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Abstract. Sewage sludge and phosphogypsum are by-products of wastewater treatment and phosphorus fertiliser production, respec-
tively. Considering all known methods of their management, it seems rational to use these waste products in agriculture. While as-
similating nutrients contained in sewage sludge or phosphogypsum, agricultural crops contribute to the recycling of these otherwise
noxious materials. The objective of this study was to identify the effect of fertilization with sewage sludge and with phosphogypsum
on selected physiological parameters that determine the efficiency of the photosynthetic apparatus in Cannabis sativa L. Field tests
were conducted on three varieties of Cannabis sativa: Biatobrzeskie, Tygra and Beniko. Plots were fertilized with sewage sludge as
an equivalent of nitrogen nutrition in a dose of 170 kg Nha! and with phosphogypsum applied in three doses: 100, 500 and 1000
kgha'!. The plants were subjected to physiological assays (relative content of chlorophyll and leaf area index) on three dates in 2014:
29 June (early development stage), 26 July (full development) and 20 September (final development stage). The study discusses the
effect of fertilization with sewage sludge and phosphogypsum on the efficiency of the photosynthetic apparatus in Cannabis sativa.
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1. Introduction problem. Attempts to return the nutrients accumulated in

sewage sludge into the soil seem justifiable, both in terms

The continuous growth of the human population, along of economy as well as from the point of view of preserving
with industrial development, entails the production of in- and restoring the ecological balance in nature. The mineral
creasing mass of waste, including sewage sludge and phos-  and organic composition of sewage sludge is similar to that
phogypsum, which are becoming an increasingly serious of soil organic matter, i.e. humus (Baczalska, 1998). This
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facilitates the utilization of sewage sludge for natural pur-
poses, including agricultural ones. Sewage sludge intended
for non-industrial use must meet certain criteria regarding
its chemical composition and sanitary status. Restrictions
are imposed, for example, on the content of heavy met-
als, due to their toxic impact on living organisms and po-
tential bioaccumulation (Bien, 2002). Phosphogypsum is
a waste product produced in the production of phosphorus
fertilizers, which is used in many industries, but owing to
its content of nutrients, especially phosphorus, it can be
applied for plant fertilization.

One of the objectives of the research on energy crops is
to design such cultivation techniques that would ensure the
highest possible biomass increases. Two groups of tech-
nologies can be distinguished. One comprises traditional
solutions where nitrogen and phosphorus are supplied from
conventional sources. The other one involves utilization
of burdensome wastes, for instance sewage sludge and
phosphogypsum.

Researchers involved in studies of energy crops are
now paying more attention to Cannabis sativa L., a plant
native to Asia that belongs to the Cannabaceae family.
Cannabis sativa can be cultivated in temperate climate.
During its growth, Cannabis sativa needs a total rainfall
of 200-300 mm and due to the well-developed root system,
the plant is tolerant to short periods of drought (Grabowska
& Koziara, 2001). The plant does not require plant protec-
tion measures as it is resistant to diseases and pest infesta-
tion. It can grow up to 3 m in height and the biomass yield
reaches around 10-15 tha™! (Venturi et al., 2007).

The objective of this study was to identify the effect
of fertilization with sewage sludge and phosphogypsum
on selected physiological parameters that determine the
efficiency of the photosynthetic apparatus of Cannabis
sativa L.

It additional, it has been assumed that sewage sludge
and phosphogypsum application enhances the photosyn-
thetic performance of Cannabis sativa L. However, this
effect differs between various varieties.

2. Study area

A two-factor field experiment with three replications was
conducted at the Mazovian Agricultural Advisory Centre in
Poswigetne. A single plot covered 3 m?. In order to maxi-
mize the yield, 60 kgha' of seeds were sown. Three va-
rieties of Cannabis sativa L. were tested: Bialobrzeskie,
Tygra and Beniko. The plots were fertilized at the begin-
ning of the plant’s growing season with a nitrogen dose
of 170 kg Nha' (Act on Fertilizers and Fertilization,
2000). The following fertilization treatments were tested:

1. Control, without fertilization (“0),

2. Sewage sludge fertilization (“OS”),

3. Fertilization with sewage sludge and with phospho-

gypsum at a dose of 100 kgha'! (“OS + F 100 kg”),

4. Fertilization with sewage sludge and with phospho-

gypsum at a dose of 500 kgha' (“OS + F 500 kg”),

5. Fertilization with sewage sludge and with phospho-

gypsum at a dose of 1000 kgha' (“OS$ + F 1000
kg”).

Sewage sludge originated from the municipal waste-
water treatment plant in Plonsk and met the requirements
established for materials used in farming, both in terms
of the content of heavy metals as well as the sanitary and
hygienic condition related to the presence of eggs of in-
testinal parasites and bacteria of the genus Salmonella.
Phosphogypsum was obtained from Grupa Azoty Zaktady
Chemiczne “Police” S.A. (Police S.A. Chemical Plant in
Police that belongs to the “Azoty” Group).

3. Material and methods

Measurements of physiological parameters characterizing
the photosynthetic apparatus of Cannabis sativa L. were
taken in 2014 on three dates: 29 June (early growth stage),
26 July (full development stage) and 20 September (fi-
nal development stage). The following were considered as
indicators of the physiological activity of the above ap-
paratus:

— relative content of chlorophyll, measured with a Mi-

nolta SPAD 502 Meter (Konica Minolta, Japan),

— Leaf Area Index (LAI), determined with the use

of a LAI 2000 meter (LI-COR, Lincoln, NE, USA).

The obtained values were global ones, measured for
the entire plot cropped with plants. The LAI assays were
repeated three times for each combination. The chlorophyll
content was determined in ten randomly selected leaves
of plants from each fertilization variant.

The results were submitted to analysis of variance. In
order to determine the significance of differences between
the values of the analysed parameters obtained from the
different fertilization treatments, Tukey’s test was applied
(at a significance level of a = 0.05). Homogeneous groups
were marked in diagrams with capital letters.

4. Results and discussion

Generally, the highest variation of both measured param-
eters i.e. chlorophyll content and Leaf Area Index (LAI)
was observed in Tygra variety, while Biatobrzeskie and
Beniko varieties showed less variation (Figs 1-6).

The highest values of the relative chlorophyll content
in leaves of Cannabis sativa variety Bialobrzeskic were
recorded in June and July (Fig. 1). In September, these
values were considerably lower. The highest value of this
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parameter in the early phase of the experiment (29 June
2014) was observed in plants from the “OS + F 500 kg”
fertilization treatment. On the other two dates of the assays,
the stimulating effect of fertilization on the analysed pa-
rameter was the strongest in the fertilization treatment “OS
+ F 100 kg”. The lowest values of the relative chlorophyll
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while in September — in the “OS + F 1000 kg” variant.
Figure 2 illustrates changes over the growing season
in the relative chlorophyll content in leaves of Cannabis
sativa variety Tygra. The highest values of this parameter
were recorded on the first two dates of the assays, while
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Figure 1. Seasonal changes of the relative chlorophyll content in leaves of Cannabis sativa L. Biatobrzeskie variety fertilized with
sewage sludge and phosphogypsum. Homogeneous groups were marked in diagrams with capital letters
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Figure 2. Seasonal changes of the relative chlorophyll content in leaves of Cannabis sativa L. Tygra variety fertilized with sewage

sludge and phosphogypsum
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the lowest ones — in September. Throughout the whole re-
search period, the highest chlorophyll content was noted
in leaves from the “OS + F 500 kg” combination, while
the lowest ones in leaves from the “0” fertilization variant.

Changes in the relative chlorophyll content in leaves
of Cannabis sativa variety Beniko for the whole growing
season are presented in Figure 3. The highest values of the
above parameter were observed in June, while the lowest
ones in September. In June and July, the stimulating effect
of fertilization on the content of chlorophyll was the high-
est in the “OS + F 100 kg” treatment, while in September
the “OS + F 1000 kg” fertilization variant proved to be
the most efficient in this respect. The lowest values of the
relative chlorophyll content in the whole research period,
as in the case of the variety Tygra, were recorded for plants
under the “0” fertilization variant.

The highest values of the Leaf Area Index (LAI) for
Cannabis sativa variety Biatobrzeskie were observed in
June and July, while the lowest ones in September (Fig. 4).
During the early (29.06) and final (20.09) phase of the ex-
periment, the highest LAI values were recorded for plants
growing in the “OS” and “OS + F 100 kg” variant, while
the lowest ones by plants with no fertilization (the “0” vari-
ant). The above relationship was not observed in July when
the highest LAI values were recorded for plants under the
“0” treatment and the lowest ones for plants growing in the
“0S” combination.

Changes in the LAI values for Cannabis sativa variety
Tygra throughout the growing season are shown in Fig-
ure 5. The lowest values of this parameter were noted on

the first two dates of the measurements, while the low-
est ones were recorded at the end of the plant develop-
ment. Over the entire period, the lowest LAI values were
noted for plants growing in the “0” fertilization variant.
On the other hand, the highest values were observed for
plants from the “OS$” variant in June and September, and
for plants from the “OS + F 100 kg” combination in July.

The highest LAI values for Cannabis sativa variety
Beniko were recorded on the first two dates of measure-
ments, while the lowest ones in September (Fig. 6). In
June and July, the stimulating effect of fertilization on the
analysed parameter was the strongest in the case of the “OS
+ F 1000 kg” fertilization treatment, but in September the
“0S$ + F 500 kg” combination produced the best stimulat-
ing impact. Over the whole growing season, the lowest
LAI values were noted for plants from the “0” variant.

Summarizing, fertilization of the three Cannabis sa-
tiva varieties selected for our experiment (Biatobrzeskie,
Tygra, Beniko) with sewage sludge and phosphogypsum
had a relatively positive effect on the content of chloro-
phyll in plant leaves. Fertilization with sewage sludge and
phosphogypsum at a dose of 500 kgha' (“OS + F 500
kg”) showed the best results. Moreover, an increase in the
analysed value was observed in the summer period. This
is consistent with the results of the study reported by Au-
gustynowicz et al. (2008).

Regarding the Leaf Area Index (LAI) measured for the
whole plots, the varied fertilization applied in our tests
positively affected the values of this magnitude. However,
similar values were obtained when the plots were fertilized
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Figure 3. Seasonal changes of the relative chlorophyll content in leaves of Cannabis sativa L. Beniko variety fertilized with sewage

sludge and phosphogypsum
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with sewage sludge alone or in combination with phospho-
gypsum in the case of the Beniko variety. This confirm
that plants can benefit from the applied fertilizers, but this
will depend on the variety. It should be noted here that the
decrease in LAI values in the third period of our measure-
ments was due to the canopy senescence.

Our study suggests that the application of sewage sludge
alone or in combination with phosphogypsum can enhance

29.06.2014

the photosynthetic productivity of Cannabis sativa plants
by increasing the chlorophyll content in the leaves and by
increasing the assimilation surface (Kalaji et al., 2017).
It seems that the differences in the chlorophyll content and
LAI values between the three tested varieties of Canna-
bis sativa result from the fact that the variety Tigra has
the lower chlorophyll content and the highest LAI values
under control conditions and could benefit more from the
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Figure 4. Seasonal changes of Leaf Area Index (LAI) of Cannabis sativa L. Bialobrzeskie variety fertilized with sewage sludge

and phosphogypsum
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Figure 5. Seasonal changes of Leaf Area Index (LAI) of Cannabis sativa L. Tygra variety fertilized with sewage sludge and phos-

phogypsum
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Figure 6. Seasonal changes of Leaf Area Index (LAI) of Cannabis sativa L. Beniko variety fertilized with sewage sludge and phos-

phogypsum

application of sewage sludge fertilization and phosphogyp-
sum than the other tested verities. This can be explained by
the fact that a larger assimilation surface can provide more
intensive absorption of water and minerals (Dabrowski
et al., 2013) available in the applied sewage sludge and
phosphogypsum. Therefore, the plant canopy and physi-
ological features can determine how much of the added
fertilizers is used. These results are in agreement with the
results obtained by Feng et al. (2016) and Daughtry et al.
(2000).

5. Conclusion

The following conclusions can be drawn from the results
and discussion presented in this paper:

1. The use of sewage sludge (without or in combination
with phosphogypsum) improves the photosynthetic
performance of Cannabis sativa plants. However,
this effect varies between different varieties.

2. Varieties with a higher Leaf Area Index (LAI) can
use the applied fertilizers more efficiently compared
to those with low LAI values, due higher absorption
of water and nutrients.

3. We recommend using the two techniques presented
in this study (LAI and chlorophyll content measure-
ments) as non-invasive and reliable tools for assess-
ing the effect of various fertilisers that can improve
the performance of Cannabis sativa plants under
field conditions.
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