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Abstract

Actinidia arguta and Actinidia purpurea are fruit-bearing vines that have been ga-
ining increased recognition among consumers who expect tasty, natural food produced in
an unpolluted environment. The berries of these plants, known as Chinese gooseberries,
are smaller than the well-known kiwi fruit, have smooth skin and contain many valuable
bioactive substances. The quality of food quality can be characterized, among others, by its
content of mineral components, of which many are present in the fruits of these species.

The aim of the study was to determine the response of Ukrainian cultivars of Actini-
dia arguta and Actinidia purpurea grown in north-eastern Poland to weather conditions
in phenological phases, expressed as a change in the content of macroelements in fruit.
A correlation was found between the sum of temperatures and of precipitation in pheno-
logical phases in 2006-2011 and the content of macroelements in fruits of the following
cultivars: Figurnaja, Kijewskaja Gibrydnaja, Kijewskaja Krupnop³odnaja, Purpurowa Sado-
waja and Sientiabrskaja. The research demonstrated that the concentrations of Ca, N, P,
Mg and Na in fruit of the examined actinidia cultivars were significantly affected, positive-
ly or negatively, by the interaction between the cultivars and meteorological factors in in-
dividual phenophases. It was found that the content of macroelements in fruits of cv. Ki-
jewskaja Krupnop³odnaja, Purpurowa Sadowaja and Sientiabrskaja was not significantly
dependent on the daily temperatures in any of the examined phenophases. However, the-
se cultivars significantly responded to the content of phosphorus, nitrogen, magnesium and
sodium, depending on the sum of precipitation in the two first phenophases. For the culti-
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var Figurnaja, sums of temperatures in the phase from fruit setting to harvest were a fac-
tor significantly affecting the magnesium content. On the other hand, the sodium content
in fruits of this cultivar was significantly negatively correlated with the sum of temperatu-
res in the phase between the beginning of flowering and fruit setting.

Key words: Actinidia arguta, Actinidia purpurea, climate factors, phenology, macroele-
ments, correlation, cultivars, fruits.

ZAWARTOŒÆ MAKROELEMENTÓW W OWOCACH UKRAIÑSKICH ODMIAN
AKTINIDII OSTROLISTNEJ I PURPUROWEJ W ZALE¯NOŒCI OD WARUNKÓW

POGODOWYCH W FAZACH FENOLOGICZNYCH

Abstrakt

Aktinidia ostrolistna i purpurowa nale¿¹ do owocodajnych pn¹czy, które w ostatnich
latach zyskuj¹ coraz wiêksze uznanie konsumentów oczekuj¹cych smacznej, naturalnej ¿yw-
noœci wyprodukowanej w nieska¿onym œrodowisku. Jagody tych roœlin, zwane chiñskim
agrestem, s¹ mniejsze od dobrze znanego owocu kiwi, maj¹ g³adk¹ skórkê, zawieraj¹ wiele
cennych substancji bioaktywnych. Jakoœæ ¿ywnoœci mo¿na scharakteryzowaæ m.in. uwzglêd-
niaj¹c zawartoœæ sk³adników mineralnych, które s¹ tak¿e obecne w owocach tych gatunków.

Celem pracy by³o okreœlenie zmian zawartoœci makroelementów w owocach ukraiñ-
skich odmian aktinidii ostrolistnej i purpurowej uprawianych w pó³nocno-wschodniej Pol-
sce w zale¿noœci od warunków pogodowych w fazach fenologicznych. Wykazano korelacje
miêdzy sum¹ temperatur i opadów w fazach fenologicznych w latach 2006-2011 a zawarto-
œci¹ makroelementów w owocach  odmian Figurnaja, Kijewskaja Gibrydnaja, Kijewskaja
Krupnop³odnaja, Purpurowa Sadowaja i Sientiabrskaja. Stwierdzono, ¿e koncentracja Ca,
N, P, Mg i Na w owocach badanych odmian aktinidii zale¿a³a istotnie dodatnio lub ujemnie
od wspó³dzia³ania odmian z czynnikami meteorologicznymi w poszczególnych fenofazach.
Zawartoœæ makroelementów w owocach odmian Kijewskaja Krupnop³odnaja, Purpurowa
Sadowaja i Sientiabrskaja nie zale¿a³a istotnie od sum temperatur dobowych w ¿adnej
z omawianych fenofaz. Odmiany te reagowa³y natomiast istotnie na zawartoœæ fosforu, azotu,
magnezu i sodu w zale¿noœci od sum opadów w dwóch pierwszych fenofazach. W przypad-
ku odmiany Figurnaja czynnikiem istotnie dodatnio oddzia³uj¹cym na zawartoœæ magnezu
by³y sumy temperatur w fazie od zawi¹zywania owoców do ich zbioru. Zawartoœæ sodu
w owocach tej odmiany by³a istotnie ujemnie skorelowana z sum¹ temperatur w fazie od
pocz¹tku kwitnienia do zawi¹zywania owoców.

S³owa kluczowe: Actinidia arguta, Actinidia purpurea, czynniki klimatyczne, fenologia,
makroelementy, korelacja, odmiany, owoce.

INTRODUCTION

Hardy kiwifruit [Actinidia arguta (Siebold et. Zucc.) Planch. Ex Miq.)]
and actinidia charta [Actinidia purpurea Rehd. (A. arguta var. purpurea
(Rehd.) C. F. Liang] are relatively young orchard plants. The first selections
and varieties of those species emerged as late as in the mid 20th century.
Most cultivars of Actinidia arguta and Actinidia purpurea have been select-
ed or cultivated in China, New Zealand, North America, but also in Europe
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(WILLIAMS et. al. 2003). In 1981, several varieties of those species were se-
lected in the Botanical Garden in Kiev (Ukraine). Five of those varieties
have been cultivated since 1996 in the garden of the University of Warmia
and Mazury in Olsztyn (BIENIEK 2012a). Starting from this year, a cultivation
programme will be carried out in the Warsaw University of Life Sciences
(SGGW) to obtain new cultivars with features adapted to the climatic condi-
tions of Poland (LATOCHA, KRUPA 2007). Adaptation of Ukrainian cultivars to
the Polish climatic conditions also requires extensive experimental research
before they can be recommended for production. As shown by the research
carried out to date (BIENIEK 2012a, KAWECKI et al. 2001, 2004), cultivars se-
lected in Ukraine and Russia are capable of producing fruits of the quality
no worse than Chinese actinidia (kiwifruit). LATOCHA (2010), who examined
other varieties of actinidia at the SGGW, found the highest content of most
biologically active compounds in fruits of A. arguta and A.purpurea hybrids,
although the content of mineral components was lower in the fruits of those
genotypes than in A. arguta. As demonstrated by LATOCHA (2010) and LATOCHA

and JANKOWSKI (2011), actinidia fruits satisfy the requirements of consumers,
who expect tasty, natural food produced in an unpolluted environment. Ac-
cording to DANILCENKO et al. (2011), quality of food can be also described by
its content of macroelements. They are necessary for proper growth and
good health of bones and teeth. They ensure electrical transfer and act as
cofactors in oxygen transport. Macroelements play an important role in en-
zymatic reactions, as well as in the protection of cells and lipids in biologi-
cal membranes (KANG et al. 2007, EKHOLMA et al. 2007).

The research concerning determination of the mineral composition con-
tent of fruits of Actinidia arguta and Actinidia purpurea and their hybrid
forms has been conducted by BIENIEK (2012b), FERGUSON and FERGUSON (2003),
LATOCHA and KRUPA (2008), LATOCHA (2010), SKRIPCZIENKO and MOROZ (2002).
These authors recommend fruit of the above species as a rich source of K,
Fe, Cu and Mg. Many authors report that the concentration of mineral com-
ponents in fruit depends on the cultivar, climatic and soil conditions, har-
vest dates (MILOŠEVIÆ, MILOŠEVIÆ 2012) and the level of irrigation and fertili-
zation (JAROSZEWSKA 2011). Fluctuations in the content of individual mineral
components in fruits in consecutive seasons, found in the research by LATO-
CHA (2010) and BIENIEK (2012b), can provide evidence for the significant effect
of environmental conditions on their accumulation level. The climate in Po-
land is quite varied both year-to-year and within one year (OLESEN et. al.
2007), the fact which can cause differentiation of the mineral composition of
fruit. Phenophases are the reflection of plant adjustment to a moderate cli-
mate, in which only some seasons favour their growth and development. In
some research institutions, phenological observations are treated as a spo-
radic element of research, and only a few experimental stations have data
on the dates of beginning and duration of phenological phases of fruit trees
(LICZNAR-MA£AÑCZUK 2004, after KRONENBERG 1985). However, observations car-
ried out under specific local geographical conditions indicate very high dif-
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ferences in subsequent years of research as regards the commencement and
duration of phenological phases of the flowering period due to the weather
conditions (LICZNAR-MA£AÑCZUK 2004).

The aim of the study was to determine the response of Ukrainian culti-
vars of Actinidia arguta and Actinidia purpurea to the weather conditions
during the phenophases manifested by a change of the content of macroele-
ments in fruits.

MATERIAL AND METHODS

The study examined the effect of sums of mean daily temperatures and
of precipitation in phenological phases in 2006, 2008, 2009, 2010 and 2011 on
the content of macroelements (K, Ca, N, P, Mg, Na) in fruits of Ukrainian
cultivars of Actinidia arguta and Actinidia purpurea and their hybrid forms
grown in the garden of the Teaching and Experimental Station of the Uni-
versity of Warmia and Mazury in Olsztyn. The research was carried out on
vines of the following cultivars: Sientiabrskaja (Actinidia arguta variety), Pur-
purowaja Sadowaja (Actinidia purpurea) and hybrid forms of Actinidia argu-
ta and Actinidia purpurea: Figurnaja, Kijewskaja Gibrydnaja and Kijewskaja
Krupnop³odnaja. Each cultivar was planted in five replications, and each
shrub made a replication. Plants were grown in two rows with A-shape sup-
ports, in a 1.5 x 2 m spacing. The support was 4 m high. Five vines of the
variety Weiki of Actinidia arguta were used as pollinators for those culti-
vars. In 2006-2011, plants were in their tenth to fifteenth years of vegeta-
tion. The research results of 2007 were not included because flowers of the
examined cultivars were damaged by winter frosts and, consequently, chem-
ical analyses of fruits were impossible. From the establishment of the ex-
periment to the end of 2011, the plants did not require fertilization or chem-
ical protection against diseases and pesticides or additional irrigation during
the vegetation period. In the years of the study, 10-cm-thick bedding of bark
of coniferous trees was spread around the shrubs. Plants grew on class IV
soil of cereal-fodder strong complex. This is a highly loamy sand with the
pH 6.85-7.52. The mineral composition of the soil was as follows: N – 9.66,
P – 148.84, K – 57.83, Mg – 84.18 mg kg–1 d.m.

On the basis of observations in 2006-2011, the following developmental
periods were determined for each cultivar: 1) bud swelling, 2) beginning of
flowering, 3) fruit setting, 4) fruit harvest.

The period between the bud swelling and the beginning of flowering
was the first phenological phase (1-2), the second phase was the period be-
tween the beginning of flowering and fruit setting (2-3) and the third was
the time between fruit setting and harvest (3-4). In each of those phases,
the values of temperatures and precipitation were added up. Tables 1 and 2
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present the mean, minimum and maximum values, as well as standard de-
viation for those meteorological factors. The method of calculating the sum
of temperatures expresses the empirical relations between plant develop-
ment and the amount of heat they received in a given phenophase. It as-
sumes a constant value of sums of temperatures for a specific phase of
a given species (MIKKELSEN 1981).

Data originating from the Station of the Institute of Meteorology and
Water Management in Olsztyn were used in calculations. Tables 3-8 show
the values of the correlation coefficient between thermal conditions and pre-
cipitation in established phonological phases and the macroelement content
in fruits for each cultivar.
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The content of macroelements was determined after fruit harvest at the
harvest maturity stage. Chemical analyses were carried out in three repli-
cations. Tests were prepared directly after fruit harvest using 0.5 kg of ran-
domly-selected fruits of each cultivar  dried at 105oC. The dried material
was ground in a laboratory mill. Macroelements in fruits of actinidia were
determined after digestion  (1 g ground plant material) by wet mineraliza-
tion  (H2SO4 using  a oxidant H2O2). The mineralized material was trans-
ferred to 200 cm3 flasks. The following values were determined in the pre-
pared samples:
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– N – by the distillation method;
– P- colorimetrically, by the vanadium-molybdenum method;
– K, Ca, Na – by atomic emission spectroscopy ESA;
– Mg – by atomic absorption spectroscopy ASA.

The analyses were carried out on the basis of certified material CTA-
-VTL-2. The content of macroelements was determined according to Polish
Norms PN-91/R-04014.

The following determination errors were included: N – 3%, P – 4.5%,
K – 2%, Ca – 2.8%, Na – 7%, Mg – 1.5%.
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A detailed list of the macroelements and their content in fruits of the
examined actinidia cultivars in individual years of the experiment has been
published in BIENIEK (2012b). This study presents the mean content of the
discussed elements in fruits of the examined actinidia cultivars in 2006-2011
(Table 9). The significance of differences was calculated using Tukey’s HSD
test at a level of significance α=0.01. In order to determine the relation
between the content of macronutrients in fruits and weather conditions in
phonological phases, linear correlation were analysed. The significance of
the correlation coefficients was set at α=0.05. Calculations were performed
with Statistica 9.1 software.
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RESULTS AND DISCUSSION

As shown in Table 1, the mean sum of daily temperatures and sum of
minimum and maximum temperatures of 2006-2011 in the phase between
bud swelling to the beginning of flowering were the highest for Kijewskaja
Krupnop³odnaja – the cultivar started vegetation at the latest date. For the
other cultivars, in the corresponding phenophase, the value of sums of min-
imum and maximum temperatures was the same. The lowest mean sum of
daily temperatures was observed for cv. Kijewskaja Gibrydnaja, but in the
next phenological phase, from the beginning of flowering to fruit setting,
this meteorological factor showed a higher value. In addition, the sum of
maximum temperatures was the highest for this cultivar, while the sum of
minimum temperatures was the same as for other cultivars, except Kijews-
kaja Krupnop³odnaja. The lowest mean sum of temperatures in the period
between fruit setting to harvest was recorded for Purpurowaja Sadowaja.
This cultivar was distinguished by the earliest date of fruit ripening (BIENIEK

2012b). The sums of the minimum and maximum temperatures for the cul-
tivars Kijewskaja Gibrydnaja, Purpurowaja Sadowaja and Sientiabrskaja in
the examined phenophase showed the same value.
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As shown by the analysis of sums of precipitation in individual phases of
vegetation of the selected actinidia cultivars in 2006-2011, Kijewskaja
Krupnop³odnaja stood out with its varied values of sums of mean precipita-
tion in each of the examined period of development (Table 2). In the first
two phenological phases, this value was the highest but in the last one, it
was the lowest. The biggest differences, both in the mean sum of precipita-
tion and in sums of minimum and maximum precipitation, were recorded in
the phase between fruit setting and harvest. In that phenological phase,
Purpurowaja Sadowaja and Sientiabrskaja had the same values of mean
sums of precipitations, as well as the minimum and maximum sums of pre-
cipitation. Another pair of cultivars with the same properties was composed
of Figurnaja and Kijewskaja Gibrydnaja. The cultivar Kijewskaja Krupnop³odna
was distinguished by its variable values of the discussed factor.

Based on the data provided in Table 9, it can be claimed that the exam-
ined macroelements occur in actinidia fruits in the following, decreasing
content: K>N>Ca>P>Mg>Na. Tables 3-8 show values of the correlation coef-
ficient between thermal conditions and precipitation in the determined pheno-
logical phases and the content of macrooelements in fruits for each cultivar.

Potassium was the only macroelement for which no significant correla-
tions were found as regards its content in fruits and the other examined
factors (Table 3). Positive correlation coefficients for all the examined varie-
ties in the phase between the beginning of flowering and fruit setting may
also confirm a favourable relationship between the amount of precipitation
in the phenological phase and the content of this element in fruit (Table 3).
The highest mean potassium content in 2006-2011 was accumulated by fruit
of Purpurowaja Sadowaja (Table 9), for which sums of precipitation in the
period between the beginning of flowering and fruit setting had a positive
effect on the accumulation of potassium  (Table 3). Potassium is the second
most important (after nitrogen) macroelement ensuring good growth and
yielding of plants. As shown by the yield analysis for this cultivar in 2001-
2009, it was also one of the most prolific varieties (BIENIEK 2012a). Potassi-
um is also required for obtaining good fruit colour, accumulation of acids
and good taste.

Table 4 shows significant positive correlation between the calcium con-
tent in fruit from cv. Kijewskaja Gibrydnaja and the sum of precipitation in
the phase between fruit setting to harvest. In the examined phenophase,
both sums of precipitation and sums of temperatures showed a favourable
effect on the growth of calcium content in fruits of all the analysed culti-
vars. On the other hand, in the phase between the beginning of flowering
and fruit setting, sums of temperatures and precipitation had a negative
effect on the content of calcium in fruits of all the examined cultivars. In
the phase between bud swelling and the beginning of flowering, positive
correlation coefficients for both sums of temperature and sums of precipita-
tion were recorded only for Sientiabrskaja. This cultivar was characterized
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by the highest total content of calcium in fruit. The lowest Ca content was
found in fruits of Kijewskaja Gibrydnaja and Figurnaja cultivars (Table 9).
Calcium is transferred from fruit to wood. In England, it was found that in
the last three weeks before harvest, 20% of calcium was transferred from
apples to other plant organs due to dry weather. Stress conditions during
plant growth under very dry weather make water with Ca drain away from
fruit to leaves. At the same time, low soil moisture reduces Ca availability
for plants.

In the current experiment, a significant positive correlation coefficient
was found for the interaction between sums of temperatures in the phase
between bud swelling and the beginning of flowering and the content of
nitrogen in fruits of cultivar Kijewskaja Gibrydnaja (Table 5). As reported by
TROMP and OVAA (1971), in spring, just before bud bursting, nitrogen reserves
are activated in shoots, which is manifested inter alia by intensive protein
decomposition. On the other hand, sums of temperature in the phase be-
tween fruit setting and harvest had a significant negative effect on the con-
tent of this element in fruits of this cultivar. Significant positive values of
the correlation coefficient for the content of nitrogen in fruit also confirm
the relationship between the sum of precipitation in the phase between bud
swelling and the beginning of flowering for cv. Sientiabrskaja, and in the
phase between the beginning of flowering and fruit setting for fruits of cv.
Purpurowaja Sadowaja. On the other hand, a negative value of the correla-
tion coefficient in the subsequent phenophase, between fruit setting and har-
vest confirms the negative effect of sums of precipitation on the content of
nitrogen in fruits of Kijewskaja Krupnop³odnaja, Purpurowaja Sadowaja and
Sientiabrskaja. In addition, during the same phenological phase, the content
of nitrogen in fruit was negatively affected by the sums of temperatures,
particularly in case of Kijewskaja Gibrydnaja, where the correlation was
significant, in fruit of Purpurowaja Sadowaja and Sientiabrskaja, where the
effect was weaker. Fruits of the latter cultivar had the highest content of
nitrogen (Table 9). Favourable sums of temperatures and precipitation in
the first two phenological phases could have a significant effect on the con-
tent of this element in fruit of this cultivar, which is confirmed by the posi-
tive correlation coefficients (Table 5). Values of all correlation coefficients in
these phases were negative only for cv. Figurnaja.

As regards the phosphorus content, significant negative correlations were
observed for Kijewskaja Gibrydnaja and Purpurowaja Sadowaja and the sums
of precipitation in the phase from the beginning of flowering to fruit setting,
and for Kijewska Krupnop³odnaja and the sum of precipitation in the phase
between bud swelling and the beginning of flowering (Table 6). Additional
correlation coefficients, for all the cultivars, between sums of precipitation
and temperatures in the phase between fruit setting to their harvest indi-
cate the favourable effect of the examined meteorological factors on the
growth of phosphorus content in fruits. The lowest content of phosphorus
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was found in fruits of Figurnaja and Kijewskaja Gibrydnaja (Table 9). In this
study, correlation coefficients in the first two phenological phases, both for
sums of temperatures and precipitation, obtained for these cultivars were
all negative, which could have affected the final content of this element in
fruit. The highest content of phosphorus was found in fruits of Sientiabrska-
ja (Table 9). The increase of phosphorus in fruits of this cultivar may have
resulted from the favourable course of climatic conditions in the first and in
the last phenological phase. Phosphorus affects the formation of flower buds.
In the differentiation period, tree buds accumulate significant amounts of
organic phosphorus, and a shortage of this element highly reduces the
number of flower buds (TAYLOR, GOUBRAN 1975). It is important that the level
of phosphorus should be at an optimum level in plant tissues both in the
year of fructification and in the preceding year (BOULD, PARFITT 1973). For
the above cultivar, the role of phosphorus has not been elucidated. BIENIEK

(2012a) demonstrated that Sientiabrskaja is unsuitable for cultivation in cli-
matic conditions of the 6 USDA zone, since it binds the fewest flower buds
and produces the lowest yields.

Table 7 demonstrates that the effect of sums of temperatures in the
phase between fruit setting and harvest had a highly significant positive
influence on the magnesium content in fruit of Figurnaja cultivar, and the
sum of precipitation in the phase between bud swelling to the beginning of
flowering produced such influence on Sientiabrskaja.

Sientiabrskaja was also the cultivar with the highest content of magne-
sium in fruits (Table 9). As follows from Table 7, positive values of all corre-
lation coefficients in first two phenological phases were found only for this
cultivar. Lower content of magnesium was found in fruits of the hybrid forms
of actinidia than in fruits of Actinidia arguta or Actinidia purpurea (Table 9).
However, no significantly negative effect of the sums of temperatures or
precipitation on concentration of this element in fruit of the examined culti-
vars was found in any of the phenological phases (Table 7). As regards the
sodium content (Table 8), an opposite, significantly negative relation was
found between sums of temperatures in the phase from the beginning of
flowering and fruit setting for cv. Figurnaja, and between sums of precipita-
tion in the phase between bud swelling to the beginning of flowering for cv.
Kijewskaja Krupnop³odnaja.

HO£UBOWICZ (1970) demonstrated the role of N, P, Ca and K elements in
the regulation of flowering and fruiting. The experiment discussed in this
study demonstrated that sums of temperatures and precipitation in the phase
between fruit setting and harvest had a positive effect on the development
of Ca and P content in fruit of all the examined cultivars.

The influence of temperature and its effect on the growth and develop-
ment of various species of plants has been analysed in both Polish and for-
eign literature (CHMIELEWSKI et al. 2004, DRAGAÑSKA et al. 2008, KALBARCZYK

2009, KALBARCZYK, KALBARCZYK 2012, KAWECKI, BIENIEK 2008, LICZNAR- MA£AÑCZUK
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2004, MILOŠEVIÆ, MILOŠEVIÆ 2012, SKOWERA et al. 2007, TAO et al. 2008). SNEL-
GAR et al. (1992) and TIYAYON and STRIK (2004) examined the effect of shading
on flowering and fruiting of Actinidii arguta Ananasnaja in Oregon (USA).
The response of cultivars in terms of the content of macroelements in fruit
depending on weather conditions in phenological phases has not been ana-
lysed in research publications; therefore it is difficult to refer to literature
data. LATOCHA (2010) found that the content of mineral components in fruit
depends mainly on the genetic features of the plant. This research demon-
strated that the concentration of Ca, N, P, Mg and Na in fruits of Ukrainian
cultivars of actinidia significantly depended (positively or negatively) on the
relations between cultivars and meteorological factors in specific phenophases.

CONCLUSIONS

1. The content of mineral components in fruits of cultivars Kijewskaja
Krupnop³odnaja, Purpurowa Sadowaja and Sientiabrskaja did not significant-
ly depend on the sums of daily temperatures in any of the phenophases
discussed. However, these cultivars responded significantly to the content of
phosphorus, nitrogen, magnesium and sodium depending on the sum of pre-
cipitation in the first two phenophases.

2. For cv. Figurnaja, the sum of temperatures in the phase from fruit
setting to their harvest was a factor significantly influencing the content of
magnesium. The content of sodium in fruits of this cultivar was significant-
ly negatively correlated with the sum of temperatures in the phase from
the beginning of flowering to fruit setting.

3. The phase between fruit setting and harvest had a favourable effect
on the content of calcium and phosphorus in fruits of Ukrainian cultivars of
actinidia grown in north-eastern Poland.
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