons. In addition, the seasonal dynamics of carbohydrates and
phenolic compounds were studied for both growing seasons.

MATERIALS AND METHODS
Chemicals

Fructose, glucose, sucrose, sorbitol, citric acid, shikimic acid, fumaric acid, as well as (-}-
epicatechin, vanillic acid, quercetin-3-D-galactoside and quercetin-3-f-D-glucoside were
purchased from Fluka Chemie GmbH (Buchs, Switzerland). Malic acid was obtained from
Merck KgaA (Darmstadt, Germany) and (+)-catechin from Carl Roth (Karlsruhe, Germany).
Chlorogenic acid, sinapic acid, rutin (quercetin-3-rutinoside) and butylated hydroxytoluene
(BHT) [2.6-di-fert-butyl-4-methylphencl], used as an antioxidative agent in the extraction
solution, were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Methanol,
acetonitrile and bidistilled watcr were of HPLC grade. Methanol was obtained from Riedel-
de-Hagn (Seelze, Germany) and acctonitrile from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). Bidistilled water purified in a Milli-Q water purification system by Millipore
(Bedford, MA, USA) was used. Sugar standards were prepared in bidistilled water and
phenolic standards were dissolved and diluted in methanol.
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Plant maierial and treatment

The experiment was performed on pear trees — ‘Conference’/Quince MA, planted in 1987
in the eastern part of Slovenia. The pear orchard was maintained according to standard
commercial practice for inteprated fruit production (orchard management and cultural
practice, i.e. spraying, irrigation, etc). Three different management treatments were applied to
the trees, which were chosen randomly, and each single treatment was repeated on ten trees,
One S-year-old branch per tree (on the tree’s eastern side and of comparable properties) was
bent down to an angle 120° from the vertical position in late summer 2003 (summer treatment
- 1 September) or in late spring 2004 (spring treatment - 15 May), and the third treatment was
a control (branches were not bent). All bent and control branches prior to the experiment were
grown at an angle 45° from the vertical position. The bent branches were tied down, using a
cord and thus remained at the stated angle throughout the study. All bent and cantrol branches
were allowed to develop without pruning from 2003 through 2005, Branches fruited and were
harvested on 9 September 2004 and 1 September 2005, The weather conditions {temperature,
sunshine duration and precipitation) during the growing season 2004 were comparable 1o the
long-term averages (1961 to 1990), but in 2005, 174 and 183% more rainfall was measured in
July and August, respectively (Table I), than the long-term averages for these two months. In
2004 and 2005, healthy and mature spur leaves were sampled monthly from May to October
(on a sunny day, at midday, in the middle of each month)., immediately frozen in ligquid
nitrogen, then lyophilised and stored at —20°C, awaiting carbohydrate and phenolic extraction.

Exiraction from leaves

The dried leaves were ground in a mortar with pestle. For carbohydrate extraction,
bidistilled water up to a final volume of 50 ml was added to 1 g of leaf tissue and left for 45
min at 20°C, with occasional stirring. Afterwards, samples were centrifuged at 12000 g for 7
min, at 10°C (Eppendorf Centrifuge 5810 R. Hamburg, Germany). Then the supernatant was
filtered through a (.45 pm cellulose mixed Esters filter (Macherey-Nagel, Diiren, Germany)
and used for the carbohydrate analyses. For phenolic analysis, 100 mg of the weighed sample
was transferred to a test tube and extracted once with 10 ml methanol in an ultrasonic bath for
45 min. The methancl contained 1% of the antioxidative agent DIIT. Afterwards, the
extracted sample was centrifuged at 12000 g for 7 min, at 10°C. The supernatant was then
filtered through a 0.45 pm Chromafil polyamide filter, transferred into a vial and used for
analyses of phenolic compounds.

Carbohydrares and phenolics analyses

Carbohydrates (sucrose, glucose, fructose and sorbitol) were determined with high-
performance liquid chromatography (HPLC) from Thermo Separation Products (Riviera
Beach, FL, USA), equipped with a Rezex RCM Monosaccharide column (300 * 7.8 mm;
Phenomenex, Torrance, CA, USA) operated at 65°C and a refractive index (RI) detector for
monitering eluted carbohydrates. Bidistilled water was used as the mobile phase for the
column at a flow rate of 0.6 ml min™'. Total run time was 60 min.

Chromatographic separation of phenolic compounds was performed using a Surveyor
HPLC system (Thermo Finnigan, San Jose, CA, USA) consisting of a vacuum degasser, a
quaternary pump, a thermostatted autosampler (10°C) and a photo diode array detector. A
Chromsep HPLC column (250 * 4,6 mm, Hypersil 5 ODS) operated at 25°C, coupled with a
Chromsep guard column SS (10 = 3 mm) from Chrompack (Middelburg, The Netherlands)
was used. The HPLC system was controlled with ChromQuest 4.0 Chromatography
workstation software (Thermo Finnigan, San Jose, CA, USA), The chromatographic
conditions were according to Schieber e al. (2001), Acetic acid solution in bidistilled water
(2%, v/v) was used as the mobile phase A, and (.5% acetic acid in bidistilled water and
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acetonitrile (ratio 1:1, v/v) was B. The elution gradient was: 0-50 min, from 10% to 33% B;
50-60 min, from 55% to 100% B; and 60-65 min, from 100% to 10% B. The total run time
was 65 min, then washing and reconditioning of the column was performed for 15 min
between each analysis (10% B). The flow rate was | ml min’, and the injection volume was
20 pl. Phenolics were monitored at 280 and 320 nm. Identification and quantification of
phenolics was done according to Colarie ef al, (2005).

Data analyses

Data were analyzed using the Statgraphics Plus 4.0 program (Manugistics, Inc., Rockville,
MD, USA), and the effects of bending on the content of individual carbohydrates and
phenolic compounds was tested by one-way analysis of variance (ANOVA; general linear
model) for each sampling date and vear, separately. Means between treatments were separated
by Tukey’s test (P = 0.05). Data are presented as mean # standard error. Contents of
carbohydrates in ‘Conference’ leaves are given in g 100 ¢ and contents of phenolics in mg
100 g of dry weight (DW) through each growing season and separately for each compound
analysed (Figures 1 and 2).

RESULTS AND DISCUSSION

In both growing seasons, sorbitol was the primary carbohydrate, and chloregenic acid was
the primary phenolic (Figures 1 and 2). According to Ito e al. (2004), sorbitol was the most
abundant sugar in both the bud and internode segment of Japanese pear.

Our results also showed a seasonal dynamic involving individual carbohydrates and
phenolies; moreover, it was found that the pattern among phenolics was rather similar.
Generally, in the first year, the lowest values of analysed phenolics were observed in May,
and then the levels increased to a maximum in July; afllerwhich their contents decreased
slowly, but not below the May values. An exception was epicatechin. whose contents
increased till September but afterwards decreased. However, in the second year, the phenolics
dynamics were not as explicit as in the year before: the maximum was reached earlier —
mostly in June, and after decreasing until August, another small increase appeared from
August to October, It is suspected that phenolic dynamies could be influenced by weather
conditions (Table I). Warmer and sunny weather with less rain in May and June 2005 could
have accelerated the phenolics peak. Afterwards, very rainy and less sunny conditions could
have caused a decline in phenolics until August, and then a little warmer and sunny
September and October may have resulted in another small increase of phenolics. In 2004,
large differences emerged between the lowest and the highest value of each phenolic among
sampling dates. The phenolic dynamic was similar to what has been reported for *Williams”
leaves (Colaric et al., 2007), but the contents of some phenolics were lower in that study.
Moreover, phenolics in apple leaves showed a similar seasonal pattern: their contents
increased until a peak in July or August, and after that decreased (Usenik ef al., 2004).

Carbohydrates did not change through the growing season in an understandable
progression, as did phenolics. In the first year, the highest contents of sucrose, glucose and
fructose were noticed in October and of sorbitol in May. The lowest contents of sucrose,
glucose and fructose occurred in June and of sorbitol in September. In the next year the
lowest values of sucrose and glucose were again attained in June and of fructose and sorbitol
in August. Maximum values of analysed sugars occurred in October, except for sucrose,
where higher values occutred in July. Generally, some higher values of carbohydrates were
noted in the second year in comparison with the levels in the first year. These carbohydrate
levels, especially in the first year, arc comparable to levels found in ‘Williams® leaves
(Colaric ef al.. 2006). Additionally, the highest carbohydrate content in *Williams® leaves was
noticed in October, except for sorbitol, which peaked in September.
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Many studies have tracked the seasonal changes of carbohydrates in the leaves of
rosaceous trees, mostly in apples. In the study of Beriiter and Studer Feusi (1997), glucuse
and sorbitol decreased, while fructose and sucrose increased during the growing season, Our
results, however, are more in accordance with Veberic el al. (2003), who found fructose,
glucosc and sucrose contents slightly increased from August to the end of the growing season.

Branch bending is a conventional cultural practice that improves the balance between
vegetative growth and fruiting in apple trees (Lauri and Lespinasse, 2001); however, on the
physiological level, the response to bending has not been well understood. Ito et al. (1999;
2004) reported that changes in carbohydrates in buds are affected by bending treatments.
Sorbito] and sucrose contents decreased significantly in the lateral buds 3 days after bending,
but increased in the shoot internode 30 days afier bending (Ito ef al, 2004). In our
experiment, carbohydrate changes in ‘Conference’ leaves after the bending treatment showed
no clear tendency in 2004 or 2005 (Figures 1 and 2).

Tn 2004, sienificantly higher sucrose content was observed once in leaves from the control
treatment (in June), but then no significant differences were observed for sucrose the next
year. For glucose and fructose, no significant changes among (reatments were observed in the
first year. However, in the second year, significant but unclear differences were indicated in
fructose content in August and in glucose content in July, September and October. In the first
year, the highest sorbitol content ocewrred in October, in leaves from the summer freatment, a
phenomenon which was repeated next June; however, in the next October, sorbitol
significantly increased in the control as well. According to Sanyal and Bangerth (1998),
mechanically induced stress is created by branch bending, and sorbitol. which is, besides
sucrose, the major photosynthetic product in the mature rosaceous leaves, increased under
various stress conditions (Hudina and Stampar, 1999; Sircelj et al, 2005). However,
according to our results above, there seemed to be no apparent stress induced by branch
bending.

Phenolic compounds are important endogenous growth inhibitors that can affect plants
directly by influencing their metabolism, growth and development (Kozlowski and Pallardy,
1997). Branch bending and the time of bending had a greater influence on phenelics than on
carbohydrates. In the first sampling year, significantly higher contents of some phenolics were
measured in leaves from the spring treaiment. Specifically, higher values of chlorogenic,
vanillic, and sinapic acid and rutin were found in September. However, in August a
significantly higher content of epicatechin occurred in leaves from the summer trealment and
a higher content of catechin in leaves from the summer treatment and the control. Moreover,
in June the epicatechin content was significantly higher in the control. The phenolic content in
“Williams® pear leaves was investigated in the first year after branch bending by Colaric er al.
(2007), but this revealed responses different from those for “Conference’ leaves. *Williams’
leaves from branches bent in the summer had significantly lower contents (where control
leaves had the highest contents at the samc time) of the following phenolics: chlorogenic acid
and rutin in July, sinapic acid in June, August and September, catechin in September and
epicatechin in July and September (Colaric ef al., 2007).

In the second vear, ‘Conference’ leaves from the spring treatment exhibited significantly
higher levels of chlorogenic and vanillic acid in September and October, as well as
significantly higher catechin levels in October. No significant differences in rutin content
among treatments were evident. However, in June, the lowest content of sinapic acid was
observed in leaves from the spring treatment, and in October in leaves [fom the summer
treatment, whereas the highest contents were in the contral leaves. In addition, the dynamic of
the two quercetins, quercetin-3-D-galactoside and quercetin-3-fi-D-glucoside, was observed in
the second growing year (but not measured in 2004). In May, the content of quercetin-3-D-
galactoside was significantly higher in leaves from the control, but in September it was higher

L]
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in leaves from the spring treatment. The content of quercetin-3-f-D-glucoside was
significantly higher in leaves from the control at four samplings. In the rainy summer 2005
(Tahle I} it was seen in leaves from the control some lower (but not significantly lower)
contents of measured phenelic acids and rutin and some higher contents ol both flavan-3-ols
and quercetin-3-D-galactoside and quercetin-3-fi-D-glucoside (Figure 2).

Moreover, the biosynthesis of phenolic compounds is induced by various stress situations
(cultural practise, wounding, pathogen attack, environmental conditions, etc.). According to
Sanyal and Bangerth (1998), branch bending inflicts mild stress. [t was shown by Cohen et al.
(1994) that water stress induced the accumulation of phenolics and suppressed vegetative
growth, According to Rithmann ef al. (2002), phenolics suppressed shoot growth, but nitrogen
negatively affected phenolic content in apple leaves and then inereased the susceptibility of
trees 1o apple scab infections. Lux-Endrich et al. (2000) reported that the quantitative and
qualitative composition of hydroxy-cinnamic acids and flavan-3-ols, and the quantitative
composition of quercetins-glycosides were enhanced by sucrose content. Higher leal
chlorogenic acid content was detected in pear genotypes resistant to fire blight (Gunen et al.,
2005). According to Treutter (2006), flavonoids have a significant role in plant resistance, e.g.
flavan-3-ols affected resistance of apple to scab, catechin acted as an allclochemical and
quercetin-3-rutinoside acted as a defensive compound. Leaf wounding affected the
accumulation of flavonol glycosides and flavan-3-ols in pear leaves (Andreotti er al, 2006).
Colarec ef af. (2007) suggested that no stress occurred in bent branches since the reaction of
most measured phenolics was the lowest in leaves from bent branches and the highest in the
control leaves, although the study of ‘Williams® leaves lasted [or one year only. Surprisingly,
‘Canference’ leaves do not show so clear a tendency, but when significant differences were
noticed for chlorogenic and vanillic acid, their contents were highest in leaves from the spring
treatment in both growing seasons, As well, at onc sampling, the highest contents of sinapic
acid and rutin were in leaves from the spring treatment in 2004, and of catechin and quercetin-
3-D-galactoside in 2005. At one sampling, hoth measured flavan-3-ols (in 2004), as well as
sinapic acid and quercetin-3-D-galactoside (in 2005) exhibited significantly higher values in
the control, Moreover, the flavonol glycoside, quercetin-3-B-D-glucoside, was highest in the
cantrol leaves, significantly greater than the bending treatments at four samplings. At just one
sampling, significantly higher content of epicatechin was found in leaves from the summer
treatment (in the first year after bending).

Bending is a cultural practice to balance vegetative growth and fruiting. However, it is also
difTicult to conclude if those abovementioned and inconsistent variations in ‘Conference’
leaves among bending treatments are solely the result of bending or whether they are
indirectly affected by more general physiological processes at the level of the tree as a whole,
and by the year to vear variations, genotype properties, time of bending, etc.

This investigation was part of Programme Horticulture No. P4-0013-0481, and the authors
would like to thank the Slovenian Ministry of Higher Education, Science and Technology for
financial support.
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TaBLEI
Monthly meteorological data from May to October 2004 and 2005 for
meteorolngical station Celje’,

Month T Taew OBS RO RTZ RF
(°C)  (C) () (%) (mm) (%)
hay 20104 13.3 (1.5 2 107 84 B7
June 2004 15.1 0.0 175 B 156 114
July 2004 199 0.7 246 102 102 76
August 2004 19.9 1.8 238 121 Q9 T
Seplember 2004 147 01 180 110 82 79
Oetober 2004 123 28 117 a7 204 213
May 2005 15.6 1.5 236 120 o2 a5
Tune 2005 19.0 1.5 238 L1 111 81
July 2003 203 1.1 228 g5 233 174
August 2005 178 02 172 51 239 183
September 20035 15.6 1.0 181 111 149 146
October 2003 0.9 1.3 130} 107 68 71

hanthly meteoralogical reports of te Environmental Ageney of the Republic of Slovenia [2007)
T, - average semperature (°C1; Ty, = temporatuee devintion from 19611990 average (*C), OBS - bright sunshine
duration {h; RO - % of avarage bright sunshine duration: RR - precipitations (mm; RP - % of wversge precipitations.

Fic. 1
Figure 1. The progression of carbohydries and phenolic compounds in “Conference” pear leaves sampled from branches bent in
summer 2003, in spring 2004, and from unbent branches (the control) through the sampling dates in the vear 2004 (the mean
values and standard error bars). Marks: * statistically significant at P -value below 0.05 and ** below 0.01 {ong-way ANOVA),
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Fic. 2
Fipure 2. The progression of carbohydrates and phenolic compounds in “Conference” pear leaves sampled from branches bent in
summer 2003, in spring 2004, and from unbent branches (the control) threugh the sampling dates in the year 2005 (the mean
values and standard error bars). Marks: * statistically significant at P -value below (1,05 and ** below 0,01 (one-way ANOVA),

ann e o o Sprmeer 2003 —— Spring 2004 e SeLF ]
B 5
Pl
B
& Eal
o Lo
2 4 2
? &
Z -+
i
Glucoss
o+ 4 o = & +
Wy June Juky Auguil  Seplembsd  Cletoled My Jun= Judy Augusl  Ssplember  Oclaber
Sarrping date n 2005 Samplng daie n 2008
el oo Sumeer 2003 —0—Spring 2004 -~ -e- — Cortrol e ofie- - Sumeer FO03 ——Spring 2004 — -8~ —Contral
A5
a4
251
o 2
8
? 15 1
14
[
Fructoss Sorbitol
a - LIS,
My e Juy Auguet  Septeber  October My June Sy August  Sepleber  Oclobar
Samplng date in 2005 Samping daie in 2005
oofs - Quiwmes 003 —D—Bping 2008 — - — Coninal ce-fe - - Summer 2008 e Spring 2004 - —8— — Comiral
3500 120 -
00 - 160 .
00 -
=
%m ! -l
%1&:} ! g [
000 L 401
7o i
F R
2| . Chiorogenic Icinl. . Vanillic acid
My Juna July August  September  Ociober o -
i May Jung Juy Aol Septeriber tober
I Bagbng dola n J005 Samping faMe i 2005
| g Summer 003 —O—Sping 2006 — & - Contral
25 L EH
201 0T
A0 |
SREE S
e m
g 8 %0
oo &
2 € o |
]
[ R
Sinapie acid ! Rutin
o o ! .
Ny June iy Aupeal  Seplember  Oclober Ty dune Juty August  Seplember  Oclober
Sampling date in 2005 Samping dabe in 2004




Colari¢ M. Vsebnost metabolitov v... hruski (Pyrus communis L.) glede na arhitektonsko zgradbo rodne veje.
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, Biotehni &a fakulteta, Odd. za agronomijo, 2007

- =& - - Summar 2033 i Spering 2004 — - — Conirel
30 - i
Epicatechin
Ana
| 150
50 +
120
B 0 | g
(=]
= g &
2™ :
E
1004 s
BO . a4
Catechin
a : ] ol : A
By Juns Juty Augest  Sppterbar | Ochobar Magy Juna iy August  Saplambsr  Oclobar
Sanplng dals in 2005 Sampiing date in 2005
coche - Gummar 33 —0—Spring 2 — -8~ — Condeol “f oo Sovier 2003 —DO— Sprieg 2004 = il o G
500 Lo i
ot =
Ap0 ) ,’% \'x. T fté
- n I -~
5 g ; o
300 i A
= = 200 N
B g %
B ] - o= R Ty
5 £ 20
b *
100 + I 100
Q-galactoside * Q-glucoside
0 y L1
e Augst tmbar  Oclabar May Juna July August  Beplamber  Dchober
ey hmgumnm - Sampfing dats in 005




Colari¢ M. Vsebnost metabolitov v... hruski (Pyrus communis L.) glede na arhitektonsko zgradbo rodne veje.
Dokt. disertacija Ljubljana, Univ. v Ljubljani, Biotehni&a fakulteta, Odd. za agronomijo, 2007

25 VSEBNOSTI RAZLICNIH METABOLITOV V PLODOVIH HRUSKE
SORTE ‘CONFERENCE’ GLEDE NA UPOGIBANJE RODNE VEJE

COLARIC Mateja, STAMPAR Franci in HUDINA Metka

Content levels of various fruit metabolites in the ‘Conference’ pear response to branch
bending.

Scientia Horticulturae, 2007, x: 000-00.

Prejeto 14. 3. 2007, sprejeto 22. 3. 2007.

Sorta ‘ Conference’ predstavlja pomemben delez med sortami hrusk, ki jih pridelujemo v
Sloveniji. Rodi redno in obilno, in to kar 80 — 90 % iz brsticev na dveletnih ali triletnih
vejah kot tudi na stargjsih. V' poskusu smo upognili petletne rodne veje pozno poleti 2003
in spomladi 2004, kontrolno obravnavanje pa so predstavljale neupognjene rodne vee. V
tehnoloski zrelosti smo v letih 2004 in 2005 obrali plodove ter primerjali vsebnosti
analiziranih ogljikovih hidratov, organskih kidlin in fenolnih snovi med obravnavanji. V
letu 2004 nismo ugotovili znacilnih razlik v vsebnosti doloc¢anih ogljikovih hidratov, toda
v letu 2005 sta bili v kontrolnih plodovih znagilno vegji vsebnosti glukoze in fruktoze in
najmanjsa vsebnost saharoze. V kontrolnih plodovih smo v prvem letu izmerili znacilno
vecje vsebnosti jaboléne in fumarne kisline in manjSe vsebnosti klorogenske in vanilne
kidine ter v nasednjem letu naimanjSe vsebnosti jabol¢ne kidline in najvecje vsebnosti
nekaterin fenolnih snovi (epikatehina, kvercetin-3-D-galaktozida in kvercetin-3-f-D-
glukozida). Med fenali je bila v letu 2005 le vsebnost klorogenske kidiine znacilno vecja v
plodovih na vejah upognjenih spomladi 2004. V sebnosti posameznih fenolnih snovi so bile
v letu 2004 nekoliko vecje v plodovih na vejah upognjenih poleti kot v plodovih na vejah
upognjenih spomladi. V vsebnosti sorbitola, citronske kidline, katehina in sinapinske
kisline v nobenem letu ni bilo razlik med obravnavanji. Razlike v vsebnosti posameznih
metabolitov v plodovih sorte ‘ Conference’ so bile pod edica upogibanjarodnih vej, nale-te
razlike je vplival tudi ¢as upogibanja (pozno poleti in spomladi).
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Abatract

The vesponse of *Conferenc pear subjected w branch bending in the content levels of various metabolites in s frnt wos myestigated. The
fruits in commercial matwity were saopled in 2004 and 2005 from branches bent in the Jate summer of 2003 (the summer restment), from
heanches bent in the lats spring of 2004 [the sping treatment) and from conmol branches, The content levels of carzobydraics, organic acids and
phenolic Cx'!-mr-l‘.lllr'ﬂ‘.‘* were compared among treatments in (wo successive years, The froit revesled varous rasponses in content levels of
metubolites. In the first year afier beading, no signiticant ditferences weee found in1he conlen| of sach carbohydrate, but in 2008 by far the highes:
confent level of glucoss and fructose and the Towest content level of sucrose were found in fruits (rom the conrol, The eonirol fruit showed
significamly higher content levels of malic acid and lower content levels of swine phenalics [chlorogenic and vanillic scld) in the first vear after
bending, bt in the pex year the apposite resction occurred—the coateol fruit had the lowest content level of malic acid and the highest conent
level of epicatechin. guercctin-3-n-galactoside and gquercetin-3-P-o-glucoside. The comparisen of the two bending tresrments alang in 2004
showied that the summer trentment often produced a slightly higher value of ach phenolic in comparison Lo the sprimg trestmenl, However, in 2005
Lhe sigmifican:ly highest content of chlorogenic acid wis in fruil from the spring treatment, Serbitcl, as well as citie acid, catechin and shmpy seid
showed vo clear lendeney smong treaiments, neither in 2004 ner in 2005, 1t is suggested that these variations of ‘Conference’ frait sulzjecied (o
differcn: bending treatmens could not be (e result of bending alone, but that they could be indirectly affectad by ofber hysiobogicnl responses of
Vi Tt treee, However, it seemed that variations are affected by the time of bending and by the vear-to-year, and such responses can ba attributed
e “Conference’ genuivpe only,

o 2007 Elsevier B All vights reserved,

Reywonds: Pear; Mar comamris; Mranch hendivg: Frsits; Carbobivdrutes; Organic seids; Phanolie

orchard menagement and cultural practices applied in an
orchand o contral growth and fruiting, branch beading has
proved the mast succcssful. Branch bending s a long
established and widely weed cultural praciice in high-density
orchards, and its concept has nowadays been intcgrated into the

1. Imiroduction

Pear (Pynes comemeniy L.} is 8 popular fruit in the amperate
regicns, and in addition 1o “Williams', "Conferznee’ represents
an important share of the cultivars grown in Slovenia (Huding

and Stampar, 20000, “Conference’ pear is a vary ferile, high
vielding cultivar thet crops 80-90% on spurs from branches of
2 and 3-year of age as well as on older ones [Sansavini, 2002,

The necessity (o repulate excessive vegsative (branchi
gruwlh and 1o ingrease flowering and fruiting becomes sven
mora significant for economic reasons, .o, cost reduction, sines
the ratio befween production costs and market prices for froit
hag ingreased in recent years, Amonz rraditonal methods of

* Correspending authoe, Ted.: +388 1 423 11 61; fux: ¢386 | 423 10 88,
Fenar! adnlvege r1:||njz eolimiz@hf |mi-|_j_>i M. Colariz).

I3H-AZ58E - wee font water & X0T Elasvier BY, AN riphis reserved.
o M 101 A soienta. 2007, 03,0 16

Solaxe training system {(Castes et ul, 2006), Lawes 2t al, (1997}
report that bending resulisd in higher floml precocity and in
retuced shoot vigour of the ‘Doyenne du Comice’ pear. Apple
end pear trees yielded more froit and produced fruit earlier of
regulated only by bending than those regulated by pruning
alome  (Goldschmidi-Reischel, 1997, However, Lavr and
Lespinasse (2001) have shown that the frec's reaction to
bending also varies with the genotype and the tme of bemding,
as well as with the anple of bending, the duration of bending
Lme, ez,

Fruit such as pears are an excellent saures of carbohydrates
for a diat. Despite the fact that pears contain a good quantity of

S, Hortieal (ZEOTL dai L0k 16 seieata 200703016

; ﬁl&,ﬁtn@l&ﬁﬂmaS':Erﬁm;. M. n;gL  Content levels of vinivas Touit melabolites in the “Confaencs” paﬁ:mpmm.tﬁrhmdt
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sugers {on avertge 34% fruciose, 18% sorbitol, and only 15%
sucrose and 13% glocose) and dietary fber (15-28 plkg FW)
(Blattng, 2003}, they are » recommencable substitute for
diabetics and the obese; moreover, dietary fiber together with
phenolics helps o reduce the risk of developing cardiovase ular
disease (Gonnstein et al., 2002), In most pear genotypes, milic
acid predominates among organic acids. However, Hudina and
Srampar (20000 reported that “Willians”, "Red Williams™ and
‘Rosired’ pears contein a higher percentage of citric acid. Both
acids mentioned are major contrifutors 10 the optimal degree of
acidity, and their ralio (malic acidicitric acid ratio) correlates
with the sensory evaluation of e (Colane et al, 20053

Phenalic compounds have o great physiological rale in frei,
as well in ils resistance to mechanical and biological siress,
Phenolic compounds in (il are of great interest to the
consumer, hecanse they are an important factor in fruit quality;
they contribute to their sensory quelities [aroma, astringency,
hiterness and coloury, some of them have phammaeolagical
properties, too {anti-inflammatory, antlumur, antzallergic, ete.}
(Macheix et al. 1990L

In light of the pusitive findings for bending, the sim of this
study is 1o determing the response of "Conference’ pear ta
branch bending with respect to the conlenl ol varous
metalolites i its fruit. The content levels of carbohydrates,
organic acids amd phenclic compounds, which determine the
putrticnal value of Friiz, are compared secording o teatments
in two successive years, Apart from sensory evaluziion anl
physical messurements of the frurt. the parametcrs analysed
represent the main indieater of froil quality,

2. Material and methods
2.0, Clemicais

Carbohydratas {sucrose, glucose, froctose and serhitol), citric
acid, shikimic acid, fumaric acid, (—)-epicatechin, vanillic acid,
guercetin-3-p-galactoside and quercetin-3-A-p-glucoside were
obrained from Fluka Chemie Gmbl (Buchs, Switzerland). The
malic aeid came from Merck KpaA (Darmstadt, Germany ) and
(+}-catechin from Cart Reth (Karlsruhe, Germany ), Chlurogenic
acid, simapic acid, rotin (quercetin-3-rutineside) and hutylated
hydreyioluene (BHT) wene ubiained from Sigma Chemical Co.
(51, Louis, MO, USA), Methanol was purchased o Riedzl-de-
Haén (Seelze, Germany) and acetonitrile fram Sigma-Aldrich
Chemis GmbH (Steinhenn, Germany ). Bidistilled water purificd
in a Milli-Q water purification system by Millipore (Bedford,
MA, USAY was used. Methanal, acetoniirile and bidistilled wates
ware of the HPLC prade. Sugar and oiganic acicd standands were
prepared in bidistilled warer and phenolic standards i methanacl,

2.2, Plani mokeriul

The study involved pear trees 'Conference’/Quince MA
planted in 1987, wained to a spindle system and growm in the
easern part of Slovenia on sandy loam soil. Trees wene spaccd
38m = | 4m, and the row arientation was south-norh, The
pear urchad was maintained according to standard cormmercial

M. Cofaric e al FScientin Harticulheae oo (207 o ke

practies for integrated fruft production (orehand management and
cultural practice, 1 e. spraying, irigation, ete.). Three different
management treatments were aoplied to the trees, and cach single
treatment was repeated randomly oo ten trees. reatments were
the following: (i) the summer trearment, where one S-year-old
branch per tree [on the tree’s eastern side and of compurable
properies) wis bent wan angle of 1207 from the vertical position
in late summer 2003 {15z September 2003); (i) the spring
treatment, where one S-vear-ald hranch per ree was bent in lake
spring 2004 { L5th May 2004 }; (1i1) the control treatment, where
labaled hranches were not bent (but remained 45 from the
vertical), Before hending, the bent branches were grown like the
coniral branches—at an angle of 45° feom the vertical position,
All bent branches, as well control branches, were allowed to
develop without proming from 2003 1o 2005, The undamaged
s Truil were harvested from those branches (three reprasenti-
tive frui from each branch, repeated on ten trees per treatment) at
commercial marurity on Sth September 2004 and 1st September
2005, Immediatchy afser harvest, the fruits wersstored at — 20 °C,

2.3, Extraction procedure

The samples were homogenized 10 a puree with the T25
basic Ultza Turrax homogeniser (TRA Tahartechnik, Janke and
Kunkel GmbH, Staufen. CQermany), Then the purec wias
prepared separstely for the carbohydrate and organic acid
unalvses, and for the phenclic componmnd anilyses.

Far sugars and organic acids extraction, bidistilled water up
tor & final volume of 50 ml was added to L0 g of puree and lefl
far 45 min at room temperature, with cecasional stirring, After
extraction, the puree was centrifuged a1 12,000 = g (Eppendorf
Centrifuge 5810 R, Hamburg, Germany) for 7 min at 10 °C.
The supernatant was then filtered through s 0,45 pm cellulose
mixed esters filter (Macherey-MNagel, Diiren, Germany) into a
vig! and used for the carhohydrate and organic acid analysis,

Fior phenolic analyses, | g of the homogenzeed sample was
wransferred to a test tube and extrected once with 10ml of
merhanol for 45 min i an uitrasonic bath cooled with ice. The
meshano! contnined 1% of the antioxidative agent BHT, which
had no influence on the extraction process and the HPLC-
analysis, The extracted sample was centrifuged 12,000 = g for
7 min at 10°C. Then the sepernatant was filtzred through a
0.45 wm Chromafil (Macherey-Nagel) polyamide filter and
used for the phenolic compound analysis.

2.4, HPLC analeses

Chromatographic separation of the carbohydrates and
orpamc acids was performed using @ Thermuo Separation
Produels HELC system {Riviers. Beach, FL, USA). The HPLC-
analyses of carbohydrates were made using a Rezex RCM-
monosaccharide column (300 mm = 7.8 mm) operated &t
65 %0 from Phenomenex (Torrance, CA, USA) The mobile
phase was bidistilled water and the fow rato was 0.6 mlfmin,
The duraticn of the analysis was 60 min, and & refractive index
{R1) detector (Shodex R1-71, Showe Denko KK, Kawasaki,
Tapany was used for monitoring eluted carbohydrates. The

i e, 200703016
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HPLC-analyses of orpanic acids were carried out unsing an
Aminex HPX 8TH column (300 mm = 7.8 mm) (Bio-Rad,
Hercules, CA, USA) operated at 65 °C and associated with 4
Enauer E-2500 UV=vis detecter (Knauar, Berlin, Germany ) sel
at ZI0mm, The mobile phase was 4 mM sulphosic acid in
Bidistilled water at & flow eate of (L6 mEmin, and the total mn
time was 20 min (Colaric et al., 2006).

Separaticn of phenolic compounds was camed out using e
Surveyor HPLC system (Thermo Finnigan, San Jose, CA,
USA) with o photo dicde array (PDAG detectod, and it wes
conlrolled by the ChromQuest 4.0 Chromatography work
station software systermn, A Clwemszp HPLC column 55
{Zilmm x 4.6 mm, Hyporsil § ODS) coupled with a
Chromsep puard column 35 (10 mm = 3 mm) from Chrom-
pack (Middelburz, the Metherlands) operued at 253 °C, was
used, The chromatographic eonditions were identical to those
recommendad by Schieher 2 al. (2001). The maobile phase
consisted of solvent A: 29 acetic acid in bidistilled waler (viv],
ond of solveni B: (1L.5% acetic acid in bidistlled water and
acctonitrile (ratio L:1, wh), with a Qow rae of 1 mlfmin, The
elution pradient was as follows: 0-30 min, 10-530% B; 30
&0 min, 55-100% B; 60-65 min, 100-10% B. The total run
time was 65 min, and berween ench analvsis |3 min of
equilibration weatment {10% B) was performed. Analysed
compounds wers identified and guantified in a menner similar

in thot previously described by Colaric er al. (2006).
Identification of phenolics was done al 280 nm, except lor
chlurogenic and sinapic acid, which wem identified at 320 nm.

2.5, Data analyses

All data were tesied by one-way analysis of variance
(ANOWVA: general linear model} using the Statgraphics Plus 4.0
program (Manugisties, Inc., Reckville, MDD, U3A) Means
among treatments were separated by the least significance
differance (LSD) test (P < 0.05). Data in ‘lables 1-6 are
presented as means with standard errors (5.E.) and L1 values,
Conrents of carbohydeates, as well 28 malic and citric eeid in
‘Confarance’ fruit are given in gy of fresh fruit weight (W),
while the contents of shikimic and fumaric actd and phenolics
are given in mpdke FW,

3. Results and discussion
20 The content of carbolipdrates

Among carhohydrates, sucrose, glucose, [fructose and
sorbitel were determined in ‘Conference’ fruit, and their ratic

was in accordance with Blaing {2003), who reported the
prerage [0 in pears o be |5% socrose, 13%: glicass, 54%

Tahle |

overage eantent of earbohydrates in "Conferencs” frait (the mean & S.E, phy FW) baovested in 2004 reganding braceh berding

Sugar Bending ezl LED value
Summer 203 Epring K Contrul

SnCposs 153,20 £ 1,6k 17.03 % ’.'.13;1 i TREF L 1.33a 65,32

[ilucase 10.03 £ L6Ta BAS 4 | BEa PR ] 2,07

Prucicse 5158 4 1.5Ha 50,24 3 1 A4 4R.47 & 1.d3a 5.03

Savhinol 201 £ L6 2438 & 2.5 23ES5 + 2.0k a0

Mo values arz siphilicnrly different (L3I0 test, P« OU05).

Tabde 2

Asemape content of carhohydrates in ‘Conference’ fruit (e oo + 3B, gk FW) harvesied in 2005 roganding beanch bending

Sugar Bending treatmerd ) 1502 value
Summzr Z003 Sprimp 2004 Cimirul

Sucross 25452 & 245 .78 = 1.26b Gl + (h6la .EJ3

Gluerse 10,43 £ (L 35a 11 & L2k 14752 013 046

Fractosa 71685 = 1.3%h 4B BE = 1.46a 76.23 + 4.65h 1401

Sarrhiter! .40 & 3020 T =133 1158 + |.4Ea 133

Tifferent letiers within coch rosy: sipnificaraly differens (LS00 e, P U050,

Table 3

Average cantent al oeganic acids in "Confersnce’ el {the mean = 8 B, gy FWS 2scep s shildmic and fumanic acids; their volues are in mglg FW) haresied in

2004 regarding branch bending

Cgaike acid Bending rentimienl LELF waloe
Té':|.|:|'|'|r|1ur 03 Spring 2004 bl

Ciric aid 123 £ 0.00a 25 1 0ia 0.23 4 DA2a 04

bl acd 278 + M.0Ha L0 £ 0008 4,25 £ 018k 4z

Shikimi acicd T3.12 & 1.75a w25t £8.11a H5.22 & 3.55 ir19

Fumsarc aend 175 £ 0.13ab 259 + 0,00 305 £ 0236 kL

Diffecent kators within e now:

sigiificantly different (Lol wat, # < 005)

10, 10164, s2ienia. 2007010 016

Cituric, ¥, elal, Content l2vels of venois fruil. metahalites ir: the ‘ﬁmﬁw&m&' jﬁqﬁf@amnh }ﬁ];ﬁhﬁh
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Table 4
Awerage contend of orpenic avids in “Confereecz” frulcdthe mean £ 5B, glky FWenosp [ue shikdmic prad funaric acids; their values are tnma'keg FW) harvested in
2105 regnrding branch h.1|l.|i.|,|=',

Chiganic s Berxding reaomert LAT wilua
Swmimer 3073 Saring 2HM Cun'.rnl.

Citic acid 21 =+ 0k 17 & (ikla 021 = CUlZa iz

Mulic auid 276 4022k 270 4 07k 194 & 0o [IE]

Shikimic acid 956+ 3178 1071 £ (49a 4708 + 6.15b fl2

Furnagic acisl LB £ DA2a 253 40200 2424 023 1.6

Different letters witlun sach row; significantly differant (L5I deal, # < LB

Tabde £

Awerage content of phenolic compounds in ‘Conferceee’ B imeen + 5.5, mgkg FW) hurvested in 2004 oparding branch hencing

I'henalis eonpours Bawding trepomens LA value

Summzr 211 Spring 2004 Conirol

Chilorezenic oz 240,32 + K20k 21258 + 4 fah 196606 + 21.E6a L34

Carachin 175 £ 0l0m 131 Ei24a 1,458 & 0,200 n62

Epizntechin 3RL3 £ 443 3775+ 557 3013 £ 335 1359

Sinaglc @eld 0.83 £ 0.028 L34 £ (ida Q.11 & hika no?

Wanillie it B4 LAk 278 £ 00 18n 2.5 £ W 35a Lo

Diferent letees within each row: higniﬁl,:u.nlly ilTerenl (LS west, P < 0.0%)

fructose, 185 sorbirol and the sum of those supars about 124-
158 gfkg fruit FW.

In both seccessive years, fructose predominatcd among
carbohydrates, as well a5 among all analysed compounds; it
was followed hy sorhitol with chout one half the fructose
content (Tables | and 2. In the first yoar after bending, no
significant differences were found in carbohvdrate content
among treatments (Tible 13 However, the glucoss and
fructuse contents were a little higher in fruit harvested from
branches bent in the late summer of 2003 {the summer
treatment), whereas the lowes: sucrose conlenl wis noliced,
Some lower valuzs of other carbohydrates were found in the
controd fruit.

In the following vear, the carbobydrate content — sucrose,
glucose and froctose — significantly differed among weatmenty
{Talle 25 Sucrose content was lowest in froit from the control
teeatment, and it dilTered significantly from both bending
teeatments, Juat the opposite, the highest content levels of
glucose and fructose were attained in Frit from the control.

Sanyal and Bangerth [1998) claimed thor branch bending
imposes mechanically induced stress, Moreover, Huding and
Stampar (19%9) reported that sorbitel conleat increased in pear
fruit from trees that were subjectad to stress conditions.
Mevertheless, on the basis of these statements and our results
showing the epposite, i1 is suggestzd ther no stress oceused o
our study, since no significant differences betwesn bending
trearments snd the control were ohserved for sorbitol in both
VTS,

To date, Colaric ot al. (20081 have researched the influsncs
of branch hending on “Williams" fruit at the chemical level, and
they obtained dilferent responses from these for “Conference’
froit im the first year, altheogh the study lasted Tue 1 vear only,
“Williams® froit picked from branches bent in the previous
summer (2003) showed the lowest content levels of each
carbohydrete, and the highest ones were found in the fruit from
branches bent in the current spring [2004), except for glucose.
Prabably, branches bent in e spring had more photosynthates
that were exported 1o the fruit. Ito et ul. (2004) stodied

Table &
Averape vastend ol phecolle componrds in Conlerence” foun (recon + 5B, mpfkg FWO horvested in 2005 rogarding branch hending
Phenalic compound Bending treatment LS value
Sumrmer 2000 Spring 2004 Contred

Chlarogenic acd 445+ 106l 174,14 = 22 61k 116.51 £ 150895k ne7
Cutechin 1048 £ 2.7 B AT =05 60 L 1L.7Ea 5.73
Epicutezhin 596 4 (hEda T =08ln 17.58 + 3.630 547
Sinape acid 093+ 0.12a O RE = [1.0Bs LIE+NEla {38
“andlliz veld 1.09 £ 0,35 1.3 = (L4fia 2.55 &+ L0la 146
Rulin 367 £ 095 265 =0.ila 368 £0.11a 152
U-i-n-galacioside 1.92 £ 0524 (0 = 0,30 £.5] 41450 143
Q- 3-Pep-pluc odde 293 4 0.90a LHE =(0.3%a 6,00 &= 10,340 1a2
Different letters withim cach rowe siznibcantly differenl [LET !ml,- F‘ < (L05).

in press s Colirie, M, €14l 17 Jevels af various frt metbulies i e ‘Conference” pear response (0 heanch

(2007, doiz 010164, ssienta, 200703016
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carbohydrate motaholism in the lateral buds and in the shoo
internodes of Japanese pese They observed thar bhending
influenced higher contents of sorbisal and sucrose m the central
inmtemode of the bent branch in compariscn @ that of the
control, 12 the vertical branch, Sorbitol and sucrose are the
matin translocating corbohydrates found in rosacecus fruil ees,
the group to which pear belongs.

3.2 The content of organic acidy

‘Conference’ pear is classified into the grovp of pear
genotypes where, among organic acids, malic scid wsually
predorrinates in the fruit (Hodina and Starpar, 20000, and this
was also conficmed in our stody, The content of malic acid in
the fruit from the confrol was significantly higher than in the
freit from both bending reatments in 2004, where similar
contznt levels were Tound (Table 33 In the following vear,
however, significantly lower wvalues of malic acid wemn
mepsured in the control compared to those from the bending
treatments {Table 4. Tn both years, a similar rend wos noticed:
the highest malic acid content corresponded with the highos:
sucrose content wncd with the lowest glocose content and vice
vETHA,

Fumatle and shikimic acids were present in very smell
amounis. Tn 2004, the highest valuzs of fumarie seid wene found
in fruit from the centrol, whegeas citric and shikimic acids
showed oo sipnificant differences in content levels among
rrearmeants. In the following yvear, the highest values ol shikimic

acid were found in the control, whereas seme lewer values of

fumaric acid were found. Citric acid showed no clear tendency
ginong reatinents, nzither in 2004 nor in 2005,

However, “Williams' pears contained more citric than malic
acid (Hudina and Swmpar, 20000, Morsover, the content levels
of all organie acids excepteltric {its content level veas the lowest
in the same treatment) proved the highest in the “Williams" fruil
from the branches bent in summer, whereas the some fruft were
the pootest in carbolydrates (Colarie et al., 2006), as mentioned
before. Both mejor acids (malic and citric) are the most
important eontributors w the cplimal degree of acidity, and it
was found that their ratio corvelated with sensory evaluation of
raste (Colaric ot al, 2005).

1.3 The comtent of selecied secondary componmas

Three phenolic acids (chlorogenic, sinapic and venillic
acicls) and two Aavencids from the flavan-3-ols subclass
{catechin and epicatechin) were defocted in the frst year aftare
bending, morecver, three additonal favonoids from the
flavenol glveosides subclass (nudin, yuercetin-3-o-galactoside
and quercatin-3-B o glueoside) were decected in the nexl year,
The separation of phenolics (chromatographic conditions,
mobile phases) was done according to Schieber et al. (2001,
who determined rether similar confent levels of Havonol
glycosides in pear fruil. However, chlerogenic acid was the
mijor phenalic in the “Conference’ fruit, and its content level is
miore in aocordanes with Macheix ec al. (1990, who reported
vahuzs from 10 to 516 mg'hkp FW

Generally, in the first year, some lower wvalues of epch
determined phenolic compound, except [or catechin, wers
observed in fruit from the control (Table 3), Content levels of
chlprogenie aeid and vanillic acid in fruit from the contel
differed sigmificanily foom the fruit involved in the sommer
reatinent, The comparison of both bending treatments rosu hed
in an observation that the summer weatment ofien showed &
slightly higher value of each phenolic in comparison o the
spring treatment. In the second year, epleatechin, singpic acid
and Favonaol glycosides appeared in higher levels in fruit from
the control, and among them epicatoching gquercefin-3-o-
salactoside amd quercetin-2-B-v=glucoside differed signifi-
cantly from both bending trearments (Table 6). Andreotti et al,
(2006) reported that the accumulation of Qavan-3-cls and
flavonel glycosides is affected by wounding, However, the
content lzvels of chlorogenic and vanillic acids in 2005 were the
kighest (significant for the chlorngenie soud) in the fruit from
branches bant in the lae spring of 2004 and lowest in the frui
from branches Dens in the late summmer of 2003, but the content
lavels of sinapic acid were the oppusile,

It is supposed that some lower values of phenolics in [t
fream the cantrol (in 20040 could be connected 10 some lower
values of carbohydrates (except For sueross)] in the same
teatment, despite the fact that phenolics ere mostly produced
from carbohydrates (Macheix et al, 19903, The key enzyme
that links primary and secandary metabulism is phenylalanine
ammonialyase (PALY, Tt was reported that PAL sctivicy reaches
its maximum in very voung friit, and that corresponds 1o an
increase in the accumulation of phenalic campounds; therefore,
higher content levels of phenolics appear in young fruit,
However, the phenolic metabalism is also greatly dependent on
many ecxternal (light, temperature, stress) and  internal
{hormones, nutrien:s) factors (Macheix et al,, 19907 Macheix
atal, {19907 reporied that fruit phenolics wers also increased by
lighting, which raises primary production {carbohydrates),
which then supports higher PAL activity, and thus causes an
increase in the accumulation of phenolic  compounds,
caprcially flavonoids.

‘Treutter (2001 stated that stress sitoations induce synthesis
of phenulic compounds, and, according to Serval and Bargerth
[1998), mild stress is imposed by branch bending. Consicering
anly the phenclics content levels in 'Conference' fruit from the
hending treatiments (in 2004), we can confirm the stafement of
Samvzl and Dangerth (199%). Neverthcless, one can judgs that
branch bending was not functioning as a type of stress [actor,
since the content lzvels of most phenolics in the “Williams® Froit
involvad in the sumneer reatment were among the lowest and in
the froit from the spring mestment among the highest (Colaric
etal., 20040, What is more, “Williams™ leaves that responded to
branch bending liad almeost the lowest phenolic content levels in
the summer treatment (Colaric el al., 2007},

It scems that the response of fruln o bending wamies most
with genatype (since ‘Williams' and ‘Conference” pears
responded differently). 25 well as with the time of hending,
by the year-lo-year vaiations, erc, Maoreover, we should not
forget that the variations ubserved in that study could also be a
consequence of the physiological responses of the fruit ree and

press ag: Cifaric, M. ccat.
(2007), dais 1T/ scienta 207,058,016
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the Fruit. Lawd and Lespinasse (2001) showed thet the responss
in growth and fruiting of apples subjected to shoot bending also
varied with penolype and time of bending. Furthermore,
Sansavini (2002} reported thet ‘Conference’ differed from
“Willigms® in growth and fruiting habits. *Conference’ has the
advantage thet it i3 regarded as repulae bearing cultivar, which
bears #0-90% on spurs (model 3 of five fruiting models),
mostly from branches of 2-3 years in age, but it never stops
cropping on the spurs of the oldest branches, while "Williams'
crops less than 30% on the spur buds,

The decision aboul the timing of branch bending still
remeins open for ‘Conference’ pears, which showed an uncleer
tendency betwesn hoth bending tremtments, althowph some
differences were found among the froit involved in bending and
those in the contral treatments (Tebles [-6) But for the
“Williame' pears it can be inferred that sranch bending in spring
iz more racommended [Colaric et al., 2000). However, it seams
feoum the shove resulis that branch bending had a positive effect
am the level of phenolics in 'Conference’ [rail in 2004,

4. Conclusion

The focus of the resecrch was the effect of branch angle
change on ‘Confarence’ fruit in two suceessive years al the
chemical level, The fruit revealed various responszs in
carbohydrates, organic acids and phenolics content levels.
Meverthebess, it wus shown that fruit from the control reached
signifieantly higher content levels ol malic ocid and lower
content levels of certain phenolics in the Grst vear after bending,
but in the next year the exactly opposite reaction oceurmed.
Sarbitol, as well as cirne geid, carechin and sinapic acid showed
no clesr eodeney among treatments, neither in 2004 nor in
2005. It can be inferred that those variations of 'Conference’
fruit omong bending tresiments could not be the result of
bending alone, but that they could be indirectly affected Ly
other physiological responses of the fruit tree, However, it
seams that variations are affected by bending time and by the
year-to-year variztions, and such responszs can bhe attributed 1o
the "Conference’ genatype only,
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V dveh zaporednih letih 2004 in 2005 smo spremljali vsebnosti primarnih in sekundarnih
metabolitov v plodovih in listih evropske zlahtne hruske sort *Williams' in ‘ Conference’,
ki so bili vzorceni na petletnih rodnih vejah. Rodne veje so hile vkljucene v razlicna
obravnavanja: rodne vele, ki smo jim spremenili kot rasti iz 45° na 120° od navpicne lege
(i) pozno poleti 2003 in (ii) spomladi 2004 ter (iii) rodne veje, ki niso bile upognjene,
temvec so vseskozi rade pod kotom 45° od navpicne lege.

V ligtih, kjer smo spremljali vsebnosti metabolitov od maja do oktobra, smo dologili
ogljikove hidrate - saharozo, glukozo, fruktozo in sorbitol ter fenolne snovi - klorogensko,
vanilno in sinapinsko kidlino ter (-)-epikatehin, (+)-katehin in rutin ter v naslednjem letu
dodatno Se dva flavonola: kvercetin-3-D-galaktozid in kvercetin-3--D-glukozid (Colari¢
in sod., 2006a; 2007a; 2007b).

Ogljikove hidrate so spremljali tudi v listih drugih sadnih rastlin iz druzine roznic
(Loescher in Everard, 1996; Deguchi in sod., 2002; Veberi¢ in sod. , 2003; Sircelj in sod.,
2005). V nasem poskusu je v obeh letih pri obeh sortah pa tudi v vseh vzoréenjih v listih
previadoval sorbitol nad ostalimi dolo¢animi snovmi (Colari¢ in sod., 2006a; 2007b).
Hudina in Stampar (1999) sta pri evropski Zlahtni hruski ugotovila, da se je v susnih
razmerah vsebnost sorbitola povecala. Podobno so Sircelj in sod. (2005) ugotovili pri
jablani: sorbitol se je tvoril kljub neugodnim razmeram kot je zmeren susni stres, toda
dolgotrajna susa je zmanjSala kopic¢enje sorbitola.

V letu 2004 smo izmerili najvecje vrednosti sorbitola v listih pri sorti “Williams v
septembru in pri sorti ‘Conference’ v maju; najvecje vrednosti saharoze, glukoze in
fruktoze pa so bile pri obeh sortah oktobra (Colari¢ in sod., 2006a; 2007b). Sezonsko
gibanje ogljikovih hidratov v listih obeh proucevanih sort proti koncu prvega leta je bilo
podobno kot navajajo Veberi¢ in sod. (2003) za liste jablane: vsebnosti fruktoze, glukoze
in saharoze so se od konca avgusta pa do oktobra povecale in vsebnosti sorbitola
zmanjSale. Naslednje leto smo pri sorti ‘Williams' v oktobru izmerili le najvecje vrednosti
sorbitola, fruktoze je bilo najvec v septembru ter saharoze in glukoze najvec ze v maju. Pri
sorti ‘Conference’ smo v letu 2005 izmerili najvecje vsebnosti treh ogljikovih hidratov
(fruktoze, sorbitola in glukoze) v oktobru, z izjemo saharoze, ki je dosegla ngjvecjo
vrednost v juliju (Colari¢ in sod., 2007b).

Med vsemi proucevanimi fenolnimi snovmi, smo izmerili najvecje vsebnosti klorogenske
kidine. Le-ta je zelo pomembna pri odpornosti na hruSev ozig (Gunen in sod., 2005). V
prvem letu smo pri obeh sortah zasledili najmanjse vsebnosti posameznih fenolnih snovi v
maju, nato so se pri sorti ‘Conference’ vsebnosti povecevale do julija, zatem pa pocas
zmanjSevale do oktobra; katehin pa je dosegel najvecjo vrednost Sele v septembru (Colari¢
in sod., 2007b). Sezonska dinamika sorte ‘Williams' je bila nekoliko drugacna: v juliju sta
najvecje vrednosti dosegli le klorogenska kidina in rutin ter Sele avgusta vanilna in
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sinapinska kidina in septembra katehin in epikatehin (Colari¢ in sod., 2006a). Podobno
sezonsko gibanje fenolnih snovi so zabelezili tudi Usenik in sod. (2004) v listih jablane:
vsebnosti posameznih fenolov so narastale vse do julija ali avgusta, nato pa so se
zmanjSale. V letu 2005 smo pri obeh sortah zabelezili najvecje vrednosti vecine fenolov ze
V juniju, nato so se le-te zmanjSale do avgusta in nato ponovno povecale do konca sezone.
Domnevamo, da so na tak potek vplivale tudi ekstremne vremenske razmere (dezevje in
nizje temperature), Se posebej v juliju in avgustu 2005 (Colari¢ in sod., 2006a; 2007b).

V plodovih smo v tehnoloski zrelosti poleg ogljikovih hidratov ter fenolnih snovi, ki smo
jih dolocali tudi v listih, izmerili vsebnosti organskih kidlin: citronske, jabol¢ne, Skimske
in fumarne kidine. Sorta‘Williams' je po ¢asu zorenja Se poletna hruska (Blattny, 2003), v
letu 2004 smo jo obrali 1. septembra in v letu 2005 19. avgusta. Sorto ‘Conference’
uvr&amo med jesenske hruske (Blattny, 2003) in smo jo v letu 2004 obrali 9. septembrain
v letu 2005 1. septembra. Razmerje med posameznimi ogljikovimi hidrati je bilo pri obeh
sortah hrusk podobno kot navaja Blattny (2003) in vsebnost fruktoze je prevliadala nad
sorbitolom. Mo¢no pa se sorti ‘Williams in ‘Conference’ razlikujeta po vsebnosti
citronske in jaboléne kisline (Hudina in Stampar, 2000a), podobno smo ugotovili tudi v
naSem poskusu (Colari¢ in sod., 2006b; 2007c). Hudina in Stampar (2000a) sta poleg sorte
‘Williams' izmerila vecje vsebnosti citronske kidine tudi pri sortah ‘Red Williams' in
‘Rosired’, ostale sorte pa so imele ngjvecje vsebnosti jaboléne kisline,

Tudi v plodovih obeh sort hrusk smo izmerili najvecje vsebnosti klorogenske kidline,
dedila sta epikatehin in katehin. Vsebnosti omenjenih fenolov so nekoliko vecje kot
poro¢gjo Amiot in sod. (1995) ter Herrmann (2001). V naslednjem letu nam je uspelo
dolociti tri flavonol glikozide (rutin, kvercetin-3-D-galaktozid in kvercetin-3-p-D-
glukozid), katerih vsebnost je podobna kot navajgjo Schieber in sod. (2001), po cigar
metodi smo tudi locili fenole v plodovih in listih.

Zgoraj smo opisali vsebnosti razli¢nih metabolitov v listih (med rastno dobo) in v plodovih
(v tehnoloski zrelosti) proucevanih sort hrusk, saj do sedaj pri nas Se niso bili tako
raziskani, z izjemo plodov, kjer sta Hudina in Stampar (2000a; 2000b; 2004) podrobno
proucila vsebnosti dadkorjev in organskih kidlin. Glavni namen nasih raziskav pa je hil
ugotoviti ali upogibanje, kot eden izmed ucinkovitih agrotehni¢nih ukrepov, s katerim v
sadovnjakih uravnavamo rast in rodnost (Luckwill, 1970; Lauri in Lespinasse, 2001,
Costes in sod., 2006), vpliva na vsebnost ze omenjenih primarnih in sekundarnih
metabolitov, sgj do seda ta del Se ni bil predmet raziskav. Vsebnost metabolitov je
pomembna tudi z vidika kakovosti plodov, saj le-ti prispevajo k senzori¢nim lastnostim
(dadkost, kislost, vonj, okus, trpkost, grenkost, obarvanost), mnogi med njimi imajo
zdravilne lastnosti kot npr. nekatere fenolne snovi, ki zavirajo razna vnetja, rast tumorjev,
pojav alergij in sr¢no-zilnih bolezni (Macheix in sod., 1990; Gorinstein in sod., 2002).
Odgljikovi hidrati so glavna skladiS¢na snov in osnovna organska snov, iz katere se tvorijo
Se druge organske snovi, tudi fenoli (Kozlowski in Pallardy, 1997). Fenolne snovi imajo v
rastlini pomembno fiziolosko viogo, sa vplivajo tako na njeno rast kot tudi razvoj, in
vlogo v odpornosti na mehanski in bioloski stres (Macheix in sod., 1990).

V prvem letu naSega poskusa smo pri sorti ‘Williams zadedili, da se listi, ki smo jih
vzorcili na upognjenih in na neupognjenih vejah, niso znacilno razlikovali med seboj v
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vsebnosti ogljikovih hidratov, razlikovali pa so se v vsebnosti fenolov. Kadar so hile
statisticno znacilne razlike v vsebnosti posameznih fenolov, so bile vsebnosti le-teh
najvecje v listih iz kontrolnega obravnavanja ter najmanjse v listih, ki so bili vzoréeni na
rodnih vejah upognjenih poleti 2003 (Colari¢ in sod., 2007a). V vsebnosti klorogenske
kidine in rutina so bile razlike v mesecu juliju, sinapinske kisine v avgustu in septembru,
katehina le v septembru ter epikatehina v juliju in septembru.

V ligih sorte ‘Williams smo v letu 2005 zabelezili razlike v vsebnosti fruktoze in
sorbitola, oba ogljikova hidrata sta imela v avgustu najmanjso vrednost v kontrolnem
obravnavanju, sorbitol pa Se v juniju. Toda v septembru je prido do preobrata in sorbitol je
prav pri kontroli dosegel najvecjo vsebnost. Tudi v drugem letu smo izmerili vecje
vsebnosti nekaterih fenolov v listih s kontrolnega obravnavanja, Se posebej vseh treh
dolocanih flavonol glikozidov. Statisticno znacilne razlike v vsebnosti vanilne kidline,
rutina in kvercetin-3-D-galaktozida smo zabelezili v mesecu juniju, katehina v juliju in
kvercetin-3-B-D-glukozida v avgustu. Epikatehin je bil izjema, sgj je bila njegova vsebnost
v oktobru znacilno najmanjsa prav v listih z neupognjenih vej. Andreotti in sod. (2006) so
izmerili vecje vsebnosti flavonol glikozidov in flavan-3-olov v poskodovanih listih, zaliste
analizirane v nasem poskusu, pa tega ne moremo trditi, sgj smo v vseh obravnavanjih
vzorcili zdrave liste. Sanyal in Bangerth (1998) trdita, da upogibanje rodnih vej povzroci v
sadnih rastlinah zmeren stres, nastajanje fenolnih snovi pa se obicajno poveca ob stresnih
situacijah (Treutter, 2001), kar je v neskladju z naSmi dvoletnimi rezultati, saj so bile
vsebnosti fenolov sorte ‘Williams' najveckrat znacilno vegje v listih z neupognjenih ve -
kontrole.

Upogibanje rodnih vej tudi v listih sorte * Conference’ ni pokazalo jasnih razlik v vsebnosti
posameznih ogljikovih hidratov, niti v letu 2004 niti ne v letu 2005 (Colari¢ in sod.,
2007b). V prvem letu je bila v kontrolnih listih vsebnost saharoze znacilno vecja v junijuin
sorbitola znacilno manjsa v oktobru. Upogibanje je mnogo bolj vplivalo na vsebnosti
fenolov, sa) smo v prvem letu izmerili znacilno vecje vsebnosti klorogenske, vanilne in
sinapinske kidine ter rutina v listih na rodnih vejah upognjenih spomladi 2004. 1zjema sta
bila oba dolo¢ana flavan-3-ola, katerih vsebnost je bila vsakega po enkrat najvecja v
kontrolnih listihin le epikatehina enkrat v listih na rodnih vejah upognjenih poleti 2003.

V naslednjem letu je bila dika sladkorjev v listih sorte *Conference’ Se bolj ngjasna: pri
glukozi smo tako zadedili znacilno najvecje vrednosti po enkrat v vsakem obravnavanju,
sorbitol je junija dosegel najvecjo vsebnost v listih na rodnih vejah upognjenih poleti 2003
in oktobra v kontrolnih listih, najvecje vrednosti fruktoze pa smo izmerili avgusta v listih
na rodnih vejah upognjenih spomladi 2004 (Colari¢ in sod., 2007b). Ito in sod. (2004), ki
so proucevali odgovor lateralnih brstov in poganjkov nasja na upogibanje vej, so
ugotovili, da so se z upogibanjem vsebnosti sorbitola in saharoze v lateralnih brstih
zmanjSale, toda v internodijih poganjkov povecale. Tudi v letu 2005 smo izmerili vecje
vsebnosti klorogenske in vanilne kidline ter rutina v listih na rodnih vejah upognjenih
spomladi 2004, v tem obravnavanju sta imela najvecjo vsebnost tudi katehin v oktobru in
kvercetin-3-D-galaktozida v avgustu. Sicer pa so bile ngjvecje vsebnosti sinapinske kidline
(junija in oktobra), kvercetin-3-D-galaktozida (maja) in kvercetin-3-p-D-glukozida (maja,
junija, julijaiin oktobra) v kontrolnih listih.
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Ce povzamemo dvoletne rezultate obeh sort, vidimo, da se vsebnosti ogljikovih hidratov v
listih na upogibanje ne spremenijo v nekem sosledju, vsebnosti fenolnih snovi pa
Proucevani sorti sta se na upogibanje razlicno odzvali: upogibanje, Se posebej poletno, je
povzrocilo pri sorti ‘Williams' najveckrat zmanjSanje vsebnosti posameznih fenolov. Pri
sorti ‘Conference’ pa je upogibanje, Se posebej spomladansko, povecalo vsebnosti
nekaterih fenolov. 1z zgoraj opisanega lahko sklepamo, da se odziv drevesa na upogibanje
razlikuje med sortami, pomembno pa je tudi kdaj so bile rodne veje upognjene, s tem pa
lahko povezemo dognanja Lauri-ja in Lespinasse-ja (2001), ki sta ugotovila, da se jablane
na upogibanje razli¢no odzovejo v rasti in rodnosti, saj v veliki meri vplivata tako sorta kot
tudi ¢as upogibanja. Proucevani sorti sta imeli podobne vrednosti posameznih fenolov, le
obeh flavan-3-olov je bilo ve¢ v listih sorte ‘Williams' ter kvercetin-3-D-galaktozida in
kvercetin-3-p-D-glukozida manj. Gunen in sod. (2005) so izmerili vecje vsebnosti fenolov
v listih na hruSev bakterijski ozig odpornih sortah hrusk.

V plodovih sorte *Williams', ki smo jih obrali na rodnih vejah upognjenih poleti 2003, so
bile v prvem letu vsebnosti ogljikovih hidratov najmanjSe, najvecje pa so bile v plodovih
na vejah upognjenih spomladi 2004 (z izjemo glukoze), kar pa je v nadednjem letu
obveljalo le za saharozo (Colari¢ in sod., 2006b). V vsebnosti organskih kiglin v nobenem
letu ni bilo znacilnih razlik, ¢eprav so bile vsebnosti posameznih organskih kidin z izjemo
citronske, v prvem letu nekoliko vecje prav v obravnavanju, kjer so bile vsebnosti
ogljikovih hidratov najmanjse. V prvem letu smo v vsebnosti posameznih fenolnih snovi
zabelezili enako kot pri dadkorjih, z izjemo sinapinske kisine, katere vsebnost je bila sicer
tudi najmanjSa v plodovih na vejah upognjenih poleti 2003, toda najvecja vsebnost le-te pa
je bila izmerjena v kontrolnih plodovih. V naslednjem letu sta bili vsebnosti glukoze in
fruktoze ngimanjs pri kontroli, vsebnost sorbitola pa je bila nekoliko vecja v plodovih na
vejah upognjenih poleti 2003. Fenoli so nam v drugem letu podali drugacno diko v
primerjavi s prejSnjim letom: najvecje vsebnosti smo izmerili v plodovih obranih na vejah,
ki smo jih upognili poleti 2003 in najmanjSe v kontrolnih plodovih. Izjema sta hila
kvercetin-3-D-galaktozid in kvercetin-3-B-D-glukozid, katerih vsebnost je bila ponovno
vecja pri kontroli. Vsebnost sinapinske kisline je bila nggmanjSa v plodovih na vejah
upognjenih spomladi 2004, ostali obravnavanji pa se v vsebnosti nista razlikovali med
sabo.

V plodovih sorte ‘Conference’ v prvem letu nismo ugotovili nobenih znagilnih razlik v
vsebnosti ogljikovih hidratov med obravnavanji (Colari¢ in sod., 2007c). Vsebnosti
jabol¢ne in fumarne kidine sta bili znacilno najvecji pri kontroli. Vsebnosti citronske
kisline so bile podobne med obravnavanji, a majhne, tako v letu 2004 kot tudi v letu 2005.
V prvem letu so bile vsebnosti posameznih fenolov, z izjemo katehina, ngjmanjSe v
kontrolnih plodovih ter najvecje v plodovih z upognjenih rodnih vej, Se posebe poleti
2003. V letu 2005 smo v kontrolnih plodovih izmerili znagilno vecje vsebnosti glukoze in
fruktoze ter manjSe vsebnosti saharoze. Tudi pri tg sorti so nam fenoli v drugem letu
pokazali drugacno diko. Najvecje vsebnosti epikatehina, sinapinske kisline ter dolocanih
flavonol glikozidov smo izmerili v kontrolnih plodovih ter najmanjSe vsebnosti vseh
posameznih fenolov v plodovih na upognjenih vejah, Se posebej upognjenih poleti 2003.
Toda vsebnosti klorogenske in vanilne kisline so bile nekoliko vecje v plodovih na vejah
upognjenih spomladi 2004, kar je zanimivo, sg sta imela oba fenola najvecje vrednosti v
enakem obravnavanju tudi v listih, in to kar obe leti (Colari¢ in sod., 2007b). Katehin je bil
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S vegja izjema, sg je imel naimanjso vsebnost v plodovih na vejah upognjenih spomladi
2004 ter ngjvecjo navejah upognjenih poleti 2003.

S pomocjo zgorag) opisanih dognanj lahko povezemo rezultate dvoletnih meritev vsebnosti
metabolitov v listih in plodovih posamezne sorte. Pri sorti “‘Williams so bile prvo leto
najmanjSe vsebnosti posameznih fenolov, tako v listih kot tudi v plodovih, ki smo jih
vzorcili na rodnih vglah upognjenih poleti 2003, enako smo opazili le v listih tudi v
nasednjem letu. V obeh letih smo izmerili najvecje vsebnosti fenolov v listih iz
kontrolnega obravnavanja, kjer pa so hile v letu 2005 ngjmanjSe vsebnosti v plodovih. V
letu 2004 smo izmerili najvecje vsebnosti fenolov v plodovih na rodnih vejah upognjenih
spomladi 2004. V nadednjem letu pa je prislo do preobrata in smo v plodovih, ki smo jih
vzorcili na vejah upognjenih poleti 2003, izmerili najvecje vsebnosti fenolov (izjema so
bili flavonol glikozidi z najvecjo vsebnostjo pri kontroli). Pri sorti ‘Conference’ so se
vsebnosti fenolnih snovi v listih in plodovih precg izkljucevale: v obeh letih so bile
najvecje vsebnosti v listih na vejah upognjenih spomladi 2004 ter le v prvem letu v
plodovih na vejah upognjenih poleti 2003, nadednje leto pa v kontrolnih plodovih. 1zjeme
50 hile klorogenska in vanilna kislina, katerih vsebnost je bila najvecja v plodovih na vejah
upognjenih spomladi 2004 in katehin z najvecjo vsebnostjo v plodovih na veah
upognjenih poleti 2003. V dvoletnem poskusu smo potrdili razlike med proucevanima
sortama, ki smo jih tudi pricakovali, sg se sorti razlikujeta v rasti in rodnosti ter v
pomol o3kih lastnostih ploda (Sansavini, 2002).

Glede na rezultate vsebnosti metabolitov v listih in plodovih, lahko domnevamo, da je za
sorto ‘Williams primerngjSe upogibanje vej spomladi ter za sorto ‘Conference’ pozno
poleti. Seveda pa bilo potrebno v prihodnje poskus zastaviti Se na vecjemu Stevilu sort. Za
leto 2005 velja omeniti, da je bilo poletje precel dezevno in hladngjSe od dolgoletnega
povprecja (Colari¢ in sod., 2007b), kar bi lahko vplivalo na preobrat v vsebnosti
metabolitov, sgj je vsebnost fenolov mocno odvisna tudi od mnogih zunanjih ali okoljskih
(stres, temperatura, svetloba) in notranjih dgavnikov (hranila, hormoni) (Macheix in sod.,
1990). Vsebnosti fenolnih snovi: (hidroksicimetne kidline, flavan-3-oli in flavonol
glikozidi) lahko povecamo s hranili in ogljikovimi hidrati kot je npr. saharoza (Lux-
Endrich in sod., 2000). Glede na vecje vsebnosti saharoze in fenolov v plodovih na rodnih
vejah upognjenih spomladi 2004 pri sorti ‘Williams', lahko povezemo ugotovitve Lux-
Endrich-ain sod. (2000) z naSimi, vendar pato ne moremo trditi za sorto ‘ Conference'.
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32 SKLEP

V dvolethem poskusu smo podrobno proucili kemi¢no sestavo listov in plodov v Sloveniji
razSirjenih sort hrusk ‘Williams in ‘Conference’. S tekocinsko kromatografijo visoke
locljivosti smo v listih med rastno dobo in plodovih v tehnoloski zrelosti izmerili vsebnosti
ogljikovih hidratov (saharoze, glukoze, fruktoze in sorbitola) in fenolnih snovi
(klorogenske, vanilne in sinapinske kidine, (-)-epikatehina, (+)-katehina, rutina, kvercetin-
3-D-gaaktozida in kvercetin-3-B-D-glukozida) ter v plodovih tudi vsebnosti organskih
kidin (citronske, jabol¢ne, Skimske in fumarne kisline).

Med ogljikovimi hidrati smo v plodovih izmerili najvecje vsebnosti fruktoze in v listih
sorbitola, med fenolnimi snovmi pa je bilo v plodovih in listih najve¢ klorogenske kidline.
V plodovih sorte ‘Williams smo izmerili vecje vsebnosti citronske kidline in v plodovih
sorte ‘ Conference’ vecje vsebnosti jaboléne kidine.

Vsebnosti metabolitov v listih, ki smo jih vzor¢ili med rastno dobo od maja do oktobra, so
se med vzorcenji razlikovale, najbolj znacilne razlike pa so bile v vsebnosti fenolov.
Vsebnosti le-teh so hile obi¢cajno najmanjSe na zacetku rastne dobe, nato so naras¢ale do
junija, julija ali vse do avgustain se zmanjSevale do oktobra. Opazili smo razlike tudi med
obema letoma, saj so fenoli v drugem letu dosegli dva vrha, na kar so morda vplivale tudi
vremenske razmere (okoljski dejavniki). Proucevani sorti sta se med rastno dobo
razlikovali v vsebnosti metabolitov tudi med seboj, primer: v prvem letu smo pri sorti
‘Williams izmerili najvecje vsebnosti sorbitola in katehina septembra ter pri sorti
‘Conference’ ngjvecje vsebnosti sorbitola maja in katehina julija.

Upogibanje rodnih ve ni pokazalo jasnega vpliva na vsebnosti ogljikovih hidratov v listih.
Upogibanje (Se posebej poletno upogibanje) je pri sorti ‘Williams povzrocilo v listih
manj3o0 vsebnost fenolnih snovi, pri sorti ‘Conference’ pa je upogibanje (Se posebe
spomladansko) povecalo vsebnosti nekaterih fenolov, zato menimo, da imata vpliv na
ucinek upogibanjatudi sortain ¢as, ko smo izvedli upogibanje.

Tudi v plodovih sta se proucevani sorti razlicno odzvali na agrotehnic¢ni ukrep upogibanje
rodnih vej. Pri sorti *Williams' so bile v prvem letu ngjvecje vsebnosti fenolnih snovi (pa
tudi ogljikovih hidratov) v plodovih, ki smo jih obrali narodnih vejah upognjenih spomladi
2004, zato domnevamo, da je upogibanje rodnih vej v pomladnem ¢asu za to sorto bolj
primerno, tudi z vidika notranje kakovosti plodov. Pri sorti ‘Conference’ menimo, da je
primernglS ¢as upogibanja pozno poleti, saj smo v prvem letu zabelezili najvecje vsebnosti
fenolov v plodovih na upognjenih rodnih vejah poleti 2003.

Znotrgj fenolnih podrazredov so se fenoli v plodovih in ligtih razlicho odzvali na
upogibanje: vsebnosti flavonol glikozidov - kvercetin-3-D-galaktozida in kvercetin-3-p-D-
glukozida so hile pogosto vecje pri kontroli, fenolnih kislin - klorogenske in vanilne kisline
pa v plodovih in listih, ki so bili vzor¢eni na upognjenih vejah.

V raziskavi smo potrdili razlike v vsebnosti metabolitov v listih in plodovih, ki smo jih
vzorcili na upognjenih (spremenjen kot rasti) in neupognjenih vejah, razlike v casu
upogi banja (poletno in spomladansko), med letoma ter seveda med proucevanima sortama.
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4 POVZETEK (SUMMARY)

41 POVZETEK

Evropska zlahtna hruska (Pyrus communis L.) je zelo razSirjena sadna vrsta v zmerno
toplem podnebnem pasu. Proucevani sorti ‘Williams in ‘Conference’ predstavljata
pomemben delez med sortami, ki jih pridelujemo v Sloveniji. Sorti se med sabo razlikujeta
po splosnih znagilnostih, v rasti in razrascanju rodnega lesa, rodnosti ter tudi v pomol oskih
lastnostih ploda.

Med uveljavljenimi agrotehnicnimi ukrepi v intenzivnih nasadih sadnih dreves se je
upogibanje rodnih ve izkazalo za enega izmed uc¢inkovitih, s katerim uravnavamo rast in
rodnost. Upogibanje je vklju¢eno tudi v gojitveno obliko sonéna os in je celo boljs ukrep
kot sama rez. Upogibanje rodnih vg vpliva tudi na manjSo rast poganjkov in njihov
zgodng§ zakljucek vegetativne rasti ter na pospeSeno tvorbo cvetnih brstov.

Odziv sadnih dreves na upogibanje rodnih vej na biokemicnem podroc¢ju Se ni dovolj
raziskan, do sedaj pa tudi ni poznanih raziskav evropske zlahtne hruske z vidika vsebnosti
metabolitov v njenih organih kot odziv na upogibanje rodnih ve, zato smo dednje
poskusali ovrednotiti v nasem dvoletnem poskusu. Obe sorti sta bili cepljeni na podlago
kutina MA in bili posgjeni v letu 1987 v nasadu Sadjarstva Hudina v Zagaju pri Bistrici ob
Satli. Poskus je vkljuceval tri obravnavanja: petletne rodne veje, ki smo jih spremenili kot
rasti iz 45° na 120° od navpicne lege (i) pozno poleti 2003 in (ii) spomladi 2004 ter (iii)
petletne rodne veje, ki niso bile upognjene, temvec so vseskozi rade pod kotom 45° od
navpicne lege. Nateh rodnih vejah smo v letih 2004 in 2005 v rastni dobi vzor¢ili listein v
tehnoloski zrelosti plodove ter jim s tekocinsko kromatografijo visoke locljivosti dolocili
in izmerili vsebnosti ogljikovih hidratov (saharoze, glukoze, fruktoze in sorbitola),
fenolnih snovi (klorogenske, vanilne in sinapinske kidine ter (-)-epikatehina, (+)-katehina,
ruting, kvercetin-3-D-galaktozida in kvercetin-3-p-D-glukozida) ter v plodovih tudi
vsebnosti organskih kidin (citronske, jabol¢ne, Skimske in fumarne kisline).

Med ogljikovimi hidrati smo v plodovih izmerili najvecje vsebnosti fruktoze in v listih
sorbitola. V plodovih sorte ‘Williams smo izmerili vecje vsebnosti citronske kisline in v
plodovih sorte ‘Conference’ vecje vsebnosti jabol¢ne kidine. Med fenolnimi snovmi je
bilo v plodovih in listih najvec klorogenske kisline.

V listih, kjer smo merili vsebnosti metabolitov med rastno dobo od maja do oktobra, so se
vsebnosti le-teh med vzoréenji razlikovale, najbolj znacilne razlike pa so bile v vsebnosti
fenolov. Obe sorti staimeli v prvem letu najmanjSe vsebnosti posameznih fenolnih snovi v
maju, nato so se vsebnosti fenolov pri sorti ‘ Conference’ povecevale do julija (le vsebnosti
katehina vse do septembra), pri sorti ‘Williams' pa do julija (klorogenska kidina in rutin),
avgusta (vanilna in sinapinska kidlina) ali septembra (katehin in epikatehin), zatem pa
po¢as zmanjSevale do oktobra. V letu 2005 smo pri obeh sortah zabelezili ngvecje
vrednosti vecine fenolov Ze v juniju, nato so se le-te zmanjSale do avgusta in nato ponovno
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povecale do konca sezone. Domnevamo, da so na potek fenolov v letu 2005 vplivali tudi
okoljski dejavniki, predvsem ekstremne vremenske razmere v juliju in avgustu.

Upogibanje rodnih vej v listih ni pokazal o jasnega vpliva na vsebnosti ogljikovih hidratov
pri nobeni sorti. Pri sorti ‘Williams' v prvem letu naSega poskusa v vsebnosti ogljikovih
hidratov v listih sploh nismo zadedili znacilnih razlik, v drugem letu pa staimela fruktoza
in sorbitol najmanjSo vsebnost v avgustu pri kontrolnem obravnavanju, sorbitol pa Se v
juniju. Toda v septembru je prislo do preobrata in sorbitol je prav pri kontroli dosegel
najvecjo vsebnost. V listih sorte ‘Conference’ je bila v prvem letu v kontrolnih listih
vsebnost saharoze znacilno vecja v juniju in sorbitola znacilno manj3a v oktobru, v letu
2005 pa je hila dika dadkorjev Se bolj ngasna, saj smo pri glukozi zadedili znacilno
najvecje vrednosti po enkrat v vsakem obravnavanju, sorbitol je junija dosegel najvecjo
vsebnost v listih na vejah upognjenih poleti 2003 in oktobra v kontrolnih listih, najvecje
vrednosti fruktoze pa smo izmerili avgusta v listih na vejah upognjenih spomladi 2004.

Upogibanje rodnih ve je v listih mnogo bolj vplivalo na vsebnosti fenolov, sg je Se
posebej poletno upogibanje pri sorti ‘Williams' v prvem letu povzrocilo manjSe vsebnosti
posameznih fenolnih snovi, najvecje vsebnosti le-teh pa smo izmerili v listih s kontrolnega
obravnavanja. Tudi v nasdednjem letu smo izmerili vecje vsebnosti nekaterih fenolov v
listih z neupognjenih rodnih vej, Se posebe vseh treh dolocanih flavonol glikozidov. Pri
sorti ‘Conference’ pa je v prvem letu upogibanje rodnih ve (Se posebej spomladansko)
povecalo vsebnosti nekaterin fenolov v listih, z izjemo obeh flavan-3-olov. Tudi v letu
2005 smo izmerili vecje vsebnosti klorogenske in vanilne kidine ter rutina v listih na vejah
upognjenih spomladi 2004, kjer sta imela ngjvecjo vsebnost tudi katehin v oktobru in
kvercetin-3-D-galaktozida v avgustu. Sicer pa so bile ngjvecje vsebnosti sinapinske kidine
(junija in oktobra), kvercetin-3-D-galaktozida (maja) in kvercetin-3-p-D-glukozida (maja,
junija, julija in oktobra) v kontrolnih listih. Na podlagi navedenih rezultatov menimo, da
staimela vpliv na ucinek upogibanja tudi sortain ¢as, ko smo izvedli upogibanje.

Proucevani sorti sta se v plodovih razliéno odzvali na agrotehni¢ni ukrep upogibanje
rodnih ve. Pri sorti ‘Williams so bile v prvem letu najmanjSe vsebnosti ogljikovih
hidratov in fenolnih snovi v plodovih, ki smo jih obrali na vejah upognjenih poleti 2003 ter
najvecje vsebnosti omenjenih metabolitov v plodovih na vejah upognjenih spomladi 2004,
zato domnevamo, da je upogibanje rodnih vej v pomladnem ¢asu za to sorto bolj primerno,
tudi z vidika notranje kakovosti plodov. V vsebnosti organskih kislin v nobenem letu ni
bilo znacilnih razlik. V nadednjem letu so bile vsebnosti glukoze, fruktoze in fenolnih
snovi najmanjSe pri kontroli; vsebnost sorbitola pa je bila nekoliko vecja v plodovih na
vejah upognjenih poleti 2003, kjer smo izmerili tudi znacilno vecje vsebnosti fenolov (z
izjemo kvercetin-3-D-galaktozida in kvercetin-3-B-D-glukozida, katerih vsebnost je bila
vecja pri kontroli).

Pri sorti * Conference’ v prvem letu nismo ugotovili znacilnih razlik v vsebnosti ogljikovih
hidratov med obravnavanji, ¢eprav so bile vsebnosti glukoze in fruktoze nekoliko vecje v
plodovih na rodnih vejah upognjenih pozno poleti 2003. Toda v naslednjem letu so bile
ravno vsebnosti glukoze in fruktoze znacilno vecje v kontrolnih plodovih, kjer pa je bila
vsebnost saharoze najmanjsa. V letu 2004 sta bili vsebnosti jabol¢ne in fumarne kidine
znacilno najvecji pri kontroli, kjer smo hkrati zabelezili najmanjSe vsebnosti posameznih
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fenolov (z izjemo katehina). Najvecje vsebnosti fenolov smo v prvem letu izmerili v
plodovih na upognjenih rodnih vejah, zlasti upognjenih pozno poleti 2003, zato menimo,
da je primerng§ c¢as upogibanja konec poletja. V naslednjem letu smo v kontrolnih
plodovih izmerili namanjSo vsebnost jaboléne kidine ter najvecje vsebnosti Skimske
kidline, epikatehina, sinapinske kisline ter dolocanih flavonol glikozidov. Toda vsebnosti
klorogenske in vanilne kisiine so bile nekoliko vecje v plodovih na vejah upognjenih
spomladi 2004. Najman;jSe vsebnosti posameznih fenolov so bile v drugem letu v plodovih
na upognjenih vejah: bodis upognjenih poleti 2003 ali spomladi 2004.

V dvoletnem poskusu smo potrdili razlike med proucevanima sortama, pa tudi razlike v
¢asu upogibanja - pozno poletno in spomladansko upogibanje - ki smo jih tudi
predvidevali. Menimo, da so bistveni rezultati iz prvega poskusnega leta, saj so bile
okoljske razmere v mejah dolgoletnih povprecij, v drugem poskusnem letu pa je bilo
poletje precg dezevno in hladngSe, kar bi lahko vplivalo na preobrat v vsebnosti
metabolitov. Vsebnost fenolov je namre¢ mo¢no odvisna tudi od mnogih okoljskih
degjavnikov (stres, temperatura, svetloba), nikakor pa ne smemo zanemariti tudi moznega
vpliva notranjih dgjavnikov (hranila, hormoni).
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42 SUMMARY

European pear (Pyrus communisL.) isawidespread fruit species in the temperate regions.
The investigated cultivars, ‘Williams and ‘ Conference’, represent an important share of
the cultivars grown in Slovenia. They differ in general properties, in growth, branching and
fruiting habit; and their fruit differ pomologically.

Among the traditional methods of orchard management and cultural practice applied in
high-density orchards, branch bending has proven the most successful measure for
regulating vegetative growth and fruiting. Its concept has now been integrated into the
Solaxe training system, and bending has proven a better measure than pruning alone.
Branch bending resulted in reduced shoot vigour, an earlier end to vegetative growth in
autumn, and higher floral precocity.

The response of fruit trees to branch bending has not been sufficiently researched on the
biochemical level. Moreover, no known investigation has been made to date into the
content levels of metabolites in the tissues of the European pear as a response to branch
bending. Consequently, the bending measure was evaluated in our two-year research. Pear
trees ‘Williams and ‘ Conference’ grafted onto the MA quince were planted in 1987 in the
orchard owned by Sadjarstvo Hudina from Zaga] near Bistrica ob Sotli. The research
encompassed three treatments: five-year-old branches were bent to an angle of 120° from
the vertical pogition (i) in the late summer of 2003 (the summer treatment), (ii) in spring of
2004 (the spring treatment), and (iii) the control, where five-year-old branches were not
bent but remained at a 45° angle from the vertical. Before bending, the bent branches were
grown like control branches at an angle of 45°. During the growing seasons of 2004 and
2005, leaves were sampled monthly from May to October, and fruit from those branches
were sampled at commercial maturity. The content levels of carbohydrates (sucrose,
glucose, fructose and sorbitol), phenolic compounds (chlorogenic, vanillic and sinapic
acid, as well as (-)-epicatechin, (+)-catechin, rutin, quercetin-3-D-galactoside and
quercetin-3-p-D-glucoside) in leaves and fruit, as well as organic acids (citric, malic,
shikimic and fumaric acid) in the fruit were measured using high-performance liquid
chromatography.

Among carbohydrates, fructose predominated in the fruit and sorbitol in the leavesin both
years. ‘Williams' fruit had higher content levels of citric acid, and ‘Conference fruit
higher levels of malic acid. Chlorogenic acid was the major phenolic found in pear leaves
and fruit.

In the leaves, where the content levels of metabolites were measured during both growing
seasons from May to October, these levels differed among sampling dates, mostly in terms
of phenolic compounds. In the first year, both cultivars had the lowest content levels of
analysed phenolicsin May, and then in ‘ Conference’ pear the content levelsincreased to a
maximum in July (catechin until September) and in ‘Williams to a maximum in July
(chlorogenic acid and rutin), August (vanillic and sinapic acid) or September (catechin and
epicatechin); afterwards, their content levels decreased dowly until October. In the next
year, the maximum in ‘Williams and ‘ Conference’ |eaves was reached earlier — mostly in
June, and after decreasing until August, another small increase appeared until the end of

53



Colari¢ M. Vsebnost metabolitov v... hruski (Pyrus communis L.) glede na arhitektonsko zgradbo rodne veje.
Dokt. disertacija Ljubljana, Univ. v Ljubljani, Biotehni&a fakulteta, Odd. za agronomijo, 2007

the growing season. It is supposed that the dynamics of phenolicsin 2005 could have been
influenced by environmental factors, especially by the extreme weather conditions in July
and August.

Carbohydrate changes in pear leaves after the bending showed no clear tendency for either
sampling date, in 2004 or 2005. For selected carbohydrates, no significant changes in their
content levels among treatments were observed in ‘Williams leaves in the first year.
However, in the second year, the control |eaves had the lowest levels of fructose in August
and of sorbitol in June and August. But in September, the highest sorbitol content was in
the control leaves. In 2004, significantly higher sucrose content was observed in
‘Conference’ leaves from the control, where a lower sorbitol content was observed in
October. In the second year, unclear differencesin carbohydrate content levels emerged, as
the glucose content was the highest once in each treatment; then the highest level of
sorbitol occurred in June in leaves from the summer treatment and in October in the
control leaves; the highest fructose content was found in leaves from the spring treatment.

Branch bending had a greater influence on leaf phenolics than on carbohydrates. In 2004,
‘Williams' leaves from bent branches, especially those bent in summer, had lower content
levels of some phenolics, and the highest ones were found in the control leaves. In the
second year, significantly higher content levels of some phenolics were measured in the
control leaves, particularly of all determined flavonol glycosides. In ‘Conference’ |eaves,
branch bending (particularly bending in the current spring) influenced higher content levels
of some phenolics, with the exception of both flavan-3-ols. Also in the second year,
‘Conference’ leaves from the spring treatment exhibited higher content levels of rutin,
chlorogenic and vanillic acid, as well as catechin (in October) and quercetin-3-D-
galactoside (in August). Otherwise, the highest content levels of sinapic acid (in June and
October), quercetin-3-D-galactoside (in May) and quercetin-3-p-D-glucoside (in May,
June, July and October) were observed in the control leaves. Based on these results, it is
suggested that the bending effect is also dependent on cultivar and time of bending (i. e.
season).

‘Williams and ‘Conference’ fruit responded differently to the branch bending technique.
In the year 2004, the content levels of most analysed carbohydrates and phenolics were in
‘Williams' fruit among the lowest in the summer treatment and among the highest in the
current spring treatments, it is therefore presumed that branch bending in spring is more
recommended for ‘Williams pears, aso from the point of view of internal fruit quality.
There were no significant differences in content levels of individual organic acids among
the treatments, neither in 2004 nor in 2005. In 2005, the content levels of glucose, fructose
and phenolic compounds were among the lowest in the control fruit, and the sorbitol
content was dightly higher in fruit involved in the summer treatment, where significantly
higher content levels of phenolics were measured. The two exceptions were quercetin-3-D-
galactoside and quercetin-3-pB-D-glucoside, the content levels of which were highest in the
control fruit.

In the first year after bending, no significant differences were found in carbohydrate
content levelsin ‘ Conference’ fruit among treatments, although dightly higher glucose and
fructose content levels occurred in fruit from the summer treatment. However, in the
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following year, only the glucose and fructose level s were significantly higher in the control
fruit, where the lowest sucrose content was observed. In 2004, the control fruit showed
significantly higher content levels of malic and fumaric acid and lower levels of certain
phenolics, except for catechin. In 2004, the highest levels of individual phenolics were
measured in ‘ Conference’ fruit grown on bent branches, particularly those bent in the late
summer of 2003; therefore, a more appropriate time for branch bending is late summer. In
2005, the lowest content of malic acid was in the control fruit. Shikimic acid, epicatechin,
sinapic acid and flavonol glycosides appeared in higher content levelsin the control fruits.
However, chlorogenic and vanillic acid content levels were higher in the fruit involved in
the spring treatment. In 2005, the lowest content levels of individual phenolics were found
in the fruit from bent branches: either bent in the late summer of 2003 or in the spring of
2004.

In the two-year research, the expected differences in content levels of selected metabolites
between cultivars and among bending treatments (bent in late summer and in spring) were
confirmed. The most relevant results are those from the first year, since weather conditions
were similar to an average over several years. However, in the second experimental year,
lower temperatures and abundant rainy weather in summer could have influenced the
opposite reaction in content levels of metabolites, since the content levels of phenaolics tend
to be dependent on a variety of environmental factors (stress, temperature, light).
Moreover, the influence of internal factors (hormones, nutrients) cannot be ignored.
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