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ABSTRACT

In 2003 and 2004 the volume of ‘Jonagold’ and ‘Gala Must’ (Malus domestica
Borkh.) apple fruitlets and their concentrations of starch, amylose and amylopectin
were assessed at two-week intervals. The investigations started in the 7" or 8" week
after full bloom (WFB) and continued until harvest. ‘Gala Must’ apples contained, on
average, about 40% more starch than ‘Jonagold’ apples. The dominant starch form
was amylopectin; its maximum content was 68% in ‘Jonagold’ and 63% in ‘Gala
Must’ apples. The dynamics of the changes of the starch content and its components,
in growing and maturing apples, revealed considerable differencesin both years of the
experiment. In 2003, the highest starch accumulation occurred in the 7" WFB for both
apple cultivars, whereas in 2004, fruits of ‘Jonagold’ showed the highest starch accu-
mulation in the 14" week, and those of ‘Gala Must’ in the 12" week. At this stage,
apple fruit volume was 2.5 times smaller in 2003 than in 2004. It seems that higher
than average temperatures at that time were the main factor determining considerable
enhancing of starch accumulation in apple fruitlets in 2003. In both years, the period
of starch breakdown in ‘Jonagold’ apples was two weeks shorter than in ‘Gala Must’

apples.
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INTRODUCTION

Changes of garch content are
aarticularly interesting biochemical
processes in growing fruitlets and
maturing apples. The analysis of
starch conversion to monosaccha-
rides is, among others, one of the
essential indicators determining the
optimum date of apple harvest, to
guarantee the best apple post-harvest
quality (Kvikliene, 2001). The com-
monly used starch index, i.e. refer-
ence chart based on visual analysis of
an apple cross-section area dyed with
iodine solution, was recently shown
to change in a sigmoidal pattern dur-
ing fruit development (Peirs et a.,
2002).

Starch is a plant reserve polysac-
charide; atransient form of carbohy-
drates in apples. It is composed of
amylose, alinear polymer of glucose,
and prevailing amylopectin with
greater and branched molecules.
Starch accumulates in chloroplasts
and amyloplasts as granules, charac-
teristic for a given species. In apples
they are spherical with a smooth
surface, though sometimes cracked
(Ohmiya and Kakiuchi, 1990), with
the diameter between 2 and 12 pum
(Carrin et al., 2004; Stevenson et dl.,
2006). The greatest number of starch
granules is to be found on the outer
part of an apple, close to the skin.
The least amount of starch granules
may be encountered inside the flesh,
around the seed socket (Brookfield et
al., 1997). It is afact that starch con-
tent in apple flesh is low at the initia
phase of fruitlet development, but
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increases significantly about 30 days
after fertilization. Starch content
reaches the maximum value severa
weeks before harvest and then this
value gradually decreases. Starch
breakdown is controlled by several
enzymes, but -amylase plays a cru-
cid role. It directly attacks starch
granules releasing dextrine, which is
subsequently hydrolyzed into smaller
components. This enzyme activity is
low at the early stage of develop-
ment, intensifies with apple growth,
and reaches the peak the fina week
before harvest. Starch granules in
apples gradually become smaller and
finally disappear (Kovacs and Eads,
1999). Ohmiya and Kakiuchi (1990)
conducted research on ‘Jonagold’
apples. They found that starch degra-
dation begins mainly in the interna
granules, and its rate is faster than
the breakdown of starch localized
immediately under the skin. Brook-
field et a. (1997) observed the same
phenomenon in their investigations
on ‘Fuji’ and ‘Royal Gala cultivars.

The course of changes in apple
starch content depends on the proper-
ties of the apple species and most
probably isaso modified by climatic
conditions during the growing season
(Kovacs and Eads, 1999). The be-
ginning of starch accumulation is
connected with the blooming date
but there is no simple correlation
between the blooming date, maxi-
mum concentration of this compo-
nent in fruitlets, and the harvest date
(Magein and Lerquin, 2000).

The objective of the paper was
the determination of the dynamics of
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changes of starch and its components
during growth and maturing of
‘Jonagold’ and ‘Gaa Must’ apples,
with reference to climatic conditions
in the two growing seasons of 2003
and 2004. The growth of fruitlets and
fruit was presented through the
changes of their volume.

MATERIAL AND METHODS

‘Jonagold’ and ‘Gala Must’ ap-
ples harvested from seven-year-old
trees grafted on M.26 rootstock were
the subject of the investigation. The
orchard was situated by the Univer-
sity of Agriculture, in the Krakow
research unit. Tree spacing was 4 X
1.5 m. The canopies were trained
according to asuper spindle system.
The soil cultivation system included
sward in the interrows and herbicide
fallow in tree rows. Fertilization was
applied according to the recommen-
dations for fully fruiting orchards.

In 2003, full bloom of the ana-
lysed tree varieties occurred between
4 and 6 May, and in 2004 between 3
and 5 May. After the period of
fruitlet drop, 50 fruits of each ana-
lysed variety, growing on different
tree parts, were collected at fortnight
intervals. The samples were collected
until the apples reached harvest ma-
turity.

At each harvest date, fruit vol-
ume as well as the tissue content of
starch, amylose and amylopectin
were determined. The latter were
assessed colorimetrically using
iodine solution in potassium iodide
and applying the formulae stated
by Magel (1991).
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The results were verified statisti-
cally with ANOVA in a completely
randomized design and the differ-
ences between means were estimated
on the basis of Duncan’'s test at the
confidence interval a = 0.05.

RESULTS

The volume of ‘Jonagold’ apples
significantly increased in 2003, be-
tween the successive dates of analyses
(Fig. 1). The greatest absolute increase
in the volume was noted during the
period between 13" and 15" WFB (by
ca 625 cm®) and between 17" and
19" (by c.a 63.4 cm). Apples of this
variety showed an average volume of
281.6 cm’,

Starch content in *Jonagold’ ap-
ple fruitlets, on the first date of ob-
servation, was 26.16 mg ¢g' FW. Its
significant decrease was registered
only in 17" WFB, when starch level
declined to about 77% of its initia
content. Starch broke down fast over
the subsequent period. At the time of
harvest 5.66 mg g™ FW of starch was
found in the apples, which consti-
tuted 28% of the content noted at the
beginning of the experiment.

On the first date of anaysis (7"
WFB), 19.81 mg g* FW of amy-
lopectin was registered in ‘ Jonagold’
apple fruitlets. During the first two
weeks of observations, the amy-
lopectin  level declined to 84.5%,
and during the next four weeks to
69.1% of the initial content. The deg-
radation was the fastest in the two final
weeks preceding harvest. At this pe-
riod, the harvested apples contained
520 mg g* FW of amylopectin, i.e
26% of itsinitia content.
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Figurel. The volume and content of starch, amylopectin and amylose in *‘ Jonagold’
apples during growth and fruit maturation period in 2003
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Figure 2. The volume and content of starch, amylopectin and amylose in ‘Gala Must’
apples during growth and fruit maturation period in 2003

Amylose concentrétion in the seven-
week-old ‘Jonagold’ gpple fruitlets was
6.35 mg g* FW. Until the 17" WFB,
amylose remained condant but was
amost completely degraded to 7.2% of
its initid content within the last two
weeks before harvest. Harvested apples
contained only 0.46 mg g* FW of
amylose.
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In 2004, the highest dbsolute increase
in the ‘Jonagold’ apple volume, by 72.0
cm®, occurred in the find week before
haves (Fg. 2). Mean volume of har-
vested gpplesin that year was 332.6 o,

Initially apple fruitlets contained
7.12 mg g* FW of starch. During the
first four weeks, fruitlets constantly
accumulated starch. They reached
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approx. 340% more than ther initial
content the 14™ WFB, which was the
highest result in that season. Starch
breskdown started in 16" WFB.
Within 2 weeks, starch content de-
creased to 78.0 and 44.1% of its
maximum content, respectively. The
final starch analyses revealed
9.66 mg g* FW of starch, which corre-
spondsto 38% of theinitid content.

Eight-week old fruitlets con-
tained 6.47 mg g* FW of amy-
lopectin. During the first two periods
of measurements, amylopectin con-
tent increased to 304% in compari-
son with the initia period of analy-
ses. Amylopectin breakdown started
in the 14™ week of fruitlet growth.
The level of amylopectin declined in
the subsequent periods respectively
to 253, 207 and 136% of the initia
content. Mature apples showed
7.74 mg g* FW of amylopectin.

Eight weeks after full bloom,
‘Jonagold’ apple fruitlets contained
0.65 mg g* FW of amylose. During
the period between the 8" and 10"
week, amylose content increased five
times. The next gpparent growth (to
995%) occurred between the 12" and
14™ WFB. Over the subsequent four
weeks, amylose concentration reached
the highest levd that year. In 16-week-
old fruitlets, 7.84 mg g *FW of amy-
lose was assessed. The amylose
breakdown period fell mainly be-
tween the 18" and 20" WFB. Be-
tween these dates, two thirds of the
amylose content broke down. At
harvest the apples contained 1.92 mg g™
FW of amylose
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The highest absolute increase in
the ‘Gaa Must’ apple volume in
2003 occurred between the 11™ and
13" WFB (on average by 36.8 cm®)
and between the 13™ and 15" week
(by 38.6 cm? (Fig. 3). The average
apple volume a harvest was
191.0 cn’.

Starch content in the *Gala Must’
apple fruitlets at the beginning of the
experiment was 38.5 mg g** FW and
was the highest in that vegetation
season. In the period between the 7™
and 9" WF, the level of starch de-
clined to c.a. 87%. Most of the starch
broke down during the four find
weeks before harvest, while starch
content diminished to about 66% and
then to 36% between the 15" and 17"
WFB. At harvest, the apples con-
tained 14.17 mg g™ FW of starch.

Initially amylopectin concentra-
tion in the ‘GalaMust’ apple fruitlets
was 27.97 mg g* FW. In the initial
period of research it decreased to
88%. Another, substantial decline (to
c.a 81%) in this amylopectin content
was regisered in the subsequent four
weeks. During the next two week pe-
riod of measurements a congtant dimi n-
ishing in the amylopectin amount was
70%, 57% and 36%, respectively. Inthe
harvested apples, 10.04 mg g* FW of
amylopectin was assayed.

Amylose content in ‘Gaa Mudt’
apples on the firgt date of analyses was,
on average, 10.38 mg g* FW and de-
dlined to 85% between the 7" and 9"
week of fruitlet development. Between
the 13" and 15" WFB, amylose content
increased again to 113% of its initid

113



M. Gawedaand J. Ben

400

45

T35

T30

T25

T20

mg.gFW

P 10

—&—volume - - darch — & —amylose - -@ — amylopectin

weeks after full blossom

Figure 3. The volume and content of starch, amylopectin and amylose in * Jonagold’

apples during growth and fruit maturation period in 2004
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Figure 4. The volume and content of starch, amylopectin and amylose in *Gala Must’
apples during growth and fruit maturation period in 2004

value but afterwards started to de-
cline to 91% and 37%, respectively.
After harvest, the apples contained
3.80 mgg™ FW of amylose.

In 2004, the highest absolute in-
crease in the ‘Gala Must’ gpple vol-
ume — 434 cm® was registered be-
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tween 14" and 16" WFB (Fig. 4). The
average volume of harvested ‘Gaa
Must’ appleswas 188.9 cm?®.

Eight weeks after full bloom,
‘GalaMust’ apple fruitlets contained
15.29 mg g* FW of starch. During
the first two weeks, starch content in
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the fruitlets increased twice as much.
Between the 10" and 12" WFB,
asubsequent increase amounted to
219% of the initial value. This meant
that the amount of starch reached the
maximum level in that year, of
33.47mg g* FW. A significant de-
cline in starch content occurred be-
tween the 18" and 21% WFB when its
value decreased to 81% of the con-
tent registered at the beginning of the
experiment. Harvested fruit showed
12.35 mg g * FW of starch.

Inthe ‘GaaMust’ apple fruitlets,
amylopectin  content rapidly in-
creased to 176% of its initial content
between the 8" and 10" WFB. In the
12" WFB, amylopectin accumulation
in the fruitlets was at its maximum
(2424 mg g* FW). It sarted to
gradually degrade after 14™ WFB.
Breakdown accelerated as apples
reached their harvest maturity. After
harvest, they retained 79% of their
initial amylopectin content.

In the 8week-old ‘Gala Must’
fruitlets, 2.51 mg g* FW of amylose
was found. Its content increased over
three fold during the first two weeks
of the research. The highest accumu-
lation of this compound (9.35 mg g*
FW) was found in the 18" WFB, &
which time the amylose levd was
372% of the initid vadue. Over the sub-
sequent three weeks, this component
concentration diminished to one fourth
and a harvest t02.23 mg g™ FW.

DISCUSSION
‘Jonagold’ apples picked in 2004

had on average, an 18% bigger vol-
ume than those harvested in 2003.

J. Fruit Ornam. Plant Res. vol. 18(2) 2010: 109-119

‘Gala Must’ apples did not differ in
their volume in either year of our
research. The fruit increased their
volume sigmoidaly during the period
of observations, which was typical
for both varigties (Welte, 1990,
Greene and Autio, 1993, Zude-Sasse
et a., 2000). The highest absolute
increment of ‘Jonagold’ apples oc-
curred in the fina period of growth.
For ‘Gala Must’ apples, the highest
absolute increment was noted in the
month preceding harvest.

In both years of observations,
‘Gala Must’ apples contained on
average, 39 and 44% more starch in
2003 and 2004, respectively. Amy-
lopectin content was also higher in
‘GdaMust’ gpples, by 35 and 37%, in
regpective years. ‘Gada Mudt’ apples
dso accumulated bigger amounts of
amylose in both growing seasons; 53
and 64% in 2003 and 2004, respec-
tively.

The maximum concentration of
amylose in the starch of ‘Jonagold’
apples has been estimated as 40-43%
(Magein and Lerquin, 2000),
whereas in ‘Gala Must’ apples, it
was 40% (Stevenson et al., 2006). In
2003, initia analyses reveaed that
starch of ‘Jonagold’ apple fruitlets
contained 24% of amylose, whereas
starch of ‘Gala Must’ fruitlets had
27% of amylose . In 2004, when the
starch accumulation process was
considerably less advanced, the share
of amylose in starch of the ‘Jona
gold fruitlets was 9% and in the
‘Gala Must’ fruitlets 15%. Percent
content of amylose in starch rose as
apple size grew. Percent of amylose
in starch reached the highest level
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about four weeks before harvest —
32% in ‘Jonagold’ apples and 37% in
‘Gala Must’ apples. The amylose
results were identical in both years.
In the fina weeks before harvest
amylose content in starch decreased.
In harvested apples, amylose content
reached between 10 and 27%.
Dynamics of changes in the
starch content, and its components in
growing and ripening apples revealed
considerable similarities between the
analyzed cultivars and great differ-
ences between the years of the ex-
periment. In 2003, the content of
starch, amylopectin, and amylose in
the seven-week-old fruitlets was the
highest measured value in that sea
son (except for amylose in ‘Gaa
Must’ apples). At that time, apples
already reached the maximum con-
tent of these compounds and further
weeks of growth did not bring any
more increase in their content. In
2004, the content of the analyzed
carbohydrates in apples assessed
after eight weeks of fruitlet devel-
opment increased considerably, gen-
erally even severa times, during the
first two weeks of investigations. On
the other hand the level of starch and
amylopectin kept increasing for the
subsequent two weeks. Maximum
content of starch and its components
became established in about 12"
WFB. Only after a longer or shorter
stabilization period did they start to
gradually decrease. Former research
demonstrated that apple fruitlets
show the highest starch content be-
tween the 70" and 100" day after
F.B. (Brookfield et a., 1997; Zhang
DaPeng and Wang Yong Zhang,
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2002; Soung Kwan Jeong et a.,
2003). In the presented experiment,
the maximum starch content in 2003
was registered 49 days after F.B. for
both cultivars, i.e. 3 weeks earlier. In
2004, the highest starch content was
noted after 98 days in ‘Jonagold’,
and after 84 in‘GalaMust’.

The presented results showed
that in addition to the apple cultivar
properties, other factors of fruit
growth also significantly affected the
dynamics of starch synthesis and
breakdown. At the time of the great-
est accumulation of starch and its
components, the volume of the
‘Jonagold’ fruitlets was on average,
37 cm®in 2003, and 94 cnv’in 2004.
At the same time, the ‘Gala Must’
apple fruitlets showed a volume of
about 23 and 59 cm®, so in 2003 they
were 2.5 times smaller than in 2004.
The data show that the highest starch
content stage is not connected with
arise in the volume of amylopectin
and amylose in growing apples.

The growth of fruitlets in 2003
and 2004 occurred under diversified
climatic conditions. In 2004, the
appointed F.B. date was only one day
earlier than in 2003. For this reason,
the weather in both years may be
compared, since the age of fruitlets
was then identica. Meteorologica
measurements in 2003 showed that
May and June were warmer by
1.2 °C than the multi-annual average,
which is 14.2 °C for May and 16.6 °C
for June. The temperature in July
was close to the multi-annual aver-
age 18.3 °C. Therainfdl in May was
dlightly heavier than usua, whereas
June was very dry although it is
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normally the month with the greatest
amount of rainfall in the year (on
average 96.2 mm). In 2003, rainfall
was only 39.0 mm. Total precipita-
tion in July was 63.8 mm and was
typical for that month. In 2004, the
period from May to July was cooler
than usual with the mean temperature
in May lower by 2.5 °C, in June by
1.0 °C, and in July by 2.6 °C than the
multi-annual average for this period.
May and June were dry months, par-
ticularly June with total rainfall
45 mm lower than average. On the
other hand, July was rainy with rain-
fall total exceeding the multi-annual
average by 60 mm. The analysis of
the quoted data shows that the first
three months of apple growth in 2003
were much warmer than the follow-
ing year. Average temperatures in
May, June and July that year were
3.5 °C, 2.2 °C and 2.6 °C higher, in
comparison with 2004. This meant
the mean temperature for this period
was 2.8 °C higher in the first year of
the experiment than in the second. It
seems that higher temperature was
the factor which determined such
afaster accumulation of starch and
its components in apple fruitlets. The
diversification of rainfal during this
period was lesser, and both years and
June were exceptionaly dry. July
2004 was characterized by heavy
rains in comparison with 2003, but
starch accumulation at that time was
already completed.

The period of starch degradation
in 2003 lasted for 2 weeks in ‘Jona
gold apples and 4 weeks in ‘Gala
Must’ apples, whereas in 2004 the
period lasted for 5 and 7 weeks, re-
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spectively. August and September in
both years did not differ from the
multi-annual mean with respect to
the temperature. These two months
were not diversified in respect to
rainfal, either. So, the weather con-
ditions in this period did not signifi-
cantly affect the dynamics of starch
breakdown in the analyzed apples.
However, weather might be con-
nected with the course of starch ac-
cumulation.

In both years of the investiga
tions, the period of starch destruction
in ‘Jonagold apples was about 2
weeks shorter than in ‘Gala Must’
apples. These findings may be due to
a lower content of starch in the flesh
of this cultivar. Peirs and others
(2002) defined the rate of starch deg-
radation in six popular cultivars of
apples. The rate of degradation of
starch in ‘Gala Must' apples was
moderate, while in ‘Jonagold’ apples
as fast. Our research, which took
place in southern Poland led to simi-
lar conclusions.
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DYNAMIKA ZMIAN ZAWARTOSCI SKROBI | JEJ
SKEADNIKOW W ZAWIAZKACH
| DOJIRZEWAJACY CH JABLKACH ‘JONAGOLD’
| ‘GALA MUST’

Maria Gaweda i Jan Ben

STRESZCZENIE

W latach 2003 i 2004 w odstgpach dwutygodniowych okreslano objgtos¢ zawiaz-
kow jabtek odmian ‘Jonagold’ i ‘Gala Must’ (Malus domestica Borkh.) oraz zawar-
tos¢ w nich skrobi, amylozy i amylopektyny. Badania rozpoczeto w 7 lub 8 tygodniu
po petnym kwitnieniu i wykonywano do zbioru. Jabtka ‘GalaMust’ zawieraty srednio
0 okoto 40% wiecej skrobi niz ‘Jonagold’. Dominujaca forma skrobi byta amylopek-
tyna, maksymalna jgj zawarto$¢ w jabtkach ‘Jonagold” wynosita 68%, a w ‘Gala
Must’ 63%. Dynamika zmian poziomu skrobi i jg sktadnikow w rosmcych i dojrze-
waj acych jabtkach wykazata znaczne roznice w obu latach doswiadczenia. W roku
2003 okres najwigkszej kumulacji skrobi przypadt w 7 tygodniu po petnym kwitnie-
niu dla obu odmian jabtek, natomiast w roku 2004 w 14 tygodniu dla odmiany ‘ Jona-
gold’ i w 12 tygodniu dla odmiany ‘Gala Must’. Obj¢tos¢ jablek w tym stadium byta
2,5 razy mnigjsza w roku 2003 niz w roku 2004. Wydaje si¢, ze decydujacym czynni-
kiem znacznego przyspieszenia kumulacji skrobi w zawiazkach jabtek w roku 2003
byty wyzsze niz przecigtne temperatury w tym okresie. W obu latach badan okres
destrukgji skrobi w jabtkach ‘ Jonagold’ byt o 2 tygodnie krétszy niz w jabtkach ‘Gala
Must'.

Stowa kluczowe: amylopektyna, amyloza, jabika, objetosé¢ owocow, skrobia, warunki
klimatyczne
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