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ABSTRACT

The study was carried out in the Przybroda experimental orchard near Poznan, Po-
land, using the three apricot cultivars: Goldrich, Hargrand and Sirena. The trees were
trained to three canopy vase forms. Every year, in spring, shortly after the blooming
period, apricot tree shoots were shortened by one half, or by one third of their length.
The control trees were not shortened. The influence of the shortening of the shoots on
tree growth, morphology of fruit bearing zone, flower bud setting, and tree yielding
was studied. Trees with shoots shortened by one half of their length developed
agreater number of branched shoots than the control trees, but, at the same time, they
developed less spurs. The best yielding results were obtained from the ‘ Sirena’ trees,
while the lowest yielding results were obtained from ‘Goldrich’. Trees with a vase
canopy form, with 7-9 limbs and branches, and with shoots shortened by one third of
their length, yielded better than the trees of the two other canopy forms.

Key words: gpricot trees (drmeniaca vulgaris Lam.), fruiting, growth pattern, pruning,
training

INTRODUCTION

During early development, apricot
trees in good habitats are characterized
by a strong monopodia and elongation
growth caused by apical domination
(Philips, 1975), cresting very loose,
wide tree canopies. In our experiment,

we aso observed such characteristic
features during the first few years that
the young trees were growing (Szklarz
et a., 2011). Researchers are con-
vinced that auxins produced by the
shoot top are the main factor which
impedes the development of axillary
buds (Mclntyre, 1964).
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The most popular apricot tree
canopy form is the vase form. But
there is not enough information
about the proper vase canopy needed
in Poland — where there is not too
much sunlight. The important
agrotechnical details are; number of
boughs and branches, and the shoots
pruning system. Pruning ensures
good air flow throughout the tree
canopy helping to prevent some tree
diseases (Demirtas et a., 2010a).
According to Demirtas et a. (2010b),
summer pruning promotes the accu-
mulation of carbohydrates. Accord-
ing to Sosna and Licznar-Matanczuk
(2012) the overly strong growth of
apricot trees can be reduced by using
adequate rootstock.

The objective of our study was
the assessment of the effect of three
different canopy forms and the as-
sessment of the shortening of the
shoots, on the growth and on the
structure of the fruit-bearing zone as
well as on the yielding, of three apri-
cot cultivars.

MATERIAL AND METHODS

A two-factorial experiment was
carried out in an experimental or-
chard in Przybroda near Poznan,
Poland during the 2007-2008 time
period. Apricot (Adrmeniaca vulgaris
Lam.) trees grafted on apricot seed-
ling rootstock were planted in the
spring of 2004, on a grey-brown
podzolic soil created on boulder clay.
Tree spacing was 4.0 x 25 m. The
experiment included three apricot
cultivars: Goldrich, Hargrand and
Sirena. The trees were planted in the
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spring and pruned to the height of

60 cm. The next year, three forms of

tree vase canopy, and shoot shorten-

ing performed shortly after blooming
time, were applied:

a) vase canopy with 10-12 limbs and
branches, shoots shortened by
about one half of their length;

b) vase canopy with 7-9 limbs and
branches, shoots shortened by
about one third of their length;

c) the control consisted of: vase
canopy trees with 4-6 limbs and
branches, shoots were not short-
ened at all.

The experiment was established
in a random block design with four
replications (3 trees in each repli-
cation).

Apricot trees bloomed in mid
April. The following assessments
were carried out: growth, morphol o-
gy of the fruit bearing zones, and
fruit yielding. Fruits were harvested
afew times for each cultivar, and
always at harvest maturity. Results of
the experiment were datistically
analyzed using the STAT program,
analysis of variance for two-factorial
experiments, and the Duncan’ s test at
the significance level of p=0.05.

RESULTSAND DISCUSSION

Inour study, an attempt was made
to limit intensive elongation growth
of the strongest shoots by shortening
them so that a greater number of
shoots could be obtained. This treat-
ment was carried out shortly after
tree blooming so as not to cause
shock and loss of fruit buds. Thefruit
buds are dready present on the
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shortened shoots. In autumn 2007,
tree measurement showed that the
heading of shoots by one half and by
one third of their lengths, contributed
to the lowering of ‘Goldrich’ cano-
pies height, in comparison with the
control trees. The canopies of the
two other tested cultivars Hargrand
and Sirena were not lowered from
having their shoots shortened. On the
average, the lowest trees included the
trees of ‘Sirena, while the highest
ones were represented by ‘ Goldrich’.
Shoots shortened by one half caused
areduction of tree height in compari-
son with rest of the trees (Tab. 1).
Several authors noticed that tree
pruning reduced excessive tree
crown height and size (Carlson,
1982; Mika, 1986; Radajewska and
Szklarz,  2008; Szklarz  and
Radaj ewska, 2009).

In 2007, shoot shortening did not
decrease the tree canopy projection.
Aside from canopy form and shoot
shortening, the tree canopy remained
in a similar form. However, the tree
canopies differed in the trees of the
studied apricot cultivars. The widest
canopies were shown by ‘Sirena’,
whose canopy projection was 6.4 nv,
while the trees of ‘Goldrich® and
‘Hargrand’ had significantly smaller
canopies, showing a projection of
5.0 and 5.4 m? respectively (Tab. 1).

In 2007, the tree canopy forms
and shoot shortening did not cause
any significant effect on the incre-
ment of trunk cross-section area
(TCSA) within the given combina-
tion, with the exception of the
‘Hargrand’ trees The control trees
showed a smaller TCSA in compari-
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son with trees possessing the highest
number of branches. The ‘Hargrand’
trees had the smallest TCSA, in
comparison with the other two stud-
ied cultivars (T ab. 1).

The control trees were character-
ized, on the average, by the smallest
number of branched shoots with
adiameter > 0.5 cm, on a previous
year's shoot, in comparison with
trees with shortened shoots in the
year 2007. The least number of such
shoots was observed, on the average,
on the trees of ‘Hargrand’, while the
greatest number was found on the
trees of ‘Sirena (Tab. 1). According
to Marini (1984; 1985), significantly
less flower buds were found on
branched shoots. Such information is
valuable to know when it comes to
future fruiting.

In 2007, on the three studied cul-
tivars, the number of unbranched
shoots with a diameter > 0.5 cm on
the shoot from the previous year, was
higher in the combination with the
greatest number of branches, and
with shoots shortened by one half of
their length. At the same time, the
trees of ‘Goldrich’ with 7-9 branches
and shoots shortened by one third of
their length also had more of such
shoots, in comparison with the con-
trol trees. The control trees were
characterized by the smallest num-
ber of shoots from the previous
year when compared with trees
having shortened shoots (Tab. 1).
Unbranched, thick shoots, 50-
60 cm long are the most valuable
shoots for future fruiting because
they develop the most shapely
formed fruits.
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Table 1. Growth and yielding of apricot trees for 2007

Canopy form
Cultivar 10-12 limbs and 7-9 limbs and branches  The control: 4-6 limbs M ean for
branches, shoots shoots shortened 1/3  and branches, shootsnot  cultivar
shortened 1/2 length length shortened
Goldrich 3.0 bcr 31 ¢ 34 d 31 ¢
Tree canopy height [m] H.argrand 29 bc 31 ¢ 2.9 bc 30 b
Sirena 26 a 28 ab 2.8 ab 27 a
Mean for canopy form 28 a 30 b 30 b
Goldrich 50 ab 5.3 abc 48 a 50 a
A > Hargrand 55 ad 48 a 58 ad 54 a
Tree canopy projection [mr] g oy 6.2 b-d 64 cd 6.7 d 6.4 b
Mean for canopy form 55 a 55 a 58 a
Goldrich 65.6 ab 741 b 731 b 709 b
Trunk cross sectional area Hargrand 672 b 66.7 ab 589 a 64.3 a
TCSA [cm] Sirena 726 b 732 b 731 b 729 b
Mean for canopy form 68.5 a 713 a 68.3 a
Goldrich 32 ¢ 31 bc 11 a 25 ab
(Ijirz;ar:i:rdr;ﬁucrftt)z:oglsa;myear’s Hargrand 28 abc 15 ab 12 a 18 a
shoot ’ Sirena 43 c 39 c 1.0 a 31 b
Mean for canopy form 34 b 28 b 11 a
Goldrich 2.8 bc 2.7 bc 11 a 22 a
Unbranched shoots > 0.5 cm
‘ , Hargrand 2.7 bc 15 ab 11 a 17 a
gr'ggfter’ number on last year's g0 35 c 25 abc 10 a 23 a
Mean for canopy form 30 b 22 b 1.0 a
Goldrich 01 a 01 a 0.8 a 03 a
- § Hargrand 02 a 07 a 28 b 13 b
Yielding [kg-tree’ Srona 11 a 27 b 55 ¢ 31 ¢
Mean for canopy form 04 a 12 b 31 ¢

*Means indicated by the same letter do not differ significantly at p = 0.05 [Duncan’s test]. Statistical analysis was made separately for each characteristic
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Table 2. Growth and yielding of apricot trees for 2008

Effects of shoot heading on three canopy ...

Canopy form
Cultivar 10-12 limbs and 7-9 limbs and branches, The control: 4-6 limbs Mean for
branches, shoots shoots shortened1/3  and branches, shoots not cultivar
shortenedl/2 length length shortened
Goldrich 33 c¢* 33 ¢ 38 d 35 b
T height Hargrand 30 ab 3.2 abc 3.3 bc 31 a
ree canopy height [m] Sirena 29 a 3.1 ahc 3.2 abc 31 a
Mean for canopy form 31 a 32 a 34 b
Goldricr:j 84 ab 8.1 ZB 8.9 gb 85 a
N 5 Hargran 71 a 7.7 9.3 80 a
Tree canopy projection [] Sirena 7.8 &b 8.8 @ 127 ¢ 98 b
Mean for canopy form 78 a 82 a 103 b
Goldrich 78.6 abc 86.1 abc 914 c 854 b
Trunk cross sectional area Hargrand 734 ab 752 ab 718 a 735 a
TCSA [cm?] Sirena 79.3 abc 87.6 bc 84.1 abc 83.7 b
Mean for canopy form 771 a 829 a 824 a
Goldrich 354 d 305 d 208 bhc 289 c
Flowers number on shoots of Hargrand 228 ¢ 191 bc 157 bc 192 b
branch Sirena 191 bc 125 ab 57 a 124 a
Mean for canopy form 257 ¢c 207 b 140 a
Goldrich 127 b 126 b 204 ¢ 152 b
Flowers number on spurs of Hargrand 145 b 152 b 157 b 151 b
branch Sirena 81l a 128 b 143 b 117 a
Mean for canopy form 118 a 135 a 168 b
Goldrické| 0.18 g 0.15 g 0.18 g 0.17 g
L o Hargran 0.33 0.41 0.35 0.37
Productivity index [kgem™] g ona 0.38 b 0.40 b 0.33 b 037 b
Mean for canopy form 0.30 a 032 a 0.29 a
Goldrich 140 a 140 a 165 ab 149 a
—_ 1 Hargrand 247 b 309 b 247 b 268 b
Yielding [kgitree] Sirena 304 c 386 d 276 c 22 ¢
Mean for canopy form 230 a 278 b 229 a

*Explanations: see Table 1
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In 2007, early frosts damaged the
majority of flower buds. The trees
bloomed abundantly, but the fruiting
was poor. Within the ‘Hargrand’, the
control trees were fruiting better when
compared with the two remaining
treetments. According to Liczna-
Matanczuk and Sosna (2005&b),
‘Hargrand’ represents one of the culti-
vars good for commercia production in
the Polish region of Lower Silesa be-
cause of the cultivar's favourable char-
acterigtic features, like: the blooming
period, harvest time, fruiting, fruit quali-
ty and low susceptibility to Monilinia
laxa Sacc. The best yidding was shown
by the ‘Sirena control trees, while the
poorest yidding was obtained from
trees of the same cultivar with the
greatest number of limbs and
branches, and with shoots shortened
by one half of their length. A com-
parison of the mean results obtained
from the analysed cultivars indicated
that ‘Sirena’ yielded in the best way,
while ‘Goldrich’ showed the poorest
yielding. In the preceding studies,
Szklarz et al. (2011) also found that
‘Goldrich’ trees gave the poorest
yield. On the average, the best was
the yielding; of the control trees
(3.1 kg-tree™). On the other hand, the
poorest yield was shown by the trees
with the greatest number of limbs
and branches, and with shoots short-
ened by one half of their length
(0.4 kgtree") (Tab. 1).

In 2008, a detailed assessment of
tree growth revealed that the form of
tree canopy and the shortening of
shoots significantly decreased the
tree canopy height of the most inten-
sively growing ‘Goldrich’ whose
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height surpassed 0.5 m. Generdly,
‘Goldrich’ had the highest canopies
compared to the trees of the two oth-
er studied cultivars. But, the control
trees had the highest canopies, when
comparing trees whose shoots had
been shortened (Tab. 2).

In 2008, the shoots shortened by
one haf of their length on ‘Hargrand’
trees with 10-12 limbs and branches,
caused a decreased projection of their
canopies. On the other hand, the con-
trol  trees of ‘Srena had
a significantly greater canopy projec-
tion, as compared with the remaining
trees of this cultivar. Among trees of
the studied cultivars, the ‘Sirena
trees had the widest canopy projec-
tion, in comparison with the trees of
‘Goldrich’ and ‘Hargrand’. The con-
trol trees showed the greatest canopy
projection when compared with trees
whose shoots had been shortened
(Tab. 2).

Within the range of the cultivars
gudied in 2008, there were no differenti-
aions in the TCSA as far as the vase
canopy fom and the shortening of
shoots was concerned. Only in the
‘Hargrand’, was the TCSA amdller than
inthetwo remaining cultivars (Tab. 2).

In 2008, trees bloomed abundantly.
The number of flowers on shoots, on
the branches of the ‘Goldrich’ control
trees, was smaller than the number of
flowers on the branches of trees with
shortened shoots. On the other hand,
on the branches of the control trees of
‘Sirena’, the number of flowers on
shoots was smdler than on the branch-
es of trees with shoots shortened by
one half of their length. On the aver-
age, the number of flowers on shoots
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of the ‘Goldrich’ branches was the
greatest, while on ‘Hargrand’, there
was an average amount of flowers,
and on the shoots of ‘Sirend, the
number of flowers was the smallest.
The canopy type trees with 10-12
limbs and branches, whose shoots
had been shortened by one half of
their length, had the greatest number
of flowers on the shoots of branches,
while the control trees showed the
smallest number of flowers (T ab. 2).
Demirtas et a. (20108 found that
pruning at preharvest time, before
bud differentiation, exerted a positive
effect on the formation of flower
buds on apricot trees. Day et a.
(1989); Furukawa et a. (1992) and
Myers (1993) found that after prun-
ing different fruit trees, the flower
bud formation was better.

In 2008, the number of flowers on
spurs of the control cultivar
‘Goldrich’ was the greatest, in com-
parison with trees whose shoots were
shortened. On the other hand, the
trees of ‘Sirena’ developed the least
number of such flowers in the com-
bination with 10-12 limbs and
branches, and with shoots shortened
by one half of their length, in com-
parison with the remaining trees of
the same cultivar. On the average,
the greatest number of flowers on
spurs had developed on the branches
of ‘Goldrich’ and "Hargrand’, while
‘Sirena showed the smallest number
of flowers. Generaly, the canopy
form and shoots shortening did not
exert any effect on the number of
flowers (Tab. 2). According to Ma-
rini (1984), there usualy appear nu-
merous flower buds on spurs, how-
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ever fruits developing from them are
smaller than the fruits developed on
shoots.

In 2008, the productivity index in
the trees of ‘Hargrand’ and ‘Sirena
was high (0.33-0.41 kg-cm?), regard-
less of the canopy form and shoot
shortening. On the other hand, in the
‘Goldrich’ trees, the productivity index
was low (0.15-0.18 kg-cm?). The dif-
ferences within the cultivars, though,
wereinggnificant (Tah 2).

In the discussed year of studies,
the number of unbranched shoots
with a diameter > 0.5 cm on the
branches of ‘Goldrich’, was the
smallest in the control combination,
in comparison with trees whose
shoots were shortened. On the trees
of ‘Goldrich’, the mean number of
shortened shoots was higher than on
the trees of the two remaining culti-
vars. Trees with 10-12 limbs and
branches, and with shoots shortened
by one haf of their length showed
agreater number of such shoots, in
comparison with the two remaining
types of vase canopy forms (Tab. 3).

In 2008, the canopy type having
shortened shoots, had no effect on the
average length of unbranched shoots
with a diameter > 0.5 cm, on branches
within cultivars. At the same time, the
mean for cultivar and the mean for
canopy type did not show differentia-
tions in this characterigtic (Tab. 3).

In 2008, the shoot lengths on the
branches of ‘Goldrich’, were greater
in both types of canopies with short-
ened shoots, in comparison with the
control trees. The ‘Goldrich’ trees
showed, on the average, the highest
total shoot length on branch, while
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Table 3. Characteristic of fruit-bearing zone of apricot treesfor 2008

Canopy form
culti 10-12 limbs and 7-9 limbs and branches, The control: 4-6 limbs Mean for
ultivar )
branches, shoots shoots shortenedl/3  and branches, shoots not cultivar
shortened 1/2 length length shortened

Goldrich 6.2 c* 52 bc 27 a 47 b
Unbranched shoots with adiam- Hargrand 37 ab 25 a 20 a 27 a
eter > 0.5 cm, number on branch  Sirena 35 a 30 a 35 a 33 a

Mean for canopy form 45 b 36 a 27 a

Goldrich 50.3 ab 51.0 ab 40.7 ab 473 a
Length of unbranched shoots
. ) Hargrand 36.7 ab 322 a 483 ab 391 a
with adiameter > 0.5 cm on )

Sirena 533 b 383 ab 469 ab 46.2 a
branch [cm]

Mean for canopy form 468 a 405 a 453 a

Goldrich 316.0 c 2777 ¢ 1055 ab 2331 ¢
Tota shoot length on branch Hargrand 1440 ab 822 a 76.0 a 100.7 a
[cm] Sirena 1882 b 110.7 ab 168.0 ab 155.7 b

Mean for canopy form 2161 b 156.9 a 1165 a

Goldrich 157 a 210 a 400 ¢ 256 a

Hargrand 20.7 a 225 a 34.7 bc 260 a
Spur numbers on branch .

Sirena 230 a 160 a 275 ab 222 a

Mean for canopy form 198 a 198 a 341 b

*Explanation: see Table 1
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the smallest total shoot length was
shown by ‘Hargrand’ . Generdly, the
vase canopy form with 10-12 limbs
and branches, and with shoots short-
ened by one hdf of ther length
showed the highest summarized length
of shoots on branches, in comparison
with the two remaining types of cano-
pies (Tab. 3). Radgjewska and Szklarz
(2009ab) obtained similar results in
peach and nectarine trees after an
intensive regeneration pruning. The
lowest total shoot length was record-
ed in dlightly pruned trees, in com-
parison with the strongly pruned
trees.

In 2008, the control trees of
‘Goldrich’ and ‘Hargrand’ had the
greatest number of spurs on the
branches, in comparison with trees
with shortened shoots. Generally, no
significant differences were found
between the trees of the studied cul-
tivars. On the other hand, in refer-
ence to the canopy type and the
shortening of shoots, the control trees
possessed significantly more spurs
than the trees with shortened shoots
(Tab. 3). Smaller fruits develop on
spurs than on shoots.

In 2008, the yielding of trees was
very high. The greatest number of
fruits was collected from the trees of
‘Sirend where the trees had a vase
canopy with 7-9 limbs and branches,
and where shoots had been shortened
by one third of ther Ilength
(38.6 kgtree™). Trees of ‘Sirend gave
the best yidlds (32.2 kgtree™), while the
trees of ‘Goldrich’ showed the poorest
yidding results (149 kgtree™). In
2006 (Szklarz et d., 2011), ‘Goldrich’
trees also gave the poorest yields.
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When we analyze the mean results
referring to the canopy type, we can
see that trees with a vase canopy
having 7-9 limbs and branches, and
with shoots which had been short-
ened by one third of their length,
clearly showed a better yielding
(27.8 kgtree'™) than the trees of the
two other canopy types (22.9 kgtree™
— the control and 23.0 kg-tree” — with
10-12 limbs and branches and with
shoots shortened by one half of their
length) (Tab. 2). Son and Kuden
(1998) found that 1-year old apricot
trees which were pruned in August,
gave a much better yield the follow-
ing year, than the trees which had not
been pruned. Demirtas et a. (2010a)
reported the highest yield in TSCA
was obtained from apricot trees
pruned in summer in the preharvest
period, while the lowest yield was
obtained from trees pruned in sum-
mer after harvest. Different tree
pruning effects which were specific
for different fruit species (peach,
plum, sweet cherry) were found by
some other authors (Daulta et al.,
1986; Miller, 1987, Tehrani and
Leuty, 1987; Chitkaraet a., 1991).

CONCLUSIONS

1. Shortening shoots is a favourable
treatment for decreasing the
height of strongly growing apricot
trees.

2. Canopy form and the shortening
of the shoots did not influence the
increment of trunk cross-sectional
area (TCSA) in the studied apri-
cot trees.

3. Shortened shoots improve the struc-
ture of the fruit-bearing zone of
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trees. This treatment contributed to
the increased number of branched
and unbranched shoots with adiam-
eter > 0.5 cmin comparison with the
control trees.

4. The control trees developed more
spurs than the trees with shortened
shoats.

5. Shortening shoots contributed to
an inaeased number of flowers
on shoots but at the same time, it
caused a decrease of the number
of flowers on spurs.

6. In both years of the study, the
trees of the'Sirena’ gave the best
yields, while the poorest yields
were obtained from the trees of
the* Goldrich'.
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WPLYW SKRACANIA DLUGOPEDOW U TRZECH
FORM KORONY WAZOWEJMORELI
(Armeniaca vulgaris Lam.) NA ICH WZROST
| PLONOWANIE

Michat Szklarz, Bozena Radajewska, Monika Kluczynska
i Ewa Gtowacka

STRESZCZENIE

Agrotechnika uprawy moreli (4drmeniaca vulgaris Lam.) w Polsce jest stabo opra-
cowana. W 2007 roku w Przybrodzie koto Poznania podj¢to badania nad formowa-
niem i cieciem trzech odmian moreli (Goldrich, Hargrand i Sirena) prowadzonych
w trzech formach korony wazowej. Wiosna po kwitnieniu drzew skracano dtugopedy
0 1/2 i 1/3 diugosci lub nie skracano (w kombinacji kontrolngj). Oceniano wptyw
skracania dtugopeddéw na wzrost drzew, morfologie strefy owoconosnej, zawiazywa-
nie pakéw kwiatowych i plonowanie. Ngjwyzsze korony miay drzewa kontrolne
w poréwnaniu ze skracanymi o 1/2 diugosci dtugopedami. Drzewa ze skracanymi
dtugopedami w poréwnaniu z drzewami kontrolnymi miaty wigksza liczbe warto-
sciowych, rozgatezionych oraz nierozgatezionych diugopedéw na ubiegtorocznym
przyroscie i jednoczesnie miaty mnigj krotkopeddw. Najlepszym plonowaniem wy-
rézniaty sie drzewa ‘Sirend, a nagjdabig plonowaly drzewa ‘Goldrich’. Drzewa
0 koronie kottowej z 7-9 konarami i gateziami i z diugopgdami skracanymi o1/3
dtugosci odznaczyty si¢ lepszym plonowaniem w poréwnaniu z dwoma pozostatymi
formami korony.

Stowa kluczowe: morela (Armeniaca vulgaris Lam.), formowanie, cigcie, morfologia
wzrostu, owocowanie
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