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Abstract. Vegetation studies were conducted from 2002 to 2004, in two leading farms,
located near Poznan where have obtained optimum anthurium (Anthurium cultorum Bird-
sey) yielding. Plants were grown in expanded clay with the application of fertigation with
a standard nutrient solution (in mg-dm‘3): N-NH,<14.0, N-NO5 105.0, P 31.0, K 176.0,
Ca 60.0, Mg 24.0, S-SO, 48.0, Fe 0.840, Mn 0.160, Zn 0.200, B 0.220, Cu 0.032,
Mo 0.048, pH 5.5 — 5.7, EC 1.5 — 1.8 mS-cm'. Significant changes of macroelement con-
tents were found in drainage water in comparison to nutrient solution. The most decreased
contents (in %) of macroelements were found for phosphorus (51.2), potassium (26.7) and
nitrogen (15.4). The EC value showed a downward trend of about 9.5%. Nutrients which
concentration increased in drainage water were (in %): calcium (27.9), sulphur (14.3) and
magnesium (5.5). The knowledge of variations of nutrient concentrations in drainage wa-
ters is the basis for the practical application of closed fertilization systems with the recir-
culation of nutrient solution.
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INTRODUCTION

Poland is a major anthurium producer in Europe; in terms of the volume of produc-
tion it ranks second after Holland [Jabtonska 2005]. The cultivation of this species in
our country has been developing systematically [Mojsiej 2002]. Recently its yield has
grown significantly thanks to the application of inert media and fertigation [Komosa
and Kleiber 2003], as well as greenhouse climate control [Treder 2005]. The inert me-
dium most commonly used in anthurium growing in Poland is expanded clay [Komosa
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and Kleiber 2003]. The nutrient solution used in fertigation undergoes diversified
changes in the root medium. Based on studies conducted so far Kleiber and Komosa
[2004] were of the opinion that some components become more concentrated (e.g. cal-
cium, magnesium), while others are significantly diluted (e.g. phosphorus).

The aim of the study was to determine changes in macroelement contents in drain-
age water, during the 3-year experiments, for anthurium grown in expanded clay. It is
essential for the optimization of plant nutrition, and at the same time it is the basis for
the development of fertigation systems with nutrient solution recirculation.

MATERIAL AND METHODS

The vegetation experiments were carried out in the years 2002-2004 in 2 farms spe-
cializing in anthurium growing, located in the vicinity of Poznan. Greenhouse facilities
were equipped with the following systems: underplant sprinkling, shading, energy-
saving curtains, climate control and monitoring. Six cultivars of anthurium (Anthurium
cultorum Birdsey) were tested: ‘Baron’, ‘Choco’, ‘Midori’, ‘Pistache’, ‘President’ and
‘Tropical’. Plants were grown in expanded clay using dripping line fertigation. Research
was started on 15.01.2002 (2 years old plants), and finished on 30.11.2004 (5 years old).
One cultural bed has dimension 1.2 x 46.0 m (55.2 m?). There were growing 14
plants-m®, it means 772 plants on the bed with one cultivar. During the experiment con-
ducting the number of flowers was counted and appearance of leaves and flowers was
observed.

Chemical analyses of drainage water were conducted prior to the preparation of nu-
trient solutions. In farm no. 1 water from municipal water mains was used, with the
following chemical composition (in mg-dm’z): NH, trace amounts, N-NO; 1.0, P 0.8,
K 2.4, Ca 58.1, Mg 20.3, S-SO, 7.9, Fe 0.015, Mn 0.025, Zn 0.358, B 0.008, Cu trace
amounts, pH 6.69, EC 0.59 mS-cm’. In farm no. 2 there were two sources of water:
well and rainwater. Well water contained on average (in mg-dm™): N-NH, trace
amounts, N-NO; 2.2, P 1.2, K 1.3, Ca 141.4, Mg 8.1, S-S0, 98.7, Fe 0.678, Mn 0.322,
Zn 0.034, B 0.020, Cu 0.002, pH 7.46, EC 0.934 mS-cm™'. Applied rainwater had the
following chemical composition (in mg-dm™): N-NH, and N-NOj trace amounts, P 0.2,
K 0.2, Ca 5.0, Mg 0.1, S-SO,0.4, Fe 0.062, Mn 0.022, Zn 0.933, B 0.003, Cu 0.005,
pH 6.46, EC 0.060 mS-cm".

In the experiments the applied medium was a standard nutrient solution for an-
thurium growing in inert media (in mg-dm‘3): N-NH,<14.0, N-NO; 105.0, P 31.0,
K 176.0, Ca 60.0, Mg 24.0, S-SO, 48.0, Fe 0.840, Mn 0.160, Zn 0.200, B 0.220,
Cu 0.032, Mo 0.048, pH 5.5-5.7, EC 1.5-1.8 mS-cm™ [Komosa 2000]. The frequency
and duration of irrigation were dependent on the season of the year. In the summer, in
the period of enhanced water and nutritional needs fertigation was applied 6-8 times,
supplying 4-5 dm’ nutrient solution-m’, while in the winter it was 2-3 times, applying
2-3 dm’. Approximately 20% nutrient solution was drained from the root medium. In
order to maintain appropriate humidity and substrate moisture content, the cultivation
was sprinkled with rainwater using microsprinklers.
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Samples of nutrient solutions and drainage water were collected every 2 months, be-
tween the 14™ and 16™ day of a given month, in January, March, May, July, September
and November in the years 2002-2004. Nutrient solution samples of 1 dm® were col-
lected directly at dripping lines, while from the root medium drained drainage water was
collected. Chemical analysis of nutrient solution and drainage water was conducted
directly in the analyzed solutions (without their stabilization) using the following meth-
ods: N-NH, and N-NOj; — by distillation according to Bremner as modified by Starck
[Bres et al. 2003]; P — colorimetrically with ammonium vanadium molybdate; K, Ca,
Na — by flame photometry; CI — by nephelometry with AgNOs; S-SO, — by nephelome-
try with BaCl,; B — by colorimetry with curcumin; Mg, Fe, Mn, Zn, Cu — by atomic
absorption spectrometry (AAS); EC — by conductometry; pH — by potentiometry. The
analysis of variance was conducted, describing the relation between the applied nutrient
solution and drainage water. Inference was carried out at the significance level a = 0.05.

RESULTS

The yield of plant in the aspect of quantity and quality was on the optimum level.
There was no observed any symptoms of deficiency or excess of nutrients.

A significant differences were shown for electrical conductivity (EC) between the
nutrient solution supplied to plants and drainage water (tab. 1). A reduction of EC in
drainage water was on average 9.5% in comparison to the supplied nutrient solution.
This could have been caused by the application of underplant misting, increasing hu-
midity and balancing substrate moisture content. Moreover, significant differences were
also found between mean EC values of nutrient solutions and drainage water in succes-
sive years of the study and between the mean electrical conductivity of nutrient solu-
tions and drainage water from the 3 years of the experiments within the analyzed farms.
No significant differences were found in EC of nutrient solutions in farm no. 1
(1.43 mS-cm™) and no. 2 (1.53 mS-cm™).

Table 1. Differentiation of EC value in nutrient solution and drainage water (mS-cm™)
Tabela 1. Zréznicowanie EC pozywek i wéd drenarskich (mS-cm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrientsolution 36y 4> 149 143 148 176 136 153 148

Pozywka

Drainage water

Wody drenarskie 1.22 1.19 1.32 1.24 1.26 1.54 1.51 1.44 1.34

X (BxC) 1.29 1.31 1.41 1.33 1.37 1.65 1.43 1.48

X (B) 133 1.48

X (©) Year — Rok 2002 (I+I1) 1.33  Year — Rok 2003 (I+II) 1.48 Year — Rok 2004 (I+II) 1.42

n.d. — no differences; LSD 9.0s for A = 0.10; LSDy 0,05 for B = 0.10; LSDy 0,05 for C = 0.11; LSD .05 for AXB —
n.d.; LSD, 0,05 for BXC = 0.16; LSD, 0,05 for AxXBxC — n.d.
r.n. — réznice nieistotne, NIR, o0s dla A = 0,10; NIR 005 dla B = 0,10; NIR, s dla C = 0,11; NIR, s dla AXB
—r.n.; NIR 005 dla BXC = 0,16; NIR,0s dla AXxBXC — r.n.
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Opposite trends were shown for changes in pH values of drainage water in both
farms (tab. 2). In farm no. 1 alkalization of drainage water was observed, while in farm
no. 2 a decrease of pH values was recorded in the applied nutrient solution. Moreover,
significant differences were found for mean pH values of nutrient solutions and drain-
age water in analyzed farms. A higher pH value was recorded in farm no. 1 (pH 6.30) in
comparison to farm no. 2 (pH 5.55). No such differences were recorded for pH of nutri-
ent solutions emited from dripping lines in the analyzed farms and between successive
years of the study.

Table 2  Differentiation of pH value in nutrient solution and drainage water
Tabela 2. Zréznicowanie pH pozywek i wod drenarskich

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
préby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

g’(‘)‘g‘;ﬂi‘:"lu‘“’“ 600 630 628 615 554 600 542 560 580

Drainage water ¢ 5, 6.70 670  6.52 5.15 6.15 580 551 580

Wody drenarskie

X (BxC) 6.10 6.52 6.40 6.30 5.30 6.07 5.52 5.55

X (B) 6.30 5.55

X (©) Year — Rok 2002 (I+II) 5.54  Year — Rok 2003 (I+II) 6.22  Year — Rok 2004 (I+II) 5.80

n.d. — no differences; LSD, o5 for A — n.d.; LSD, o5 for B — 0.01; LSD, 905 for C — n.d.; LSD, 905 for AXB —
n.d.; LSDy 0,05 for BXC —n.d.; LSD, 05 for AxBxC — n.d.

r.n. — réznice nieistotne, NIR, oos dla A — r.n.; NIR, 05 dla B — 0,01; NIR, 005 dla C — r.n.; NIR 5 dla AXB —
r.n.; NIRg 005 dla BXC — r.n.; NIR 0,05 dla AXBxC —r.n.

Table 3. Differentiation of nitrogen nitrate contents in nutrient solution and drainage water
(mg N-NO;-dm™)

Tabela 3. Zr6znicowanie zawarto$ci azotu azotanowego w pozywkach i wodach drenarskich
(mg N-NO;-dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrientsolution 1,5 975 y150 1045 990 1055 951 999 1022

Pozywka

Drainage water g, 5 9 89.8 841 904 839 922 888 865

Wody drenarskie

X (BxC) 928 87.8 1024 943 947 947 93.6 943

X B) 94.3 94.3

X (O Year — Rok 2002 (I+11) 93.8  Year — Rok 2003 (I+11) 91.2  Year — Rok 2004 (I+1I) 98.0

n.d. — no differences; LSD, o5 for A = 7.8; LSDy 0,05 for B — n.d.; LSD, 005 for C — n.d.; LSD, o5 for AxB —
n.d.; LSDy 0,05 for BXC —n.d.; LSD, 05 for AxBxC — n.d.

r.n. — réznice nieistotne; NIR, o5 dla A = 7,8; NIR, 05 dla B — r.n.; NIR, o5 dla C — r.n.; NIR, o 05 dla AXB —
r.n.; NIR, 05 dla BXC — r.n.; NIR, 05 dla AXBxC —r.n.
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A significant decrease was shown for nitrate contents in drainage water — on average
by 15.4% (tab. 3). Nitrate content in nutrient solutions in both farms was similar. No
differences were observed between the years of the study.

Phosphorus turned out to decrease more considerably than it was found for nitrogen
(tab. 4). Contents of this element decreased in drainage water on average by 51.2%.
However, no significant differences were shown between farms or years of the study.

Table 4. Differentiation of phosphorus content in nutrient solution and drainage water (mg P-dm)
Tabela 4. Zréznicowanie zawartosci fosforu w pozywkach i wodach drenarskich (mg P-dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
préby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrient solution 469 434 5 475 416 418 274 369 422

Pozywka

Drainage water ), ¢ 12.2 17.6 176 217 247 244 236 206

Wody drenarskie

X (BxC) 349 278 349 325 317 332 259 303

X (B) 325 303

X (©) Year — Rok 2002 (I+II) 33.3  Year — Rok 2003 (I+II) 30.5 Year — Rok 2004 (I+II) 30.4

n.d. — no differences; LSD, o5 for A = 3.0; LSD, 05 for B — n.d.; LSD, s for C — n.d.; LSD, 05 for AXB =
4.2; LSDy .05 for BXC =5.2; LSD, .05 for AxBxC =7.3.
r.n. — réznice nieistotne; NIR, 005 dla A = 3,0; NIR, 005 dla B — r.n.; NIR, 05 dla C — r.n.; NIR 05 dla AXB =
4,2; NIR 005 dla BXC = 5,2; NIR, 005 dla AXBxC =7,3.

Table 5. Differentiation of potassium content in nutrient solution and drainage water (mg K-dm™)
Tabela 5. Zréznicowanie zawarto$ci potasu w pozywkach i wodach drenarskich (mg K-dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrientsolution 07 1937 2274 2044 2023  207.0 1468 1854 1949

Pozywka

Drainagewater 35 358 1567 1442 1368 1427 1447 1414 14238

Wody drenarskie

X (BxC) 165.1 1658 1921 1743 1696 1749 1458 1634

X (B) 174.3 163.4

X (©) Year — Rok 2002 (I+1T) 167.4 Year — Rok 2003 (I+II) 170.4 Year — Rok 2004 (I+IT) 168.9

n.d. — no differences; LSD, o5 for A = 14.4; LSDy .05 for B — n.d.; LSD ¢.0s for C — n.d.; LSD,, ¢.05s for AXB —
n.d.; LSDy 0,05 for BXC =24.9; LSDy 005 for AXBxC = 35.2.

r.n. — réznice nieistotne; NIR, 005 dla A = 14,4; NIR, 005 dla B — r.n.; NIR 0,05 dla C — r.n.; NIR 05 dla AXB —
r.n.; NIR, o 05 dla BXC =24,9; NIR, 05 dla AXBxC = 35,2.

Contents of potassium, similarly to nitrogen and phosphorus, decreased significantly
in drainage water in comparison to the nutrient solution dripping from dripping lines
(tab. 5). The mean decrease was 26.7%. Nutrient solutions dripping from dripping lines
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in both farms had similar contents of this element. Statistical analysis did not show
significant differences between years of the study.

Table 6. Differentiation of calcium content in nutrient solution and drainage water (mg Ca-dm™)
Tabela 6. Zréznicowanie zawartosci wapnia w pozywkach i wodach drenarskich (mg Ca-dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrientsolution ,5 3 415 385 417 710 939 832 87 622

Pozywka

Drainage water g5, 594 62.1 579 1003 1287 1148 1146 863

Wody drenarskie

X (BxC) 495 498 503 498 857 1113 990 987

X (B) 49.8 98.7

X (©) Year — Rok 2002 (I+II) 67.6  Year — Rok 2003 (I+II) 80.5 Year — Rok 2004 (I+II) 74.6

n.d. — no differences; LSD 05 for A = 14.0; LSDg 05 for B = 14.0; LSD, 0,05 for C — n.d.; LSD, 0,05 for AXB —
n.d.; LSD, o.05 for BXC —n.d.; LSD, 05 for AxBxC — n.d.
r.n. — r6znice nieistotne; NIR, 05 dla A = 14,0; NIR, 05 dla B = 14,0; NIR, 05 dla C — r.n.; NIR, 05 dla AxB
—r.n.; NIR; 005 dla BXC — r.n.; NIR,, 05 dla AXBxC —r.n.

Table 7. Differentiation of magnesium content in nutrient solution and drainage water
(mg Mg-dm™)
Tabela 7. Zréznicowanie zawarto$ci magnezu w pozywkach i wodach drenarskich (mg Mg-dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (©) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutdentsolution 307 345 370 340 317 340 295 317 328

Pozywka

Drainage water 33 ¢ 454 395 378 312 324 303 313 346

Wody drenarskie

X (BxC) 322 373 383 359 315 332 299 315

X (B) 35.9 31.5

X (©) Year — Rok 2002 (I+II) 31.8  Year — Rok 2003 (I+IT) 352 Year — Rok 2004 (I+1I) 34.1

n.d. — no differences; LSD 005 for A — n.d.; LSD o5 for B = 3.1; LSD,, 005 for C — n.d.; LSD, o5 for AXB —
n.d.; LSDy 0,05 for BXC —n.d.; LSD, 05 for AxBxC — n.d.

r.n. — réznice nieistotne; NIR, 05 dla A — r.n.; NIR, s dla B = 3,1; NIR 95 dla C — r.n.; NIR, o5 dla AXB —
r.n.; NIR, 05 dla BXC — r.n.; NIR, 0,05 dla AXBxC —r.n.

In contrast to nitrogen, phosphorus and potassium, a significant increasing of cal-
cium content was recorded in drainage water (tab. 6) — on average it amounted to
27.9%. Significant differences were shown between the analyzed farms in calcium con-
tent in nutrient solutions. A higher calcium content in farm no. 2 was the result of
a higher content of this element in water used in fertigation.

An increase (on average by 5.5%) was recorded for magnesium content in drainage
water in relation to the nutrient solution emited from dripping lines (tab. 7). However,
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this difference was not statistically significant. Moreover, no significant differences
were shown between farm nos. 1 and 2 in terms of magnesium content in nutrient solu-
tions.

Table 8. Differentiation of sulfur sulfate content in nutrient solution and drainage water
(mg S-S0, dm™)

Tabela 8. Zr6znicowanie zawartosci siarki siarczanowej w pozywkach i wodach drenarskich
(mg S-S0, dm™)

Place of sampling Farm — Gospodarstwo I (B) Farm — Gospodarstwo II (B)

Miejsce pobrania Year — Rok (C) Year — Rok (C) X (A)
proby (A) 2002 2003 2004 X (AxB) 2002 2003 2004 X (AxB)

Nutrientsolution g 5 54 475 435 716 1074 723 87T 636

Pozywka

Drainage water 4 540 603 478 80.1 1142 985 976 727

Wody drenarskie

X (BxC) 278 552 539 456 759 1108 854  90.7

X (B) 45.6 90.7

X (©) Year — Rok 2002 (I+II) 51.8 Year — Rok 2003 (I+II) 83.0 Year — Rok 2004 (I+II) 69.7

n.d. — no differences; LSD, s for A — n.d.; LSD, g5 for B = 9.8; LSD 05 for C = 12.0; LSD, s for AXB —
n.d.; LSDy 0,05 for BXC —n.d.; LSD, 05 for AxBxC — n.d.

r.n. — r6znice nieistotne; NIR, 05 dla A — r.n.; NIR, 005 dla B = 9,8; NIR,, 05 dla C = 12,0; NIR, 905 dla AXB —
r.n.; NIR, o 05 dla BXC — r.n.; NIR, 005 dla AXBXC —r.n.

No significant variation was shown in sulfate content in nutrient solutions and drain-
age water, although a distinct upward trend was found. The mean increase in sulfate
content was 14.3% (tab. 8). Marked differences were observed between the years of the
study and the farms.

DISCUSSION

Conducted investigations showed significant variation in contents of macroelements
in drainage water in relation to applied nutrient solutions. Contents of phosphorus, ni-
trogen and potassium decreased, while those of calcium, magnesium and sulfates in-
creased, primarily as a result of increasing concentration and selective ion uptake. Phos-
phorus content decreased most considerably, mainly as a result of retrogradation (transi-
tion into sparingly soluble compounds). It decreased on average by 51.2%. According to
Kleiber and Komosa [2004] the retrogradation of this element is an advantageous phe-
nomenon. Contents of potassium (26.7%) and nitrogen (15.4%) were reduced less sig-
nificantly.

An increase in contents of calcium, magnesium and sulfates in drainage water may
be the effect of many processes. The most important in this respect include the water
transpiration process dominating over the rate of uptake of some nutrients and selective
ion uptake. According to Komosa [2000], increasing the content of calcium and magne-
sium may be a significant cause of alkalization of the nutrient solution in anthurium
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growing on expanded clay. This process may also result from partial leaching of these
components from expanded clay. Meinken [1997] was of the opinion that expanded clay
exhibits slight sorption properties, which to a certain degree may protect the plant
against damage, e.g. as a result of the application of a too concentrated nutrient solution
in fertilization.

As a consequence of a bigger lowering of contents of nitrogen, phosphorus and po-
tassium than the increase in contents of calcium, magnesium and sulfates electrical
conductivity (EC) in drainage water was observed to decrease in comparison to the
nutrient solution supplied to plants (on average by 9.5%). A reduction of contents of
some components may also be caused by the dilution of drainage water as a result of the
application of underplant sprinkling, which improved substrate moisture content condi-
tions. The dilution of drainage water was confirmed in the study by Kleiber and Ko-
mosa [2004]. In turn, 6delik and Ozkan [2002] showed the effect of increased concen-
tration of the nutrient solution in anthurium growing, conducted in the closed system
with recirculation. According to those authors, that was caused by transpiration domi-
nating over nutrient uptake and selective ion uptake by plants.

The concentration series (increasing concentration) of nutrients was determined in
drainage water in relation to the nutrient solution supplied to plants, amounting to (in
%): Ca 27.9 > S-SO, 14.3 > Mg 5.5. The decreasing series was as follows: P 51.2 >
K 26.7 > N 15.4, respectively.

Results of this study confirm the experiments of Kleiber and Komosa [2004], ac-
cording to which the elements, which concentrations become most increased in drainage
water in anthurium growing, include Ca, S-SO,, Cu, B and Na. In turn, Chohura [2000]
claimed that in cultivation of plants in expanded clay copper content increases most,
while that of magnesium — the least. Iron, zinc, phosphorus and manganese did not
increase in concentration.

The presented series of lowering or increasing concentrations of macroelements in
drainage water are essential for the development of the anthurium growing method in
closed systems with medium recirculation. Waechter-Kristensen et al. [1997] reported
that the quality of plant yield in closed systems is comparable to that obtained from
cultivation in open systems. Systems with medium recirculation have several other
advantages, such as e.g. economical management of fertilizers and water, their more
effective utilization and reduced pollution of the natural environment [Van Os 2001].
The above mentioned advantages were confirmed by Komosa [2004]. That author also
emphasized the need to conduct research on the efficiency of the application of aero-
ponic systems in the closed system with medium recirculation, especially in case of
epiphytes (e.g. anthurium), i.e. plants absorbing water and nutrients by aerial roots.

The investigations conducted in this study showed a high tolerance of anthurium to
contents of calcium and sulfates (93.9 mg Ca'dm™ and 107.4 mg S-SO4-dm, respec-
tively). In nutrient solutions recommended for anthurium fertigation content of calcium
is 60.0 mg-dm™, while that of sulfates is 48.0 mg-dm™ [Bre$ et al. 2003].

So far numerous authors [Nowosielski 1988, Bres et al. 2003, Sonneveld and Voogt
1993] have considered anthurium a plant especially sensitive to salinity. This study
showed high tolerance of these plants to EC, amounting up to 1.76 mS-cm™. No symp-
toms of nutrients excess or their toxicity were observed on plants, and their yield was
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correct. prawidlowe. Analyzed anthurium cultivars may be included in the group of
plants with medium sensitivity to salt concentrations in substrate.

CONCLUSIONS

1. In drainage water diversified changes were recorded in nutrient contents in com-
parison to the nutrient solution supplied to plants. Contents of phosphorus, potassium
and nitrogen decreased, while those of calcium, magnesium and sulfates increased.

2. The series of increasing concentration of nutrients in drainage water was as fol-
lows (in %): Ca (27.9) > S-SOy (14.3) > Mg (5.5), while the series of decreasing con-
tents was (%): P (51.2) > K (26.7) > N-NO; (15.4), respectively.

3. No negative response was shown in anthurium cultivars ‘Baron’, ‘Choco’, ‘Mi-
dori’, ‘Pistache’, ‘President’ and ‘Tropical’ to high contents of calcium (93.9 mg
Ca-dm™) and sulfates (107.4 mg S-S0, dm™) in the nutrient solution. Analyzed cultivars
may be considered to have medium sensitivity to salinity.
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ZROZNICOWANIE ZAWARTOSCI MAKROELEMENTOW
W POZYWKACH I WODACH DRENARSKICH W UPRAWIE ANTURIUM
(Anthurium cultorum Birdsey) W KERAMZY CIE

Streszczenie. Doswiadczenia wegetacyjne przeprowadzono w latach 2002-2004
w dwoéch wyspecjalizowanych gospodarstwach ogrodniczych potozonych w okolicach
Poznania, w ktérych uzyskiwano optymalne plonowanie anturium (Anthurium cultorum
Birdsey). Rosliny uprawiano w keramzycie, z zastosowaniem standardowej pozywki sto-
sowanej w fertygacji kroplowej (w mg-dm™): N-NH,<14,0, N-NO; 105,0, P 31,0,
K 176,0, Ca 60,0, Mg 24,0, S-SO, 48,0, Fe 0,840, Mn 0,160, Zn 0,200, B 0,220,
Cu 0,032, Mo 0,048, pH 5,5-5,7, EC 1,5-1,8 mS-cm'. Stwierdzono zréznicowanie zawar-
tos¢ sktadnikow w wodach drenarskich wyciekajacych z podioza w stosunku do pozywki.
Sktadnikiem, ktérego stgzenie w wodach drenarskich obnizato si¢ najsilniej, byt fosfor
(51,2%), nastgpnie potas (26,7%) i azot (15,4%). Stwierdzono réwniez obnizanie sig¢
przewodnosci elektrolitycznej (EC) — $rednio o 9,5%. Skladnikami, ktérych zawarto$¢
w wodach drenarskich wzrastata byly: wapn (27,9%), siarczany (14,3%) i magnez (5,5%).
Znajomos$¢ zréznicowania zawartosci sktadnikéw w wodach drenarskich stanowi podsta-
wg do wdrazania w praktyce zamknigtych ukladéw nawozenia z recyrkulacja pozywki.

Stowa kluczowe: anturium, fertygacja, makroelementy, keramzyt, pozywka, wody dre-

narskie
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