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CULTIVATION

The purpose of the conducted experiment was to learn about the influence of com-
posts obtained from post-consumer wood on the growth, flowering and nutrition
of the canna lily (Canna x generalis L.H. Bailey) ‘Tropical Yellow’. The number
of microorganisms and the level of their enzymatic activity in the media in which
the plants were cultivated were also examined. Two variants of composts made
from post-consumer wood, marked OPA and OPB were used in the experiment.
Plants were cultivated in the media consisting of compost and high peat in different
volumetric combinations. The content of macro- and microelements, the pH and
salinity of particular media were the derivatives of compost and peat percentage
in the medium. It was found that the medium type had a significant influence on the
growth and flowering of the canna lily. The type of the compost used proved to be
a determining factor in changes in the number and activity of the microorganisms
in the examined media, as well as the nutritional status of the plants.
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Introduction

Canna lily is a species which is widely used in green spaces in cities. It is also
used in the process of phytoremediation. It is usually propagated vegetatively,
for example by means of rhizome division. The novelty on the market is the Tropi-
cal group which is propagated from seeds. Regardless of the propagation man-
ner, the indispensable stage of production is preparing the seedlings under cover.
The basic medium used in cultivation under covers is high peat. Due to exces-
sive and long-term exploitation, the deposits of high peat are shrinking [IInicki
2002]. Thus, alternative materials which could totally or even partially replace
this hardly-renewable natural resource are being sought. In gardening produc-
tion, peat might be replaced with such components as: straw, composts of various
origins, wood waste, coconut fibres and shells [Dobrowolska et al. 2007; Krzywy
et al. 2007; Dobrowolska, Janicka 2008; Wraga 2008; Larcher et al. 2011].

Composts prepared from different kinds of wood waste can be used in order to
enrich a soil in terms of its nutrients and also hummus substances. Composts made
from post-consumer wood (old furniture, windows and doors, building structures,
wooden packaging) might, in certain cases, contain some harmful substances
(e.g. heavy metals, preservatives) coming from finishing materials, resins and
adhesives. For this reason they should not be used in the production of plants
designed for consumption, although they may be used in ornamental plant culti-
vation.

Difterent plants exhibit various soil requirements in terms of nutrient content
and also as far as microbiological medium activity is concerned. The basic role of
microorganisms in the soil is the constant transformation of organic and mineral
compounds, making nutrients available to plants [Blum 1998]. Microorganisms
are closely related to plants and their root system, and with their root excretions
too. They also take part in decomposition of toxic substances. Moreover, they
are responsible for secondary metabolite synthesis. Secondary metabolites (plant
growth hormones, phytochelatins, organic acids, B vitamins) have a favourable
effect on plant growth. Microorganisms can also release substances (antibiotics,
H,S) which are toxic towards phytopathogens or animal organisms, in this way
improving plant condition and health [Marschner 2007].

The usefulness of the media made with post-consumer wood composts in or-
namental plant cultivation needs to be tested experimentally. The purpose of the
experiment discussed in the following paper was the assessment of the growth,
flowering and nutritional state of the canna lily cultivated in media consisting
of high peat and composts prepared from post-consumer wood.
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Materials and methods
Vegetation test

The experiment, whose major purpose was to assess composts made from post-
-consumer wood in the cultivation media, was conducted in the greenhouse of
the Department of Ornamental Plants at Poznan University of Life Sciences.
Two variants of composts (OPA and OPB) prepared in two piles of a dimension
5 m?® at the Wood Technology Institute in Poznan were used in the experiment.
The compost variant marked as OPA consisted of post-consumer wood waste
(OP) (weighing 70%) mixed with powdery waste from processed MDF boards
(6%), mature compost made from fibre board waste (19%), high peat (4%), water,
a biological inoculum “Activit Las” and 30 kg urea. The OPB compost was diffe-
rent from the OPA variant as it did not contain urea, but the following substances
were added: ammonium nitrate (1.5 kg), magnesium sulphate (0.4 kg), potassium
phosphate (0.8 kg) and calcium phosphate (0.9 kg).

The object of study was the canna lily (Canna x generalis L.H. Bailey)
‘Tropical Yellow’ propagated generatively, characterized by green leaves and yel-
low flowers. The seedlings with 2-3 leaves were planted on 3 April 2012 into
pots of 17 cm in diameter and a volume of 2100 cm®. The plants were cultivated
in substrates consisting of peat with the addition of the OPA or OPB composts
in different volume ratios. The control group consisted of plants grown in high
peat limed to pH 6.3.

The markings of the particular combinations are presented below:

1. TOPA —100% of OPA compost

2. I OPA —75% of OPA compost + 25% of peat
3. I OPA —50% of OPA compost + 50% of peat
4. IV OPA —25% of OPA compost + 75% of peat
5. TOPB —100% of OPB compost

6. 11 OPB —75% of OPB compost + 25% of peat
7. 1l OPB —50% of OPB compost + 50% of peat
8. IVOPB —25% of OPB compost + 75% of peat
9. control group —100% of peat

The experiment consisted of 9 combinations, each with 11 replications, where
one plant was a single replication.

Plant analyses

Measurements of the following characteristics of the canna lily plants were taken
on the last day of the experiment: the plant height, the number of leaves, the
length of the inflorescence and the shoots with inflorescences, the number of flow-
ers in the inflorescences and the diameter of the flowers. The leaf fresh and dry
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matter, as well as the rhizome fresh matter and the number of rhizome branches
were determined. The size of the leaf assimilation area was measured by means of
a CL-202 Portable Leaf Area Meter. The index of leaf greenness (SPAD) was also
determined by means of a Yara N-Tester apparatus. This measurement is used to
determine the intensity of the green colour of the leaves and is calculated as a quo-
tient of light absorption connected with the presence of chlorophyll at the wave-
length of 650 nm and the absorption by the leaf tissue at a wavelength of 940 nm
[Samborski, Rozbicki 2004]. The results were statistically calculated by means
of the analysis of variance. The means were grouped with the use of the Duncan
test with inference at the significance level of a = 0.05.

On completion of the experiment, the plant material was taken for chemical
analyses of their macro- and microelement content. The aboveground parts of the
plants were collected and then dried at 45-50°C and then ground. For the assays of
total nitrogen, phosphorus, potassium, calcium and magnesium, the plant material
was mineralized in concentrated sulphuric acid [IUNG 1983]. After mineraliza-
tion of the plant samples, chemical analyses were performed using the following
methods: N — total according to Kjeldahl in a Parnas-Wagner distillation appa-
ratus, P by colorimetry with ammonium molybdate, and K, Ca, Mg by atomic
absorption spectrometry (in a Carl Zeiss Jena apparatus). To determine the total
iron, manganese, zinc and copper, the plant material was mineralized in a mixture
of dioxonitric and tetraoxochloric acids (3:1 v/v) [IUNG 1983]. After minerali-
zation, Fe, Mn, Zn and Cu were determined according to the ASA method. The
results of the chemical analyses of the plants for their macro- and microelement
content were analyzed statistically using the Duncan test, with inference at the
significance level o = 0.05.

Substrates analyses

Before commencing the cultivation (term I) and on its completion (term II) the
substrate samples were collected for microbiological analyses.

The microbiological analyses were performed on the basis of Koch’s plate
method and consisted in the determination, with the use of selective media, of the
counts of heterotrophic bacteria, moulds and actinomycetes. The assessment of
colony forming units (cfu) of the above-mentioned microorganisms by means of
culturing methods was a measure of the intensification of microorganisms charac-
terised by current high metabolic activity.

The counts of heterotrophic bacteria were determined on the agar medium
(Merck 101621 Standard count agar for microbiology) following 5 to 6-day in-
cubation at a temperature of 28°C. Mould fungi were determined on the Martin
medium within a period of 5 days at a temperature of 24°C [Martin 1950]. The
number of actinomycetes were determined on the Pochon selective medium [Kan-
ska et al. 2001], incubating plates for 7 days at a temperature of 26°C.
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In addition, using the spectrophotometric method, enzymatic activity was deter-
mined within the collected samples of the composted material. Dehydrogenase ac-
tivity was determined using 1% TTC (triphenyltetrazolium chloride) as a substrate,
after a 24-hour incubation period at a temperature of 30°C, and at a wavelength
of 485 nm. The activity of this enzyme was expressed in umol TPF-g' d.m. of
substrate-24h!' [Thalmann 1968]. The activity of acid phosphatase was determined
using p-nitrophenylophosphate sodium as a substrate, after one hour incubation at
37°C, at 400 nm wavelength and expressed in umol PNP-g!' d.m. of substrate-1h!.
Urease activity was determined using urea as a substrate, after 18-hour incubation
at 37°C. Enzyme activity was expressed in ug N-NH, g d.m. of substrate-18h".

Table 1. The chemical composition of the medium used, beginning and after the end
of the experiment

NNO,| P | K| ca [Mg| Fe [ Mn | zn | Cu | €1 |salinity

Medium [mg-dm”] o NaCl pH
Beginning of experiment
CP(TSttr;l 8 57 | 35 | 2581 | 139 | 435|578 | 3.7 [ 038 | 72 133 | 6.3
End of experiment
g:r?ttrgl 12 23 | 20 | 2423 | 130| 155 | 1.56 | 6.2 | 1.24 | 203 1.28 | 7.5
Beginning of experiment
I 546 29 | 55 | 570 | 47 | 45.0 [17.68|720.0| 1.58 | 37 297 | 3.6
< I 357 29 | 45 | 974 | 67 | 56.5 [14.70|539.5| 0.94 | 46 205 | 5.0
O |1 320 25 | 40 | 1296 | 87 | 51.2 [13.26|411.5| 0.78 | 55 207 | 54
v 167 29 | 40 | 1887 | 117 | 46.0 | 9.94 |203.6| 0.42 | 67 1.85 | 6.2
End of experiment
I 422 33 | 55 | 808 | 105 41.2 [12.32]616.0| 1.92 | 229 | 296 | 4.0
< I 336 20 | 20 | 1080 | 102 | 41.0 | 9.16 |444.0| 2.96 | 230 | 2.30 | 5.1
O | 253 33 | 10 | 1464 | 106 | 34.9 | 3.24 |346.0| 2.68 | 224 | 224 | 5.7
v 72 23 5 | 1645 | 94 | 28.5 | 0.96 [194.0| 2.98 | 184 1.36 | 6.3
Beginning of experiment
I 733 50 | 70 | 591 | 53 | 57.4|19.40|786.0| 0.90 | 39 430 | 3.7
2 I 460 36 | 55 | 974 | 70 | 54.5 |15.26|594.5| 0.48 | 49 246 | 52
O |11 408 36 | 50 | 1183 | 104 | 44.8 |12.80(379.5| 0.44 | 66 276 | 5.8
v | 251 36 | 45 | 1845 | 119 | 41.9 [10.80|244.0| 0.42 | 69 228 | 6.2
End of experiment
I 251 30 | 35 | 535 | 66 | 55.4 [10.28|584.0| 2.24 | 184 1.88 | 4.0
a II 286 27 | 30 | 1211 | 94 | 44.3 | 6.00 |458.0| 1.94 | 181 | 2.06 | 5.1
O |11 283 30 | 20 | 1585 | 112] 32.5 | 2.16 |359.0| 2.32 | 221 239 | 59
v 111 20 | 20 | 2089 | 117 | 23.0 | 1.30 | 180.0| 2.48 | 253 1.83 | 6.9
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Enzymatic activity investigations are believed to reflect substrate microbio-
logical activity set against the background of the traditional method of determin-
ing the total count of microorganisms using Koch’s plate method.

Changes in the total count of microorganisms and their metabolic activity
levels were statistically calculated with the use of Statistica 10.0 software.

The content of macroelements (N-NO,, P, K, Ca, Mg, CI) and microelements
(Zn, Cu, Mn, Fe) in the tested substrates as well as their bulk density, salinity and
pH were analysed prior to and after the vegetation test (table 1). The macroele-
ments and microelements in the substrates were analysed with the method modi-
fied by Nowosielski [Bres$ et al. 1991]: the macroelements in a universal extract
(CH,COOH at a concentration of 0.03 mol-dm™) and the microelements in Lind-
say’s extract. Nitrate nitrogen was determined potentiometrically, phosphorus
spectrophotometrically, potassium and calcium by flame photometry, magnesium,
copper, zinc, iron and manganese by the atomic absorption spectroscopy method
(AAS) with atomization in the flame, chlorides were determined potentiometri-
cally, salinity conductometrically, pH potentiometrically, and density by weight
method.

Results and discussion

On the basis of the conducted experiment it can be concluded that plant develop-
ment (growth and flowering) are significantly dependent on the compost variant
used, and especially on its percentage in the medium (table 2 and 3). Regardless
of the compost type, the plants cultivated with its higher percentage in the me-
dium (100% and 75%) were, on average, 31-55% lower when compared with the
plants from the control group (table 2). According to Wilson et al. [2001, 2002],
the addition of 50%, 75% and 100% compost retards the gloxinia and angelonia
growth. A similar tendency was observed while analyzing the remaining features
under examination, such as the number of leaves, their colour and their fresh and
dry matter (table 2). This is confirmed by the study conducted by Larcher et al.
[2011], who, as a result of camellia cultivation in a peat medium with 30% com-
post, obtained plants which were lower, had fewer leaves of a brighter colour and
lower dry matter in shoot.

The leaf blade is a plant organ which is extremely significant in the photosyn-
thesis process. Limiting the leaf assimilation area retards the process significantly,
which, in turn results in the plants’ lower quality. In the conducted experiment,
regardless of the compost variant, the leaf assimilation area of the plants cultiva-
ted in 100% compost and in the medium with either 75% or 50% compost was si-
gnificantly smaller when compared with that of the plants from the control group.
The plants cultivated in the medium with 25% compost, on the other hand, did not
differ significantly from those cultivated in the peat (table 2). Lower fresh and dry
matter of the aboveground parts of the plants and the fresh matter of the rhizomes
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in the plants cultivated in the media with a higher content of compost (100% and
75%) also proved that the photosynthesis process was inefficient. The addition of
50% and 25% compost to the media, regardless of its composition, resulted in an
increase in the fresh and dry matter of the aboveground parts of the plants, SPAD
and the number of leaves when compared with the control group (table 2).

Table 2. The influence of OPA and OPB compost on morphological features of canna
lily

. Greening | Fresh Dry
. Height of Number | Leafarea | index of | weight of | weight of
Medium plants 5

[em] ofleaves | [cm?] leaves leaves leaves

[SPAD] | [g] [¢]

control-peat 32.7 d* 6.1b 129.6d | 46.5d 2l4c 38b

- 100% compost 144 a 52a 639ab | 154ab 6.1a I.la
% 75% compost +25% peat | 22.4b 6.5 be 73.5b 31.0¢ 135b 35b
50% compost + 50% peat | 28.3 ¢ 6.9 be 97.7¢ 56.6 ¢ 24.4d 49c¢
25% compost + 75% peat | 32.0d | 73 cde | 128.7d | 55.7e 24.0d S1c
control-peat 32.7d 6.1b 129.6d | 46.5d 214c 38b

" 100% compost 155a 4.7a 53.7a 11.4a 28a 0.7a
8 75% compost + 25% peat | 20.8b 6.5 be 76.6b 21.6b 124D 2.2 ab
50% compost + 50% peat | 28.7c 8.0e 98.6 ¢ 599e | 27.5de 53¢
25% compost + 75% peat | 32.7d 7.7 de 117.9d | 549¢ 30.0¢ 5.9cd

* Means followed by the same letter are not significantly different at o. = 0.05

The compost variant and its percentage in the medium had a significant effect
on plant flowering. The application of the OPB compost at a dosage of 50% and
25% proved to be more favourable. In this case, 81% and 90% of the plants, re-
spectively, flowered. The plants in the control group did not flower, which could
be due to the low content of nutrients in the peat (fig. 1, table 3).

In the canna lily it is the rhizome which is the spore organ. Moreover it is used
as reproductive material. For this reason it is essential to obtain rhizomes which
have many branches as it is then much easier to obtain, after division, a higher
number of daughter plants. In the experiment the canna lily seedlings formed
rhizomes of different mass and branching during the vegetation process. This was
significantly dependent upon the percentage content of the compost in the me-
dium. The lower the compost content, the higher the number of branches (table 3).

Microorganism colonization of the substrates is highly dependent on their
wealth of nutrients, such as sugars, proteins and fats. The quantitative and quali-
tative composition of the soil microorganisms is highly conditioned by the
presence of allopathic compounds released by plant roots, and also by the re-
ciprocal interactions between the microorganisms [Badura 2006; Niewiadomska
et al. 2010a].
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Table 3. The influence of OPA and OPB compost on vegetative and generative featu-
res of canna lily

Le'ngth Length Number . Fresh
of inflo- of inflo- of Diameter weicht of Number
Medium rescences | o ces flowers | of flower rhi;gome of branch
shoot [cm] of inflo- [cm] ] rhizome
[em] rescences &
control-peat - - - - 40.6 ¢ 6.0d
100% compost - - - - 35a 25a
% 75% compost + 25% peat | 32.2b 14.0a 40a 55a 10.0b 31a
50% compost + 50% peat | 33.0b 12.6 a 63D 6.0a 17.8 ¢ 4.0b
25% compost + 75% peat | 29.0 a 13.5a 6.0b 6.0a 31.2d 53cd
control-peat - - - - 40.6 ¢ 6.0d
100% compost - - - - 32a 2.7a
m
8 75% compost + 25% peat | 16.5a 8.0a 30a 6.0a 6.9 ab 30a
50% compost + 50% peat | 29.8 b 11.0b 470 64a 25.2d 4.1b
25% compost + 75% peat | 32.8 ¢ 11.3b 53b 7.5 ab 26.7d S5.1cd
p p

* Means followed by the same letter are not significantly different at o = 0.05

100 ~ 90,5
90 A 81

80 A
70 A
60 A

50 - mOPA
40 -

%

27 m OPB
30 1 18 18 19

20 o
101 00 0 0
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0

peat- torf |

medium
Fig. 1. Percentage of flowering plants, depending on the medium

Bacteria, actinomycetes and fungi are reported to play an essential role in
organic matter mineralization in soil.

While analyzing the microbiological research results presented in fig. 2, it was
found that the general counts of heterotrophic bacteria only diminished in the va-
riants with the pure OPB compost or pure peat (the control group) when compared
with the state at term I of the analyses, that is before commencing the cultivation
of the canna lily. In the remaining combinations, a statistically significant increase
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in the bacteria counts was observed when compared with their counts at the begin-
ning of the experiment (term ). On both dates (before the experiment and on its
completion), the OPB compost was characterized by higher heterotrophic bacteria
counts when compared with the OPA compost. While analyzing the experimental
variants with the OPA compost, the highest counts of the abovementioned micro-
organisms were observed after the end of the experiment, in the combination in
which this compost was mixed with peat in a 1:1 ratio. As far as the OPB variants
are concerned, on the other hand, the highest counts of bacteria were observed in
the combination consisting of 25% OPB + 75% peat. The reason for the above-
mentioned phenomenon could be the different chemical composition of the media
used and also the presence of canna lily root excretions, whose quantitative and
qualitative composition is dependent on the plant’s development stage. Accord-
ing to Rozycki and Strzelczyk [1985] as well as Barabasz and Smyk [1997] root
excretions can have both a stimulating and retarding effect on microbiological
development and activity in the medium.

000 OTERM1 |
m TERM ||
900
g
2 800
Nal
- T
=<5. 700 +——=5
£ 600 H
2 500 H T
e
o400 T
§ 300 T
E 200+
Z.
100 4] * % * *
0

PEAT IOPA  1IOPA IIOPA IVOPA |OPB 11OPB I OPB IVOPB
* significantly differ at a = 0.05
** significantly differ at o =0.01

Fig. 2. Changes of total bacteria number

Actinomycetes are also very important microorganisms colonizing all eco-
systems: both natural and artificial. They have the ability to mineralize both sim-
ple and complex organic compounds and their metabolites have either a retard-
ing or stimulating effect on the remaining micro flora present in the environment
[De Boer et al. 2005]. Taking into consideration changes in the actinomycete
counts at subsequent times of the analyses, it was observed that on commencing
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the experiment (term I) the highest count of actinomycetes (fig. 3) was found in
the OPB combination which consisted of 100% compost. The addition of different
amounts of peat resulted in a decrease in the actinomycete counts. After finishing
cultivation, an increase in the number of the abovementioned microorganisms was
observed only in the variant consisting of only 25% OPB compost. At this time the
highest actinomycete counts were observed in the variant in which the OPA com-
post was mixed with peat at a ratio of 1:1. However, the increase in these counts,
when compared with the pure OPA compost, was observed in all its combinations
with peat.

OTERM |
500 u

450 BTERM Il
400
350
300
250 T |
200 _*L ==
150 - T

100 - T T
50

0 - ‘ ‘ ‘ ‘ ‘ ‘ ‘
PEAT IOPA  IIOPA 1IOPA IVOPA IOPB 1IOPB IIIOPB IV OPB

** significantly differ at o = 0.01

*%

i

Number [cfu - 10° g'! d.m. of substrate]

Fig. 3. Changes in the total number of actinomycetes

The fluctuations in the actinomycete counts in the analysed experimental com-
binations could be related to the quantitative and qualitative composition of the
root excretions which influence the physicochemical properties of the substrate
and microorganism multiplication [Wolna-Maruwka et al. 2012]. It can also be
related to the chemical composition of the media used (compost or peat).

Apart from bacteria and actinomycetes, fungi also play an essential role in
nutrient circulation in the soil. According to Howell [2003], the important role
of fungi in the environment is connected with the fact that they produce enzymes
which can inhibit plant pathogen development.

In all the variants of the experiment, the total count of moulds (fig. 4) was
higher at the beginning of the experiment (term I) than at the end of the experi-
ment (term II). The highest counts of the abovementioned microorganisms were
observed at the beginning of the experiment, at term I, in the combination where
the OPA compost constituted 100% of the medium and in the control group. More-
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over, stronger mould multiplication was observed in the combination consisting
of the OPA compost when compared with the OPB compost. These differences
in fungi counts were probably due to the different chemical composition of the
composts used in the experiment. What is more, it was observed that a statistically
significant decrease in the fungi counts was related to the quantitative and quali-
tative changes of the root excretions at term II of the analysis [Wolna-Maruwka
et al. 2012], or to the emergence of the metabolites of microbiological reactions
with inhibitive properties.

400 OTERM |
o BTERM I
E 350 JT_
£ |
2 300+
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> [

g 250 - —
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TC\D 200 1+ JT_ l ke
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2 100 -
3
£ 50
=
z
) 1N o [ HW

PEAT 1OPA 1IOPA IlIOCPA [IVOPA |OPB IIOPB 1lIIOPB IV OPB
** significantly differ at a =0.01

Fig. 4. Changes in the number of moulds

The metabolic activity of microorganisms, which is characterized by all com-
pounds and energy transformations, might be manifested by their enzyme activity
[Calderon et al. 2000]. According to numerous authors, the recognition of the
enzymatic activity of the substrate gives an objective image of the undergoing
processes [Drijber et al. 2000; Waldrop et al. 2000; Koper, Siwik-Ziomek 2003].
Nowadays, it is assumed that enzymatic activity of the soil is a better measure of
its fertility and productivity than other biological indicators, such as microorgan-
ism counts or their biomass [Kobus 1995; Scigalska, Klimal997; Niewiadomska
et al. 2010b]. Determining dehydrogenase activity is an indicator of the intensity
of the respiratory metabolism of soil microorganisms, mainly bacteria and actino-
mycetes. The significance of dehydrogenases to the functioning of microorgan-
isms makes it a very common indicator for determining microbiological activity
of the given substrate. According to Brzezinska and Wtodarczyk [2005], on the
basis of the enzymatic activity level, one can determine the physiological condi-
tion of the microorganisms.
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Pedziwilk and Gotgbiowska [1984], as well as Lynch and Panting [1980]
proved that microorganism counts are not always positively correlated with the
microorganisms’ metabolic activity level. According to these researchers, higher
microorganism counts might indicate low metabolic activity.

The highest level of dehydrogenase activity (fig. 5) was observed on comple-
tion of the cultivation in the variant consisting of 100% peat. The activity level of
the microorganisms in question in the abovementioned combinations was highly
significant statistically when compared to the other objects of study. A high level
of dehydrogenase activity was also observed in the objects with both the OPA and
OPB composts containing 75% peat. The lower activity of these enzymes in the
majority of the compost media could result from the content of the compost addi-
tives such as adhesives, resins, paints, etc., which can inhibit the activity of these
enzymes.

6 OTERM |
BTERMII

[umol TPF - g-! d.m. of substrate - 24h]

PEAT | OPA IITOPA [IIOPA IVOPA 10PB 11OPB 1IIOPB IV OPB
** significantly differ at o = 0.01

Fig. 5. Changes in dehydrogenase activity

Another class of enzymes that play a significant role in soil are phosphatases
which stimulate the chemical changes of phosphorus compounds into inorganic
phosphates (HPO,? and H,PO,?) directly accessible to plants. The phosphatase
activity in the soil environment reflects enzymatic activity related to soil colloids
and humus substances, free phosphatases in the soil solution and phosphatases
linked to the live and dead cells of plants and microorganisms [Nannipierl et al.
1990; Januszek 1999; Mocek-Ptéciniak 2010].

In all the analysed combinations (fig. 6), the level of acid phosphatase was
higher at the beginning of the experiment (term I) than on its completion, which
was probably related to the decrease in the contents of the decomposing organic
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phosphorus compounds. Moreover, on the second analysis date the activity level
of these enzymes grew together with the peat percentage in a given combination.
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Fig. 6. Changes in acid phosphatase activity

The activity of the enzymes taking part in nitrogen changes in the soil environ-
ment can also be an indicator of the soil environment biological activity, the inten-
sity of the changes in these compounds and nitrogen accessibility to plants. Urea
and organic nitrogen compounds in the soil and in other environments undergo the
process of hydrolysis under the influence of urease produced microbiologically.

The changes in the urease activity presented as a chart (fig. 7) show that at the
beginning of the experiment the highest activity of the enzymes in question was
found in the following combinations: OPA 100% and OPB 100%, which consisted
of composts only. However, after cultivation, the highest urease activity level was
observed in the variants in which both the OPB and OPA composts accounted
for only 25% of the media. Moreover, it was also observed that together with
an increase in the peat percentage in the medium, the urease activity level also
increased after cultivation. The increase in urease activity in the analysed objects
at the end of the experiment could result from the presence of root excretions of
nitric character. According to Bais et al. [2006] and Dabek-Szreniawska et al.
[2006], the excretion composition can result in microorganisms producing ureases
due to higher plant demand for nitrogen.
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Fig. 7. Changes in urease activity

The content of macro- and microelements in the examined media was depen-
dent on the type of wood waste used to produce a given compost variant and on
the quantitative relation of the compost with the peat. This thesis is confirmed
by Wrdblewska et al. [2008], according to whom the chemical parameters of the
composts depend heavily on the type of wood waste used in compost production.
In general, in the research presented, before commencing cultivation, the analyzed
media contained high quantities of nitrogen and zinc, low quantities of phospho-
rus, potassium and magnesium, and appropriate quantities of calcium, iron, man-
ganese and copper (table 1). Kozik et al. [2010] in their research also observed
high quantities of nitric nitrogen and low quantities of phosphorus, potassium, and
magnesium, together with low pH levels in composts used for plant cultivation.
During the vegetation process the tendency was for nitric nitrogen, potassium,
magnesium, manganese and zinc to diminish their contents, and higher amounts
of copper and the pH levels were observed in most of the examined combinations.
On completion of the experiment, an excess content of nitrogen, low content of
phosphorus, potassium and magnesium, and a standard content of calcium, iron,
manganese and copper were observed (table 1). Contrary to the research presen-
ted, Wroblewska et al. [2008] found, after finishing Salix alba cultivation, only
trace contents of nitrogen and almost no potassium, but an increase in the contents
of calcium, chlorine and soil reaction. Wroblewska et al. [2007] state that rele-
asing nitrogen from composts produced from wood waste can last for a long time,
even for several years.

In the experiment conducted, regardless of the compost type, no significant
differences between the average plant nutrition state, as far as both macro- and
microelements are concerned, were observed. Wroblewska et al. [2008], on the
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other hand, observed the highest amounts of zinc in the plants cultivated in the
medium with OPB compost, and of boron in the leaves of willow cultivated in
OPA compost.

Significantly the highest contents of nitrogen and phosphorus were marked
in the case of the plants grown in the OPB compost (100%) (table 4). The lower
contents of the abovementioned elements, on the other hand, were marked in the
control group combination, where the plants were cultivated in peat only; and in
the case of phosphorus, also in the medium consisting of peat with the addition
of 50% or 25% OPA compost, and also in the medium with the addition of 25%
OPB compost. The addition of peat to the medium significantly worsened plant
nutrition with these elements. Similarly, as in the case of nitrogen and phosphorus,
the highest content of potassium in the plants was found in the case of cultivation
in the medium consisting of 100% OPA compost, and, significantly, the lowest
content in the control combination and with a 75% and 50% addition of either of
the two examined compost types to the medium. The highest calcium content was
found in the plants cultivated in the medium with the addition of 75% and 50%
OPA compost and also in 100% OPB compost. The highest amounts of magne-
sium in the plants were found in the case of the control combination and with 25%
of either compost type in the medium. Regardless of the compost type, in all the
examined combinations in the case of N, P, K and Ca — higher contents of these
elements were found in the terrestrial parts of the plants when compared with the
control combination.

Table 4. The influence of medium on the content of macroelements in leaves

, N | P [ K | ca| Mg | Fe| Mn | zn | Cu
Medium
% oven dry mass mg-kg' oven dry mass

Control-peat | 135a [ 037a | 1.15a | 1.79a | 1.21¢ [40.7b] 1009a | 2792 | 440a
OPA

I 245cd*[0.50ab| 2.58¢c | 2.84b | 0.29a | 77.5¢c | 262.2d | 430.7¢ | 8.70b

I 2.14b |046ab| 221b | 3.74c | 0.34a |442b | 244.7d |278.6d | 9.10b

111 1.93b | 039a | 1.18a | 348¢c | 0.61b [49.2b| 2073 ¢ |210.5¢cd| 9.10b

v 1.54a | 0.34a | 1.19a | 2.78b | 1.39¢c [41.5b| 133.5b | 1353 b | 6.40 ab

Mean 2.01a**| 0.42a | 1.79a | 3.21a | 0.66a |53.1a| 211.9a | 263.8a| 833a
OPB

I 2.80d* | 0.80c | 231b | 3.70c [0.53ab |29.9a| 137.7b | 413.5¢ | 5.50 ab

II 245cd [0.60ab| 2.05b |3.14bc| 0.24a |26.5a| 194.7¢c | 266.0d | 8.30 ab

11 1.70 ab | 0.43 ab| 1.34a | 3.08 bc | 0.93 ab |45.5b| 174.4¢ | 251.1d | 7.20 ab

v 1.58ab | 0.38a | 1.30a | 2.77b | 1.78d |49.0b | 1559 bc| 197.3 ¢ | 6,40 ab

Mean 2.13a**| 0.50a | 1.72a | 343a | 0.72a [41.2a| 180.8a | 259.5a| 7.53 a

* Values in columns followed by the same letter are not significantly different at a = 0.05
** Means followed by the same letter are not significantly different at o = 0.05



20 Hanna WROBLEWSKA, Anita SCHROETER-ZAKRZEWSKA, Katarzyna GLUCHOWSKA i in.

As far as iron is concerned the lowest contents of this element in the plants
were found in the combination in which the plants were cultivated in the me-
dium consisting of 100% and 75% OPB compost, while the highest contents were
found in the case of the 100% OPA compost. Plant nutrition with this element was
similar to the control group. In the case of the OPA compost, the addition of peat
significantly lowered the content of iron, while in the media with the addition of
OPB, it had a favourable effect on the iron content in the terrestrial parts of the
plants. In all the examined combinations higher contents of manganese in the
terrestrial parts of the plants, when compared with the control, were found. In the
case of the OPA, these contents were of the highest values in the combination in
which this compost variation accounted for 100% and 75% of the medium, and in
the case of the OPB — in the combination with 75% and 50%. Similarly, as in the
case of manganese, significantly higher contents of zinc were found in the plants
when compared with the control. They had the highest values for OPA and OPB
(100%). Similarly, as in the case of manganese and zinc discussed above, plants
cultivated in peat were characterised by the lowest content of copper. In general,
plants cultivated in the OPA compost exhibited a higher content of this element
than those cultivated in the OPB.

Changes in the content of elements in the aboveground parts (leaves) of the
plants can be accounted for on the basis of the chemical composition of the media
used for cultivation. As far as the examined composts are concerned, it may be
concluded in general that the plants cultivated in 100% OPA compost contained
the highest quantities of nitrogen, phosphorus, potassium, iron, manganese and
zinc; those cultivated in the medium containing 75% OPA compost contained the
highest quantities of calcium; and those with 25% OPA compost had the highest
amounts of magnesium. As far as the OPB compost is concerned, the plants cul-
tivated in the medium consisting of 100% OPB contained the highest quantities
of nitrogen, phosphorus, potassium, and calcium; those cultivated in the medium
containing 75% OPB had the highest amounts of manganese and zinc, and those
cultivated in the medium consisting of 25% OPB — had the highest amounts of
magnesium and iron.

Research into the application of OPA and OPB composts was conducted pre-
viously by Wroblewska et al. [2009]. The authors observed a particularly favo-
urable effect of the addition of OPA compost onto the growth and development of
willow leaves and shoots when compared with the plants cultivated in mineral soil
only. They also proved the much lower influence of the addition of compost to the
substrate on the macro element content in willows than in the case of the canna
lily in the research presented here. Similarly to the research presented, Kozik et al.
[2010] observed a differentiation in plant nutrition under the influence of different
compost types.

There is very little data concerning nutrient content in canna lily in literature.
Nitrogen content, between 1.54% and 2.80% N, depending on the examined com-
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bination, considerably exceeded the contents reported by Yeh et al. [2004] in their
experiment. These authors in their research on the influence of nitrogen nutrition
in canna lily observed the nutrient content in leaves between 0.6 and 1.4% N,
which was connected with an increase in the dry matter. Broschat et al. [2008]
report that it is the fertilization applied which significantly influences the contents
of nitrogen, phosphorus, magnesium and manganese in the canna lily leaves. De-
pending on the combination examined, they marked similar contents of nitrogen
(2.26-2.80%) and phosphorus (0.42-0.51%), a much lower content of manganese
(43.6-152.5 mg-kg"), and a higher content of potassium (2.49-2.86%).

Taking into consideration the growth and development of the plants in the
research presented, the following element contents (in the combination in which
25% of either the OPA or OPB compost was used) should be considered as opti-
mal: N — 1.54-1.58%, P — 0.34-0.38%, K — 1.19-1.30%, Ca — 2.77-2.78%,
Mg — 1.39-1.78% of dry matter, and Fe — 41.5-49.0 mg-kg', Mn — 133.5-155.9
mg-kg!, Zn —135.3-197.3 mg-kg"', Cu— 6.40 mg-kg"' of dry matter.

Conclusions

The medium containing a higher percentage of post-consumer wood com-
post (100%, 75%) had an unfavourable effect on the plants. Composts prepa-
red from post-consumer wood can constitute a 25% addition to peat in canna
lily cultivation. The type of compost used was found to be a factor determining
the microbiological quantity and activity. Actinomycetes and moulds multiplied
most intensively on the first date of analysis, while this happened to the bacteria
on the second date of analysis. The highest level of dehydrogenase and urease
activity was observed on completion of the experiment, while the highest le-
vel of acid phosphatase was observed before the beginning of cultivation.
The OPA compost had the most stimulating effect on the multiplication of moulds,
actinomycetes and the phosphatase activity. The OPB compost had a stimula-
ting effect on the bacteria count and an increase in the urease and dehydrogenase
activity level.
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ZASTOSOWANIE KOMPOSTOW Z DREWNA
POUZYTKOWEGO W UPRAWIE PACIORECZNIKA
OGRODOWEGO (CANNA X GENERALIS L.H. BAILEY)

Streszczenie

Celem przeprowadzonych badan byto poznanie wptywu kompostow uzyskanych z drew-
na pouzytkowego na wzrost, kwitnienie i stan odzywienia paciorecznika ogrodowego
(Canna x generalis L.H. Bailey) ,, Tropical Yellow”. W do§wiadczeniu analizowano takze
liczebnos¢ mikroorganizmow oraz poziom ich aktywnosci enzymatycznej w podtozach,
w ktorych uprawiane byly rosliny. W badaniach zastosowano dwa warianty kompostow
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z drewna pouzytkowego oznaczonych symbolami OPA i OPB. Rosliny uprawiano w pod-
lozach sktadajacych si¢ z kompostow i torfu wysokiego w nastepujacych kombinacjach
objetosciowych: kompost 100%, kompost 75% + torf 25%, kompost 50% + torf 50%,
kompost 25% + torf 75% i torf 100% (kontrola). Zawarto§¢ makro- i mikrosktadnikow,
pH i zasolenie poszczegdlnych podlozy byly pochodna procentowego udzialu kompostu
i torfu w podtozu. Analizujac uzyskane wyniki, stwierdzono, ze rodzaj podtoza wywart
istotny wpltyw na wzrost i kwitnienie paciorecznika ogrodowego. Podloza zawierajace
25% 1 50% kompostu miaty korzystny lub oboje¢tny wplyw na wzrost i kwitnienie roslin
paciorecznika. Wigkszy udzial kompostu (100% i 75%) w podtozu niekorzystnie wptywal
na wzrost i kwitnienie roslin. Rodzaj zastosowanego kompostu okazat si¢ czynnikiem de-
terminujacym zmiany liczebnosci i aktywnosci mikroorganizmoéw w badanych podtozach,
a takze stanu odzywienia roslin.

Stowa kluczowe: pouzytkowe drewno, odzywienie, aktywnos$¢ enzymatyczna, paciorecznik ogro-
dowy
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