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Abstract

Pear as a fruit species forms various categories of fruit-bearing branches
during its life cycle. Depending on how many years it takes to form a young
fruiting wood of pear cultivar from its meristem, there can be an annual, biennial,
or perennial organogenesis cycle, which in the first place depends on cultivar’s
genotype, the rootstock on which the cultivar is grafted, the applied agricultural
techniques in nursery and other conditions. Knowledge of the individual pear
cultivars organogenesis cycle is the basis for planning regular and stable yields.
In order to determine the structure of a fruiting wood for an individual pear
cultivar, it is necessary to make analyses on individual increment categories;
what is developing from those increments in the following year. The
morphological characteristics of annual increments are analysed (spurs, stems,
and long shoots) of Packham’s Triumph pear cultivar, as well as the
morphological characteristics of each category’s annual increment bourse-over-
bourse, all with statistically significant difference between studied factors and
factorial levels. Peckham’s Triumph had higher average length of long shoots in
both examining years 2011 (53.63) and 2012 (45.33) and William's cultivar had
the shorter ones.

Key words: cultivar, fruit-bearing branch, bourse-over-bourse,
organogenesis.
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Introduction

All the organs of the fruit tree, vegetative and generative ones, have a
common origin from the originally grown meristem, i.e. the undifferentiated
meristem of individual growth points (meristem embryos, winter buds, etc.). By
dividing cells of meristematic tissue and its growth and differentiation, all the
temporary and permanent organs of the fruit are built. Thus, the living organism
development involves the growth and differentiation processes. The growth
process implies an irreversible increase in size and content, and differentiation
is defined as qualitative change in form and function. Organ formation from
each individual meristem implies a clearly defined occurrence and development
of growth and differentiation processes. This order in organ formation and
development is called organogenesis cycle.

The organogenesis cycle of cultivated plants is divided into 12 phases
(Kuperman, 1968). Isaeva (1978) retained this division, but because of the
specificity of the perennial plants organogenesis phase, certain phases are
broken down into a number of subphases. According to this division, the
numbering of all characteristic phenophases and micro-phenophases in the life
cycle of individual cultivated plant growth and development was performed
(Zadox et al., 1974; Tottman and Makepeace, 1979; Tottman et al., 1978) and
then the uniform codes for all phenophases and micro-phenophases in the
growth and development of dicots, monocots, weeds, and perennials
(Lancashire et al., 1991). Studying the Kuperman and Isaecva model, Mi¢i¢ and
Duri¢ (1994) created a model that basically accepts the 12 Kuperman phases,
where they simultaneously redefined the phases X, XI, and XII in accordance
with the basic principles of fruit trees growth and development, observed form
their biological individuality point of view. Mi¢i¢ and Puri¢ state the basis for
defining the phases in the fruit tree organogenesis cycle is the determination of
characteristic and, in analytical sense, complete processes in organ and tissue
differentiation in the annual cycle. This cycle division into 12 phases can
basically be accepted by defining a greater number of subphases which are
specific for different types of fruit trees (Mi¢i¢, 1992; Mici¢ and Puri¢, 1994;
Micéi¢ et al., 1997).

Pear yield depends on the age of pear trees and their varieties. The type
of pear yield changes with the transition from the initial yield phase to the full
yield phase. The first fruits are formed on twigs and short fruiting spurs on a
biennial wood. With the fruit wood aging (8-10), most varieties begin to yield
on short fruiting spurs (Gvozdenovi¢ et al., 1985). Retaining buds expected to
produce the best quality fruit and removing weak and poorly positioned buds
has been shown to improve fruit set of apples (Tustin et al., 2011).
Training branches to the horizontal, to control vegetative growth, could
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increase productivity of pears by reducing the proportion of vegetative buds
(Du Plooy et al., 2002). Varietal specifics of fruiting, i.e. different ratio in
growth and yield, the dominant disposition, type, and age of fruiting spurs in a
pear are not as elaborate as in an apple. More precisely, as a forerunner of this
research, a little less than 60 years ago, several research papers on apples were
published (Sansavini, 1966) in which only the basic individual parameters of
this process in a pear were processed.

Determinations and classifications of current pear varieties according to
the branching method, i.e. the type of habitus is practically non-existent in the
available literature. The reasons for the low interest of researchers in studying
the pear organogenesis should be sought in the fact that the pear is
predominantly grown on a quince rootstock, and in that combination of grafting
components, a bigger issue is meristem positioning in pomo-technical
approach, than it is the issue of twig and fruiting spur productivity (Mici¢ et al.,
2009). Nowadays, when the wild pear seedling was returned as a rootstock in
the cultivation system, the question of pear vyield tree organogenesis
programming is imposed as a basic issue. The research on lateral and premature
branching development in the initial development stages clearly shows that
there is a genotypic predisposition to a certain form of habitus (Sansavini and
Zocca, 1986).

Based on this research, pear varieties are divided into four groups. It is
important to denote that the variety classification according to the premature
lateral branching development in the initial development stages does not agree
with the pear variety classification according to a type of fruiting that is almost
simultaneously performed. According to probably still a unique pear variety
classification based on the type of fruiting (Sansavini, 1993), defined for the
pear assortment spread in Italy until 1960, pear varieties can be classified into
five characteristic groups, i.e., types of fruiting named after the typical
representative of that variety: I) William’s; II) Doyenne du Comice - Abate
Fetel; 111) Conference; IV) the Beurre Bosc and V) Passe Crassane. Typical
representatives of group Il are Doyenne du Comice and Abate Fetel pear
cultivars, and they are characterized by the fact that the cultivar fruiting of this
group is based on the stem formations that bear biennial branches (partly
triennial branches, too) i.e., productive tree carriers. In the second year, a large
number of shoots is formed that need to be thinned by pruning the twigs, but
then about 60-70% of production stabilizes on branches that are 2-3 years old.
Concorde and Packham’s Triumph pear varieties have very similar fruiting
characteristics. Increasing the leaf to fruit ratio and thus increasing the size of
the source relative to the sink is offered as an explanation for the improved fruit
size (Lakso et al., 1994; Winsche and Lakso, 2000).
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The morphological properties of the fruiting wood were significantly
affected by genotype and environmental factors. The aim of this study was to
determine the representation of the most desirable increments on fruit-bearing
Packham’s Triumph pear cultivars. Williams pear served as a comparative
cultivar.

Materials and Methods

The material for morphological analyses was taken from a 12-year-old
pear trees located in the Glamocani village, municipality of Laktasi. The
researches were performed in 2011 and 2012 on the Packham’s Triumph and
William’s pear cultivars, which were grafted on wild pear seedlings. The
analysis included the following growth categories: short wrinkled fruiting twigs
or spurs, hard fruiting twigs or shoots, long fruiting shoots, and bourse-over-
bourse. The following analyses were performed on each growth category:

1. Spurs — the length of the woody part of the twig in cm (during
winter dormancy period), and the number of fruits from a mixed
bud.

2. Shoots — the length of a twig (woody part of twigs), the number of
increments from lateral buds of the stem, the number of mixed buds
on a twig.

3. Long shoots — the length of a twig (woody part of the twig), the
number of mixed buds on the twig, the number of increments from
the lateral buds of the long fruiting shoots.

Statistical significance was set at p<0.05, by Fisher’s post-hoc Least
Significant Difference (LSD). Biometric processing was performed with the
help of the statistics software package SPSS 22 (IBM, 2013).

Results and Discussion

A young, fruiting wood of a pear tree is represented by increments
that develop from the lateral vegetative bud on a young tree, and produce fruit
for the first time. The length and age of these increments can vary depending
on the variety and age of the tree. According to Sansavini (1993), Packham’s
Triumph cultivar, based on a type of a dominant fruiting wood, belongs to IV
group of varieties in which a stem prevails as a dominant fruiting wood, while
the cultivar William’s belongs to type I cultivars, in which long shoots
predominate on young fruiting woods, while with the aging of trees, the share
of short shoots increases. The results of the length of different fruiting twig
growth categories of the tested pear varieties are presented in Table 1.
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Tab. 1. Average length of fruit-bearing branches of the tested pear cultivars (cm)

Growth categories

Cultivar Year
Long shoots Shoots Spurs
Packham’s 2011 53.63% + 2.94
Triumph 2012 4533508 16110 138012
e 2011 4452 +3.18
William’s 5012 28.88° + 3.07 1492 +1.13 2.76 +0.37

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.

The lengths of different fruiting twig types in the examined pear
cultivars were compared, and a statistically significant interaction of the
variety and type of a fruiting twig was observed (p=0.02). Statistical
difference between different types of fruiting twigs examined is highly
significant in the examined cultivars (p<0.01) where the long shoots are the
longest, followed by the stems and spurs. The tested varieties differ highly
significantly in the length of the long shoots, stems, and spurs (p<0.01). The
length of long shoots is higher in the Packham’s Triumph cultivar, compared
with the William’s cultivar. By the stem and spur length, the length of
William’s cultivar stands out significantly in relation to Packham’s Triumph.
By analyzing the data on the length of the long shoots of the examined
cultivars for two examining years, it was established that there is no
statistically significant interaction between the two factors (p=0.776).

The influence of the year is statistically highly significant (p=0.005).
Significantly greater length was recorded in 2011. The influence of the
variety is statistically significant (p=0.019). The Packham’s Triumph cultivar
is distinguished by a significantly greater twig length in comparison with the
William’s cultivar (p= 0,004). The number of mixed buds on the fruiting
wood of pear tree twigs can be greater than 1, because it often occurs that the
lateral buds on the summer shoots are mixed. Their number is different and
depends on the variety. In these studies, the results on the number of mixed
buds on the fruiting twigs of tested pear cultivars are presented in Table 2.

Tab. 2. Average number of mixed buds on different fruiting wood categories

Growth categories

Cultivar Year

Long shoots Shoots Spurs
a
Packham’s Triumph —2orr 1072005 4, 447 1
2012 1.22° £ 0.36
b4
William’s 2011 150 +0.14 1.2 +£0.09 1

2012 1.88" +0.29

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.
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Based on the data presented in Table 2, it can be seen that the greater
number of mixed buds was present with the William's cultivar on long shoots
and stems (1.50 and 1.88), which is in accordance with Rado$’s research
(2009) and that it was smaller in the Packham’s Triumph cultivar (1.22 and
1.07).

Based on the data obtained, the average number of mixed buds on
different twig types according to the pear cultivars examined, and it was
established that there is no statistically significant difference between the
cultivars examined (p< 0.01) and between different types of fruiting twigs in
number of mixed buds (p=0.05). A slightly lower average number of mixed
buds is indicative on long shoots in the Packham’s Triumph cultivar in
comparison with stems, but with no statistically significant influence
observed. The number of mixed buds on the long shoots did not depend on
the combined influence of the variety and year (p=0.568). In 2012, there was,
on average, significantly more (p=0.027) mixed buds compared with 2011.
The variety had highly significant impact (p<0.001). Packham’s Triumph had
a smaller number of mixed buds than the William’s cultivar (p<0.023). In the
pear, reproductive buds are formed almost exclusively terminally on spurs
(Tromp, 2000). The pear tree fruiting wood renewal depends on the start of
the development of buds that are present on last year’s summer shoots. The
greater the number of the buds appearing, the greater the possibility for
increased fruiting potential. The number of increments which originated from
the lateral buds of the examined pear cultivars are presented in Table 3.

Tab. 3. Average number of increments arising from the lateral buds of different
pear tree fruiting wood categories on the examined pear cultivars

Growth categories

Cultivar Year

Long shoots Shoots Spurs
a
Packham’s Triumph 2011 14'23:3 +0.96 3.20 £ 0.22 0
2012 10.22" + 1.67
e 2011 9.40° + 1.02
William’s 5012 6.00°% 063 3.00+£0.31 0

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.

Based on the data presented in Table 3, it can be seen that a greater
number of increments on long shoots was present with the Packham’s
Triumph cultivar (14.23) and smaller number (6.00) was present in William’s
cultivar in 2012. The same trend was also observed with the stem, which is
not in accordance with the cited literature (Rados, 2009). Based on the
obtained results, the average number of increments from lateral buds on long
shoots and stems was analyzed and a statistically significant interaction
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between the variety and the type of a fruit-bearing branch was found
(p<0.01). Packham’s Triumph stands out from the William’s cultivar
statistically significantly highly, by the greater number of lateral increments
on long shoots. Long shoots have a consistently higher number of increments
than the stems have on both varieties tested (p<0.01). The number of
increments on long shoots was not affected by the examined factors in
combination (p = 0.848). In 2011, there was a statistically significantly higher
increase (p<0.001) in comparison with 2012. The varieties also differed
significantly (p<0.001). The Packham’s Triumph cultivar had highly
significantly more increments than William’s (p< 0.001).

Fruit leaves represent temporary organs whose main function is
photosynthetic activity. Their function begins with their very first appearance
on a tree, and ends in October. In order to supply the fruit with photosynthetic
assimilates, a certain number of leaves per fruit is necessary. This number is
different for different varieties. Number of leaves on all lateral increments of
the examined pear cultivar fruiting twig type is presented in Table 4.

Tab. 4. Average number of leaves on lateral increments of fruiting twigs in the
young pear cultivars examined

Growth categories

Cultivar Year Long shoots Shoots Spurs
, 2011 62.60% + 5.02
Packham’s Triumph S 12.97 +0.98 0
2012 37.00" + 6.87
e 2011 46.73" + 4.60
William’s 2012 26.13% % 2.86 3.00+0.31 0

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.

Based on the data presented in Table 4, it can be concluded that the
photosynthetic activity, which was expressed through the number of leaves in
2011, was more enhanced in comparison with 2012. Greater number of leaves
on the increments of long shoots was in the Peckham’s Triumph cultivar
(62.60) and the smaller number of leaves was in the William’s cultivar
(26.13). Also, a larger number of leaves was recorded on the stems of
Packham’s Triumph (12.97) in comparison with the William’s cultivar (3.00).
Analysing the average number of leaves from lateral buds on long shoots and
stems, a consistent significant difference was found between the examined
cultivars by the number of leaves (p=0.02) and between different twig types
examined (p<0.01). Packham’s Triumph stands out statistically significantly
(p<0.01) by a larger number of leaves on fruiting William’s pear twigs. The
examined cultivars reacted consistently in both examining years (p=0.883). In
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2011, the number of leaves was significantly higher than in 2012 (p<0.001).
The varieties differed significantly (p<0.041), too. Packham’s Triumph had a
significantly larger number of leaves (0.013) in comparison with William’s.

The fruit is the target organ of fruit production; the fruit yield per area
unit depends on the number of fruits and the average fruit weight, which
implies the success of certain production. Number of fruits per different types
of examined pear cultivar fruiting twigs is presented in Table 5. Based on the
data presented in Table 5, it can be seen that the larger number of fruits per
mixed bud was in the William’s cultivar (1.76) on a long shoot, and the
smaller number of fruits on a stem was in the Packham’s Triumph cultivar
(1.03).

Tab. 5. Average number of fruits on the examined pear cultivar’s fruiting twigs

Growth categories

Cultivar Year Long shoots Shoots Spurs
N 2011 1.23% £ 0.09
Packham’s Triumph 2012 1332018 1.13+0.08 1.03+0.03
2011 1.57" +0.09

William’s 2012 1767+ 025 153+0.11 1.30+0.10

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.

By analyzing the number of fruits from mixed buds in the examined
cultivars, a statistically significant combined influence of variety and type of
a fruiting twig on the average number of fruits from a mixed bud was
observed (p=0.02). In the examined Packham’s Triumph and William’s pear
cultivars, the year did not have a significant effect on the number of fruits per
mixed bud, which completely agrees with the results obtained by Rados
(2009). The number of young trees which are formed from vegetative growth
points of bourse-over-bourse is important, because the leaves are formed on
them, and in the following seasons they can be fruiting wood or fruiting wood
carriers. Their number depends on many factors, and is often a varietal
characteristic. Number of young shoots on bourse-over-bourse of the
examined pear cultivars is presented in Table 6. As can be seen in Table 6, the
largest number of formed young shoots was recorded with the William’s pear
cultivar (1.75) on long shoots, and the smallest number was recorded with the
Packham’s Triumph pear cultivar on stems (1.1).

168 Agro-knowledge Journal, vol. 21, no. 4, 2020, 161-172



Tab. 6. Average number of young shoots developed from a bourse-over-bourse of
the examined pear cultivars

Cultivar Year Growth categories

Long shoots Shoots Spurs

a
2011 159°2009 1451006 1.30+0.09

Packham’s Triumph 2012 1672 £0.18

e 2011 1.59% +0.12
William’s 2012 1757+ 0.25 1.30 £ 0.09 1.31+0.10

Different letters in a column indicate significant differences (P<0.05), according to the Fisher's LSD test.

By analysing the obtained data, no consistent difference was observed
in the average number of young shoots from a mixed bud in the examined
Packham’s Triumph and William’s pear cultivars (p=0.347). Long shoots
consistently had a higher number of young shoots (p<0.01) in comparison
with the stems and spurs, between which there was no statistically significant
difference (p=0.43).

Conclusion

Based on the results presented, it can be concluded that Peckham’s
Triumph had higher average length of long shoots in both examining years,
and that the William's cultivar had the shorter ones. There are statistically
significant differences in the length of long shoots between the cultivars
examined and their examining years. The highest average shoot length was in
the William’s pear cultivar (14.92) and it represents a statistically significant
difference in comparison with the Packham’s Triumph pear cultivar. The
number of mixed buds on long shoots was not statistically different between
the cultivars examined. The differences in the number of mixed buds on
stems and spurs were not statistically significant. On the summer shoots from
the previous vegetation, the larger number of developed increments from
lateral buds was recorded in the Packham’s Triumph pear cultivar (14.23) in
2011, and the smaller number was recorded in the William’s pear cultivar
(6.00) in 2012, on long shoots. The variety and the year had a statistically
significant influence on the number of lateral increments of long shoots.
Compared with the average number of leaves on young shoots formed from
lateral buds, the examined cultivars reacted consistently over the years, but by
the number of leaves, the Packham’s Triumph pear cultivar stands out
statistically significantly. The number of young shoots on mixed pear bud
ranged from 1.1 on the Packham’s Triumph cultivar stem up to 1.75 on the
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William’s pear cultivar long shoot. Differences in the number of young shoots
for individual fruiting wood categories of the examined pear cultivars did not
show statistically significant differences. From the aspect of fruiting twig
productivity, it can be denoted that the most productive fruiting twig type, in
all cultivars examined, was a long shoot, then spur and stem.
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Mopdonolke KapaKTepUCTUKE POJHOT APBETa KPYIIKE COPTE
Pakams triumf

Jbybomup Pazor’, Tama KpMHOTl, bornan ]_HopMa32

1YHLteepwmem y Bawoj Jlyyu, Ilowonpuepeonu gaxyasmem, Penyonruxa Cpncka/
bocna u Xepyezosuna

2l[eHmap 3a pazeoj nowonpuepede u cena, I pad bara Jlyxa, Penybauxa Cpncxa/
bocna u Xepyezosuna

Caxerak

Kpymka kao BohHa Bpcra y TOKY JKMBOTHOT IWKIyca (opMupa pasHe
KaTeropuje poJHUX TpaHuYHIa. Y 3aBHCHOCTH O TOra KOJHMKO TOJMHA j€ MOTPEOHO
Ja ce o1 OOYHE BereralyoHe Kyre (GpopMupa miiajgao PoaHO JAPBO TOBOPUMO O jEIHO
JIBO WJIM BHILIETOAWUIIKHEM IHUKIYCY OpraHoreHe3e, IITO y MPBOM PEIy 3aBUCH O]
TEHOTHIIA COpTe, TOJIOTe Ha KOjUMa je copTa yKaJleMJbeHa, IPHUMHjCHEHE
arpoTeXHUKe y 3acaay W JApyrux yciosa. [lo3HaBame IMHKIyca OpraHoreHese
TI0jeTMHUX COPTH KpYIIIaKa je OCHOBA IUIaHUpamka PEIOBHUX M CTAOMITHHUX TTPHHOCA.
Jla OucMO YTBpIUIHM CTPYKTYPYy POJHOr JIpBEeTa 3a IMOjeIMHY COPTY KpYIIKE
HEOITXOMIHO j& Ja Ce ypaJie aHaJM3€ MOjeNNHAYHUX KaTeropHja IMpHpacTa, IITa ce
pa3BHja U3 TUX MPUpAcTa Y HApETHOj TONWHH. Y pajay Cy aHaIM3upaHe Mopdoomke
KapaKTepUCTUKE jeOHOTOAWIIBUX IpHUpacTa (CTalmyWila, CTanmka W Ayra BHUTa)
kpymke copre Pakams triumf, xao m mopdomomke KapaKTepHCHCTHKE POIHOT
Kollaya oOJl CBaKe KaTeropHje jEJIHOTOJMINLEI TpUpacTta, €a CTaTUCTUYKH
3HAa4YajHOM pa3imkoM u3mel)y mpoydaBanux (hakropa u HUBooM (hakropa. Pakams
triumf mmao je Behy mpocjeuny myxuHy nayre Bute W y ucnurtuBanoj 2011.
roauau (53,63) 'y 2012. (45,33), a copra BumjamoBka je ©Malia Mamy.

Kwyune pujeuu: copra, pogHa rpaHa, poJIH1 Kojay, OpraHOreHesa.
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