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PHYTOTOXKIT TEST IN GROWTH ASSESSMENT OF CORN
AS AN ENERGY PLANT FERTILIZED WITH SEWAGE SLUDGE

The aim of the research was to analyze and evaluate both growth and physiological features of
corn, cultivated in various solis and fertilised with sewage sludge. The present study investigates the
effect of manuring on energy plant development, especially those cultivated on low-quality soils, and
the usefulness of Phytotoxkit test in predicting the efficiency of such a treatment. Sand as well as
various types of soil, e.g. sandy, peat or clay, were enriched with 10–15% doses of sewage sludge
which, to a large extent, influenced the growth of plants. Moreover, their biomass and chlorophyll
a and b content increased, and photosynthesis, membrane stability and RNase activity in leaves were
considerably improved. As far as Phytotoxkit is concerned, it appears that it might be useful when
predicting the development of fertilized plants.

1. INTRODUCTION

Renewable energy is becoming very essential in energy balance in the world. It is
to be of crucial importance to the energy safety improvement, economical develop-
ment of societies and reduction of gases in the atmosphere. Nowadays, about 75% of
the energy obtained from renewable sources comes from plant biomass. Due to an
increasing demand for food supply, the production of energy biomass ought to be
performed on low-quality soils and degraded areas. However, the main problem is
lack of information on effective methods of particular energy plants cultivation on
such soils. Not much is also known about the tests which could be helpful in predict-
ing a given method efficiency without performing field experiments. Professional
literature mentions that soil fertilization with sewage sludge may be helpful and bene-
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ficial in the production of some plant species [15], [1], [7], [10], [2], [9], [6]. Our pre-
liminary research proves that sewage sludge can be used in cultivation of deciduous
ornamentals and energy plants as well [5], [14].

According to recent reports, Phytotoxkit tests can be used in bio-detection of toxic
pollutants in water. These tests show the sensitivity of germinated seeds to various
substances [11], [4], [13]. It is not sure whether Phytotoxkit can be used for predicting
the influence of sewage sludge fertilization on plant growth and its efficiency.

The aim of this study was to evaluate the growth and physiological characteristic
of corn, cultivated in various soils fertilised with sewage sludge, and to develop the
methods for increasing the energy plant biomass on low-quality soils. Simultaneously,
the usefulness of Phytotoxkit test for predicting this fertilization efficiency was as-
sessed.

2. MATERIAL AND METHODS

Plants obtained from commercial corn grains (Zea mays L.) were cultivated in
Phytotoxkit disks and in 3-litre pots filled either with sand or with soil of various
types (sand, peat and clay mixed with sewage sludge in various proportions, ranging
from 0 (control), 5, 10 to 15%). Sewage sludge was obtained from a small town waste
refinery and had the certification for fertilization of inedible plants.

The seeds of grain germinated and new plants grown on Phytotoxkit disks were
placed in growth chamber (20 °C and 8-hour dark/16-hour light cycle – SON-T
AGRO 400 W, 100 μmolm–2s–1), while the pots with growing plants were placed in
a container area for the whole period of vegetative season. They were watered with tap
water. The optimal moisture content of the soils used was 32%. Each treatment was to
be repeated three times, each including ten seeds or ten plants.

There were several factors taken into consideration when evaluating the influence of
fertilized soils on plant growth in Phytotoxkit disks. Each day during the first 2 weeks
germinated seeds were counted, and root length and seedling height measured. Germina-
tion is considered to be complete when the radicle penetrates the seed coat [4].

The development of plants growing in pots with fertilized soil was evaluated on
the basis of the number of emerged seedlings, each day during the first 3 weeks as
well as on the basis of their height measurements. Seedling fresh and dry biomass, the
content of chlorophylls a and b, net photosynthesis, electrolyte leakage, and RNase
activity in leaves, determined each month during the growing season, were also in-
dicative of their development. Fresh biomass and dry biomass were respectively
weighed before and after drying at 130 °C for a few days to constant weight. Chloro-
phylls a and b content was evaluated according to Minolta SPAD 502. Net photosyn-
thesis was measured in infrared light using LCA-3 gas analyzer apparatus equipped
with Parkinson camera [12]. Electrolyte leakage was investigated at 20 °C after plac-
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ing leaves’ segments in test-tubes and adding 3 cm3 of distilled water. Electrolyte
leakage was measured after 2 and 4 hours, using CC-551 Elmetron microcomputer
conductometer [3]. The activity of RNase was evaluated according to KNYPL [8].

3. RESULTS AND DISCUSSION

Soil fertilization with sewage sludge may be beneficial in the production of some
plant species, even though their wide use in agriculture is still very limited [15], [1],
[7], [10], [2], [9], [6]. Our preliminary research [5], [14] and the results presented in
this study show that sewage sludge fertilization can also be used in the case of corn,
cultivated as energy plant on low-quality soils and on degraded areas.

The results show that sewage sludge added in various doses (5–15%) to sand or
sandy, peat and clay soils affects neither the number of germinated seeds significantly
nor the dynamics of their germination in Phytotoxkit disks. What is more, the number of
emerged seedlings and the dynamics of their emergence in the soils mixed with sewage
sludge in pots are not significantly affected (data not shown). This is in conformity with
our previous observations which prove that effective and very fast germination of corn
grains is less sensitive to some harmless treatments (nonpublished data).
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Fig. 1. Length of the corn roots grown in the Phytotoxkit disks on sand and sandy, peat and clay soils
mixed with 0–15% dosages of sewage sludge
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The type of soil had a great influence on the growth of plants developed in Phyto-
toxkit disks and those growing in the pots. Each experiment type proved that the
growth of plants  (taking into consideration their height) on the soil being not mixed
with sewage sludge (control) was slow. A slightly faster plant growth was observed in
sandy soil, in clay or peat soil, while in sand the growth was very limited (figures 1
and 2). The growth inhibition was caused by the very low amount of macroelements in
these subsoils.
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Fig. 2. Height of the corn plants grown in the pots on sand and sandy, peat and clay soils mixed
with 0–15% dosages of sewage sludge. Vertical bars denote ± SE

Sewage sludge addition to the soils stimulated and accelerated the plant devel-
opment greatly, which could be exemplified by a dynamic root growth in Ptyto-
toxkit disks as well as by the height of plants cultivated in pots, their fresh and dry
biomass and the chlorophylls a and b content, photosynthesis, membrane stability
and RNase activity in leaves. In all the types of soil amended with sewage sludge
(10 and 15%), the fastest plant development was observed. Such a soil fertilization
increased, to a large extent, the plant height. What is worth mentioning, the highest
acceleration of the plant growth, resulting from fertilization, was observed in sand
and sandy soil, and the plants grown in such media were about 2.5–3 times higher
than in the control (figures 1–3).
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Fig. 3. Fresh (ο) and (•) dry biomass of corn plants grown in the pots on sand and sandy, peat and
clay soils mixed with 0–15% dosages of sewage sludge. Vertical bars denote ± SE

sand

0

5

10

15

20

25

0 5 10 15

Dosages of sewage sludge (%)

C
hl

or
op

hy
ll 

in
de

x 
co

nt
en

t 

6.08

27.09

    

sandy soil

0

5

10

15

20

25

0 5 10 15

Dosages of sewage sludge (%)

C
hl

or
op

hy
ll 

in
de

x 
co

nt
en

t  

6.08

27.09

clay soil

0

5

10

15

20

25

0 5 10 15

Dosages of sewage sludge (%)

C
hl

or
op

hy
ll 

in
de

x 
co

nt
en

t  

6.08

27.09

    

peat soil 

0

5

10

15

20

25

0 5 10 15

Dosages of sewage sludge (%)

C
hl

or
op

hy
ll 

in
de

x 
co

nt
en

t 

6.08

27.09

Fig. 4. Chlorophyll content in the leaves of corn plants grown in the pots on sand and sandy, peat
and clay soils mixed with 0–15% dosages of sewage sludge. Vertical bars denote ± S



Z.B. ROMANOWSKA-DUDA et al.78

The chlorophylls a and b content was the highest in the plants grown in sand fer-
tilized with sewage sludge. In the case of peat and clay soils, these values were similar
(figure 4). Net photosynthesis (given in μmol CO2.m–2.s–1) in the case of corn was
most efficient in soil with 5% sewage sludge content and peat soil with 10% sewage
sludge content. Other values of all the variants were very similar (figure 5). Electro-
lyte leakage (23.2 μS seed–1 water cm–3) from corn leaves was higher in the plants
grown on clay soil (figure 6). RNase activity (in U g–1 f.w.) was noticed in the plants
on clay soil with 10 and 15% sewage sludge content (figure 7).
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Fig. 5. Net photosynthesis in the leaves of corn plants grown in the pots on sand and sandy, peat
and clay soils mixed with 0–15% dosages of sewage sludge. Vertical bars denote ± SE

The above results indicate that the sewage sludge can hardly be used as a fertilizer
of sandy and low-quality soils which usually are recommended for energy plants cul-
tivation. Furthermore, the use of sewage sludge on large scale in the energy plant pro-
duction resolves the ecological problems of their storage and reduces the pollution of
the environment [13].

The results obtained show that the relationships between the planting conditions
and the height of plants or other parameters of plant growth and metabolism are simi-
lar. Each treatment increased the plant height, their fresh and dry biomass, chloro-
phylls a and b content, photosynthesis, membrane stability and RNase activity in
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leaves (figures 1–7). These observations prove that the characteristics mentioned can
be the good indicators of plant development [3], [13], [14].
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Fig. 6. Electrolyte leakage from leaves of corn plants grown in the pots on sand and sandy, peat and clay soils
mixed with 0–15% dosages of sewage sludge, after 2 h (ο) and after 4 h (•). Vertical bars denote ± SE
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Fig. 7. RNase activity in leaves of corn plants grown in the pots on sand and sandy soil mixed
with 0–15% dosages of sewage sludge. Vertical bars denote ± SE
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The present research also shows that the Phytotoxkit test can be useful in predicting
the growth of plants, depending on the soil type. The results are based on the dynamics
of 2-week root growth (measurement). The plant growth in the field was assessed over
the whole vegetative season. The results obtained confirm that Phytotoxkits are fast and
easy to use tests for evaluating the usefulness of various types of soil for the cultivation
of particular plant species and toxicity monitoring [11], [4], [13].
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