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Abstract: There are studied the changes in some chemical and enzymatic indexes of soils, as a result of a flood
in the region of city of Varna. There are established higher values of organic carbon, nitrogen, phosphorus and
potassium in the soil samples from floods, in comparison with the controlled region. The cellulase activity is
higher also at the soil samples from the flooded terrain. Its activity decreases in depth, more strongly expressed
at the soil from the control. And at both studied objects the catalase activity increases in depth of the soil and
reaches highest values in the lower soil layer of the control region. The studied changes in the chemical indexes
and enzymatic activity in soils can be used as biochemical indicators regarding passing processes after a flood.
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1. INTRODUCTION
Floods influence the content of oxygen in the soil, on the values of рН – alkalize the soils, increase
the values of Mg, decrease the content of chlorides and sulphates [1]. Their frequent repeatedness and
bigger duration at one and the same place leads to phosphorus deficiency in the soils [2]. The nutritive
substances in the flooded soils are exhausted – there considerably decrease the content of nitrogen,
phosphorus and potassium. There is changed the quantity and the forms of some microelements [3].
As a result of the flood there are formed embankment soils with changed physically-chemical and
microbiological indexes. Especially the surface embankment layer may contain different harmful
substances and pathogenic microorganisms. A number of authors prove a suppressing of the
enzymatic activity by toxic elements in the soils [4-16]. Casteel et al. [17] established that the quantity
of Cl. perfringens has been significantly higher in flooded agrogenic soils (after a hurricane) in
comparison with soils before a hurricane.
The soil enzymes contribute to the general biological activities in the soil, since they catalyze
reactions, which are necessary for the dissolving of the organic matter, the circles of nutritive
substances, transfer of energy in the eco systems [18-20]. They are the basic mediators of the
biological processes, passing in the soil [21], which are concerned by numerous biotic and abiotic
factors like the characteristics of the plants and the soil moisture [22].
Chendrayan et al. [23] established that the dehydrogenase activity is increased from 1.25 up to 2.5
times, and the invertase activity decreases at flooded soils in comparison with not flooded soil. The
long-term usage of compost at rice-fields at flooded condition helps for the preserving of the organic
substance and positive correlation between the content of carbon and the values of the enzymes:
dehydrogenase, urease, cellulase, β-glucosidase, fluorescein, diacetate, invertase and amidase [24]. At
research of the influence of the water gradients on the enzymatic activities and growth of Carex
lasiocarpa on marsh soil, Zhongmei et al. [25] established that with the increase of the level of the
water the acid phosphatase, the invertase and urease decrease, while the catalase activity is increased.
In flooded soil the oxygen is exhausted, the soil pores are filled with water and there are created
conditions for development of anaerobic microorganisms, as the bacteria, which cause fermentations
and methanogenic archaea [26]. The floods increase the activity of anaerobic respiratory enzymes
like: pyruvate decarboxylase, alcohol dehydrogenase, lactate dehydrogenase, which can be used like
biomarkers at stress-conditions in the soil after a flood [27]. The anaerobic dissolving of the organic
matter is less efficient, it passes slower than the aerobic dissolving [28].
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The enzymes are acknowledged as more sensitive bioindicators than plants and animals for different
damages of the soils [29]. Therefore, their activity can serve as a biomarker for passing changes in the
soils, which are due to anthropogenic or natural factor. Despite the significance of the cellulase in the
circle of the carbon, most of the researches are engaged only with the production, purifying,
characteristic and the immobilization of natural or synthetic adsorbents (and namely cellulose), and
not with the activity of the cellulase in natural environments [30].

2. AIM, OBJECTS AND METHODS
The aim of the present work is to be analyzed the changes at some chemical and enzymatic indexes at
flooded soils from city of Varna.
The research is carried out 4 months after a natural calamity, dated 19 June 2014. There are analyzed
soil samples from the following objects:


Side stripe of Narodni buditeli boulevard, which is most affected by the flood, under grass
vegetation and courgettes (Cucurbita pepo L.);



Asparuhovo park (conditionally accepted as a control object) – under grass vegetation and
blackberry (Rubus fruticocus L.).

The gathering of samples is carried out a single time manually from two depths of the soils - 0÷20 cm
and 20÷40 cm, in compliance with the requirements of the Bulgarian State Standard 17.4.5.01:1985
[31].
The soil samples are analyzed for content of nitrogen, phosphorus, potassium and pH of the
environment.
The content of nitrate and ammonium nitrogen is specified photometrically with Nitrospectral as a
result of extraction with solution of calcium chloride (CaCl2) (ISO 14255:2002) [32].
The values of mobile phosphates and absorbable potassium are determined as per standard ISO
11263:2002 [33], through double lactate method of Egner – Reihm. The method is based on the
extraction of the movable compounds of phosphorus and potassium with solution of calcium lactate
(CH3CH.OH.COO)2Ca.
The active reaction of the soil (рН) is determined in a water extract, in compliance with Bulgarian
State Standard ISO 10390:2011 [34].
The quantity of organic carbon was established through a calculation – as per method of Tyurin [35].
The moisture of the soil is determined as per a weight method through usage of a thermostat and
drying at temperature 1050С up to a permanent weight [35].
The samples for enzymatic analysis are taken by a sterile instrument, in sterile paper bags. They were
transported and investigated latest up to 48 hours, as until the moment of the analysis they were
preserved in a refrigerator at 4-10°С.
The cellulase activity of the soil is investigated at aerobic (as per two methods) and anaerobic
conditions. For reporting of the activity of the enzyme at aerobic conditions in a Petri dish is sprinkled
soil with depth around 7 mm, as there is maintained 60 % utmost field moisture capacity. Over the soil
are put 3 stripes of sterile filter paper with sizes 10/50 mm. Then follows cultivation in a thermostat at
25°С - 35°С. In 15 days is reported the dissolved area with the help of a net-standard [36]. The culture
suspension for the spectrophotometric method of anaerobic decomposition of the cellulase is
prepared as 5 g from the substrate set at aerobic conditions as per the described method (the filter
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leaflets with germinated colonies and part of the soil under the leaflets) is ground in a mortar with 45
ml distilled water (in portions). It is extracted 1 hour and is filtered through a paper filter. For the
anaerobic disintegration of the cellulase is prepared nutritive environment of Imshinetski in the
following way: mesopeptonic bouillon 500 ml, sterile water-main water – 500 ml, CaCO3 – 2 g, cut
stripes of sterile filter paper – 10 g. In a flask is poured high layer of the indicated environment. It is
contaminated with the soil. The cultivation is done at 25 °С - 35 °С. After 1-2 weeks is observed
formation of foam – an indication for passing of the fermentation, and at the filter papers are observed
brown stains and slime. Later the filter papers begin to destroy themselves [37]. From the so prepared
culture liquids (set at aerobic and at anaerobic conditions) is taken 1 ml and the cellulase activity is
reported spectrophotometrically [38].
The catalase activity of the soil is specified as per manganese-metric method [36].
The obtained agrochemical data are strategically processed and the results are included in a dispersion
analysis with calculation of the least significant difference between the variants (LSD). The statistical
processing is carried out with the assistance of programme product STATISTICA, version 10. The
chemical indexes are statistically processed for average value and standard deviation. The statistical
processing of the data for the enzymatic activities includes a calculation of average value and a
standard diversion through the usage of the programme Microsoft Excel 2010.

3. RESULTS AND DISCUSSION
The precipitations in the region of Varna are one of the slightest in the country. It rains mostly in June
and in November (about 50 l/m2), and it is driest in August - September, when the precipitations are
not more than 30-32 l/m2 monthly. On figure 1 are presented the annual progress of the perennial
average monthly temperatures and average monthly amounts of the precipitations.

Figure1. Distribution of temperature and rainfall

On 20 June 2014 as per data of the National Institute of Meteorology and Hydrology, which have at
their disposal 1 pce. synoptic, 5 pces. climatic and 8 pces. precipitation measuring stations in Varna,
the precipitations reached quantities of 74 l/m2.
On figure 2 and 3 are presented the average monthly temperatures and precipitations for the period
June – October 2014 for the city of Varna.
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Figure2. Average monthly amount of the rainfall (l/m) for the period June – October 2014

Figure3. Average monthly temperature (t°) for the period June – October 2014

In table 1 are put the results for content of nitrogen, phosphorus and potassium. From the data is
visible that highest values are established at the samples from Narodni buditeli boulevard, which is
most affected by the flood. Highest values for potassium (42.40 mg/100 g) are registered in the soil
layer 0-20 cm, and for phosphorus (4.24 mg/100 g) and nitrogen (5.71 mg/kg) – in the layer 20-40
cm. Great part of the nitrogen in flooded soils is lost through leaching and denitrification [39] – it
determines its accumulation in depth, and the quantity of the phosphorus is increased at flooded soils,
especially with acid reaction [40]. At the samples from the park, conditionally accepted for a control
object, the results are lower. The values for total potassium in the layer 0-20 cm are 5 times lower in
comparison with the sample from the affected by the flood section. Regarding the total phosphorus
and nitrogen the results are lower almost 2 times in the two depths. The releasing of relatively big
quantity of ferrous and manganese ions and the increasing of ammonium ions in flooded soils lead to
movement of potassium ions from complexes and their releasing in the soil solution. This probably
leads to bigger presence of potassium in flooded soils [41].
The storage of the soils with organic carbon is low. Its content with the flooded soil is increased in
depth 8 times, because of the fact that this soil is newly formed – it is comprised of risen
embankments with different quantity organic matter and there are not clearly distinguished soil layers.
At the control soil the quantity of organic substances decreases in depth 14 times – consequently
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follows the on principle established tendency for decreasing of the humus and the organic carbon in
depth of the soil layers.
Some nutritive substances are increased with flooded soils, while others are object of bigger fixation
or loss of the soil as a result of floods [41].
Logically the flooded soil in the upper soil layer is with highest percentage content of moisture, as in
depth it decreases by 3 %. The lowest is the value of the moisture in the control soil at depth 20-40
cm, and at depth 0-20cm the moisture is higher by 1%. The soil from the park is watered and is with
good moisture regime. It is also affected by the flood, but at lower degree. The higher values of the
moisture in the soil in side stripe of the boulevard, which is not with a watering regime, are as a result
of the fallen high quantity of precipitations, as during the flood, as well as until the moment of taking
of samples.
The studied soils are with varying values of the soil reaction – the samples from the flooded region
are with a slightly acid up to a neutral reaction, and from the control region – with an expressed acid
reaction. The fact that pH of most soils has a tendency to change towards a neutral value after a flood
is well known [42, 43].
The obtained agrochemical data are presented in table 1. The results are statistically processed and are
included in a dispersion analysis with calculation of the least significant difference between the
variants (LSD), but such was not established.
Table1. Chemical indexes of the investigated soils
№
1
2
3
4

Experimental area

Depth, cm

Urbotsenoza - flood
soil, Varna
Urbotsenoza - flood
soil, Varna
Urbotsenoza - park
„Asparuhovo“, Varna
Urbotsenoza - park
„Asparuhovo“, Varna

Chemical parameters
Organic С% N, mg/kg P, mg/100 g
0.18
1.72
3.73

0-20

moisure%
19.08

рН
6.8

20-40

16.17

6.4

1.50

5.71

4.24

30.96

0-20

16.37

3.6

1.62

0.93

1.57

8.18

20-40

15.30

3.5

0.12

1.40

1.86

7.39

K, mg/100g
42.70

On figure 4 is presented the dynamics of the cellulase activity of the soils at aerobic conditions and
disintegration (reporting of the disintegrated area in % with net standard). The data show that with the
strongly flooded soil the cellulase activity is not limited. At this object and in the two soil layers the
disintegrated area is more in comparison with the control object. This tendency is established in
dynamics for all days of reporting of the cellulase activity and correlates to the higher content of total
forms of nitrogen, phosphorus and potassium at the flooded soil. Higher is and the percentage content
of moisture at this soil, while the values of pH are almost similar for the soils and from the two
objects. The activity of the enzyme decreases in depth – at the flooded soil insignificantly, and at the
soil from the park this drop is by around 2 times. This tendency is depending on the significantly
higher content of organic carbon in the lower soil layer of the flooded soil and in the upper soil layer
of the control object.
The content of the analyzed chemical elements nitrogen, phosphorus and potassium is almost
uniformly distributed and in both soil layers and at both objects, with the exception of the nitrogen at
the flooded soil, at which its quantity is two times higher at depth 20-40 cm. This nutrient reserve with
the investigated macro elements determines high cellulase activity, especially with the flooded soil.
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Probably the accumulation of organic remainders from the grass vegetation and blackberries at the
control object impedes their mineralization.
The aerobic disintegration of the cellulose is realized by many microorganisms from different
systematic groups: bacteria, myxobacteria, actynomycetes, fungi. The most important change in the
soil as a result of a flood is the transformation of the root zone of the soil from aerobic environment
into anaerobic or almost anaerobic environment, in which lacks oxygen or it is in restricted quantity
[44].

Figure4. Dynamics of cellulase activity of the soil microorganisms (aerobic conditions)

In anaerobic environment the disintegration of the organic substances is delayed [40]. However,
usually after a flood there is formed an aerobic surface layer with depth up to 20 mm, and under it, in
depth of the soil, there prevail anaerobic conditions [45]. This fact to a certain extent explains the
higher values of the cellulase activity in the surface layers, although with them the soil is with higher
content of moisture. The anaerobic disintegration of the cellulose is realized with formation of
methane, hydrogen, carbon dioxide, butyric acid and others. In anaerobic conditions the disintegration
of the cellulose is realized by anaerobic bacteria from the genus Clostridium, as well as by some other
agents of anaerobic cellulose fermentation: mesophilic - Bacillus cellulosae methanicus, Bacillus
cellulosae hydrogenicus; thermophilic - Bacillus cellulosae dissolvens. Their higher quantity at
anaerobic conditions to a certain extent shall determine a faster disintegration of the organic matter in
the soils.
The spectrometric determination of the cellulase activity of the soils also shows higher activity of the
enzyme at the flooded soil, than at the soil from the park (table 2). At flood the air from the soil pores
is pushed out and is filled with water. There are created anaerobic conditions. There is established that
the cellulase activity is even higher at anaerobic conditions in the flooded soil in comparison with the
activity of the enzyme at aerobic conditions. This fact is determined and by the development of higher
quantity anaerobic types of microorganisms in flooded soils. The soil enzymes participate in the
biological cycles of the elements and they play an important role in the transformation of organic and
inorganic compounds.
Table2. Cellulase activity of the soils at aerobic and anaerobic conditions
Experimental area

Depth (cm)

Cellulase activity of soils (mg glucose/ml)
Mean; SD
aerobic conditions anaerobic conditions
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Urbotsenoza - flood soil, Varna
Urbotsenoza - flood soil, Varna
Urbotsenoza - park „Asparuhovo“, Varna
Urbotsenoza - park „Asparuhovo“, Varna

0-20
20-40
0-20
20-40

0.070±0.004
0.056±0.005
0.024±0.006
0.017±0.002

0.085±0.004
0.063±0.006
0.026±0.007
0.017±0.001

Cellulases hydrolyse the cellulose polymer up to smaller oligosaccharides and glucose, as they
include three basic types of enzymes: endoglucanases, cellobiohydrolases and β-glucisidases [46-48].
These enzymes can be either free, or more specially in aerobic microorganisms, or grouped in
multicomponent enzymatic complex, in anaerobic cellulolytic bacteria [49].
The catalase activity of the soils is shown in the next table 3.
Table3. Catalase activity of soils
Experimental area
Urbotsenoza - flood soil, Varna
Urbotsenoza - flood soil, Varna
Urbotsenoza - park „Asparuhovo“, Varna
Urbotsenoza - park „Asparuhovo“, Varna

Depth (сm)
0-20
20-40
0-20
20-40

Catalase ml 02 / 30 min Mean; SD
1.88 ± 0.08
1.98 ± 0.06
1.70 ± 0.05
2.12 ± 0.06

According to Zhongmei et al. [25] the catalase activity is increased with increasing of the content of
moisture in the soils. At our researches the values of the enzyme are close for the soils from the two
objects, which is according to the close values of the humidity. The activity of the enzyme is lowest
(1.70 ml 02/30 min) at the upper soil layer in the park as in depth it is increased 1 time and it is higher
than the one at the soil from the boulevard. At the flooded soil the catalase activity is increased
slighter in depth– by 0.10 ml 02 / 30 min. This tendency correlates to the higher content of nitrogen
and phosphorus in the lower soil layers. Probably the activity of the catalase in depth (in higher
degree at the control) is increased and because of the presence of a catalase with vegetative origin
[50]. Grozeva and Nustorova [51] established that the activity of the catalase correlates to the content
of iron, hygroscopic humidity and in the most of the cases with the organic substance in the soils.
According to them probably the activity of this enzyme is determined as by the organic part of the
soils, as well as by its mineral part (non-enzymatic catalysts).The catalase activity depends on the
content of the researched chemical indexes – total forms of nitrogen, carbon, phosphorus, potassium,
рН, moisture of the soils – however, these parameters not always have direct ratio subordination – for
example the decrease of the moisture and the potassium in depth does not suppress the catalase
activity. Also the values of organic carbon are not in direct ratio subordination with the activity of the
enzyme at the control object.

4. CONCLUSION
1. From the carried out chemical analyses was established that the two researched objects are with
slight nutrient reserve of nitrogen, phosphorus and organic carbon.
2. There is established good nutrient reserve of potassium in the soil sample from Narodni buditeli
boulevard, which is due to the flood. Average nutrient reserve of potassium is established in the
sample from the park, which is also control one.
3. The quantities of nitrogen, phosphorus and potassium are higher in the soil after flood in
comparison with the soil from the park. The increase of the quantities of phosphorus and potassium
is determined by the increase of construction materials as a result of the destructive power of the
flood.
4. The cellulase activity is higher at the flooded soil in comparison with the control one. This
tendency correlates to the higher content of nitrogen, phosphorus and potassium at the soil, which
is strongly affected by the flood.
5. The activity of the cellulase decreases in depth – this drop is strongly expressed at the soil from the
park – around 2 times. This tendency is depending on the significantly higher content of organic
carbon in the lower soil layer of the flooded soil and in the upper soil layer of the control object.
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6. The catalase activity increases in depth of the soil and at both researched objects as it reaches its
highest value in the lower soil layer at the control object. This increase in depth is depending also
on the higher content of nitrogen and phosphorus in the lower soil layers at the researched objects.
7. The researched chemical indexes and enzymatic activities may serve as biochemical indicators for
passing processes in soils after a flood.
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