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The impact of sapropel of Lake Tarosiškis on photosynthesis parameters (content of pigments and chlorophyll a
fluorescence) of beans (Vicia faba L.) was investigated in this study. Plants were sown in 1 L volume pots by 5 seeds
with light loamy soil and grown in growth chambers. Considering sapropel composition, 2.2, 3.1 and 4 t/ha dry sapropel concentrations were chosen for investigation. Sapropel-affected plants were compared with plants grown in
unfertilised soils and soils fertilised with a synthetic fertiliser. On day 14 of the experiment, when the plants reached
2-leaves growth stage (BBCH 12), chlorophyll a fluorescence parameters of the investigated plants were measured.
Then the plants were grown for another 4 weeks, and at the stem elongation stage (BBCH 31), chlorophyll a fluorescence parameters were measured repeatedly and the content of chlorophylls and carotenoids was investigated.
The photosystem II efficiency of beans insignificantly increased (p > 0.05) by increasing sapropel concentration in the
soil. Photosynthesis performance index increased (r = 0.91; p < 0.05) with increasing sapropel concentration up to
3.1 t/ha at BBCH growth stage 12. The same tendency was observed for the electron transport rate of beans (r = 0.9;
p < 0.05) at this growth stage, but at a later stage (BBCH 31) it slightly lowered (r = -0.02; p > 0.05). At BBCH stage
12, the highest non-photochemical quenching (NPQ) value was measured in control beans, while at BBCH stage 31,
the opposite trend was noticed (r = 0.86; p < 0.05). At BBCH growth stage 31, an increase in sapropel concentration
made the bean chlorophyll content to decrease; however, this decrease was insignificant (r = -0.18, p > 0.05). The
changes in the carotenoid content were similar to chlorophyll a+b.
Keywords: bean, sapropel, fertiliser, pigments, fluorescence.
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Introduction
The use of mineral fertilisers is among key factors
driving the increased global agricultural production required to feed the rising human population. Synthetic N
compounds produce roughly half of today’s world food
(Erisman et al., 2008, Bindraban et al., 2015). But the
use of inorganic fertilisers has recently become more
of a problem than benefit, because often it is related to
soil acidity, its quality lowering, nutrient misbalance and
lowered yield quality (UN, 2011). The actual humification
degree in soil depends on the organic materials applied,
soil type and climatic conditions (Ciavatta et al., 1989).
Environmental and economic concerns have prompted agricultural producers and researchers to look for
improved nutrient management strategies (Sokolov et
al., 2008). For plant growth, organic matter concentration in soil is one of the most important components.
A strong correlation was found between soil organic
matter amount and organic matter amount which is returned to soil when plants are decomposing (Trapani et
al., 1999, Sokolov et al., 2008).
The main advantages of organic production are reflected in healthier final output and a positive impact
on the environment by reducing pollution, rational use
of resources, preservation of soil fertility, etc. Organic production highlights a huge importance of organic
fertilisers being used because they improve the properties of soil and final products (Blečić et al., 2014).
Soil organic matter represents an equilibrium system,
which plays a major role in supplying nutrients for
plant growth. Transformation of fresh organic matter to
stable humic compounds affects the cation and anion
exchange capacity. It is known that under the influence
of enzymes, secreted by microorganisms, macromolecules of complex organic compounds are exposed by
destruction. The degradation products form heterocyclic
compounds, which interact with certain kinds of microorganisms and produce low and high molecular organic
substances, such as carbohydrates, lignin and peptides
(Schnitzer & Khan, 1978, Bambalov et al., 2000, Nieder
et al., 2003). Sapropel contains a lot of organic matter
and other element-rich sediment, and it is naturally
formed in water ponds and lakes when water flora and
fauna fall to the bottom and decompose. This type of
fertilisers is a relatively new concept in agricultural production (Blečić et al., 2014).

Cleaning Lithuanian lakes only, about 400 million tons
of dry sapropel could be obtained and successfully used
as an organic fertiliser in farming (Kavaliauskienė,
2000, Staugaitis et al., 2011, Valstybinio audito ataskaita
<...>, 2009). Its composition includes large amounts of
nitrogen, phosphorus and potassium, as well as such
elements as Co, Mn, Cu, B, Br, Mo, etc., 17 amino acids,
vitamins and enzymes (Agafonova et al., 2015). Sapropel composition can be up to 95% organic matter of
its mass. Its usefulness as a fertiliser has been proven
many times (Ievina et al., 2014). While sapropel composition holds lots of macro- and microelements necessary for plant growth, its wide positive effect surpasses
synthetic-organic fertilisers. Sapropel mineralisation
is slow; therefore, its positive effect on soil stays for
several years (Kavaliauskienė, 2000, Bates and Lynch,
2000). It is also known to strongly increase such processes as photosynthesis, which is the main source of
plant energy in the whole biosphere (Lawlor, 2002). The
main difference of sapropel from soil is that sapropel
has assimilable nitrogen (60−80%) and has 3 times less
biochemically stable fractions. Besides, the fractions
are renewed, and according to the existing mutual connection between biologic action of humic acids and their
acid renewable state more renewed has a more effective simulative impact on the photosynthesis of plants
(Sviridova and Kosulnikova, 2007, Fillery, 2007).
Because of current fertiliser usage trends, many environmental problems are being created; thus, it is important to search for alternatives. Sapropel extraction
could be a perfect and ecological solution to this problem with wide usage possibilities.

Materials and methods
Sapropel of Lake Tarosiškis was investigated in this
experiment. The composition of sapropel was investigated at the laboratory of wastewater of UAB Vilniaus
vandenys. The content of nitrogen in dry sapropel varied
from 54.8 to 78.2 g N/kg sapropel.
The preparation of sapropel was made according to
Booth et al. (2007), i.e., it was frozen at -10°C for 1 week to
break its primary structure and to ease its mineralisation.

29

30

Environmental Research, Engineering and Management

According to nitrogen fertilisation limits for organic fertilisers (including sapropel), the concentration of nitrogen in soils is 170 kg N/ha (91/676/EEB); thus, in 1 ha
area, 2.2−3.1 tons of dry sapropel can be added. Having taken into consideration all these facts, 2.2, 3.1 and
4 t/ha dry sapropel concentrations in growth substrate
were chosen for investigation.
During the experiment, beans (Vicia faba L.) were grown
in 1 L pots with 5 seeds with light loamy soil mixed with
the needed concentration of sapropel. The effect of sapropel on the investigated plants was compared with 2
reference groups of plants grown in unfertilised soil and
in soil fertilised with an inorganic fertiliser. The norm
of inorganic fertilisers NPK 14-14-14 is 400 kg/ha;
therefore, this amount was recalculated to a required
growth area in 1 L pots for fertilisation.
The plants were grown in growth chambers with controlled climate (photoperiod duration 14 hours) and
watered regularly. On day 14 of the experiment, when
the plants unfolded 2 leaves (BBCH 12) (Growth stage,
2000), chlorophyll fluorescence parameters were measured. The plants were grown for another 4 weeks until
stem elongation stage BBCH 31 (Growth stage, 2000),
and then the content of pigments and chlorophyll fluorescence parameters were measured once again.
Concentrations of photosynthesis pigments were analysed in an acetone extract using a spectrophotometer
according to Wettstein (1957). Chlorophyll a fluorescence parameters were determined by using Hansatech fluorimeter – Handy Pea. The measurements were
performed by applying special clips to healthy leaves,
darkening them for 15 min. Then, the measuring sensor
was applied to the clipper and the measurement was
taken (Hansatech Instruments 2006).
Measured parameters: Fv/Fm – maximum photosystem
II quantum efficiency rate; PI – photosynthesis performance index; ETR – electron transport rate, calculated
using the formula:
ETR=Fv/Fm*F*PPFD*α

(1)

where
ETR – electron transport rate in quants per second (q/s);
v/Fm – maximum photosystem II quantum efficiency rate;
F – coefficient for C3 plants (0.5); PPFD – fluorimeter photon
light stream in quants (1800); α – leaf absorption.
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All the measurements were carried out in 3 replications.
The Pearson correlation coefficient, r, and the p-values
were used for the assessment of the effect of sapropel
concentration on the investigated plant parameters. The
Student t test was used for comparison of independent
variables. All the analyses were performed by STATISTICA and EXEL, and the results were expressed as mean
values and their standard error (SE).

Results and discussion
Lake sapropel can be a great fertiliser for soils, because its composition contains large amounts of nitrogen, phosphorus, manganese, iron, copper or other
microelements. Most of these elements are essential
for plant growth and photosynthesis (Broadley et al.,
2007). When soil enrichens with nitrogen, the nitrogen
content in plant leaves also increases (Evans, 1989).
Some research studies have shown that nitrogen deficiency leads to a significantly lower leaf weight (Cechin
and Fumis, 2004). Nitrogen is especially important for
such plants as beans (Vicia faba L.). The same applies
to phosphorus, but it is stored in roots and by demand
can be transferred to plant parts which need it most. Besides, phosphorus functions cannot be replaced by any
other element. And there it is composed into various
organic compounds (Bates and Lynch, 2000, Li et al.,
2001, Yong-fu et al., 2006). When a plant is low on manganese or any other microelement, its photosynthesis
rates decrease. Mn is involved in photolysis reactions;
thus, in case of its shortage, photosynthesis is disrupted
and visual symptoms appear on leaves, and plant dry
mass and yield decreases. At the same time, soluble
sugar concentration lowers in the whole plant (Demirevska et al., 2004). Thus, fertilisation with micro- and
macroelement-rich sapropel helps to remove deficiency of elements for plants in one take, and also improves
soil quality (Marschner, 2012, Agafonova et al., 2015).
As for individual photosynthesis parameters, Fv/Fm is
widely used to indicate the maximum quantum efficiency of photosystem II. This parameter is widely considered to be a sensitive indication of plant photosynthetic
performance with healthy samples typically achieving
a maximum Fv/Fm value of approximately 0.85. Values lower than this have been observed if a sample
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was exposed to some type of a biotic or abiotic stress
factor, which reduced the capacity for photochemical
quenching of energy within PSII (Hansatech Instruments, 2006). Janušauskaitė and Feizienė (2012) have
found that nitrogen deficiency could be noticed by investigating the Fv/Fm ratio. Some authors disagree that
although Fv/Fm contains valuable information on the
status of photosynthetic apparatus, it can be non-specific and often insensitive to many environmental effects
(Lawlor, 2002, Brestic et al., 2012, Živčák et al., 2014).
Our findings also show that photosystem II efficiency of
V. faba increased with increasing sapropel concentration in the soil; however, the increase was insignificant
(r = 0.94; p > 0.05) (Figure 1).
The highest value of Fv/Fm – 0.828 – was measured
at BBCH growth stage 12 under the effect of a synthetic fertiliser, and this value was by 6% (p < 0.05) higher
than in control beans; however, if compared with 3.1 t/
ha sapropel concentration effect, Fv/Fm of plants increased just slightly (p > 0.05). During the second measurement, at BBCH growth stage 31, increasing sapropel concentration did not cause Fv/Fm to increase
so strongly as during the first measurement (r = 0.78;
p > 0.05). Under 4 t/ha sapropel concentration, Fv/Fm
was by 1.3% (p > 0.05) higher than Fv/Fm of beans
fertilised with a synthetic fertiliser and only by 0.5%
(p > 0.05) higher than that of control plants.
Photosynthesis performance index (PI) is good photosynthetic tissue vitality indicator (Hansatech Instru-
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ments, 2006). Živčák et al. (2014) has found that in wheat
PI correlates really well with nitrogen amount in plant
leaves (young or even older ones), but also they add
that the Fv/Fm ratio was almost insensitive to nitrogen
amount changes. PI is related to photosynthesis reaction centres. When a plant is getting low on nitrogen, the
number of reaction centres decreases and PI reacts to
that fairly sensitively. Similar results have been found
investigating soy and maize plants (Heerden et al., 2004).
Photosynthesis performance index of beans at BBCH
growth stage 12 increased strongly (r = 0.91; p < 0.05) up
to a 3.1 t/ha sapropel concentration increase, when the
highest PI was detected, and it was by 28.7% (p < 0.05)
higher than that of control plants and by 1% (p > 0.05)
higher than PI of 4 t/ha and a synthetic fertiliser-affected beans (Figure 2). However, during the second measurement at a later growth stage (BBCH 31), an opposite tendency was observed, when the PI value lowered
significantly (r = -0.67; p < 0.05) by increasing sapropel
concentration in the soil.
The concentrations of macroelements are mostly responsible for a sufficient electron transport rate (ETR)
(Lawlor, 1994, Kim et al., 2002, Marschner, 2012). Electron transport can be closely related to nitrogen amount
in plants. It is also worth noticing that not only nitrogen determines electron transport, but many other elements and nutrients as well (Lambrev et al., 2012).
In this case, most of them can be found in sapropel.
The majority of nitrogen is accumulated in leaves, and
Fig. 1
The changes of
bean photosystem
II efficiency (Fv/Fm)
at different sapropel
concentrations
(t/ha) at BBCH
development stages
12 and 31 (SE*1.96)

32

Environmental Research, Engineering and Management

2016/72/4

Fig. 2
The changes
of bean
photosynthesis
index (PI) at
different sapropel
concentrations
(t/ha) at BBCH
development stages
12 and 31 (SE*1.96)

Fig. 3
The changes of
a bean electron
transport rate (ETR)
at different sapropel
concentrations
(t/ha) at BBCH
development stages
12 and 31 (SE*1.96)

that activates photosynthesis. Because of that, plant
leaves show a higher electron transport rate and produce RuBisCO more efficiently during the Calvin cycle
(Marschner, 2012). Since nitrogen deficiency lowers
photosynthesis efficiency (Fv/Fm), it also lowers electron transport rates in rice (Li et al., 2012). In this experiment, it was determined that at BBCH development
stage 12 the electron transport rate of beans increased
(r = 0.9; p < 0.05) significantly together with increasing
sapropel concentration, although the highest rate was
measured in beans fertilised with a synthetic fertiliser.

This ETR was only by 1% (p > 0.05) higher than that of
beans affected with 3.1 and 4 t/ha sapropel in the soil.
At a later development stage (BBCH 31), increasing
concentration of sapropel led to a light decrease in ETR
of beans (r = -0.02; p > 0.05); however, this decrease was
insignificant (Figure 3).
Non-photochemical quenching (NPQ) is a mechanism
which indicates how strongly a plant is forced to fight
a light-induced damage to its tissues. When a higher value is achieved, higher damage is induced and a
plant is forced to use its resources to protect itself. NPQ
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can even be caused by pH changes in photosystem II
(Figueroa et al., 2003). Lambrev et al. (2012) have noticed that nitrogen in plant environment significantly
increases photochemical activity (Fv/Fm) and lowers
non-photochemical quenching (NPQ) in all development stages of a plant. With additional nitrogen in the
environment, NPQ lowers even at drought conditions. In
this experiment, when the investigated beans reached
BBCH growth stage 12, it was detected that NPQ lowered significantly (r = -0.92; p < 0.05) (Figure 4). The
highest NPQ value was measured in control beans, and
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their NPQ was by 63% (p < 0.05) higher than NPQ of 4 t/
ha concentration-affected plants and by 66% (p < 0.05)
higher than NPQ of beans affected by a synthetic fertiliser. The lowest NPQ was measured in beans with a synthetic fertiliser, and it was by 6.5% (p > 0.05) lower than
NPQ of beans affected by 4 t/ha sapropel. When plants
reached BBCH growth stage 31, an opposite trend was
noticed (r = 0.86; p < 0.05).
An increase in sapropel concentration caused a statistically insignificant decrease in the chlorophyll a+b content in bean leaves (r = -0.18; p > 0.05) (Figure 5). The
Fig. 4
The changes of bean
non-photochemical
quenching (NPQ) at
different sapropel
concentrations
(t/ha) at BBCH
development stages
12 and 31 (SE*1.96)

Fig. 5
The changes of bean
chlorophylls a+b and
carotenoid content
at different sapropel
concentrations
(t/ha) at BBCH
development stage
31 (SE*1.96)
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highest content of pigments was measured in plants
fertilised with a synthetic fertiliser. The changes in the
carotenoid content were similar to chlorophyll a+b.
Chlorophyll is especially sensitive to changes in nutrition elements in soil (Kopsell et al., 2004). For example, nitrogen is an essential element for amino acid,
protein or enzyme composition, and a lower amount of
N can lead to slower biochemical reactions of plants,
including ones in photosynthesis. Nitrogen is also directly responsible for chlorophyll production (Toth et al.,
2002, Kim et al., 2002). Thus, decreased concentration
of nutrition elements in sapropel-fertilised soils led to
a decrease in content photosynthetic pigments and also
lowered the fluorescence parameters of beans at the
end of this experiment at BBCH stage 31, because the
actual content of nutrients helps to slow photosynthesis
pigment degradation and prolongs their active photosynthesis period (Juchnevičienė et al., 2015).

crease was insignificant (p > 0.05).

Conclusions

At early BBCH growth stage 12, chlorophyll fluorescence parameters of beans increased by increasing
sapropel concentration in the soil, but at the end of the
experiment at BBCH stage 31, when the concentration
of nutrients in the soil decreased, all the investigated
parameters also decreased.

By increasing sapropel concentration in the soil, the
efficiency of photosystem II (Fv/Fm) of beans at both
investigated growth stages increased, although this in-

The photosynthesis performance index of beans at
BBCH growth stage 12 increased strongly (r = 0.91;
p < 0.05) by increasing sapropel concentration up to
3.1 t/ha, but at a later stage (BBCH 31), the changes in
the PI value were opposite (r = -0.67; p < 0.05).
The electron transport rate increased (r = 0.9; p < 0.05)
significantly together with increasing sapropel concentration, while the highest ETR was measured in beans
fertilised with a synthetic fertiliser.
By increasing sapropel concentration in the soil, NPQ
lowered significantly (r = -0.92; p < 0.05) at BBCH growth
stage 12 and the highest NPQ value was measured in
control beans. Meanwhile, at BBCH stage 31, the opposite trend was noticed (r = 0.86; p < 0.05).
An increase in sapropel concentration led to a statistically insignificant decrease in chlorophyll a+b and carotenoid content in bean leaves (r = -0.18; p > 0.05; and
r = -0.5; p > 0.05, respectively) at later BBCH stage 31.
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Skirtingų sapropelio koncentracijų poveikis pupelių
fotosintezės pigmentų kiekiui ir fluorescencijai
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Šio darbo tikslas – ištirti Tarosiškio ežero sapropelio poveikį pupelių (Vicia faba L.) fotosintezės rodikliams
(pigmentų kiekiui ir chlorofilo a fluorescencijai). Augalai buvo sėjami į 1 l talpos indus su lengvo priemolio
dirvoja po 5 sėklas ir auginami fitokamerose. Atsižvelgiant į sapropelio sudėtį, tyrimams pasirinktos 2,2;
3,1 ir 4 t/ha sauso sapropelio koncentracijos. Sapropelio poveikis lygintas su augalais, augintais be trąšų
ir tręštais sintetinėmis trąšomis. Keturioliktą eksperimento dieną, kai augalai išleido du lapus (BBCH 12),
buvo išmatuoti chlorofilo a fluorescencijos rodikliai. Augalus paauginus dar 4 savaites iki stiebų ilgėjimo
etapo (BBCH 31), pakartotinai buvo išmatuoti chlorofilo a fluorescencijos rodikliai ir nustatyti chlorofilų bei
karotinoidų kiekiai lapuose. Pupelių II fotosistemos darbo efektyvumas didėjant sapropelio koncentracijai
dirvožemyje išaugo, bet nežymiai (p> 0,05). BBCH 12 augimo etape pupelių fotosintezės indeksas didėjo
sapropelio koncentracijai didėjant iki 3,1 t/ha (r = 0,91; p <0,05). Šiame augimo etape ta pati tendencija
buvo nustatyta ir pupelių elektronų transporto intensyvumui (r = 0,9; p <0,05), tačiau vėliau (esant BBCH
31etapui), įtaka sumažėjo (r = -0,02; p> 0,05). Aukščiausias nefotocheminis malšinimas (NPQ) buvo nustatytas kontrolinių pupelių esant BBCH 12 etapui, tuo tarpu vėliau (BBCH 31 etape) gauta priešinga tendencija (r = 0,86; p <0,05). BBCH 31 augimo etape sapropelio koncentracijos didėjimas lėmė pupelių chlorofilų
kiekio mažėjimą, tačiau statistiškai nereikšmingai (r = -0,18, p> 0,05), karotinoidų kiekio pokyčiai buvo
panašūs kaip ir chlorofilų a+b.
Raktiniai žodžiai: pupelės, sapropelis, trąšos, pigmentai, fluorescencija.

