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Abstract. In the years 1998-2000 an investigation was carried out on ‘Jonagold’ apples
harvested from 6-year old trees grafted on M.9, M.26, P 2, P 22 and P 60. In 1998 and
1999 the average calcium content in fruit was significantly higher than in 2000. The high-
est calcium was observed in the peel of apples, in each of the year. The effect of the root-
stock on the level of calcium in the calyx, core and pedicle part of apples changed, de-
pending on the vegetation season. In each year of the experiment the strongly dwarfing
rootstock P 22 had the smallest share in the accumulation of calcium in the different parts
of apples.
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INTRODUCTION

The uptake of calcium by the root system of fruit trees depends on its content in the
sorptive complex of soil [Jadczuk and Sadowski 1997] and on the environmental condi-
tions [Tromp 1979]. On the basis of long-term field experiments Garnard [1980]
showed that although the absorption of mineral constituents frequently depends on the
metabolic requirements of the tree, the soil temperature at the level of the root system
directly affects its pattern. Shear [1980] and also Neilsen and Neilsen [1997] prove that
the constant optimum soil humidity is a significant factor in the uptake of mineral con-
stituents. The excessive humidity or especially its deficiency unfavourably affects the
pattern of absorption, particularly of calcium. The kind of the rootstock is another sig-
nificant factor of the mineral nourishment of fruit trees [Tukey 1933]. Numerous works
show that the differentiation in the uptake of mineral constituents from soil is not only
due to differences in the morphology of the root system but chiefly to its physiological
activity in the given year, manifested by the differentiated uptake of water and food
constituents.
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The aim of the investigation was to determine the role of the rootstock in the accu-
mulation of calcium in Jonica apple fruit and some of its parts as depending on the pat-
tern of climatic conditions.

MATERIAL AND METHODS

Jonica apples harvested from 6-8 year old trees budded on the rootstocks M.9, M.26,
P 2, P 22 and P 60 were investigated in the years 1998-2000. The orchard was fertilized
according to the recommendations for commercial apple tree plantations [Sadowski et
al. 1990]. In tree rows herbicidal fallow and in inter-rows frequently mowed grass were
maintained. The orchard was planted in the design of randomized blocks in four replica-
tions. In one replication (plot) 7 trees were grown. The soil of the orchard was classed in
group III. The content of humus in the arable horizon was 1.86% and in the sub-arable
one 0.41%. The composition of the mechanical soil fraction 1.0-0.1 mm in diameter
was 29.0 % and of 0.05-0.02 mm — 25%. In July 1998 pH of soil was measured in 1 n
KCl, showing the pH value of 5.1 for the arable horizon and 3.9 for the sub-arable one.
In the arable horizon the content of calcium was 39.5 mg™'.100 g of soil and in the sub-
arable horizon 44.8 mg™'.100 g”' of soil (extraction conducted in 1n HCI). For establish-
ing calcium content 56 randomly selected apples of harvest maturity were sampled from
each plot from the central and peripheral parts of the tree at a height of 1.5 m. After the
stalks, membrane hulls and seeds were removed, separate analyses were conducted of
the apple peel (taken off from the whole fruit, rests of the flesh being removed), the
flesh with peel, the calyx part, the core part and the stalk (pedicle?) part (apples of uni-
form size were cut in three equal parts without the peel and separately homogenized).
Dried samples of the fruit flesh were reduced to ashes using a “dry” method in a silicon
furnace at 550°C. The content of calcium was established in the obtained extract with a
0.1% lanthanum solution (wave length of 422.7 nm) using atomic emission spectrome-
try with inductively coupled argon plasma ICP — AES. The data given in tables are
mean values from the conducted analyses. They were statistically verified using analysis
of variance in the UNIANOVA program [Buhl and Zofel 1999]. The conclusions were
drawn at confidence level a = 0.05.

RESULTS

The content of calcium in whole apples from trees on the investigated rootstocks
was related to the vegetation period and was significantly greater in the first two years
of the experiment than in the last (tab. 1). In 1998 the lowest level of calcium was found
in fruit from trees on M.9 and P 22, while it did not significantly differ in apples from
the remaining rootstocks. In the second year of the investigation apples from trees on
the rootstocks P 22 and P 60 contained less calcium in comparison with fruit from trees
on M.9, M 26 and P 2, which accumulated significantly more calcium however the
values did not significantly differ from each other. The greatest content of calcium in
the peel of apples (tab. 2) was found in 1999 and 1998 in comparison with the year
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2000. In each year of the investigation the lowest level of calcium in the peel was as-
sessed in apples from trees grown on P 22. The rootstocks of British selection M.9 and
M.26 did not induce differences in the content of calcium in 1998. In 1999 the greatest
content of this element was found in the peel of apples grown on M.26 while its level in
apples from trees on M.9 and P 60 was high but the differences between them were non-
significant. In 2000 no differentiated effect of the rootstock on the content of calcium in
apple peel could be observed.

Table. 1. Calcium content (mg-100 g™ f.w.) in apples in relation to the rootstock
Tabela 1. Zawarto$é wapnia (mg-100 g™ é.m.) w catych jabtkach w zaleznosci od podktadki

Rootstock
Podkiadka 1998 1999 2000
M.9 4.05a 5.09b 3.07 ab
M.26 528b 5.14b 3.01 ab
P2 5.14b 5.18b 332b
P22 443 427a 287a
P 60 512b 4432 327b
Mean 4.80 b 4.821b 311a
Srednia

*Means in columns followed by the same letter do not differ significantly
*Srednie w kolumnach oznaczone tymi samymi literami nie r6znig si¢ migdzy sobg istotnie

Table 2. Calcium content (mg-100 g™ f.w.) in peel of apple in relation to the rootstock
Tabela 2. Zawarto$¢ wapnia (mg-100 g $.m.) w skérce jabtek w zaleznosci od podktadki

Rootstock
Ponkladka 1998 1999 2000
M.9 14266 18.94 ¢ 11.61 a
M.26 14.58 b 21.65d 11.98 a
P2 22.00d 15.90 b 11.83a
P22 11422 15.05a 11.36 a
P 60 18.50 ¢ 18.92 ¢ 11.65a
Mean 16.15b 18.09 b 11.80a
Srednia

*see table 1 — patrz tabela 1

Table 3. Calcium content (mg-100 g™ f.w.) in calyx part of apple in relation to the rootstock
Tabela 3. Zawarto$¢ wapnia (mg-100 g $.m.) w czeéci kielichowej jabtka w zaleznosci od podkladki

Rootstock
poasock 1998 1999 2000
M.9 3154 394¢ 264D
M.26 333ab 488¢ 251 ab
P2 3800 324b 2710
P22 3184 2682 231a
P60 3.58 ab 463d 257 ab
Mean 3410 3880 255a
Srednia

*see table 1 — patrz tabela 1
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In the calyx part of apples the annual average content of calcium (tab. 3) was fairly
similar in 1998 and 1999 and exceeded that in the year 2000. In 1999 the greatest con-
tent of calcium in this part of apples was recorded in fruit from trees on M.26; it was
significantly smaller in apples from trees on P 60, followed by M.9, P 2 and P 22. In
2000 the level of calcium in the calyx part was significantly higher in fruit from trees on
M.9 and P 2 than in apples from trees on P 22.

In 1998 and 1999 in the core part of apples the content of calcium was fairly similar,
being distinctly lower in 2000 (tab. 4). In 1998 the greatest accumulation was observed
in apples from trees on P 2 and in 1999 in fruit from trees on M.9 and P 60, no statisti-
cally significant differences in the accumulation being found between them. In the last
year of the investigation the greatest calcium accumulation was recorded in apples from
trees on P 60. Fruit from trees budded on M.9 and P 22 showed significantly smaller
contents.

Table 4. Calcium content (mg-100 g f.w.) in core part of apple in relation to the rootstock
Tabela 4. Zawarto$¢ wapnia (mg-100 g §.m.) w czesci srodkowej jabtka w zaleznosci od podktadki

Rootstock Pod-
Mok 1998 1999 2000
M.9 4230 541c 3470
M.26 4.00b 4.88 b 3.76 be
P2 5574 4.56b 3.64 be
P22 3442 379a 2.88a
P 60 4.80 ¢ 527¢ 382¢c
Mean 4410 478 b 351a
Srednia

*see table 1 — patrz tabela 1

Table 5. Calcium content (mg-100 g f.w.) in stalk part of apple in relation to the rootstock
Tabela 5. Zawarto$¢ wapnia (mg-100 g §.m.) w czeéci szyputkowej jabtka w zaleznosci od podktadki

Rotstock

poosiock 1998 1999 2000
MO 431t 538d 345ab
M.26 4841 517 cd 358b
P2 585 ¢ 499 ¢ 381 be
P22 435a 405a 310a
P 60 4931 4670 403 ¢
Mean 496b 485b 3.60a
Srednia

*see table 1 — patrz tabela 1

Like in the parts of apples discussed above the accumulation of calcium in the stalk
part (tab. 5) distinctly depended on the vegetation period. In 1998 and in 1999 the root-
stocks M.9, M.26 and P 60 did not induce significant differences in calcium content.
Apples from trees on P 22 contained more calcium. In 1999 its level was high in the
stalk part of apples from trees growing on M.9, M.26 and P 2 while the lowest level was
noted in fruit from trees on P 22. In 2000 with the relatively lower concentration of
calcium in comparison with the preceding years, the rootstocks M.9, M.26 and P 2 did
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not induce significant differences in calcium content in this part of fruit. However, in
apples from trees on P 22 the content was distinctly smaller that that found in apples
from trees on P 60.

The mean values for the rootstocks in the investigated three vegetation periods did
not manifest statistically significant differences with respect to the whole apple and its
separate parts.

DISCUSSION

Considerable differentiation was observed in calcium content in whole apples and
their separate parts (apart from the effect of the rootstock) in the three-year period of the
investigation. In 1998 and 1999 the concentration of calcium was 4.80 and 4.82 mg-100 g
d.w., respectively, and in 2000 — 3.11 mg-100 g'. According to the limit values elabo-
rated by Baab [1997] for whole apples, the content found in fruit in the first two years of
the investigation must be regarded as “optimal” and in the third year as “critical”. This
great differentiation in the level of calcium in the investigated years can be attributed to
the climatic conditions of the vegetation period. In the first two years the average total
precipitation was high, amounting to 702.9 mm in 1998 and 724.4 mm in 1999 but it
was 638.9 mm in the last year of the experiment. Considerable differences were also
observed in the distribution of rainfall. The lowest precipitation was recorded in 2000
towards the end of May and early in June with the average air temperature of 12-15°C
while in first two years it was at the level of 19-22°C. In 2000 from the last ten days of
July to mid-September the drought prevailed as confirmed by a climatodiagram elabo-
rated according to Walter and Lieth [1970]. Such a pattern of climatic conditions of the
discussed year could have unfavourably affected the uptake and transport of calcium in
apples. The investigations conducted by Atkinson et al. [1995], Cline et al. [1991] and
Schlegel and Schonherr [2002] confirmed the occurrence of such close dependences.
A very high level of calcium, many times higher than in the flesh, was found in the peel
of apples. This can be partly explained by the difference in the content of fresh matter in
the flesh and peel, which was the point of reference for the recorded calcium content.
However, it was not great, reaching 35.6% on the average. The results obtained by Lang
[1990] and also by Canny [1995] suggest that the transport of water and mineral con-
stituents to the tree and fruit chiefly occurs through xylem and is due to the so-called
“transpiration duct”. Hence the accumulation of calcium in this part of fruit, which has
the greater transpiration surface, seems logical. This type of dependence was also sug-
gested by experiments with the protection of apples with bags during the vegetation
season. They showed that in wrapped apples the transpiration was poorer and the fruit
contained significantly smaller amounts of mineral constituents than those growing
without covers [Chen and Lenz 1977]. The above reports do not fully elucidate the
reason of increased content of calcium in the apple peel. The present investigation sug-
gests that a not fully clear interaction between the physiological activity of the root
system of rootstocks and the pattern of weather conditions plays a significant role in
calcium accumulation [Zavalloni et al. 2001, Hong Qiang et al. 2003]. It is distinctly
visible in the case of the rootstocks P 2 in 1998 and M.26 in 1999, which contributed to
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the accumulation of calcium in this part of the fruit to a significantly greater degree than
the remaining rootstocks. A similar example is the year 2000 when in the climatic con-
ditions not very favourable for the uptake of calcium, the investigated rootstocks did not
induce significant differences in its content in the peel of apples.

The results given in tables 3-5 also indicate the differentiated effect of rootstocks on
calcium accumulation in some parts of the apple in the same soil conditions. This can be
associated with the mutual effect of the coupled components of the rootstock and the
cultivar. The rootstocks of more vigorous growth form crowns of a greater assimilation
surface and hence can manifest greater metabolic requirements in respect of calcium
than the slower growing rootstocks [Lehman et al. 1990]. In some years the low tem-
perature and water deficiency at the level of the root system can obviously limit the
uptake of calcium in spite of its sufficient content in the soil [Himerlick and Walker
1892, Himerlick and McDuffie 1983, Atkinson et al. 1995]. It is also suggested that in
spite of the apparently uniform distribution of the root system in soil, its different parts,
as depending on the rootstock type, can induce a differentiated uptake and transport of
calcium to the tree and fruit from various depths [Fernandes et al. 1995].

In comparing (apart from the rootstock effect) the content of calcium in the calyx,
core and stalk part of the apple in separate years, its decreasing concentration in the
direction of the calyx was observed. It is surely connected with the poor mobility of
calcium not only in the trees but also in the fruit. Faust and Klein [1974] and Webster
[1981] reported the occurrence of these dependences. The present studies, however,
show that the content of calcium in the analysed parts of apples is distinctly affected by
the vegetation period. If the content of calcium in the stalk part of the apple is accepted
as 100%, in 1998 the content was smaller by 11.1% in the core part and by 31.3% in the
calyx part. In 1999 a minimal differentiation of calcium content of 1.4 and 2.0%, re-
spectively, was observed in the discussed parts. In the year 2000, which was fairly un-
favourable for calcium accumulation, this differentiation was 2.5 and 29.2%. Similar
relations occurred between the investigated rootstocks in the successive years.

In each year of the experiment the strongly dwarfing rootstock P 22 had the smallest
effect on calcium accumulation in the different parts of apples. It could be associated
with the poor development of the root system especially in heavy soils of a large content
of floatable particles — as is the case in southern regions of Poland. The low absorption
potential in relation to the mineral constituents in the sorptive complex of soil could be
due to the smaller biomass of roots [Bramlage 1993].

CONCLUSIONS

1. The content of calcium in apples was subjected to changes depending on the
vegetation season, being significantly greater in 1998 and 1999 than in 2000.

2. The proportion of calcium accumulation in whole fruit did not manifest uniform
tendencies. The rootstocks M.26; P 2 and P 60 in 1998 and M.9; M.26 and P 2 in 1999
contributed to its greatest content in the apples.

3. The greatest content of calcium was found in the peel of apples, the rootstock P 2
in 1998 and M.26 in 1999 inducing its highest accumulation.
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4. The content of calcium was decreasing from the stalk part to the calyx. In 1998
and 2000, the average differentiation between these parts of fruit flesh reach reached
30%.

5. The strongly dwarfing rootstock P 22 had the least effect on the accumulation of
calcium in the investigated parts of apples in each year of the investigation.
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WPLYW PODKLADKI NA ZAWARTOSC WAPNIA W ROZNYCH
CZESCIACH JABELKA

Streszczenie. Badania prowadzono w latach 1998-2000 na 6-letnich drzewach odmiany
Jonagold, okulizowanych na podktadce M.9, M.26, P 2, P 22 i P 60. W latach 1998 i 1999
$rednia zawarto$¢ wapnia w jablkach byla istotnie wyzsza niz w roku 2000. Wysoka
zawarto$¢ wapnia obserwowano w skorce jabtek, w kazdym z badanych lat. Wptyw pod-
ktadki na poziom wapnia w cz¢$ci kielichowej, srodkowej i szyputkowej jabtka zmieniat
sig, w zaleznodci od sezonu wegetacyjnego. Jabtka pobrane z drzew okulizowanych na
podktadce P 22 gromadzily najmniejszg ilo§¢ wapnia w analizowanych czg¢$ciach.

Stowa kluczowe: podktadka, ‘Jonica’ odmiana, zawarto$¢ wapnia, czgsci jabtka
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