CONTENTS OF MACRO- AND MICROELEMENTS

IN ROOT ENVIRONMENT OF GREENHOUSE TOMATO
GROWN IN ROCKWOOL AND WOOD FIBER
DEPENDING ON NITROGEN LEVELS IN NUTRIENT
SOLUTIONS

Andrzej Komosa, Tomasz Kleiber, Jozef Pirdg
Poznan University of Life Sciences

Abstract. The aim of investigations conducted in the years 2005-2007 was to determine
the chemical composition of nutrient solutions in the root environment of tomato grown in
wood fiber and rockwool, under the influence of diverse levels of nitrate nitrogen in the
nutrient solution amounting 200, 220 and 240 mg N-NO;-dm™. With an increase in nitrate
nitrogen content in nutrient solutions used in plant fertigation a significant increase was
observed in the contents of N-NOj in nutrient solutions of the root environment, collected
from wood fiber and rockwool. No such effect was found for contents of N-NH,, P, K,
Ca, Mg, Fe, Mn, Zn, Cu, B, Na, Cl or pH and EC. In case of wood fiber the following nu-
trient concentration series was found in nutrient solutions of the root environment in rela-
tion to the nutrient solution flowing from the drippers: Na>Cu>Ca>Zn>K>Cl>B >
N-NO;; the following were reduced Fe > Mg > P-PO, > N-NH,; > Mn. Nutrients being
concentrated in root environment solutions during tomato growing in rockwool were: Na
> Ca> Cu > Fe > Cl > K > Zn > B > S-SO, > N-NO;, while contents of Mg > P-PO, >
N-NH4 > Mn decreased. Despite of a wide range of carbon to nitrogen ratio (C:N) in
wood fiber (123—-127), no significant reduction of nitrates was shown in the root environ-
ment. It was a result of adequate application frequency of nutrient solutions during a day.
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INTRODUCTION

Rockwool, belonging to the group of inert substrates, is the most popular substrate
used in intensive tomato growing under covers. However, due to the problems with its
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management and disposal after the completion of the growing cycle, it is attempted to
search for organic substrates with advantageous air and water properties, applicable in
such growing systems. Organic substrates, in contrast to inert ones, are fully biodegrad-
able, thus their waste management is simple. Examples of organic substrates, the appli-
cation of which has been investigated in the course of intensive research, include e.g.
coconut fiber [Bre$ and Ruprik 2006a, Hallman and Kobryn 2003, Kobryn et al. 2007],
straw [Babik 2006, Nurzynski 2006] or wood fiber [Gajc-Wolska et al. 2008, Komosa
2008, Komosa et al. 2009, Pirog 2008, Pirdg and Komosa 2006, Pirdg et al. 2009].
Application of organic substrates in intensive growing systems under cover may be
connected with biological sorption of nutrients, particularly nitrates [Gruda 2008, Gruda
and Schnitzler 1997, Gruda et al. 2000, Hardgrave and Harriman 1995]. In extreme
cases microorganisms may contribute to considerable innutrition of plants and deteriora-
tion of their growth and yield. It is advisable to conduct studies on the optimization of
nitrogen concentration in nutrient solutions used in fertigation with wood fiber as
a substrate due to biological sorption of this nutrient. The ratio of carbon to nitrogen
(C:N) in the wood fiber is very high and amounted up 123-127.

The objective of this study, was to determine changes of the chemical composition
of nutrient solutions in the root environment of tomato grown in wood fiber in relation
to rockwool, under the influence of diverse levels of nitrate nitrogen in the nutrient
solution amounting from 200 to 240 mg N-NO;-dm™.

MATERIALS AND METHODS

Experiments were conducted in the years 2005-2007 in a greenhouse of the De-
partment of Horticultural Plants Nutrition, the Poznan University of Life Sciences. The
effect of varied nitrate levels in the nutrient solution applied in fertigation was analyzed
in terms of changes in the chemical composition of the rhizosphere of tomato cv. ‘Emo-
tion F,’, grown in Agroban rockwool (60 kg-m'3, control combination, slabs of 100 x 15
x 7.5 cm) and wood fiber (60 kg'm™, slabes of 100 x 15 x 7.5 cm).

The experiments were established using the randomized complete block design in
4 replications. One replication (plot) consisted of 6 plants growing in 3 slabes (2 plants
in 1 slab), at a density of 2.5 plants'm™”. Analyses were conducted on 144 plants (3 ni-
trogen levels x 2 substrates x 4 replications x 6 plants per replication).

Plants were grown using fertigation in the closed system without recirculation of the
nutrient solution. Water, on the basis of which the nutrient solution was prepared, con-
tained (mg-dm‘3): N-NH, — tr. (traces), N-NO; — 3.7, P-PO, — 0.3, K — 1.8, Ca — 57.3,
Mg — 13.4, S-SO, — 58.3, Fe — 0.080, Mn — 0.080, Zn — 1.648, B — 0.011, Cu — tr.,
Mo — tr., HCO; — 277.5, Na — 22.7, Cl — 42.2, pH — 7.05, EC — 0.74 mS-cm™. A stan-
dard nutrient solution was applied for plants, containing the following nutrient contents
(mg-dm™): P-PO, — 66, K — 380, Ca — 160, Mg — 80, S-SO, — 145, Fe — 1.00, Mn — 0.80,
Zn — 1.648, B — 0.40, Cu — 0.08, Mo — 0.08, HCO; — 42, Na — 30, Cl — 60, pH — 5.50,
EC - 3.30 mS-cm™. The levels of nitrogen in the nutrient solutions were: 200, 220 and
240 mg N-NO5-dm™. To prepare nutrient solutions there were used following fertilizers:
potassium nitrate (13% N-NO;, 38.2% K), calcium nitrate (14.7% N-NOs, 18.5% Ca),
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magnesium nitrate (11% N-NO;, 9.5% Mg), monopotassium phosphate (22.3% P,
28.2% K), potassium sulphure (44.8% K, 17% S), magnesium sulphure (9.9% Mg,
13% S), Librel FeDP7 (7% Fe), manganese sulphate (32.3% Mn), copper sulphate
(25.6% Cu), borax (11.3% B) and sodium molibdate (39.6% Mo). To regulated pH
values there were used nitric acid (38%).

The fertilizer rate in the nutrient solution depended on the development phase of
plants and climatic conditions in the greenhouse. In the period of intensive yielding of
plants and high temperatures (June — July) daily 3.0-3.5 dm® nutrient solution per plant
were used in 15-20 single doses, with 20-30% effusion of drain water from the slabs.

Samples of nutrient solutions from the drippers, rockwool and wood fiber slabs rep-
resenting the root zone of plants were collected at the same time of the day, using
a syringe in the middle of the distance between plants, in the median axis of the slab,
inserting the needle to half slab thickness, at the following dates: 15.05, 15.06, 15.07,
16.08 and 15.09 of each year of the study. The average sample was collected from
10 slabs. Chemical analyses of nutrient solutions were conducted directly in the tested
solutions (without their stabilization) using the following methods: N-NH, and N-NO; —
by distillation according to Bremner modified by Starck, P — colorimetrically with am-
monium vanadium molybdate, K, Ca, Na — by flame photometry, Cl — nephelometri-
cally with AgNO;, S-SO, — nephelometrically with BaCl,, B — colorimetrically with
curcumin; Mg, Fe, Mn, Zn, Cu — by atomic absorption spectrometry (AAS, Carl Zeiss
Jena); EC — conductometrically and pH — potentiometrically. Results of chemical analy-
ses of nutrient solutions were subjected to statistical analysis using the Duncan test
(o =0.05). In case of pH — the values were change into numerical values and then there
were done the statistical analysis using the Duncan test (o = 0.05). Finally the values
was change into logarithmic values (pH).

RESULTS

Macroelements. No significant effect of the level of nitrates in the nutrient solution
applied to plants was found for ammonium nitrogen in root environment (tab. 1). In
case of rockwool they were within the range 1.47 mg N-NH,-dm™ (N-220) to 1.73 mg
N-NH,-dm™ (N-200), while for wood fiber 1.47 mg N-NHdm™ (N-240) to 2.03 mg
N-NH,-dm™ (N-200). The mean content of this nutrient ranged from 1.64 mg
N-NH,-dm™ (N-220) to 2.02 mg N-NH,dm™ (N-200). Substrates did not differ signifi-
cantly contents of ammonium.

With an increase in the content of nitrate nitrogen in the nutrient solution applied in
fertigation a significant increase was recorded in their concentrations in the root envi-
ronment (tab. 1). Contents of nitrates for rockwool ranged from 225.9 mg N-NO;-dm™
to 255.6 mg N-NO,-dm™, while in case of wood fiber these values were slightly lower,
ranging from 210.1 mg N-NO;-dm™ to 240.6 mg N-NO;-dm™ (for 200 and N-240, re-
spectively). Within the analyzed combinations nitrate contents in the nutrient solutions
differed significantly and ranged from 209.9 mg N-NO;-dm™ to 247.5 mg N-NO;-dm™
(for N-200 and N-240, respectively). A marked trend was observed for nitrate contents
to decrease in the nutrient solutions collected from wood fiber slabs in relation to rock-
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Table 1. The effect of nitrogen levels in nutrient solutions on content of macroelements, EC and
pH in nutrient solutions collected from rockwool and wood fiber slabs in growing of
tomato (means from 2005-2007)

Tabela 1. Wptyw poziomu azotu w pozywce w uprawie pomidora na zawartos¢ makrosktadni-
kow, EC i pH w probkach pobieranych z welny mineralnej i wtokna drzewnego ($Sred-
nio z 2005-2007)

Sampling N-level N-level
place Mean Mean
Miejsce N-200 N-220 N-240  Srednio N-200 N-220 N-240 Srednio
pobrania proby

mg N-NH,-dm’ mg Mg-dm>

Dripper 2.30a 197 a 2.06 a 2.11a 66.2 a 74.6 a 73.8a 655a
Rockwool 1.73 a 147 a 1.57a 1.59a 65.5a 74.8 a 739a 7430
Wood fiber 2.03 a 1.50 a 147 a 1.67 a 64.9 a 73.6a 69.8 a 72.5b

Mean 202a 164a  170a 7152 T1.4a 69.4a

Srednio
mg N-NO5-dm mg S-SO,-dm”

Dripper 193.8a 221.7abc 246.2bc 220.6a 1059 a 106.9 a 106.7 a 106.5a
Rockwool 2259 abc 239.4bc 255.6c 2403Db 1154 a 1174 a 1192 a 1173 a
Wood fiber  210.1a 2259 abc 240.6bc  2255ab  114.1a 120.8 a 106.6 a 113.8a

Mean 209.9a 229.0b 2475 b 11182 1150a 1108 a

Srednio
mg P-dm™ EC (mS-cm™)

Dripper 593 a 59.7a 58.7a 59.2a 291 a 3.00ab  3.13 abc 30la
Rockwool 512a 529a 492 a 51.1a 3.77 c¢d 4.02d 3.86d 3.88b
Wood fiber 46.1 a 483 a 459 a 46.7 a 3.71 c¢d 3.77cd  3.65bed 3.71b

Mean 522a 536a Sl3a 3462  360a  355a

Srednio
mg K-dm” pH

Dripper 367.1a 366.7a 376.1a 3699a 583a 6.02abc  5.89 ab 5.89a
Rockwool 4752a 4744a 4944a 4813b  633bcd 638cd  6.34 bed 6.34b
Wood fiber  504.5a 501.8a 504.0a 503.4b 6.54d 6.69d 6.61d 6.61 c

Mean 4489 a 4476 a 4582 a 6.13a 6.30a 6.21a
Srednio

mg Ca-dm”

Dripper 101.4a 100.0a 1074a 1029a
Rockwool 157.0c 168.8¢c 1743 ¢ 166.7 ¢
Wood fiber 142.1 abc 141.8 abc 146.6 abc 143.5b

Mean 13352 1369a 1428a
Srednio

wool (average 240.3 mg N-NOs-dm™ to 225.5 mg N-NO;-dm™). The above mentioned
reduction was probably connected with biological sorption of this nutrient by microor-
ganisms colonizing wood fiber.

No significant changes were found in the contents of phosphorus in the nutrient so-
lutions collected from the root environment with an increase in the level of nitrates in
the nutrient solution. Mean phosphorus content ranged from 51.3 mg P-dm™ (N-240) to
53.6 mg P-dm™ (N-220). A trend was observed for the content of this nutrient to de-
crease in wood fiber in relation to rockwool, average from 51.1 to 46.7 mg P-dm™.

A different tendency than in case of nitrate nitrogen was found for potassium. Mean
contents of this nutrient within the investigated combinations were similar and ranged
from 447.6 mg K-dm™ (for N-220) to 458.2 mg K-dm™ (for N-240). In nutrient solu-
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tions of the root environment a higher concentration of potassium was observed in rela-
tion to the nutrient solution applied to plants. A higher potassium content was found for
wood fiber (503.4 mg K-dm™) in comparison to rockwool (481.3 mg K-dm™).

A diverse content of nitrates in the nutrient solution applied to plants did not have
a significant effect on mean contents of calcium, ranging from 133.5 mg Ca-dm™ for
N-200 to 142.8 mg Ca-dm™ for N-240. In contrast to wood fiber, there was a tendency
to increase of calcium content in the root environment of rockwool with an increase of
the level of nitrogen in the nutrient solution emitted from the drippers. For both sub-
strates an increasing concentration of this nutrient was found in the nutrient solutions
collected from slabs in relation to the drippers. A significantly lower calcium content
was recorded in case of wood fiber (143.5 mg Ca-dm™) in comparison to rockwool
(166.7 mg Ca-dm™).

Similarly as in case of phosphorus, potassium and calcium, nitrogen level in the nu-
trient solution did not have a significant effect on contents of magnesium, which ranged
from 69.4 mg Mg-dm™ (N-240) to 71.5 mg Mg-dm™ (N-200). For both substrates there
was a trend to increase of magnesium in the root environment with an increase of nitrate
contents in the nutrient solutions. It was found the concentration effect of magnesium in
nutrient solutions collected from rockwool and wood fiber slabs in relation to the drippers.

No significant effect was found for the level of nitrates in the nutrient solution ap-
plied to plants on mean content of sulfates, which for the analyzed combinations ranged
from 110.8 mg S-SO,-dm™ (N-240) to 115.0 mg S-SO4-dm™ (N-220).

Microelements. No significant effect of nitrates level in the nutrient solutions on
mean contents of iron was observed (tab. 2). Concentration of iron was increasing in
rockwool (1.74 mg Fe-dm™) in relation to wood fiber (1.26 mg Fe-dm™). Iron content
was similar in nutrient solutions applied to plants and in nutrient solutions sampled from
wood fiber slabs.

Similarly as in case of iron, no modifying effect of nitrates level on contents of
manganese was found in tested nutrient solutions. They ranged from 0.46 mg Mn-dm™
(N-240) to 0.50 mg Mn-dm (N-200). Manganese in both tested substrate was passing
into insoluble forms as the effect of fixation process.

Contents of zinc, similarly as for iron and manganese, were not significantly modi-
fied with an increase level of nitrates in the nutrient solution. It was ranging from
0.62 mg Zn-dm™ (for N-240) to 0.67 mg Zn-dm™ (for N-220).

The level of nitrogen in the nutrient solution did not diversify the content of copper in the
root environment. Copper, in contrast to manganese, was significantly concentrated in nutri-
ent solutions collected from slabs in relation to the nutrient solution applied to plants.

Increasing levels of nitrates in the nutrient solution used in fertigation did not have
a modifying effect on boron contents. Mean content of this nutrient for each nitrogen
levels in the nutrient solutions was 0.42 mg B-dm™. It was found a significant increase
of boron concentration both in rockwool and wood fiber slabs.

Similarly as for the previously analyzed microelements, no differentiating effect on
chloride content was observed in the root environment depending on nitrogen levels in
the nutrient solution. They covered the range from 40.3 mg Cl-dm™ (N-240) to 42.6 mg
Cl-dm™ (N-220). Chlorides, similarly as copper and boron, were significantly concen-
trated both in wood fiber and rockwool in relation to nutrient solution applied to plants.
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Table 2. The effect of nitrogen levels in nutrient solutions on content of microelements and
sodium collected from rockwool and wood fiber slabs in growing of tomato (means
from 2005-2007)

Tabela 2. Wptyw poziomu azotu w pozywce w uprawie pomidora na zawarto§¢ mikrosktadnikow
i sodu w probkach pobieranych z welny mineralnej i widkna drzewnego ($rednio
z2005-2007)

Sampling N-level — poziom N N-level — Poziom N
place Mean Mean
Miejsce N-200 N-220 N-240 Srednio  N-200 N-220 N-240 Srednio
pobrania proby
mg Fe-dm™ mg B-dm™
Dripper 1.28 a 1.24a 129a 127a 039a 0.39a 0.39a 039a
Rockwool 1.74b 1.80 b 1.68b 1.74b 044 a 043 a 044 a 0.44b
‘Wood fiber 1.28 a 1.22a 127 a 1.26 a 043 a 0.43 a 0.44 a 0.43b
Mean 143a  142a 142a 042a  042a  042a
Srednio
mg Mn-dm™ mg Na-dm®
Dripper 0.75b 0.73b 0.72b  0.74b 358a 348a 359a 354a
Rockwool 0.36 a 0.28 a 0.28 a 0.31a 68.9b 73.1b 69.6 b 70.5b
Wood fiber 0.39a 0.40 a 036a 039a 70.1b 69.0 b 67.9b 69.0 b
Mean 050a 047a 046a 583a  590a  57.8a
Sredno
mg Zn-dm” mg Cl-dm™
Dripper 0.55a 0.58 a 049a 0.54a 342a 333a 33.7a 33.7a
Rockwool 0.67 a 0.73 a 0.67a 0.69a 44.7b 484D 43.8b 456 b
Wood fiber 0.70 a 0.71 a 0.70a 0.70 a 45.0b 46.2b 43.4b 449 b
Mean 0642 067a 0.62a 4132 426a  403a
Srednio
mg Cu-dm”
Dripper 0.072a 0.078a 0.075a 0.075a

Rockwool 0.099a 0.112a 0.099a 0.103 ab
Wood fiber 0.131a 0.110a 0.117a 0.119b

Mean 0.10la 0.100a 0.097a
Srednio

The level of nitrogen in nutrient solution did not have a significant effect on sodium
contents which was within the range 57.8 mg Na-dm® (N-240) to 59.0 mg Na-dm™
(N-220). Contents of sodium, similarly as chlorides, were significantly concentrated in
nutrient solutions sampled from rockwool and wood fiber slabs.

There was appeared a significant increase of EC as the effect of increasing concen-
trations of nitrates, potassium, calcium, magnesium, sodium and chlorides in nutrient
solutions collected from the root environment (tab. 1). The highest EC was recorded in
the nutrient solution sampled from rockwool and wood fiber slabs at the level of 220 mg
N-NO;-dm™ (4.02 and 3.77 mS-em™, respectively), while in combination N-200 was
markedly lower — 3.77 and 3.71 mS-cm’, respectively.

No significant effect of nitrogen levels on pH of nutrient solutions was recorded
(tab. 1). Mean pH ranged from 6.13 to 6.30 (for N-200 and N-220, respectively). As
a consequence of potassium, calcium, magnesium and sodium accumulation in both
tested substrates a significant alkalization was noticed in the root environment.
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DISCUSSION

Rank of nutrient concentrations effect in root environment. The concentrations effect
of nutrients in the root environment of tomato grown in rockwool and wood fiber was
shown (tab. 3). Nutrients were concentrated (the mean of the tested combinations) in
nutrient solutions collected from the root environment of tomato grown in rockwool in
the following series: Na > Ca > Cu > Fe > Cl > K > Zn > B > S-SO4> N-NO;, while
decreasing concentrations were found for Mg > P-PO, > N-NH, > Mn. Similar results of
studies were reported by Komosa et al. [2009], where this series was: Na > Fe > Ca >
N-NH4 > Cu > K > Cl > N-NO; > Mg > S-SO, >B. This data were confirmed also in
study of Pawlinska [2003].

Table 3. An increase or decrease (%) of nutrient contents in nutrient solutions collected from
rockwool and wood fiber in relation to nutrient solution applied to tomato grown in that
substrates (means from 2005-2007)

Tabela 3. Wzrost lub spadek (%) zawarto$ci sktadnikéw odzywczych w pozywkach pobieranych
z welny mineralnej i widkna drzewnego w pordwnaniu z roztworem odzywczym sto-
sownym w uprawie pomidora w tych podtozach ($rednio z 2005-2007)

N-level
Nutrient N-200 N-220 N-240 Mean — Srednio
Sktadnik
Rockwool Wood fiber Rockwool Wood fiber Rockwool Wood fiber Rockwool Wood fiber
N-NH, -24.8 -11.7 -25.4 -28.6 -23.8 -28.6 -24.7 -23.0
N-NO; +16.6 +8.4 +8.0 +2.3 +3.8 -2.3 +9.5 +1.3
P-PO, -13.7 -22.3 -11.4 -21.8 -16.2 -21.8 -13.8 -22.0
K +29.4 +37.4 +29.4 +34.0 +31.5 +34.0 +30.1 +35.1
Ca +54.8 +40.1 +68.8 +41.8 +62.3 +36.5 +60.2 +39.5
Mg -1.1 -2.0 +0.3 -5.4 +0.1 -5.4 -0.2 -4.3
S-S0, +9.0 +7.7 +9.8 -0.1 +11.7 -0.1 +10.2 +2.5
Fe +35.9 0.0 +45.2 -1.6 +30.2 -1.6 +37.1 -1.1
Mn -52.0 -48.0 -61.6 -50.0 -61.1 -50.0 -58.2 -49.3
Zn +21.8 +27.3 +25.9 +42.9 +36.7 +42.9 +28.1 +37.7
Cu +37.5 +81.9 +43.6 +56.0 +32.0 +56.0 +37.7 +64.6
B +12.8 +10.3 +10.3 +12.8 +12.8 +12.8 +12.0 +12.0
Cl +30.7 +31.6 +45.3 +28.8 +30.0 +28.8 +35.3 +29.7
Na +92.5 +95.8 +110.1 +89.1 +93.9 +89.1 +98.8 +91.3
EC +29.6 +27.5 +34.0 +16.6 +23.3 +16.6 +29.0 +20.2

In wood fiber the series of increasing concentrations was following: Na > Cu > Ca >
Zn > K > Cl > B > N-NO;, there were reduction for Fe > Mg > P-PO,> N-NH,>Mn. In
earlier study Komosa et al. [2009] reported the following rank: Na > Zn > Ca > N-NO;
> K > Mg > Cl > S-SO, > B. The above mentioned authors, similarly as in this study,
indicated a reduction of contents for: N-NH,4, P-PO,4, Fe and Mn. Similar changes for
tomato growing in coconut fiber were determined by Bres and Ruprik [2006b].

Both in rockwool and wood fiber, a significant alkalization of nutrient solutions was
recorded in the root zone of plants in relation to nutrient solutions applied to plants.
Similarly as in a study by Komosa et al. [2009], a statistically significant trend for
higher alkalization of nutrient solutions was observed for wood fiber (pH 6.61) in rela-
tion to rockwool (pH 6.35). These results are in coincident with the earlier studies by
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Bres and Ruprik [2006b] conducted on coconut fiber, as well as by Pawlinska [2003]
and Komosa and Olech [1996b] for tomato grown in rockwool.

There is a limited data in literature concerning changes in the chemical composition
of nutrient solutions in the root environment of tomato grown in organic substrates. As
a result of transpiration predominating over nutrient uptake the concentrations of nutri-
ents and EC in these substrates increased. Similar effects were found by Béhme [1995],
Bloemhard and van Moolenbroek [1995], Nurzynski [2004], Dysko and Kowalczyk
[2005], Bres and Ruprik [2006b]. Results of this study were within the optimal range of
EC for nutrient solutions in the root environment, amounting to 2.8—4.2 mS-cm’!, as was
reported by Wysocka-Owczarek [1998]. Komosa and Olech [1996a] stated that an in-
crease of nutrient solution EC in root environment is a consequence of water transpira-
tion predominating over nutrient uptake by aboveground parts of plants and selective
ion uptake. Concentration of nutrients in the root environment of tomato grown in wood
fiber was confirmed by studies of Bre§ and Ruprik [2006b], Komosa et al. [2009] for
coconut fiber, Pawlinska [2003], Nurzynski [2004], Dysko and Kowalczyk [2005] for
rockwool, and Pirog et al. [2009] for growing of cucumber in wood fiber.

Chohura [2000] reported that for tomato in grown in rockwool the concentration of
copper was strongly increased, while Pawlinska [2003] reported that strongest concen-
tration was for iron, boron and sodium. Komosa et al. [2009] stated that concentration of
sodium increased the most in wood fiber. A significant concentration effect of this nutrient
in tomato growing in coconut fiber was also recorded by Bre§ and Ruprik [2006b].

It may be stated that in despite of a very wide C:N ratio in wood fiber, amounting to
123-127, and possibility of nitrogen biological sorption occurrence, no significant re-
duction in the contents of nitrates was observed in the nutrient solutions collected from
root environment.

CONCLUSIONS

Based on the conducted investigations concerning changes of nutrient contents in
the root environment of tomato grown in rockwool and wood fiber, under the influence
of increasing nitrogen levels in nutrient solutions it was found:

1. With an increase in the content of nitrates in nutrient solutions applied in plant ferti-
gation, a significant increase of N-NO; contents was recorded in nutrient solutions in the
root environment, sampled from wood fiber and rockwool. Such an effect was not shown
for contents of N-NHy, P, K, Ca, Mg, Fe, Mn, Zn, Cu, B, Na, Cl, as well as pH and EC.

2. In tomato growing in both substrates the contents of Na, Cu and Ca increased,
whereas the contents of Mg, P-PO,, N-NH, and Mn in the root environment did not
change. The series of increasing concentrations for wood fiber was as follows: Na > Cu
> Ca>Zn>K > Cl> B> S-SO, > N-NOj; while the concentrations did not increase for
Fe > Mg > P-PO4 > N-NH, > Mn. For growing in rockwool this series was: Na > Ca >
Cu > Fe > Cl > K > Zn > B > S-SO, > N-NOs, with decreasing concentrations for Mg >
P-PO, > N-NH, > Mn.

3. To disadvantageous of nutrient contents in the root environment should be in-
cluded accumulation of sodium and chlorides in both substrates and lowering contents
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of magnesium, phosphorus, ammonium and manganese. An increase in the contents of
copper, calcium, zinc, potassium, boron, sulfates and nitrates in the root environment in
both substrates is not a negative phenomenon, however this effect should be included for
estimating optimal nutrient solutions for growing tomato in rockwool and wood fiber.
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ZAWARTOSC MAKRO- I MIKROELEMENTOW W SRODOWISKU
KORZENIOWYM POMIDORA SZKLARNIOWEGO UPRAWIANEGO

W WELNIE MINERALNEJ I WELOKNIE DRZEWNYM W ZALEZNOSCI
OD ZAWARTOSCI AZOTU W POZYWKACH

Streszczenie. Celem przeprowadzonych badan (2005-2007) byto okreslenie zmian za-
warto$ci makro i mikroelementéw oraz sodu w pozywkach pobieranych ze $rodowiska
korzeniowego pomidora, uprawianego we wioknie drzewnym i welnie mineralnej, pod
wplywem zréznicowanych pozioméw azotu azotanowego w pozywkach, wynoszacych
200, 220, 240 mg N-NO;-dm™. Ze wzrostem zawartosci azotu azotanowego w pozywkach
stosowanych do fertygacji roslin stwierdzono istotny wzrost zawartosci N-NO3 w pozyw-
kach pobieranych ze srodowiska korzeniowego ro$lin uprawianych we wioknie drzew-
nym i welnie mineralnej. Wptywu takiego nie wykazano dla zawartosci N-NH,, P, K, Ca,
Mg, Fe, Mn, Zn, Cu, B, Na, Cl, oraz pH i EC. W przypadku wtdkna drzewnego stwier-
dzono nastgpujacy szereg zatgzania sktadnikow w pozywkach pobieranych ze srodowiska
korzeniowego, w stosunku do pozywki dostarczanej roslinom: Na > Cu > Ca > Zn > K >
Cl > B > N-NOjs; obnizeniu ulegaty zawartosci Fe > Mg > P-PO, > N-NH, > Mn. Skfad-
nikami ulegajacymi zatezaniu w pozywkach pobieranych ze strefy korzeniowej w uprawie
pomidora w welnie mineralnej byty: Na > Ca > Cu > Fe > Cl > K > Zn > B > S-SO, >
N-NOs;, natomiast obnizaniu ulegaly Mg > P-PO4 > N-NH, > Mn. Mimo szerokiego sto-
sunku wegla do azotu we wtoknie drzewnym, wynoszacym C:N = (123-127) i mozliwo-
$ci wystapienia sorpcji biologicznej, nie wykazano istotnego obnizenia zawartos$ci azotu
azotanowego w pozywkach pobieranych ze strefy korzeniowej roslin. Bylo to wynikiem
odpowiedniej czgstotliwos$¢ dostarczania pozywki roslinom w ciagu doby.

Stowa kluczowe: podtoza, nawozenie, zawarto$§¢ N-NOs, pH, EC, stosunek C:N

Accepted for print — Zaakceptowano do druku: 31.05.2010

Acta Sci. Pol.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


