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Summary: Actual and potential dehydrogenase and 
acid phosphatase activities were determined in the 
0–10–, 10–20– and 20–30–cm layers of a brown 
luvic soil submitted to a complex tillage and crop 
rotation experiment. Each activity in both non-
tilled and conventionally tilled soil under crops of 
both rotations decreased with increasing sampling 
depth. It was found that no-till – in comparison 
with conventional tillage – resulted in significantly 
higher soil enzymatic activities in the 0–10– and 
10–20–cm layers and in significantly lower 
activities in the deeper layers. The soil under wheat 
or maize was more enzyme-active in the 6– than in 
the 2–crop rotation. In the 2–crop rotation, higher 
enzymatic activities were registered under maize 
than under wheat, excepting acid phosphatase 
activity. In the 6–crop rotation, higher enzymatic 
activities were registered under wheat, excepting 
actual dehydrogenase activity.  
 

Rezumat: Activitatea dehidrogenazică actuală şi 
potenţială acidă au fost determinate în straturile 0-
10-, 10-20-, 20-30- şi 20-30-cm solului brun luvic 
supus unui experiment complex de afânare şi 
rotaţie a culturilor. Activităţile enzimatice studiate 
scad cu adâncimea, sub ambele culturi atât în solul 
nearat cât şi în cel arat profund. Nearatul în 
comparaţie cu aratul profund determină niveluri 
mai ridicate ale activităţilor enzimatice în 
straturile superioare şi activităţi mai scăzute în 
straturile profunde. Activităţile enzimatice sunt mai 
ridicate sub culturile de porumb şi grâu din rotaţia 
de 6 culturi în toate straturile analizate. În rotaţia 
de 2 culturi, mediile activităţilor enzimatice pe 
adâncimea 0-40 cm sunt mai ridicate sub cultura 
de porumb, excepţie făcând activitatea fosfatazică 
acidă. În rotaţia de 6 culturi activităţile enzimatice 
sunt mai ridicate sub cultura de grâu, cu excepţia 
activităţii dehidrogenazice actuale. 
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INTRODUCTION 
Soil micro-organisms contribute to better plant development. They colonize mainly 

the organic matter at the microsites (Kandeler and Murer, 1993). 
Clay minerals also serve as carriers of organisms, enzymes (Lovell et al., 1995), 

metabolic products, and growth and inhibitory substances. The air and water filled pore spaces 
in the soil are an essential requirement for the life of most organisms. The microbial counts 
rapidly decrease with soil depth due to the deterioration of the substrate (Dick, 1992). 

The metabolic activity of soil micro-organisms is essential for organic matter 
turnover. The mobilization and immobilization of inorganic nutrients and trace elements are 
also mainly a result of microbial activities (Dormaar and Lindwall, 1989). Metabolic activities 
are determined by the species composition, which in turn is influenced by the available litter, 
the soil type and other environmental conditions (Doran, 1980a, 1980b). 

It is well known that the dehydrogenase activity of a soil is thus the results of the 
activity of different dehydrogenases, which are an important component of the enzyme system 
of all micro-organisms (enzymes of respiratory metabolism, citrate cycle, and nitrogen 
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metabolism). Dehydrogenase activity is thus an indicator of biological redox-systems, and can 
be taken as a measure for the intensity of microbial metabolism in soil (Dick et al., 1994; Dick, 
1984). 

Phosphatases are inducible enzymes that are produced predominantly under 
conditions of low phosphorus availability (Canarutto et al., 1995; Clarholm and Rosengren-
Brinck, 1995). Phosphomonoesterase enzymes play an important role in P cycling in soil and, 
consequently, in P nutrition of plants, as these hydrolytic enzymes free plant-available, mineral 
o-phosphate from organic P compounds, namely from P monoesters. 

The effects of tillage (Groffman, 1985), crop rotation (Angers et al., 1993) on soil 
enzymatic activities were studied in many countries, including our country (Ştefanic et al., 
1983, 1984). 

In continuation of our investigations (Samuel and Kiss, 1999; Samuel et al., 2000), we 
studied some enzymatic activities in a brown luvic soil submitted to a complex tillage and crop 
rotation experiment at the Agricultural Research and Development Station in Oradea (Bihor 
County). 

MATERIAL AND METHODS 
The ploughed layer of the studied soil is of a mellow loam texture and it has a pH 

value of 5.5. 
The experimental field was divided into plots and subplots for comparative study of 

no-till and conventional tillage and rotations of 2– and 6–crops. The crops of the 2– and 6–
crops rotations were wheat and maize.  

Each plot consisted of two subplots representing the no-till and conventional tillage 
variants. The plots (and subplots) were installed in three repetitions. 

In October 2005, soil was sampled from the following subplot depths: 
- 0–10 cm; 
- 10–20 cm;  
- 20–30 cm;  
- 30–40 cm. 

 The soil samples were allowed to air-dry, then ground and passed through a 2–mm 
sieve and, finally, used for enzymological analyses. 

Actual and potential dehydrogenase activities were determined according to the 
methods described in (Drăgan-Bularda, 2000). The reaction mixtures consisted of 3.0 g soil, 
0.5 ml TTC (2, 3, 5- triphenyltetrazolium chloride) and 1.5 ml distilled water or 1.5 ml glucose. 
All reaction mixtures were incubated at 37ºC for 24 hours. After incubation, the 
triphenylformazan produced was extracted with acetone and was measured 
spectrophotometrically at 485 nm. Disodium phenylphosphate served as enzyme substrate. 
Acid phosphatase activity was measured in reaction mixtures to which acetate buffer (pH 5.0). 
The buffer solution was prepared as recommended by (Öhlinger, 1996). The reaction mixtures 
consisted of 2.5 g soil, 2 ml toluene (antiseptic), 10 ml acetate buffer and 10 ml 0.5 % substrate 
solution. Reaction mixtures without soil or without substrate solution were the controls. All 
reaction mixtures were incubated at 37ºC for 2 hours. After incubation, the phenol released 
from the substrate under the action of phosphatases was determined spectrophotometrically (at 
614 nm) based on the colour reaction between phenol and 2,6-dibromoquinone-4-chloroimide. 

Dehydrogenase activities are expressed in mg of triphenylformazan (TPF) produced 
from 2, 3, 5-triphenyltetrazolium chloride (TTC) by 10 g of soil in 24 hours, whereas 
phosphatase activities are expressed in mg phenol / g soil / 2 hours. 

The activity values were submitted to statistical evaluation by the two t-test (Sachs, 
1968). 



 363 

RESULTS AND DISCUSSION 
Results of the enzymological analyses are presented in Table 1, and those of the 

statistical evaluation are summarised in Table 2.  
 
Variation of the enzymatic activities depending on sampling depth 
It is evident from Table 1 that each enzymatic activity decreased with sampling depth 

in both subplots under each crop of both rotations. In addition, Table 2 shows that the mean 
values of each of the three activities in both non-tilled and conventionally tilled subplots also 
decreased with increasing soil depth. 

 
The effect of tillage practices on the enzymatic activities in soil 
Each of the three enzymatic activities determined was higher in the upper (0–10– and 

10–20–cm) layers of the no-tilled subplots. But only actual dehydrogenase activity and acid 
phosphatase activity in the 0–10–cm layer were significantly higher (at least at p < 0.05 and      
p < 0.02, respectively). 

Table 1 
 

The effects of soil management practices on enzymatic activities in a brown luvic soil 
 

Rotation of 2 crops** Rotation of 6 crops 
Wheat Maize Wheat Maize Soil enzymatic 

activity* 

Soil 
depth 
(cm) N. t. C. t. N. t. C. t. N. t. C. t. N. t. C. t. 

ADA 
(mg TPF/10g 
soil/24 hours) 

0-10 
10-20 
20-30 
30-40 

6.48 
5.58 
4.36 
3.52 

6.16 
5.49 
5.04 
4.13 

6.64 
6.38 
5.06 
4.24 

6.52 
6.24 
5.38 
4.98 

8.92 
8.54 
6.60 
4.66 

8.68 
8.23 
6.72 
5.38 

8.84 
8.48 
7.07 
5.26 

8.60 
8.24 
7.62 
6.11 

PDA 
(mg TPF/10g 
soil/24 hours) 

0-10 
10-20 
20-30 
30-40 

20.15 
19.31 
17.86 
15.07 

19.63 
19.15 
18.74 
16.22 

21.18 
21.09 
18.42 
15.05 

20.87 
20.95 
19.81 
15.83 

24.83 
23,56 
20.21 
16.33 

22.97 
22.18 
20.75 
17.56 

23.23 
22.05 
19.18 
16.73 

21.75 
20.63 
20.15 
16.84 

AcPA 
(mg TPF/10g 
soil/24 hours) 

0-10 
10-20 
20-30 
30-40 

0.310 
0.198 
0.131 
0.072 

0.252 
0.188 
0.177 
0.140 

0.294 
0.190 
0.141 
0.097 

0.206 
0.180 
0.173 
0.110 

0.344 
0.245 
0.149 
0.112 

0.298 
0.209 
0.195 
0.156 

0.352 
0.213 
0.142 
0.104 

0.312 
0.200 
0.209 
0.123 

 
* ADA – Actual dehydrogenase activity  **N. t. – No-till 
   PDA – Potential dehydrogenase activity      C. t. – Conventional tillage 
   AcPA – Acid phosphatase activity  

 
Potential dehydrogenase activity was insignificantly higher (at least at p > 0.10) in the 

upper layers, whereas acid phosphatase activity was insignificantly higher (p > 0.05) in the 10–
20–cm layer. The reverse was true (at least at p < 0.05) in the deeper (20–30– and 30–40–cm) 
layers.  

 
The effect of crop rotations on the enzymatic activities in soil 
For evaluation of this effect, the results obtained in the four soil layers analysed in the 

two subplots of each plot were considered together. 
 
The soil enzymological effect of the same crop in the two rotations 
As wheat and maize were crops in both rotations, it was possible to compare their 

effect on soil enzymatic activities. The soil under both crops was more enzyme-active in the 6– 
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than in the 2–crop rotation. In the soil under each crops, the difference between the two 
rotations was significant (at least at p < 0.05) in the case of each enzymatic activity. 

 
The soil enzymological effect of different crops in the same rotation 
The 2–crop rotation. Actual dehydrogenase activity was significantly higher (p < 

0.01), while potential dehydrogenase and acid phosphatase activities were insignificantly 
higher (p > 0.05 and p > 0.10, respectively) in the maize than in the soil under wheat. 

The 6–crop rotation. Actual dehydrogenase activity was higher in the maize soil, 
while potential dehydrogenase and acid phosphatase activities were higher in the wheat soil. 

 
 

 Table 2 
 

Significance of the differences between enzymatic activities  
in a brown luvic soil submitted to different management practices 

 
Mean activity values in 
management practices 

Management practices Soil 
enzymatic 
activity* 

Soil 
depth 

a b a-b 

Significance of the 
differences 

ADA 

0-10 
10-20 
20-30 
30-40 

7.72 
7.25 
5.77 
4.42 

7.49 
7.05 
6.19 
5.15 

0.23 
0.20 
-0.42 
-0.73 

0.02 >  p > 0.01 
0.05 >  p > 0.02 
0.05 >  p > 0.02 

0.001 >  p > 0.0001 

PDA 

0-10 
10-20 
20-30 
30-40 

22.35 
21.50 
18.92 
15.80 

21.30 
20.73 
19.86 
16.61 

1.05 
0.77 
-0.94 
-0.81 

0.10 >  p > 0.05 
0.50 >  p > 0.10 
0.02 >  p > 0.01 
0.05 >  p > 0.02 

No-till (a) versus 
conventional tillage (b) 

Ac PA 

0-10 
10-20 
20-30 
30-40 

0.325 
0.212 
0.141 
0.096 

0.267 
0.194 
0.188 
0.132 

0.058 
0.018 
-0.047 
-0.036 

0.02 >  p > 0.01 
0.10 >  p > 0.05 

0.002 >  p > 0.001 
0.50 >  p > 0.10 

The same crop in the two rotations 
Wheat in 2– crop rotation (b) 
versus wheat in 6– crop 
rotation (b) 

ADA 
PDA 

Ac PA 

0-40 5.10 
18.27 
0.184 

7.22 
21.04 
0.214 

-2.12 
-2.77 
-0.03 

0.002 >  p > 0.001 
0.01 >  p > 0.002 

0.002 >  p > 0.001 
Maize in 2– crop rotation (b) 
versus maize in 6– crop 
rotation (b) 

ADA 
PDA 

Ac PA 

0-40 5.68 
19.15 
0.174 

7.53 
20.07 
0.207 

-1.85 
-0.92 

-0.033 

0.002 >  p > 0.001 
0.02 >  p > 0.01 
0.05 >  p > 0.02 

Different crops in the same rotation 

2– crop rotation  
Wheat (a) versus maize (b) 

ADA 
PDA 

Ac PA 

0-40 5.10 
18.27 
0.184 

5.68 
19.15 
0.174 

-0.58 
-0.88 
0.01 

0.01 >  p > 0.002 
0.10 >  p > 0.05 
0.50 >  p > 0.10 

6– crop rotation  
Wheat (a) versus maize (b) 

ADA 
PDA 

Ac PA 

0-40 7.22 
21.04 
0.214 

7.53 
20.07 
0.207 

-0.31 
0.97 

0.007 

0.0001 >  p 
0.01 >  p > 0.002 
0.50 >  p > 0.10 

 
* ADA – Actual dehydrogenase activity   
   PDA – Potential dehydrogenase activity   
   AcPA – Acid phosphatase activit 

 
CONCLUSIONS 

 The enzymological evaluation of the effect of soil management practices allowed us 
to draw the following conclusions: 
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1. The soil enzymatic activities and the chemical indicators decreased with increasing 

sampling depth. 
2. No-till – in comparison with conventional tillage - resulted in higher enzymatic 

activities in the 0–10– and 10–20–cm layers and in lower activities in the 20–30– 
and 30–40–cm soil layers under each crop of both rotations. These findings are 
valid for chemical indicators. 

3. The 6-crop rotation – as compared to the 2-crop rotation – led, in general to higher 
enzymatic activities in the soil layers under maize or wheat. 

4. In the 2-crop rotation, the soil layers under maize were more enzyme active than 
those under wheat. 
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