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Abstract: The aim of the study was a statistical evaluation of the impact of selected soil factors − water potential 
(pF), total organic carbon content (TOC) and land use − on the total DNA content and dehydrogenase activ-
ity (DHA) in Mollic Gleysol. Additionally, we wanted to establish the interrelations between two of the most 
important biological parameters in soli: activity of intracellular dehydrogenases and total DNA content. Soil 
originating from the surface layer of the control site displayed higher DHA (c.a. by 57%) and DNA content (c.a. 
by 25%) as compared to an cultiavted meadow. Our results also indicate a significant (p <0.05) positive relation-
ship between the soil DNA content and DHA. Importantly, intensive and systematical agricultural soil usage 
resulted in the reduction of its DHA and DNA content.
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INTRODUCTION

Life in the soil environment is inevitably con-
nected with drying and rewetting cycles, as 
soils are continually exposed to rainfall, wind 
and snow cover (Wolińska and Stępniewska, 
2011). The availability of water is considered 
the major factor determining microbial activity 
in soil (Geisseler et al., 2011). Drying increases 
soil water potential and in most cases hampers 
microbial and enzymatic activities. Repeated 
flooding and drainage of the soil results in oxic-

anoxic shifts, which entail temporal and spatial 
changes in the soil processes, microbial com-
munities and, consequently, activities of soil en-
zymes. Soil enzymatic activity is closely related 
to microbial biomass and activity, as it catalyzes 
biochemical reactions and influences nutrient 
cycling in the soil environment (Burns, 1982). It 
has been suggested that the enzymatic activity of 
soli integrates information about the microbial 
status and soil physicochemical conditions, and 
is therefore regarded to be a sensitive sensor of 
ecosystem/environmental stress and changing 
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soil properties (Aon et al., 2001; Hueso et al., 
2012; Yuan and Yue, 2012).

Among the many types of soil enzymes, 
dehydrogenases (EC 1.1.1.) are particularly 
important, since they exist only inside viable 
microbial cells (they do not accumulate extra-
cellularly in the soil) and thus provide reliable 
information about soil biology, fertility and 
productivity. As a result, DHA is often used 
as an indicator of overall microbial activities 
(Frąc and Jezierska-Tys, 2011; Wolińska and 
Stępniewska, 2011; Hueso et al., 2012; Yuan and 
Yue, 2012). Dehydrogenases play a significant 
role in the biological oxidation of soil organic 
matter by transferring protons and electrons 
from organic substrates to inorganic accep-
tors. Thus, the determination of DHA in soil 
provides a large amount of information about 
its biological characteristics. The term “dehy-
drogenase” refers to group of enzymes capable 
of catalyzing biochemical processes under vari-
ous environmental conditions. Dehydrogenases 
are present in the cells of some aerobic micro-
biota; however, this enzyme is more effectively 
produced by anaerobes (Brzezińska et al., 1998, 
2000; Włodarczyk, 2000). In other words, soil 
DHA strongly increases under anaerobic condi-
tions (Brzezińska et al., 1998; Stępniewski et al., 
2000; Wolińska and Stępniewska, 2011). There-
fore, knowledge of the factors influencing soil 

biology, especially soil microorganisms and soil 
enzymes, is fundamental to sustainable environ-
mental management. 

Nucleic acids are another ubiquitous soil 
compounds. Most of the information about 
soil microorganisms’ ecology and diversity is 
lodged in the genetic material (DNA) occur-
ring in this complex environment (Wolińska 
et al., 2011). Moreover, soil DNA analysis is 
considered an important and precise tool for 
the characterization of soil microbial func-
tionality (Wolińska et al., 2011). In this work, 
we examined the effects of pF, TOC and dif-
ferent ways of land use on soil DNA content 
and DHA level. Based on laboratory findings, 
we hypothesized there should be a close rela-
tionship between the activity of intracellular 
dehydrogenases and DNA content in the soil 
environment. In addition, we hypothesized that 
some of the important environmental factors, 
such as pF and TOC, as well as land use (ag-
ricultural activity), which affect DHA, should 
also influence DNA content in the soil environ-
ment. Thus, we wanted to establish the inter-
relation between the two most important soil 
biological parameters: activity of intracellular 
dehydrogenases and total DNA content. This is 
an important problem, as literature data refer-
ring to these connections are ambiguous.

Table 1. The basic properties of the investigated soil.

Area Depth (cm)
Granulometric composition (% diameter in mm)

pH (H2O)
1-0.1 0.1-0.02 0.02-0.002 < 0.002

Agriculturally exploited (AE)
0-20 93 2 1 4 7.62

20-40 94 1 2 3 7.00
40-60 95 1 1 3 6.71

Fallow land (FL)
0-20 92 2 3 3 6.56

20-40 92 3 1 4 6.59
40-60 95 1 1 3 6.57
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MATERIALS AND METHODS

Study site and soil collection

The soil used in the experiment was Mollic 
Gleysol, collected in the three field replicates 
and at three depths (0-20, 20-40 and 40-60 
cm) from the village Kosiorów, situated in the 
Wilków community in eastern Poland (51° 13´ 
N 21° 53´ E). Our site was a former floodplain 
area along the Chodelka River, a tributary of 
the middle part of the vistula River, which has 
demonstrated an increased frequency of summer 
flooding during the last decade. What is more, 
this location has been proposed as a storage ba-
sin to take back-flowing water from the vistula 
during peaks of discharge (Banach et al., 2009). 
We selected two study areas: one of them was 
agriculturally exploited (AE) with systematic 
fertilization and pasturage (under human activ-
ity), whilst the other one was classified as  fallow 
land (FL), and used as a control area (without 
any human impact). More particularly, the first 
meadow was cultivated for haymaking, fertil-
ized with nitrogen, phosphorus and potassium 
at unknown dosage, and moved twice a year, 
in the spring and summer seasons (Banach et 
al., 2009). The second grassland was decidedly 

less fertilized, was not moved, but was grazed. 
Both locations were representative for the de-
scribed area and comprised species-rich grass-
lands dominated by Deschampsia cespitosa L. 
and Holcus lanatus L. (Banach et al., 2009). The 
basic characteristic of Mollic Gleysol is shown 
in Table 1.

Determination of the soil  
water-retention ability

The instrument used to determine soil water-re-
tention abilities (pF curves) was a steel pressure 
chamber, with a porous plate saturated with wa-
ter inside. Soil samples were transferred to plastic 
cylinders (h = 5 cm, v = 100 cm3) and placed on 
a plate inside the stainless-steel pressure cham-
ber, containing a porous plate saturated with wa-
ter at the bottom, in order to obtain a hydraulic 
contact between the sample and the porous plate 
(Pires et al., 2005). The laboratory set LAB o12 
(Soil Moisture Equipment Company, USA) was 
used. Pressure was applied for the following pF 
values: 0, 1.0, 1.5 and 2.0, which correspond to a 
values linked to a range of microorganisms and 
plant roots (Harris, 1981). The pF values were 
characterized by the following water-retention 
capacity: 55% v/v (pF 0); 40% v/v (pF 1.0); 35% 
v/v (pF 1.5) and 25% v/v (pF 2.0).

Fig. 1. Distribution of TOC content in the investigated soil material (n = 9, p <0.0001).
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Measurement of TOC

TOC was determined using an automatic car-
bon analyzer TOC-vCSH SSM 5000A (Shimadzu, 
Japan). Soil samples were pulverized and dried 
prior to analysis. Each sample was analyzed 
separately (in three replications) for its total 
organic carbon. The soil sample (150 mg) was 
combusted at 900°C in a column containing a 
platinum and cobalt oxide catalyst. Under these 
conditions, all carbon compounds were convert-
ed into carbon dioxide form and detected by an 
infrared detector. 

DHA assay

Soil DHA was tested using 2.3.5-triphenyl-
tetrazolium chloride (TTC), according to the 
protocol of Casida et al. (1964). According this 
method, specific dyes, such as triphenyl tet-
razolium chloride that can specify the flow of 
electrons, are useful indicators of electron trans-
port system (ETS) activity. With the reduction 
of a colorless, water-soluble substrate (TTC) 
by dehydrogenases, an insoluble product with 
red color (triphenylformazan − TPF) is formed. 
TPF can be easily quantified calorimetrically. 
Absorbance (λ = 485 nm) was measured using 
a Uv-1800 (Shimadzu, Japan) spectrophotom-
eter. DHA was expressed as µg TPF g-1 min-1. All 
measurements were done in triplicate and cal-
culated on the basis of the oven-dried (105ºC) 
soil mass.

Table 2. Correlations between TOC, pF, DNA content and 
DHA in Mollic Gleysol with different types of land use (n=36, 
p < 0.05).

Area Factor DNAb TOCc pF

AE
DHAa

0.38* 0.49** - 0.79***

FL 0.47** 0.58** - 0.84***

*p <0.05, **p <0.01, ***p <0.001. a µg TPF g-1 min-2 ; b mg g-1; c %.

Soil DNA extraction procedure

Soil DNA was extracted using the procedure by 
Sambrook and Russel (2001), with small modifica-
tions. Total nucleic acids were extracted from 1 g 
of soil (in three replications) with the addition of 
10 ml of extraction buffer (100 mM Tris-Cl pH 8.0, 
100 mM EDTA pH 8.0, 1.5 M NaCl) and 2 g of 0.1 
mm glass beads (Sigma-Aldrich) in a 25 ml stain-
less steel grinding jar. The cells in the supernatant 
were pelleted and subjected to lysis using GES solu-
tion (5 M guanidine thiocyanate, 100 mM EDTA, 
0.5% sarkosyl (pH 8)). DNA was purified using an 
ice-cold solution of ammonium acetate (7.5 M) and 
a chloroform: isoamyl (24:1) mixture. Cell debris 
were removed by centrifugation. DNA was pre-
cipitated at -20°C with isopropanol for 2 h, pelleted 
by centrifugation at 17 500×g for 30 min, rinsed 5 
times with 70% v/v ethanol and resuspended in 30 
ml of ultrapure DNAse-free water. The DNA con-
centration in each purified extract was quantified 
by Uv spectroscopy (Uv-1800 Shimadzu, Japan) 
at 260 nm, and expressed as mg DNA g-1 dry soil.

Statistical analysis

Analyses of variance were conducted by Statistica 
9.0 program (StatSoft, Inc. USA) to test differ-
ences among the tested soil parameters. One-way 
ANOvA, post hoc Tukey’s and Pearson tests were 
performed to find significant differences between 
the investigated factors. The differences were 
considered significant at p < 0.05.

RESULTS

TOC content in the soil profiles

TOC content demonstrated a decreasing trend 
with the increase in soil depth (Fig. 1). The high-
est concentration of TOC occurred in the surface 
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layer of Mollic Gleysol, amounting to 22.47% and 
20.09% for AE and FL, respectively. In the sub-
surface part of the soil profiles (20-40 cm), the 
TOC content in the AE and FL sites was strongly 
reduced by 98.1% and 93.3% (in comparison to 
the surface), respectively. The lowest TOC con-
centration in the subsoil part of Mollic Gleysol 
was noted, and was only 0.21% and 0.87% for 
AE and FL, respectively. Comparison of the two 
investigated sites with respect to TOC content 
demonstrated slightly higher but not significant 
(p > 0.05) TOC values at the AE site.

Response of soil DHA to different  
pF values

Incubation of the soil samples under different 
controlled moisture conditions significantly al-
tered both DHA level and DNA concentration. 
Our findings confirmed that DHA is strongly 
affected by water potential (Fig. 2), as we noted 
the highest DHA values (0.0016 and 0.0036 µg 
TPF g-1 min-2) for AE and FL, respectively, in the 
surface layers and at full water capacity condi-
tions (pF 0). Moreover, DHA in the surface part 
of the FL site was 55.5% higher than in the AE 
site. This might suggest a negative effect of hu-
man agricultural impact on soil enzymatic activ-
ity. Meanwhile, the lowest values of DHA charac-
terized the deepest part of Mollic Gleysol profile 
(40-60 cm), ranging from 0.00016 to 0.00019 µg 
TPF g-1 min-2, for AE and FL, respectively. Dif-
ferences in DHA between surface (0-20 cm) and 
subsoil (40-60) layers were 92.5 and 94.7% lower 
for AE and FL, respectively. In pF 2.0 conditions. 
DHA demonstrated a different trend in compari-
son to the other tested pF values, as we found 
its maximum in the subsurface layer, both in the 
AE and FL area. These differentiations were more 
noticeable in the FL site, where the DHA level in 
the subsurface layer was 20% higher than in the 
surface part (p <0.05). 

Response of DNA content 
to different pF values

DNA concentration was also found to be the 
highest (3-4 mg g-1) in the surface part of both 
investigated meadows (Fig. 3). The most favor-
able moisture conditions for DNA presence was 
pF 1.0. However, the subsurface layer of Mollic 
Gleysol was DNA-rich; the concentrations in 
the top layer were 1.5-1.7 mg g-1 at the AE, and 
1.25-1.75 mg g-1 at the FL site, at pF ranging from 
0-1.5. At pF 2.0, the DNA content increased with 
soil depth (p > 0.05) and the highest content was 
found in the subsoil. It can be concluded that the 
soil DNA level is affected by the water content, 
and that its content decreases with the decrease 
in soil moisture, which means that higher soil 
moisture provides better conditions for DNA 
presence in a soil environment.

Relationships between investigated factors

Finally, using statistical tools the correlations be-
tween DHA, DNA content, TOC and pF were 
determined (Table 2). Significant positive corre-
lations (p <0.05) for DHA and DNA were found, 
which was confirmed by the r coefficient values 
(r = 0.38*) and ( r= 0.47**) for AE and FL, re-
spectively. Proportional correlations were also 
noted in the case of DHA and TOC content. An 
inversely proportional significant (p <0.0001) re-
lationship was found in the case of DHA, DNA 
and pF, which means that DHA increased with 
water supply, reaching maximum values at pF 0. 
The determined relationships show that the in-
crease in TOC and DNA content results in an 
increase in DHA in the Mollic Gleysol profile, 
independent of land use. Thus, our hypothesis 
about the close relationship between the activity 
of DHA and DNA presence in the soil environ-
ment has been verified.
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DISCUSSION

TOC distribution in the soil profile

TOC distribution determined in the current 
study displayed a decreasing trend with soil pro-
file depth. A similar TOC distribution in a Mollic 
Gleysol profile was earlier described by Turski 
and Witkowska-Walczak (2004) and Wolińska et 
al. (2012a, 2012 b). Most authors reported that 
the quality of carbon is particularly important 
because it affects the supply of energy for both 
enzyme production and microbial growth (Fon-
taine et al., 2003; Frąc and Jezierska-Tys, 2011; 
Wolińska and Stępniewska, 2011; Yuan and Yue, 
2012). Soil containing a higher proportion of 
TOC provides more substrate to support micro-
bial biomass (Yuan and Yue, 2012) and there-
by soil DHA. In the opinion of many authors 
(Stępniewski et al., 2000; Włodarczyk, 2000; Frąc 
and Jezierska-Tys, 2011; Yuan and Yue, 2012), 
soil enzymes are biological indicators of the qual-
ity, fertility and productivity of soils, as well as 
of the anthropogenic impact. Nannipieri et al. 
(2002) as well as Frąc and Jezierska-Tys (2011) 
were of the opinion that soil enzymatic activity 
(particularly DHA) may be an early and sensitive 
indicator of the degree of soil degradation and 
can be used for the estimation of anthropogenic 
factors affecting soil quality.

Response of soil DHA to different pF values

Changes in soil moisture status can also mark-
edly affect the magnitude of the soil intercellular 
enzymes activity because many soil microor-
ganisms are known to be intolerant to low soil 
moisture content (Harris, 1981). In the present 
study, limitation of water (pF 2.0) seemed to re-
duce both DHA level and DNA content in rela-
tion to the full water capacity conditions (pF 0). 

It was also demonstrated that DHA is strongly 
impacted by the water content and that its activ-
ity decrease with decreasing soil moisture (Nayak 
et al., 2007; Pascual et al., 2007; Wolińska and 
Stępniewska, 2011). The tendency of soil DHA 
to increase under anaerobic conditions was ob-
served in model experiments (by incubating soils 
under soil flooding) as well as under natural field 
conditions (Stępniewski et al., 2000; Brzezińska 
et al., 2001).

Response of soil DNA content  
to different pF values

DNA concentration determined in the current 
study also displayed spatial distribution in the 
soil profile. An analogical DNA trend was ear-
lier noted in the loess soil profile (Wolińska et 
al., 2012b). The general content of DNA varies 
in relation to soil type, soil conditions, microbial 
abundance, type of soil cultivation, climate, etc. 
Wolińska et al. (2011) demonstrated higher soil 
DNA content in full water capacity conditions; 
however, in the range pF 0-3.2 the differences 
were not significant (p >0.05). Results from the 
current study indicated that DNA content was 
highest at pF 1.0 and the lowest at pF 2.0. These 
observations are in agreement with results ob-
tained previously by Schimel et al. (2007) and 
Finlay and Esteban (2009). 

Relationships between investigated factors

We found positive significant (p <0.05) relation-
ships between DNA concentration, TOC con-
tent and soil DHA. Although studies by Sheu 
et al. (2008), Acosta-Martinez et al. (2010) and 
Wolińska et al. (2012b) confirmed positive cor-
relations between DNA and TOC, prior to our 
study little attention has been paid to the statis-
tical description of the relationship between soil 
DHA and DNA content. Some of the authors de
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Fig. 2. Relationship between DHA level and different values of pF in agricultural exploited (AE) and fallow land (FL). Average values 
with standard deviations are presented.

Fig. 3. Relationship between DNA concentration and different values of pF in agricultural exploited (AE) and fallow land (FL). Average 
values with standard deviations are presented.

scribed only positive correlations between DHA 
and soil microbial biomass and indicated that 
higher values of DHA in soils are connected 
with a higher abundance of bacteria (Baskar et 
al., 2003; Furczak and Joniec, 2007; Nayak et al., 
2007). Nevertheless, the interpretation of our re-
sults has been a challenge, because even though 
only a few of the mentioned studies have exam-

ined the effects of TOC and pF on the soil DNA 
content, there is still a lack of data concerning 
the statistical determination of the correlation 
between soil factors and DNA concentrations. 
Consequently, more research on other soil types 
and under different moisture conditions is need-
ed to complete the understanding soil DNA de-
pendence on physical and biological parameters. 
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CONCLUSION

Our study showed that there is a close relation-
ship between the activity of intracellular dehy-
drogenases and the presence of DNA in soli, pF, 
TOC and agricultural activity. It was demon-
strated that biological factors (DHA and DNA 
content) displayed higher values in the soil sam-
ples taken from the control site (non-cultivated). 
It was also found that DHA positively correlated 
(p <0.05) with DNA (to date, similar interdepen-
dencies have not been clearly described in the 
literature) and TOC, but negatively correlated 
with pF. Finally, we assumed that agricultural 
activity limits soil fertility through the reduc-
tion in its DHA level (which was observe to be 
51.3% in the surface layers), when compared to 
control soil.
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