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EFFECT OF FOLIAR FERTILIZATION ON YIELDING
AND LEAF MINERAL COMPOSITION
OF HIGHBUSH BLUEBERRY (Vaccinium corymbosum L.)
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University of Life Sciences in Lublin

Abstract: Foliar fertilization is fairly frequently applied besides to fertilization to the
roots. In the years 2003-2005 a study was conducted on the effect of foliar feeding with
phosphorus on the yielding and content of mineral element in leaves of highbush blue-
berry. The experiment was conducted on a production plantation, on 10-year old bushes
of ‘Bluecrop’. The foliar fertilizer Insol Fos was applied at 4 concentrations: control —
0%; 0.4%, 0.8% and 1.2%, several times at intervals of every week (7x), every 2 weeks
(4x), and every 3 weeks (3%). The first treatment was applied at the beginning of the 3"
decade of May and the final one at the beginning of July, minimum 7-10 days prior to the
first harvest of berries. Foliar sprays with Insol Fos had a positive effect on the yielding of
highbush blueberry, but it had no effect on the weight of 100 fruits. The highest concen-
tration of the fertiliser proved to be the most effective. Irrespective of the concentration
applied, in the years of the experiment the best yielding were those plants that were foliar-
applied every 2 weeks. Foliar fertilization with the fertilizer Insol Fos had a varied effect
on the content of mineral elements in the leaves of highbush blueberry, causing a signifi-
cant increase in the content of N, P and Mg, and a decrease in the concentration of K
and Ca.
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INTRODUCTION

Fertilization applied to the roots of plants is the basic method of supplying plants
with nutrients. If the level of nutrients in the soil environment is insufficient, or it be-
comes retarded and unavailable to plants, it decreases in yield and deterioration of its
quality [Michatoj¢ and Szewczuk 2003]. The availability of nutrients from the soil may
be limited even under the conditions of its optimum fertility, e.g. due to incorrect soil
reaction, ionic antagonism, or unfavourable weather conditions [Czuba 1993]. Addi-
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tional fertilization via ways other than through the roots is a simple, fast and effective
method of supplying plants with mineral contents [Wojcik 2004]. In the opinion of
many researchers, in future it will be common practice to apply combined fertilization
to the roots and via other way [Byszewski and Sadowska 1974, Tukey and Marczynski
1984, Zaniewicz-Bajkowska et al. 2010]. In the cultivation of orchard plants the nutrient
most frequently used for extra-root fertilization and for facilitation of absorption of
other substances applied on leaves and fruits is nitrogen in the form of urea. Moreover,
in the initial period of vegetation it is recommended to apply boron, and in later periods
also magnesium, iron, manganese and zinc. Whereas, calcium has a particular impor-
tance in the fertilization of apple, pear, cherry and sweet cherry trees [Michatoj¢ 2008].
In the recent decade, studies were conducted on foliar fertilization of various Vaccinium
cultivars with nitrogen and phosphorus [Szwonek 2003, Smagula and Kreider 2009],
boron [Hanson 2000, Wojcik 2005] and calcium [Stuckrath et al. 2009] were conducted.

Highbush blueberry has specific soil requirements. It grows best on light, humus,
acid and warm soils [Pliszka 2002]. Compared to other cultivated plants, highbush
blueberry has low nutrition requirements [Smolarz 1996]. In acid and very acid soils,
preferred by highbush blueberry, phosphorus undergoes retardation and even though
chemical analyses of soil indicate high levels of the element, the leaves may have a low
content of phosphorus [Wach 1998].

The objective of the study presented here was determination of the effect of foliar
fertilization with phosphorus on the yield and content of macroelements in the leaves of
highbush blueberry.

MATERIAL AND METHOD

In the years 2003-2005 a study of the effect of foliar fertilization with phosphorus
on the yielding and content of mineral elements in leaves of highbush blueberry was
conducted. The experiment was conducted on a production plantation established on
a soil developed from weakly loamy sand, with pHgc 3.50 and a low humus content
(1.2%). Every year fertilization was applied at doses of 60 kg N, 50 kg K,0, 10 kg MgO
(in the form of sulphates). Phosphorus fertilization was not applied as a high level of
phosphorus was determined in the soil.

Ten-year old bushes of ‘Bluecrop’ were growing at spacing of 2 x 1 m. The rows of
the plants were mulched with sawdust, and sward was maintained in the inter-rows. The
plantation was irrigated.

The study on the effect of foliar fertilization with phosphorus on the yielding and
content of mineral nutrients in leaves of northern highbush blueberry was conducted
with the use of the foliar fertilizer Insol Fos with the following composition: amide
nitrogen — 3% N; phosphorus (orthophosphate) 24.5% P,Os; iron — 0.03% Fe — chelate.

The factors of the experiments were:

— fertilizer concentration: control — 0%; 0.4%; 0.8%; 1.2%

— frequency of application (spraying): weekly (7%); every 2 weeks (4x); every 3
weeks (3%).
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The spraying was applied in late afternoon hours, using 4 litres of working liquid for
each experimental treatment, till complete wetting of the plants. The first treatment was
made in the beginning of the 3™ decade of May, and the last one in the beginning of
July, at least 7-10 days before the first harvest of berries. Each experimental treatment
had 4 replications, and the experimental unit was a plot with five bushes.

Every year of the experiment determinations of the yield and the weight of 100 ber-
ries, individually for every harvest were made. The levels of phosphorus and potassium
in the soil were determined with the Egner-Riehm method, the content of magnesium
with the method of Schachtschabel, and the pH of the soils was determined in 1 n KCI.

In the first decade of August samples of leaves were taken for nutrient content
analysis. The sample was 3" — 4" — 5" Jeaf from the tip of annual shoots collected from
20 plants.

The leaf samples were subjected to determination of the contents of:

— total nitrogen, with the Kjeldahl method,

— phosphorus, with the colorimetric method,

— potassium, magnesium and calcium — with the ASA method.

The results were evaluated by analysis of variance. The significance of differences
was estimated using the Tukey test of confidence at the significance level of a = 0.05.

RESULTS

The climatic conditions prevailing during the period of the experiment are presented
in table 1.

Table 1. Mean monthly air temperatures and amount of precipitation in ES Felin in years 2003—2005
Tabela 1. Srednie miesigczne temperatury i sumy opadéw w GD Felin w latach 2003—2005

Month — Miesiac

Year
Rok
Average 0 I I m v VvV VI VI VIl IX X Xl XI mean
temperature 2003 -3.4 -62 1.6 65 163 174 198 189 135 53 49 02 79
Srednia 2004 56 -10 28 79 119 158 181 183 128 98 3.1 15 8.0
telnpféatura 2005 00 -39 -0.1 9.1 132 160 198 169 149 88 27 -0.8 8.1
mean for
19512000 36 28 1.0 75 130 165 179 173 129 79 25 -14 74
Amountof 2003 232 250 6.6 407 714 396 98.1 270 29.0 50.1 17.0 36.3 464.0
precipitation 2004 32.7 525 339 38.1 380 49.9 90.5 485 142 19.1 582 17.1 4927
Suma 2005  41.6 250 48.0 18.6 98.0 559 109.8 108.7 18.0 8.6 21.1 54.5 608.4
opadow mean for

mm 1951-2000 21.7 248 258 40.6 583 658 78.0 69.7 52.1 403 39.1 31.5 547.7

From May till September 2003 the air temperatures recorded were higher than the
long-term average, the warmest month was July. The coldest months were February
2003, January 2004, and February of the last year of the experiment. During the study
period the highest annual sum of precipitations was characteristic of the final year of the
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experiment, due to the plentiful rainfalls in July, August, May, December, March and
January. The monthly sums of precipitation of the month of July were the highest in
each of the years of the experiment, their values exceeding the long-term average.

The mean levels of mineral nutrients in the soil (in 100 g of soil™") were presented in
table 2. The soil had high level of phosphorous, low of potassium and medium level of
magnesium.

Table 2. Soil reaction (pHcy) and content of nutrient element in layer 0-20 cm in year 2003-2005
Tabela 2. Odczyn gleby (pHkc)) i zawarto$¢ sktadnikow pokarmowych w warstwie 0-20 cm
w latach 2003-2005

Soil reaction Nutrient — Sktadnik
Year — Rok Odczyn gleby mg 100 g soil' — mg100 g gleby
pHK(;] P K Mg
2003 3.54 8.5 3.7 2.3
2004 348 8.3 2.8 2.7
2005 345 8.0 44 2.7
Mean — Srednio 3.49 8.3 3.6 2.6

The yielding of highbush blueberry foliar fertilized with Insol Fos in the period of
20032005 is presented in table 3. During the period of the experiment an increased in
the yielding of highbush blueberry was observed. Irrespective of all the experimental
factors, significantly higher yields were obtained in the third and second, as well as in
the first year of the study.

The study showed a significant effect of foliar fertilization on the level of yields. Ir-
respective of the spraying frequency, significantly the highest yield of berries was ob-
tained applying the fertilization with the highest concentration of the fertiliser (1.2%),
but no significant differences were obtained between the levels of its concentration.
Irrespective of the concentration applied, the best yielding were highbush blueberry
bushes foliar application at 2-week intervals.

Foliar fertilization with Insol Fos had no significant effect on the weight of 100
fruits of northern highbush blueberry (tab. 3). Statistical analysis revealed only a com-
bined statistically significant effect of the year of experiment and of fertiliser concentra-
tion on the level of the parameter examined. It was only noted that, irrespective of the
year of the study, the weight of 100 fruits of foliar-applied bushes of highbush blueberry
was higher than the control treatment.

The levels of mineral nutrients in the leaves of highbush blueberry in the years
2003-2005 are presented in tables 4 and 5.

Nitrogen. Statistical analysis showed significant differences between the years of
the study, spraying frequency, and concentrations of the fertilizer used for foliar fertili-
zation of northern highbush blueberry. Significantly the highest content of nitrogen was
recorded in the leaves of Insol-sprayed blueberry in the second year of the study, and
the lowest in the final year. Spraying with Insol Fos had a significant positive effect on
the content of nitrogen in the leaves when the treatment was performed at 2 and 3-week
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Table 3. Efect of foliar fertilizer Insol Fos on yield and weight of 100 fruits of highbush blue-

berry
Tabela 3. Wptyw dokarmiania dolistnego nawozem Insol Fos na plon i mas¢ 100 owocoéw bo-
rowki wysokiej
L Yield — Plon Weight of 100 friuts
Treatment — Kombinacja kg bush™ — kg krzew! Masa 100 owocow, g
Concentration
Frequency LS mean mean
of spraying Stqi/enle 2003 2004 2005 Srednio 2003 2004 2005 ¢rednio
Czestotliwo$¢ °
oprysku 0 0.82 1.99 2.48 1.76 143.8 217.8 205.8 189.1
0.4 1.19 3.47 2.95 2.54 151.0 213.8 210.3 191.2
Every week 0.8 0.77 2.51 2.84 2.04 230.0 218.5 208.5 219.0
Co tydzien 1.2 1.30 3.25 3.02 2.52 212.0 214.3 210.5 212.3
mean 1.02 2.81 2.82 2.22 184.2 216.1 208.8 203.0
Eve 04 1.94 4.66 3.95 3.52 198.0 224.8 220.3 214.3
2 weg(s 0.8 1.35 4.34 4.00 3.23 206.0 200.8 194.5 200.4
Co 2 tysodni 1.2 2.15 3.38 3.50 3.01 197.3 188.5 189.5 191.8
0 lygodme  pean 156 359 348 288 1863 2079 2025 1989
E 0.4 0.87 2.10 2.40 1.79 203.8 184.3 200.8 196.3
3 ‘;’:eryks 0.8 046 297 291 211 2128 1803 1867 1933
Co 3 tyeodnic 1.2 1.39 3.62 3.58 2.86 209.8 179.0 189.5 192.8
ye mean 0.88 2.67 2.84 2.13 192.5 190.3 195.7 192.8
04 1.33 341 3.10 2.62 184.3 207.6 210.4 200.8
Mean 0.8 0.86 3.27 3.25 2.46 216.3 199.8 196.6 204.2
Srednia 1.2 1.61 342 3.37 2.80 206.3 193.9 196.5 198.9
mean 1.27 3.37 3.24 2.63 202.3 200.4 201.2 201.3
Mean — Srednia 1.16 3.02 3.05 2.41 187.6 204.8 202.3 198.2
NIR(]_()5 for: — NIRoyos dla:
Years — Lat (A) 0.61 n.s.
Frequency of spraying — Czgst. oprysku (B) 0.61 n.s.
Concentration — Stgzenia (C) 0.77 n.s.
AxB n.s. n.s.
AxC n.s. 64.10
BxC n.s. n.s.
A xBxC n.s. n.s.

intervals, compared to the control and to weekly spraying. Irrespective of the years and
the spraying frequency, even the lowest concentration of the fertiliser had a significant
effect on the concentration of nitrogen in the leaves of highbush blueberry compared to
the control treatment. Moreover, a significant difference was noted between the lowest
concentration of the fertiliser and the other concentration levels.

Phosphorus. The content of phosphorus in the leaves of northern highbush blue-
berry varied significantly between the years of the study. The highest levels of phospho-
rus were found in blueberry leaves in 2003 and the lowest in the following year. Statis-
tical analysis revealed a significant effect of foliar fertilization with Insol Fos on the
concentration of that element in the leaves relative to the control treatment, and no sig-
nificant differences among the fertiliser concentrations applied and the spraying fre-
quencies.
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Table 4. Effect of foliar fertilizer Insol Fos on the N, P and K content in the leaves of highbush
blueberry

Tabela 4. Wplyw dokarmiania dolistnego nawozem Insol Fos na zawarto$¢ N, P i K w liSciach
boréwki wysokiej

Nutrient in % d.m. — Sktadnik w % s.m.
N P K

Treatment — Kombinacja

¢ Concentration

Frequency o
Stezenie 2003 2004 2005 mean 2003 2004 2005 mean 2003 2004 2005 mean

spraying z
Czestotliwosé %
oprysku 0 1.84 194 174 1.84 0.10 0.08 0.08 0.09 046 040 0.62 0.49
0.4 194 190 1.68 1.84 0.14 0.08 0.10 0.11 041 029 0.55 042
Every week 0.8 1.90 199 1.79 1.89 0.14 0.09 0.10 0.11 0.46 0.29 047 041
Co tydzien 1.2 1.89 194 179 1.87 0.12 0.08 0.09 0.10 048 0.36 048 044
mean 1.89 194 1.75 1.86 0.12 0.08 0.09 0.10 045 033 0.53 0.44
0.4 194 2.08 1.73 191 0.10 0.08 0.10 0.10 041 036 0.54 0.43
Every 2 weeks 0.8 1.87 194 177 1.86 0.10 0.09 0.10 0.10 0.41 043 0.57 047
Co 2 tygodnie 1.2 1.98 2.07 1.77 194 0.12 0.08 0.10 0.10 041 0.29 0.50 0.40
mean 1.90 2.01 1.75 1.89 0.11 0.09 0.10 0.10 042 0.37 0.56 0.45
0.4 1.84 198 172 1.84 0.11 0.10 0.09 0.09 039 0.25 0.52 0.39
Every 3 weeks 0.8 1.92 216 1.74 194 0.14 0.09 0.10 0.11 0.40 0.37 0.53 043
Co 3 tygodnie 1.2 1.97 2,09 1.73 193 0.13 0.09 009 0.10 041 031 052 041
mean 1.89 2.04 173 1.89 0.12 0.08 0.09 0.10 041 0.33 0.54 043
0.4 191 198 171 1.87 0.12 0.09 0.10 0.10 0.40 0.30 0.54 041
Mean 0.8 1.90 2.03 1.77 190 0.13 0.09 0.10 0.10 042 036 0.52 0.43
Srednia 1.2 1.95 2,03 1.76 191 0.12 0.08 0.09 0.10 043 0.32 0.50 042
mean 1.92 2,01 1.75 1.89 0.12 0.09 0.10 0.10 042 0.33 0.53 042
Mean — Srednia 1,89 2.00 1.74 1.88 0.12 0.08 0.09 0.10 043 034 054 044
NIRy s for: — NIR s dla:
Years — Lat (A) 0.02 0.01 0.03
Frequency of spraying — Czgst. oprysku (B) 0.02 ns. n.s.
Concentration — Stgzenia (C) 0.03 0.01 0.04
AXxB 0.05 0.01 n.s.
AxC 0.06 0.01 n.s.
BxC 0.06 0.01 n.s.
AxBxC 0.12 0.02 n.s.

Potassium. Content of potassium in the leaves on blueberry in the years 2003—2005
are presented in table 4. The lowest potassium concentration was recorded in 2004, and
the highest in the final year of the study. Leaves of highbush blueberry foliar-fertilizated
with Insol Fos had a significantly lower content of potassium than the control treatment.
No significant differences were revealed among the concentrations of Insol Fos
(0.4-1.2%). The highest level of potassium was recorded in the leaves of highbush
blueberry grown in the control treatment in 2005.

Magnesium. Statistical analysis showed significant differences between the years of
the study, fertilizer concentrations, interaction between the years and the frequency of
foliar fertilization with Insol Fos, and interaction between the years and the fertilizer
concentration. The highest levels of magnesium in blueberry leaves were recorded in
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2004 and 2005 compared to 2003. Irrespective of the years of the study and the fre-
quency of spraying, the highest levels of magnesium were found in leaves of plants
foliar-sprayed with Insol Fos at concentrations of 0.8 and 1.2%, compared to the lowest
concentration of the fertilizer and the control treatment.

Table 5. Effect of foliar fertilizer Insol Fos on Mg and Ca content in the leaves of highbush
blueberry

Tabela 5. Wptyw dokarmiania dolistnego nawozem Insol Fos na zawartos¢ Mg i Ca w liSciach
borowki wysokiej

Nutrient in % d.m. — Sktadnik w % s.m.

Treatment — Kombinacja

Mg Ca
Frequency Conceptre}tion
of spraying Stqozeme 2003 2004 2005 mean 2003 2004 2005 mean
Czestotliwosé %

oprysku Kontrola 0 0.11 0.12 0.15 0.12 0.32 0.19 0.29 0.26

0.4 0.12 0.12 0.13 0.12 0.13 0.18 0.25 0.18

Every week 0.8 0.12 0.14 0.13 0.13 0.15 0.27 0.24 0.22

Co tydzien 1.2 0.12 0.14 0.12 0.13 0.13 0.28 0.21 0.21

mean 0.12 0.13 0.13 0.12 0.18 0.23 0.24 0.22

Every 0.4 0.12 0.13 0.13 0.12 0.14 0.17 0.22 0.17

2 weeks 0.8 0.11 0.12 0.15 0.13 0.12 0.22 0.31 0.22

Co 2 tygodnie 1.2 0.13 0.15 0.13 0.14 0.15 0.32 0.26 0.24

mean 0.12 0.13 0.14 0.13 0.18 0.22 0.27 0.22

Every 0.4 0.10 0.14 0.13 0.12 0.09 0.26 0.22 0.19

3 wooks 0.8 0.11 0.14 0.13 0.13 0.11 0.24 0.21 0.18

Co 3 tygodnic 1.2 0.13 0.16 0.14 0.14 0.12 0.28 0.24 0.21

mean 0.11 0.14 0.13 0.13 0.16 0.24 0.24 0.21

0.4 0.11 0.13 0.13 0.12 0.12 0.20 0.23 0.18

Mean 0.8 0.11 0.13 0.13 0.13 0.13 0.24 0.25 0.21

Srednia 1.2 0.13 0.15 0.13 0.13 0.13 0.29 0.23 0.22

mean 0.12 0.14 0.13 0.13 0.13 0.24 0.24 0.20

Mean — Srednia 0.11 0.13 0.13 0.13 0.17 0.23 0.25 0.22
NIR{],05 for: — NIR0,05 dla:

Years — Lat (A) 0.01 0.02

Frequency of spraying — Czgst. oprysku (B) n.s. n.s.

Concentration — Stgzenia (C) 0.01 0.03

AxB 0.01 r.n.

AxC 0.02 0.06

BxC n.s. n.s.

AxBxC n.s. n.s.

Calcium. The content of calcium in blueberry leaves increased significantly during
the period of the experiment. Leaves of bushes foliar-sprayed with Insol Fos had a sig-
nificantly lower calcium content than the control plants. Irrespective of the years and the
frequency of foliar treatment application, the lowest level of calcium was recorded in
the leaves of highbush blueberry sprayed with Insol Fos at concentration of 0.4%.
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DISCUSSION

Atmospheric conditions, as environmental factors, have an effect on the properties
of cuticular membrane, on the physiological processes of plants and on the properties of
the solution, and thus play an important role in the process of absorption of mineral
components by the cells of the leaf epidermis [Wojcik 1998].

Although this study was conducted on a plantation that bushes were at full fruit-
bearing, it demonstrated a positive effect of extra-root fertilization with the Insol Fos
fertilizer on the yielding of highbush blueberry. The average yields per bush in the sec-
ond and third years of the study exceeded 3 kg, while those obtained in the control
treatment were 1.99 and 2.48 kg, respectively. In the experiment involving the evalua-
tion of highbush blueberry cultivars on the same plantation, in the period from 3 to 6
years since planting the mean yield per bush was 1.79 kg of berries [Wach 2008].
Szwonek [2003] conducted an experiment with foliar fertilization of two-year old plants
of blueberry cv. ‘Bluecrop’ with the fertilizer Basfoliar (12-4-6+ micro), applied twice
at a concentration of 0.3%. Foliar fertilization of blueberry with Basfoliar, applied
twice, can be a substitute for a 100 kg lower dose of fertilisers applied to the soil. Sta-
rast et al. [2002] obtained a higher yield and higher weight of fruit of lowbush blueberry
under the effect of foliar fertilization. In a study by Smagula and Kreider [2002] foliar
fertilization with NPK did not cause any increase in the yielding of low bush blueberry
compared to ammonium phosphate fertilization applied to the soil.

Chemical analyses of the blueberry leaves revealed nutrients levels varying in the
particular years, determined by the climatic conditions. In the experiment with foliar
fertilization with Insol Fos a significant effect of the treatment on the concentration of
macroelements in leaves of highbush blueberry was observed. In the study was in-
creased the concentration of N, P and Mg and a decrease in the content of K and Ca in
the leaves. In the year with the highest yields and the highest precipitation sums the
lowest nitrogen content in leaves was observed, but the highest of potassium and cal-
cium. Gruca and Stojek [1994] demonstrated a decrease in the levels of N, P, K and Ca
in leaves under the effect of irrigation. Szwonek [2003], under the effect of foliar spray-
ing with Basfoliar, obtained an increase in the levels of N, P and K and a decrease of
concentration of Mg only in the case when a reduced dose of the fertilizer Nitrophoska
Perfekt was applied to the soil, which indicates that foliar fertilization may be effective
at lower levels of fertilization applied to the soil and thus contribute to environmental
protection.

CONCLUSIONS

1. It was found greater differences in yield and mineral concentration in leaves be-
tween years of study than foliar fertilization

2. Foliar fertilization with Insol Fos had a significant effect on the concentration of
phosphorus in the leaves of highbush blueberry, though no differences were shown
within the range of concentrations..
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3. Leaves of plants subjected to foliar fertilization were characterised by signifi-
cantly higher levels of N and Mg and lower content of K and Ca.

4. Foliar spraying with Insol Fos had a positive effect on the yielding of highbush
blueberry but it had no effect on the weight of 100 fruits.
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WPLYW DOKARMIANIA DOLISTNEGO NA PLONOWANIE
| ZAWARTOSC SKEADNIKOW MINERALNYCH W LISCIACH
BOROWKI WYSOKIEJ (Vaccinium corymbosum L.)

Streszczenie. Dokarmianie dolistne jest do$¢ czgsto stosowane obok nawozenia dokorze-
niowego. W latach 2003-2005 przeprowadzono badania nad wptywem dokarmiania do-
listnego fosforem na plonowanie i zawarto$¢ sktadnikoéw mineralnych w liciach borowki
wysokiej. Doswiadczenie przeprowadzono na plantacji towarowej, na 10-letnich krze-
wach odmiany Bluecrop. Nawdz dolistny Insol Fos zastosowano w 4 stezeniach: kontrola
— 0%; 0,4%; 0,8%; 1,2%; kilkakrotnie w odstgpach: co tydzien (7%); co 2 tygodnie (4x%);
co 3 tygodnie (3x). Pierwszy zabieg wykonywano na poczatku 3 dekady maja, ostatni na
poczatku lipca, przynajmniej na 7-10 dni przed pierwszym zbiorem jagdd. Dokarmianie
dolistne nawozem Insol Fos wplyngto dodatnio na plonowanie boroéwki wysokiej, ale nie
mialo wpltywu na mas¢ 100 owocdw. Najefektywniejsze okazalo sig¢ najwyzsze stgzenie
nawozu. Niezaleznie od zastosowanego stezenia w kazdym roku badan najlepiej plonowa-
ly roéliny dokarmiane co 2 tygodnie. Dokarmianie dolistne nawozem Insol Fos miato
zréznicowany wplyw na zawarto$¢ sktadnikow mineralnych w lisciach boréwki wysokie;.
Istotnie wzrastata zawarto$¢ w liSciach N, P 1 Mg natomiast zmniejszala si¢ koncentracja
KiCa.

Stowa kluczowe: Ericaceae, plon owocow, fosfor, makrosktadniki

Accepted for print — Zaakceptowano do druku: 25.11.2011
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