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Abstract: The aim of this study was to determine the effect of the soil tillage system on soil enzymatic activity. 
The performed investigations, employing two soil tillage systems: classical (ploughing) and simplified (no-tillage), 
were carried out on Luvisols and Arenosols differing typologically, with regard to their kind and species. The 
activity of the following five enzymes was determined in soil samples: dehydrogenases, acid phosphatase, alka-
line phosphatase, urease and protease. The applied enzymes tests turned out to be good indicators differentiating 
the examined soil objects depending on the employed tillage system. The employment of the simplified tillage 
system stimulated significantly the activity of the analysed enzymes irrespective of the soil type. This effect was 
particularly apparent in the top layer (0–10 cm) of the soil. An exceptionally wide range of activity was obtained 
for dehydrogenases indicating the usefulness of this group of enzymes for the evaluation of changes in the soil 
environment under the influence of the soil tillage system. The observed activity stimulation of the examined 
enzymes was accompanied by advantageous changes in soil chemical conditions. 

INTRODUCTION

Soil cultivation systems, from the classical (ploughing) to the extremely simplified, have 
an effect on the physical, chemical and biological properties of soils [1, 5, 15]. The 
choice of an appropriate tillage system is mainly dependent on the local soil conditions, 
climate and type of crop [8]. Biological processes that determine soil fertility and pro-
ductivity are chiefly linked to the micro-organisms and the enzymes that they release 
[18, 19, 25]. The monitoring of the pedosphere, applying methods based on enzymatic 
tests, enables the complex evaluation of the changes which take place in the soil environ-
ment under the influence of the tillage system employed [1, 2, 5, 11, 23]. Changes in the 
activity of soil enzymes reflect environmental imbalances which impact the soil as well 
as the plants [4, 16]. The basic advantages of the biological methods of evaluating the 
soil environment condition, based on enzymatic labelling, is not only an opportunity to 
carry out serial analyses but, first and foremost, the ability to present generally the influ-
ence of numerous factors or to assess parameters impossible to be determined by other 
means, such as the elements of cell metabolism [4]. The purpose of the investigations 
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was to determine the impact of the cultivation system on the enzymatic activity of soils 
differing typologically [3].

These investigations have been planned as the continuation of earlier research [5]. 
The following study may become the basis for forecasting trends in changes to habitation 
conditions which occur in connection with the cultivation system.

MATERIALS AND METHODS

The investigations were carried out in western Poland within the area of the Greater 
Poland region, on the Karolew farm, covering an area of approximately 2500 hectares, 
where the land has been cultivated using a simplified method for over ten years, and 
within the adjacent fields covering an area of 3−4 hectares (privately owned farms) which 
employ traditional methods of crop production. The Karolew farm, owned by Poznan 
University of Life Sciences, is located in the district of Borek Wielkopolski, poviat of 
Gostyń (51°55' N; 17°15' E). According to the regional classification of Europe, the area 
belongs to Wysoczyzna Kaliska (318.12) [13]. 

This region, being beyond the extent of the Baltic glaciation, is composed of boulder 
clays with a strongly weathered surface layer and clayey sands of glacial origin. Locally, 
there are also occasional sands with low clay content deposited on unconsolidated sands 
of glacial or alluvial origin. Typologically, they are identified as Luvisols and Arenosols.

The climate of the region is shaped by the conflicting air masses from the Atlantic 
Ocean, Eastern Europe and Asia, modified by strong Arctic or Mediterranean influences, 
therefore causing highly changeable weather conditions. The prevalence of winds from 
the west indicates a greater impact of the oceanic climate, bringing milder winters but 
cooler summers than those typical of central and eastern Poland. The average long-term 
temperatures in this region range from -2.8 to -1.5°C in January, from 17.6 to 18.0°C 
in July and from 7.5 to 8.4°C for the whole year. Greater Poland region belongs to the 
areas of the least rainfall in Poland, with a long-term average of 500−600 mm [6]. The 
rainfall pattern is not favourable for agriculture due to frequent dry spells in spring time, 
especially in May and June. Similarly low rainfall amounts in the winter months, from 
October to February, often do not redress water deficits caused by evapotranspiration, 
which is usually higher than the rate of rainfall during vegetation season.

Comparative investigations of the enzymatic activity, taking into account two tillage 
systems: classical (ploughing) and simplified (no-tillage), were performed on soils dif-
fering typologically, with regard to their kind and species: Luvisols and Arenosols. The 
objectives of the investigations were 8 soil profiles of similar or identical features and 
related morphological structure under classic cultivation (CL, privately owned farms – 4 
profiles) and simplified (SI, the Karolew farm – 4 profiles).

Both farming systems use crop rotation. The doses of mineral fertilizers are adjusted 
to the requirements of the plants and the soil properties.

Soil samples were collected in October 2009 in the following profiles: Luvisols – 1CL 
and 2SI, 5 CL and 6SI, 7 CL and 8 SI; Arenosols – 3CL and 4 SI, from the layers: 0−10, 
10−20 and 20−30 cm. The study covered fields sown with winter wheat. The activity of 
five enzymes was marked in the soil samples: dehydrogenases [24], acid phosphatase and 
alkaline phosphatase [22], urease [26] and protease [14]. Additionally, the basic chemical 
properties of the investigated soils were indicated: pH reaction in 1 mol KCl·dm-3 (ISO 
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10390) and the content of the following elements: organic carbon (ISO 14235), crude 
nitrogen (ISO 13878), available forms of potassium and phosphorus [9].

Statistical analyses were performed using Statistica 6.0 PL program. 

RESULTS AND DISCUSSION

The soils under the classic tillage system (objects: 1 CL, 3 CL, 5 CL, 7 CL) gave a slightly 
acidic to neutral reaction, and the soils under the simplified farming (objects 2 SI, 4 SI, 
6 SI, 8 SI) from acidic to slightly acidic (Table 1).

Table 1. Some chemical properties of soils 

Profile
No.

Layer pH OC TN OC:TN P K
(cm) KCl (%) (mg·kg-1)

1 CL
0-10 6.6 0.82 0.09 9.1 162.8 95.3

10-20 6.7 0.79 0.08 9.8 159.2 55.9
20-30 6.4 0.41 0.04 10.2 158.3 25.1

2 SI
0-10 5.3 1.55 0.14 11.0 395.1 467.5
10-20 6.1 0.99 0.10 9.9 229.6 200.4
20-30 6.2 0.78 0.08 9.7 202.7 138.3

3 CL
0-10 6.4 0.86 0.09 9.5 260.4 192.8

10-20 6.8 0.78 0.08 9.7 249.2 179.1
20-30 6.5 0.39 0.04 9.7 263.5 112.9

4 SI
0-10 5.2 1.19 0.11 10.8 423.9 312.7
10-20 5.8 0.95 0.09 10.5 359.1 202.3
20-30 6.1 0.62 0.06 10.3 296.5 179.2

5 CL
0-10 5.9 1.21 0.12 10.0 169.6 190.4

10-20 6.2 1.02 0.10 10.2 153.2 150.8
20-30 5.8 0.74 0.07 10.5 137.0 116.1

6 SI
0-10 5.1 1.65 0.15 11.0 288.5 279.4

10-20 5.4 1.44 0.13 11.0 160.9 211.0
20-30 5.5 1.36 0.12 11.3 117.3 153.2

7 CL
0-10 6.0 1.19 0.12 9.9 166.1 204.6

10-20 6.2 0.98 0.10 9.8 121.2 111.9
20-30 6.1 0.79 0.08 9.8 104.2 92.3

8 SI
0-10 5.5 1,65 0.16 10.3 231.5 269.4
10-20 6.1 1,24 0.12 10.3 168.9 129.7
20-30 6.2 1.10 0.10 11.0 110.8 99.2
LSD0.05 0.22 0.02 0.8 55.8 36.2

Explanations: CL – classical tillage system; SI – simplified tillage system; OC – organic carbon; TN – total 
nitrogen; P and K – available phosphorus and potassium forms
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The increase in the acidity of the soils cultivated employing the simplified method 
was connected with the significant intensity of biochemical processes in the soil environ-
ment (Table 2). 

Table 2. Enzymatic activity of soils (Dh – dehydrogenases in cm3 H2·kg-1·d-1, Pac – acid phosphatase  
and Pal – alkaline phosphatase in in mmol PNP·kg-1·h-1, Ur – urease in mg N-NH4

+·kg-1·h-1,  
Pr – protease in mg tyrosine·g-1·h-1) 

Profile
No.

Layer
(cm)

Dh Pac Pal Ur Pr

1 CL
0-10 3.9 78.3 92.9 26.3 14.3
10-20 3.5 69.2 84.7 24.5 11.2
20-30 2.4 47.9 52.8 9.8 7.6

2 SI
0-10 8.5 126.7 174.5 46.5 21.8
10-20 7.7 82.1 115.6 27.1 15.4
20-30 2.8 70.4 61.4 8.5 7.2

3 CL
0-10 2.2 69.8 52.3 11.4 10.4

10-20 1.4 59.5 36.4 7.6 9.2
20-30 0.9 35.9 26.1 4.3 6.5

4 SI
0-10 6.6 101.3 72.6 18.8 15.3
10-20 5.1 76.6 61.7 10.1 11.2
20-30 1.1 58.4 42.8 5.2 6.9

5 CL
0-10 4.2 112.5 81.2 24.3 16.1
10-20 3.8 110.3 66.3 10.6 13.2
20-30 2.6 75.0 48.5 4.3 8.6

6 SI
0-10 9.3 154.1 156.1 39.4 21.2
10-20 8.5 127.9 123.7 13.2 15.3
20-30 3.1 96.2 61.6 5.1 9.1

7 CL
0-10 4.3 126.4 62.9 22.4 15.9
10-20 3.9 120.9 41.5 10.7 14.1
20-30 2.6 109.1 38.4 4.9 8.7

8 SI
0-10 9.8 174.5 116.9 36.5 20.4
10-20 9.1 140.2 90.3 12.9 15.8
20-30 3.0 131.3 51.2 5.4 9.2

LSD0.05 0.6 23.9 17.5 2.8 4.3

Explanations: CL – classical tillage system; SI – simplified tillage system

The products of the organic matter transformation (including CO2 and low molecular 
organic acids), the number of which is related to the metabolic activity of micro-orga-
nisms and the enzymes they release, significantly impact soil acidity [12]. On the majority 
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of the examined objects the pHKCl values in the top layer (0−10 cm) were lower than in 
deeper zones (10−20 and 20−30 cm).

The content of organic carbon and total nitrogen in the soils under the simplified 
cultivation system was markedly larger than in those soils under the classic method. Stati-
stically significant differences were only noted in the case of Luvisols (objects: 1−2, 5−6, 
7−8), mainly in their top (0−10 cm) layer (Table 1). The amounts of organic carbon and 
total nitrogen in the 0−10 and 10−20 cm layers of the studied soils were notably larger 
than in the 20−30 cm layer (Table 1).

In the top (0−10 cm) layer of the soil samples, the C:N ratio was significantly higher 
where the simplified cultivation system was employed than those from specimens coming 
from the classic system (Table 1).

The content of available phosphorus in the soils was very high: 104.2−263.5 mg·kg-1 
from objects under the classic system and 110.8−423.9 under the simplified farming sys-
tem. A statistically significant increase in this form of phosphorus under the influence of 
applying limited cultivation was noted primarily in the top (0−10 cm) layer of the soils 
(Table 1). The vertical distribution of phosphorus, which is a low mobility element, was 
clearly dependent on the cultivation system. Under the classic system, with a typical 
tillage method and annual soil displacement during cultivation, the content of available 
phosphorus forms in the analysed soil layers (0−10, 10−20, 20−30 cm) was similar. Un-
der the simplified system, the content of this component in the top layers (0−10 cm) was 
several times larger than in the 20−30 cm layers (Table 1).

The available potassium contents in the top layer of the soils under the simplified 
system were at high levels (269.4−467.5 mg·kg-1), and in the remaining soils at low 
and medium levels (25.1−211.0 mg·kg-1) (Table 1). Similarly to the available phospho-
rus analysis, the statistically significant increase of this form of potassium under the 
limited cultivation was noted mainly in the top layer of the soils. For all the studied 
objects, the amount of available potassium in the soils decreased markedly with depth 
(Table 1). The available forms of this element, due to their solubility, are exposed to 
leaching.

The activity of all the examined enzymes was visibly lower in those soils cultivated 
in a traditional way than in the soils where the simplified system was employed (Table 2). 
Causing changes in a vertical distribution, chemical composition and the size of the or-
ganic substance particles as well as aquatic and aerial conditions in the soil environment, 
traditional cultivation impacts both the enzymatic activity and the biomass of micro-or-
ganisms [5, 7, 21]. The investigations of Schulten and others [21] have indicated that the 
increase in the size of the particles and the complexity of the organic matter bonds in the 
soil under traditional farming (tillage system) is accompanied by a substantial decrease 
(within the range of 60−80%) in the activity of the enzymes taking part in the transfor-
mation cycle of C, N and P. 

The research showed a statistically significant impact by the simplified cultivation 
system on the increase in the activity of dehydrogenases and alkaline phosphatase in the 
0−10 and 10−20 cm layers, and the acid phosphatase, urease and protease only in the top 
layer (0−10 cm). From the ecological point of view, the high enzymatic activity in the top 
layer of the soils under the simplified tillage system that could be observed during this 
study over a period of three consecutive years [5] may provide evidence for a strengthe-
ning of soil condition. Numerous data from reference sources [7, 20, 21] confirm that the 
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beneficial influence of the simplified tillage system on enzymatic activity is particularly 
apparent in the top layer of the soils.

The enzyme activity in the top layers of the soil under the simplified system was 
higher, approximately: dehydrogenases by 50−70%, acid phosphatase and alkaline pho-
sphatase by 30−50%, urease by 40% and protease by 20−30% in comparison to the soil 
cultivated traditionally. An exceptionally wide range of activity was obtained for dehy-
drogenases, indicating the usefulness of this group of enzymes for the evaluation of chan-
ges in the soil environment under the influence of the soil tillage system. The stimulation 
in activity of the examined enzymes was accompanied by markedly higher content of Corg 
and Nog in the top layers of the soils than in the case of traditional farming (Table 1). These 
investigations indicated that the activity of the examined enzymes positively correlated 
with the content of Corg.: r = 0.88-0.91, where p ≤ 0.001. These data again demonstrate 
that the level of activity of soil enzymes is mostly determined by the content of organic 
matter. This is in connection with the dynamic development of micro-organisms due to 
the abundance of easily accessible energy substances.

By and large, Luvisols (objects: 1−2, 5−6, 7−8) were marked by a higher enzymatic 
activity than Arenosols (objects 3−4), (Table 2). All soil types have a characteristic com-
position of specific enzymes and an inherent enzymatic activity level. The differences in 
the forming of enzymatic activity in various soil types mostly result from the fact that 
each soil type, depending on its origin and developmental conditions, is distinct with 
regard to the content of organic matter, granulometric composition and micro-organic 
activity [10].

CONCLUSIONS

1.  The enzymatic tests proved to be good indicators for differentiating soil objects where 
different tillage systems are applied.

2.  The employment of the simplified tillage system stimulated significantly the activi-
ty of the examined enzymes, irrespective of the soil type, which, from the practical 
perspective, has a great significance for the recognition of the processes releasing the 
nutritional elements of plants.

3.  An exceptionally wide range of activity was obtained for dehydrogenases, indi cat ing 
the usefulness of this group of enzymes for the evaluation of changes in the soil environ-
ment under the influence of the soil tillage system.

4.  In top layers the activity stimulation of the examined enzymes was accompanied 
by advantageous changes in soil chemical properties. It provides evidence that intro-
duc ing limitations in cultivation entails positive changes in the essential elements of 
the fertility of these soils.
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WPŁYW SYSTEMU UPRAWY NA AKTYWNOŚĆ ENZYMATYCZNĄ GLEB

Celem pracy było określenie wpływu systemów uprawy na aktywność enzymatyczną gleb. Analizowano 
dwa systemy uprawy roli: tradycyjny (płużny) i uproszczony (bezorkowy) na glebach płowych i arenosolach. 
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W próbkach glebowych analizowano aktywność pięciu enzymów: dehydrogenaz, kwaśnej i alkalicznej fosfata-
zy, ureazy oraz proteazy. Testy enzymatyczne okazały się dobrymi wskaźnikami różnicującymi badane obiekty 
glebowe w zależności od systemu uprawy roli. Stosowanie uprawy uproszczonej stymulowało istotnie aktyw-
ność analizowanych enzymów, niezależnie od typów gleby. Szczególnie szeroki zakres aktywności uzyskano 
dla dehydrogenaz, co wskazuje na przydatność tej grupy enzymów do oceny zmian zachodzących w środo-
wisku glebowym pod wpływem systemu uprawy roli. Ponadto w powierzchniowych warstwach stymulacji 
aktywności badanych enzymów towarzyszyły korzystne zmiany właściwości chemicznych gleb. 




