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Summary. The aim of this work was to modify the method of Ladd and

Buttler (1972), by substituting Tris–HCl buffer (pH 8.52) with deminer-

alized water (DEMI H2O), in order to assess its suitability for measure-

ment of casein-protease activity at pH levels close to those of real soil in

H2O. Measurements were undertaken over a range of incubation tempera-

tures from 3 to 49 �C. Testing was performed on one organic soil and two

different mineral soils. The substitution of Tris–HCl buffer by DEMI H2O

at 49 �C decreased casein-protease activity to 67.25% in mineral soil and

to 53.76% in organic soil. With decreasing temperature casein-protease

activity decreased the most in organic soil, i.e., 0.07% of original its value

at 3 �C. The incubation period was extended to maximally 336 h at 3 �C

to totally obtain >10.0% of L-tyrosine equivalents released at optimum or

close to optimum temperature and pH conditions. The Q10 values of

casein-protease activity measured after substituting Tris–HCl buffer with

DEMI H2O were unexpectedly high. Between the temperatures of 3 and

49 �C Q10 ranged from 3.46 to 4.25, whereas between 3 and 25 �C Q10

ranged from 6.78 to 11.08. Therefore, the modified method of Ladd and

Buttler (1972) presented can be used for measurement of soil casein-

protease activity under pH conditions close to that of real soil pH and at

an averaged soil temperatures measured in the field. This modification

makes possible an expression of soil casein-protease activity potential –

when being combined with measurements of casein-protease activity under

optimum or close to optimum temperature and pH conditions, if high

concentration of casein is present.
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Introduction

Proteases (EC 3.4.4) play an important role in minerali-

zation of soil nitrogen. They are involved in cleavage

of proteins to polypeptides, and oligopeptides to amino

acids. Microorganisms are the main source of proteases in

soil and because of the high molecular weight of proteins,

the first enzymatic step in protein degradation occurs out-

side microbial cells. Proteases activity on plant roots or

seeds is also of microbial origin (Vágnerová and Macura,

1974; Tjalsma et al., 2004; Aslim et al., 2006; Cazorla

et al., 2007).

Soil proteases assays are frequently used. Their activity

is commonly measured towards casein where the rate of

tyrosine equivalents from casein hydrolysis is measured

by the method of Ladd and Buttler (1972) with different

modifications (Nannipieri et al., 1979; Gil-Soltres et al.,

1992; Dilly and Munch, 1996; Vedder et al., 1996; Trasar-

Cepeda et al., 1998; Dilly, 1999; Kandeler et al., 1999;

Nunnan et al., 2000; Li et al., 2002; Dinesh et al., 2004;

Formánek et al., 2006 etc.).

Temperature has a significant effect on the activity and

production of soil proteases. Optimal temperature for pro-

duction may not be the same as the optimal temperature

for activity (Ambro�zz, 1969). Soil proteases are usually

measured in the laboratory at temperature and pH adjust-

ed to express maximum or close to maximum activity.

Optimum temperature for soil casein-protease activity is

around 55 �C and optimum pH of around 8.0 (Ambro�zz,

1969; Alef and Nannipieri, 1995). Nunnan et al. (2000)

performed experiments whereby casein-protease activity

was measured by a modified method of Ladd and Buttler

(1972) under optimum or close to optimum conditions

(temperature, pH) in combination with laboratory incu-

bations adjusted to averaged daily temperatures in the

field. The authors suggested that proteases’ activity limit-

ed by temperature reflected activity of those enzymes that

have recently been secreted from microorganisms and not

yet interacted with soil colloids or were only minimally

affected by these interactions (Rejsek, 1991). On the



other hand, potential protease activity reflects activity

of enzymes bound to soil colloids. Except for adjust-

ment of incubation temperature to averaged tempera-

tures measured in the field, it is also possible to sub-

stitute the buffer (pH around 8) applied to soil with

substrate with demineralized water in order to measure

casein-protease activity under pH values very close to

real soil pH.

The aim of this work was to develop a procedure

for measurement of exploitation of potential of soil pro-

teases activity against casein in different ecosystems.

The assumption for this aim was to modify the method

of Ladd and Buttler (1972) for measurement of casein-

protease activity by operating at a lower temperatures

and substituting Tris–HCl buffer with demineralized water

so as to attain a pH close to that of real soil pH. To accom-

plish the aim, the use of such a modified method should be

combined with measurement of potential casein-protease

activity at optimum or close to optimum temperature and

pH conditions. The ratio between the casein-protease ac-

tivity assessed by modified method and that obtained at

optimum or close to optimum temperature and pH, ex-

pressed in per cents, represents the exploitation potential

of soil proteases activity against casein when substrate

saturation is not taken into account. The description of

the dependence of casein-protease activity on the tempera-

ture with expression of Q10 values based on the application

of the modification on samples taken from three different

soils is presented as well.

Materials and methods

Soil samples preparation

The design of the experiment was based on samples of very different

properties. To have them, the following different soil samples from three

different soil units (ISSS-ISRIC-FAO, 1998) have been used in this study:

i. NS sample, Rendzic Leptosol, O horizon, the 40-year-old Norway

spruce pure stands;

ii. EBH sample, Haplic Luvisol, A horizon, the 90-year-old mixed Euro-

pean beech and hornbeam stand, and;

iii. G 0–10 sample, Hortic Anthrosol, A horizon, the cultivated vegetable

garden.

These samples were taken from only organic soil (O horizon) and top-

soil (A horizon) due to their frequent incorporation into ecological studies.

The sampling was performed in May 2006.

After transportation to laboratory, the soils were sieved through 5 mm

mesh size and stored in a refrigerator for a period of <14 days. The se-

lected properties of the soils are presented in Table 1.

Measurement of casein-protease activity

Casein-protease assesment was performed by the modified method of Ladd

and Buttler (1972) (Nannipieri et al., 1979). Wet soil (1 g) was incubated

with 0.05 M Tris–HCl buffer (2 ml, pH 8.52) and 2 ml 1% casein (sodium

salt, C-8654, Sigma) solution (pH 6.7) at 49 �C for a period of 2 h (Method

I). Control samples were prepared by the same way as described above,

except that incubations were performed without 1% casein which was

applied into reaction mixture at the end of incubation. After stopping the

reaction by the addition of 1 ml of 17.5% trichloroacetic acid (TCA) and

subsequent centrifugation, 1 ml of supernatant was mixed with 3.7% aque-

ous Na2CO3 solution, and 1 ml 0.06% aqueous CuSO4 solution. After mix-

ing and 30 min incubation at room temperature, 1 ml of Folin-Ciocalteau

reagent (diluted 1:3 by demineralized water) was applied. Following a

further incubation at 37 �C and 15 min at room temperature, the concen-

tration of aromatic amino acids released by proteolytic cleavage of casein

and expressed in L-tyrosine equivalents was determined colorimetrically

at 578 nm (Specol 11). The calibration line of dependence of absorbance on

L-tyrosine concentration was prepared from stock solution of L-tyrosine

in DEMI H2O and a solution of 0.05 M Tris–HCl = 17.5% TCA (ratio 3:1).

The modification of the above mentioned method consisted of substitu-

tion of 0.05 M Tris–HCl bufer (pH 8.52) by DEMI H2O and incubation of

reaction mixtures of 1 g wet soil, 2 ml DEMI H2O and 2 ml 1% casein

solution at temperatures 3, from 6 to 9, 12, 25 and 49 �C and for a different

incubation intervals (Method II). These intervals were selected based on

preliminary series of experiments to obtain totally >10.0% of L-tyrosine

equivalents released from casein under optimum or close to optimum

conditions. In the case of incubation in range from 6 to 9 �C temperature

fluctuation was noted during the first 8 days incubation at 6 �C and last 2

days was temperature increased to the higher limit of this range. Control

samples were in this case prepared by the same way as described above.

After stopping the reaction by 1 ml of 17.5% TCA and subsequent centri-

fugation, exactly the same procedure as mentioned above was used to

determine amount of aromatic amino acids released by proteolysis. In this

case, the calibration line of dependence of absorbance on L-tyrosine

concentration was prepared from stock solution of L-tyrosine in DEMI

H2O and a solution of DEMI H2O=17.5% TCA (ratio 3:1).

Casein-protease activity of every soil sample and under every case of

temperature and pH conditions adjusted in our study was measured in

three repetitions with one control. Activity of casein-protease was

expressed as follows:

a) in absolute values, i.e., mg L-tyrosine equivalents � g�1 dry soil � hours

of incubation�1 or in mg L-tyrosine equivalents � g�1 dry soil � h�1;

b) relatively as an exploitation potential of soil to cleave casein by

proteases (EP) which is expressed as a ratio (in %) between casein-

Table 1. Selected physical and chemical properties of three studied soils

Soil Texture Clay (%) Silt (%) Sand (%) Total C (%) Total N (%) C=N pH H2O pH CaCl2 Moisture (%)

NS N N N N 27.40 1.36 20.15 7.05 7.04 45.9

EBH clay loam 27.30 40.80 31.90 4.36 0.26 16.77 6.86 6.71 25.3

G 0–10 loam 20.00 33.80 46.20 5.56 0.32 17.38 7.34 7.22 26.5

NS O horizon, Rendzic Leptosols, the 40-year-old Norway spruce pure stands; EBH A horizon, Haplic Luvisol, the 90-year-old mixed European beech

and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the cultivated vegetable garden; N not assessed. Texture was classified according to USDA-

NRCS (1999) and soil units according to ISSS-ISRIC-FAO (1998)
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protease activity assessed by incubation of 1 g wet soil with 2 ml DEMI

H2O and 2 ml 1% casein (PM) at different temperatures, and 1 g wet

soil with 2 ml Tris–HCl buffer (pH 8.52) and 2 ml 1% casein at 49 �C

(P) [Ep¼ (PM=P) �100];

c) relatively when casein-protease activity assessed in 1 g wet soil with

2 ml DEMI H2O and 2 ml 1% casein at temperatures <49 �C and ex-

pressed in mg L-tyrosine equivalents � g�1 dry soil � h�1 was related to

the casein-protease activity measured by the same procedure at 49 �C.

The dependence of casein-protease activity measured in soil after sub-

stitution of 0.05 M Tris–HCl buffer by DEMI H2O on temperature were

expressed by exponential equation. In addition, the temperature responses

of casein-protease activity was expressed as a Q10 function which indi-

cates the change in the casein-protease activity for 10 �C rise in tempera-

ture. As reported in the work of Lipson et al. (2001) the Q10 was calculated

from the exponential coefficient (b) using the formula Q10¼ exp(10b),

where b was obtained from linear equation Y¼aþ bx describing depen-

dence of hyperbolic logarithm of casein-protease activity on temperature.

Soil pH (soil:water¼ 1:2.5, w=v) as well as pH of reaction mixture of

1 g wet soil with 2 ml 0.05 M Tris–HCl buffer (pH 8.52) and 2 ml 1%

casein or 1 g wet soil with 2 ml DEMI H2O and 2 ml 1% casein were

measured by combined glass electrode.

Statistical analysis

Statistical comparisons of the differences between casein-protease activity

assessed by measurements adjusted differently by buffer and incubation

temperature was performed by One-Way ANOVA and multiple compar-

isons by Fisher LSD test (Statistica 7.0) for every soil sample separately.

Results

The results obtained in this work demonstrate that casein-

protease activity measurements can be performed by the

modified Ladd and Buttler’s method in the temperature

range from 3 to 49 �C and with substitution of Tris–HCl

buffer by DEMI H2O. The pH of the soil mixture with Tris–

HCl buffer of pH 8.52 and 1% casein solution was 0.41 pH

units lower in case of NS sample (Rendzic Leptosol, O

horizon, the 40-year-old Norway spruce pure stands)

when related to pH of only Tris–HCl buffer (Table 2).

Mineral soils (EBH sample, A horizon, the 90-year-old

mixed European beech and hornbeam stand and G 0–10

sample, Hortic Anthrosol, A horizon, the cultivated vege-

table garden) mixed with Tris–HCl buffer of pH 8.52 and

1% casein solution gave a pH value 0.10 units lower when

related to Tris–HCl buffer. The substitution of Tris–HCl

buffer by DEMI H2O gave in the case of G 0–10 sample

conditions almost equal to real soil pH measured in H2O.

Related to soil pH measured only in mixture of soil and

H2O in ratio 1:2.5 w=v, the application of 1% casein

solution to NS sample increased pH by 0.30 and EBH

sample by 0.23 (Tables 1 and 2). Furthermore, the substi-

tution of Tris–HCl buffer by DEMI H2O decreased pH of

reaction mixture of 1 g mineral soil (EBH and G 0–10

samples) with 2 ml 1% casein by maximally 1.33. In

terms of the enzymes activity at temperature of 49 �C,

decrease in pH-level caused a reduction in the casein-

protease activity to 67.25% (Table 3). For NS sample,

the substitution of Tris–HCl buffer by DEMI H2O led

to a decrease in pH of the reaction mixture by 0.76; such

decrease at temperature of 49 �C caused the decrease in

the casein-protease activity to 53.76% (Table 3). The po-

tential of studied soils to cleave casein (EP) was at 25 �C

exploited into range from 10.32 to 16.34%. Further de-

crease of incubation temperature decreased Ep to values

from 0.76 to 2.15% (12 �C), and to values from 0.09 to

0.31% (at 6 to 9 �C) or to values from 0.07 to 0.19% at

3 �C (Table 3). The absolute values of casein-protease

activity assessed under different temperature and pH con-

ditions are listed in Table 4.

The incubation times are reported in Table 5 and differ

according to selected temperature. The incubation of soil

Table 2. Real pH of mixture of 1 g wet soil with 2 ml Tris–HCl buffer (pH

8.52) and 2 ml 1% casein (pH 6.7) (I) or modified procedure when 1 g wet

soil was incubated with 2 ml DEMI H2O and 2 ml 1% casein (pH 6.7) (II)

Soil I II

NS 8.11 7.35

EBH 8.42 7.09

G 0–10 8.42 7.36

NS O horizon, Rendzic Leptosols, the 40-year-old Norway spruce pure

stands; EBH A horizon, Haplic Luvisol, the 90-year-old mixed European

beech and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the

cultivated vegetable garden

Table 3. Potential of three studied soils to cleave casein by proteases (EP) at different temperatures (mean � 1SE;

n¼ 2–3)

Soil 49 �C 25 �C 12 �C 6–9 �C 3 �C

NS 53.76 � 3.87 16.34 � 1.63 0.76 � 0.31 0.09 � 0.01 0.07 � 0.01

EBH 67.25 � 5.66 11.87 � 2.51 2.15 � 0.83 0.31 � 0.07 0.19 � 0.09

G 0–10 67.37 � 12.63 10.32 � 1.80 1.40 � 0.22 0.13 � 0.03 0.09 � 0.01

The potential is expressed as a ratio (in %) between casein-protease activity assessed by Method II at different

temperatures (PM), and by Method I assessed at 49 �C (P) [Ep¼ (PM=P) � 100 (%)].NSO horizon, Rendzic Leptosols,

the 40-year-old Norway spruce pure stands; EBH A horizon, Haplic Luvisol, the 90-year-old mixed European beech

and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the cultivated vegetable garden
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with DEMI H2O and casein in range from 3 to 49 �C

required a period from 4 to 336 h to get results which, if

they are not-recalculated to mg L-tyrosine equivalents re-

leased per 1 g dry soil after 1 h and are expressed in mg L-

tyrosine equivalents � g�1 dry soil � hours of incubation�1,

relate to an amount >10.0% and <135.0% of mg L-tyro-

sine equivalents � g�1 dry soil released by casein-protease

activity measured using Method I (Table 5).

Statistical analysis showed significant (P<0.05) effect

of temperature on casein-protease activity, when tem-

peratures from 3 to 49 �C were taken into account. Non-

significant (P>0.05) effect of temperature was proved

when mineral EBH or G 0–10 samples were incubated

at temperatures from 3 to 25 �C. The casein-protease

activity of organic NS sample was nonsignificantly

(P>0.05) different only when soil samples were incubat-

ed at temperatures from 3 to 12 �C (0.775<P<0.993).

The incubation at 3 and from 6 to 9 �C gave very similar

casein-protease activity in all soil samples (Table 4).

If the effect of temperature on casein-protease activ-

ity was expressed in per cents such a way that 100%

equaled mg L-tyrosine equivalents � g�1 dry soil � h�1 re-

leased from casein by soil proteases when Method II was

used at 49 �C, then the decrease of temperature to 25 �C

decreased casein-protease activity in the soils to minimal-

ly 15.4 and maximally 30.3%. The decrease of tempera-

ture to 3 �C was related to relative decrease of casein-

protease activity to values from 0.14 to 0.26% (Fig. 1).

The dependence of soil casein-protease activity assessed

by Method II on temperature from 3 to 25 �C or from 3 to

49 �C was expressed by exponential equation (Table 6).

The values Q10 were in case of all three samples lower if

casein-protease activity from 3 to 49 �C was taken into

account. When casein-protease activity from 3 to 25 �C

was only taken into account, the Q10 of EBH soil in-

creased from 3.46 to 6.78, respectively and from 3.83

to 8.14 for G 0–10 soil. The Q10 of sample from O

horizon was the highest of all soils, with the value 4.25

Table 5. The relative amounts of L-tyrosine equivalents (in%) released by casein-protease activity per time of incubation (mean � 1SE; n¼ 2–3)

Soil MI 49 �C MII 25 �C MII 12 �C MII 6–9 �C MII 3 �C MII

NS 100 107.52 � 7.75 65.35 � 6.51 27.25 � 10.99 11.30 � 0.89 12.30 � 1.22

EBH 100 134.50 � 11.31 47.47 � 10.05 77.46 � 29.98 36.93 � 8.95 31.66 � 15.10

G 0–10 100 134.74 � 25.26 41.29 � 7.18 50.55 � 7.74 16.19 � 3.87 15.49 � 2.28

Incubation period (hours) 2 4 8 72 240 336

NS O horizon, Rendzic Leptosols, the 40-year-old Norway spruce pure stands; EBH A horizon, Haplic Luvisol, the 90-year-old mixed European beech

and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the cultivated vegetable garden. Casein-protease activity in mg L-tyrosine equivalents � g�1

dry soil � hours of incubation�1 measured by Method I (MI) at 49 �C equals 100%, the other measurements were performed by Method II (MII)

Table 4. Casein-protease activity in mg L-tyrosine equivalents � g�1 dry soil � h�1 assessed by Method I (MI) at 49 �C, and

by Method II (MII) at temperatures from 3 to 49 �C (mean value; n¼ 2–3)

Soil 49 �C MI 49 �C MII 25 �C MII 12 �C MII 6–9 �C MII 3 �C MII

NS 449.52D 241.57C 73.40B 3.40A 0.42A 0.33A

EBH 104.87C 68.20B 11.91A 2.04A 0.30A 0.18A

G 0–10 166.82C 108.98B 16.75A 2.29A 0.22A 0.15A

NS O horizon, Rendzic Leptosols, the 40-year-old Norway spruce pure stands; EBH sample A horizon, Haplic Luvisol, the

90-year-old mixed European beech and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the cultivated vegetable

garden. Different letters indicate significant (P<0.05) differences

   

             

          

Fig. 1. The dependence of casein-protease activity measured by Method II

on temperature expressed in per cents, when 100% equals casein-protease

activity measured by this procedure at 49 �C (mean � 1SE; n¼ 2–3)
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when temperatures from 3 to 49 �C were taken into ac-

count, or 11.08 at the temperature range from 3 to 25 �C

(Table 6).

Discussion

The modified method of Ladd and Buttler (1972) pre-

sented in this study can be used for measurement of pro-

teases activity in soil samples with DEMI H2O and 1%

casein even at low temperatures. The use of this method

can be combined with measurements of casein-protease

activity under optimum or close to optimum temperature

and pH conditions. The combination both methods offers

obtaining data related to percent exploitation potential to

cleave casein by proteases, for example in course of veg-

etation season in soil of different ecosystems. It should be

noted that casein-protease activity assessed in the labora-

tory conditions, where incubation temperature is set for

soil temperatures obtained from the field and pH of reac-

tion mixture closed to soil pH measured in H2O, is still

potential. Native soil proteases activity is measured with-

out protein amendment, is by substrate limited achieving

significantly lower values (Lipson et al., 1999; Raab et al.,

1999). As mentioned by Roberge (1978) proteases activity

in water extracts decreased when compared with that in

Tris–sodium borate buffer. Instead of DEMI H2O, Raab

et al. (1999) used Na-acetate buffer of pH 5.2 or potassi-

um phosphate buffer of pH 7.2 to match the pH of soils.

Presented modification of Ladd and Buttler (1972) meth-

od was connected with longer incubation of soil sam-

ples upto 336 h at 3 �C. Raab et al. (1999) incubated soil

samples with Na-acetate buffer or potasium phosphate

buffer and casein at 3 �C for a period from 12 to 18 h.

Their incubations were contrary to our study performed

with addition of toluene to inhibit microbial proliferation

and utilization of protein hydrolytic products, and ninhy-

drin analysis was used to quantify soluble a-amino N

released from casein.

We have not used toluene or any other compounds to

inhibit microbial proliferation. It is in agreement with

method of Ladd and Buttler (1972) and its modifications

presented in many works (Nannipieri et al., 1979; Gil-

Soltres et al., 1992; Dilly and Munch, 1996; Vedder et al.,

1996; Trasar-Cepeda et al., 1998; Dilly, 1999; Kandeler

et al., 1999; Nunnan et al., 2000; Li et al., 2002; Dinesh

et al., 2004; Formanek et al., 2006 etc.). These authors

incubated soil samples with casein for a short time. Nev-

ertheless, the authors of the paper are aware that the mea-

surement of casein-protease activity at lower temperatures

(from 3 to 25 �C) may lead to some difficulties: the incu-

bation intervals at these temperatures ranged from 8 to

336 h and microorganisms were enabled to growth in

presence of high concentration of casein what could result

to secretion of new proteases and decomposition of prod-

ucts of proteolysis. On the other hand, toluene which has

been used often to measure casein-protease activity at

shorter or longer incubation intervals upto 16–18 h can

serve as a carbon source for fungi and bacteria (Ladd,

1978; Shen et al., 2006). Toluene may have a plasmolytic

action and cause the release of intracellular enzymes

which can overestimate casein-protease activity.

The effect of toluene depends on soil type, assay con-

ditions and enzyme which is assayed (Ladd, 1978; Rejsek,

1994). According to Skujins (1978) or Nannipieri et al.

(1990), in case of the soil samples with a high content of

humic substances, an increased extraction of humic sub-

stances was regularly recorded after adding toluene to the

soil suspension. Informations related to soil proteases and

toluene showed that toluene-treated soils hydrolysed gel-

atine to similar extent as in case of not treated soils. As

mentioned in work of Roberge (1978) toluene decreased

proteases activity and inhibited soil deaminase. According

Table 6. The exponential equations describing dependence of casein-protease activity assessed by Method II on

temperature in three studied soils, and Q10 values

Soil Exponential equation (3–49 �C) Exponential equation (3–25 �C) Q10 (3–25 �C) Q10 (3–49 �C)

NS y¼ 0.5379e0.1447x y¼ 0.1868e0.2405x 11.08 4.25

R2¼ 0.8586 R2¼ 0.9861

EBH y¼ 0.2468e0.1241x y¼ 0.117e0.1914x 6.78 3.46

R2¼ 0.894 R2¼ 0.9173

G 0–10 y¼ 0.2493e0.1344x y¼ 0.1085e0.2097x 8.14 3.83

R2¼ 0.906 R2¼ 0.9566

NS O horizon, Rendzic Leptosols, the 40-year-old Norway spruce pure stands; EBH A horizon, Haplic Luvisol, the 90-

year-old mixed European beech and hornbeam stand; G 0–10 A horizon, Hortic Anthrosol, the cultivated vegetable

garden. The exponential equations and Q10 values were calculated from casein-protease activity measured at 3, 12 and

25 �C or at 3, 12, 25 and 49 �C
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to this author an application of toluene had the same im-

pact on proteases activity as sterilization of soil by radia-

tion. When soil was sterilized by radiation, an addition of

toluene did not change proteases activity.

The prolongation of period of measurement with de-

creasing temperatures was accompanied by smell of the

casein probably from its autolysis. Extent of casein autol-

ysis should not affect the values measured as Formanek

et al. (2005a, b) indicated.

The Q10 of proteolysis assessed by modification of

method of Ladd and Buttler (1972) (Nannipieri et al.,

1979) when Tris–HCl buffer was substituted by DEMI

H2O was unexpectedly higher than the Q10 values

reported for soil enzymes which are normally <2

(Tabatabai, 1994). Lipson et al. (2001) measured casein-

protease activity in samples from A horizon of a skeleton-

loamy pergelic Cryumbrept under dry meadow, at tem-

peratures from 2 to 22 �C. The Q10 of proteolysis reported

by the authors was 1.98. Acosta-Martı́nez and Tabatabai

(2000) found in case of soil amino acid arylamidase the

Q10 to be from 1.32 to 1.71. The Q10 of soil L-glutaminase

ranged from 1.19 to 1.85 (Frankerberger and Tabatabai,

1991) and soil urease at temperatures from 5 to 45 �C was

approx. 2 (Moyo et al., 1989). Soil L-phenylalanine de-

aminating activity had the Q10 maximally 2, soil rhoda-

nase Q10 at temperatures from 10 to 60 �C ranged from

1.25 to 1.45 (Tabatabai and Singh, 1979). The evident

difference between the Q10 values obtained by the pro-

posed methodology and the Q10 values obtained by meth-

ods using buffers, with or without toluen and shorter incu-

bations seem to be crucially influenced by the time of

incubation: the length of incubation proposed was de-

rived from the reason to gain measurable concentrations

of L-tyrosine equivalents determined colorimetrically

at 578 nm.

Conclusions

Modification of method of Ladd and Buttler (1972)

offers possibility to measure proteases’ activity in soil

of different ecosystems under conditions of pH close to

real soil pH, and under temperatures measured in the

field when high concentration of substrate (casein) is

present. The use of this method in combination with

measurement of proteases’ activity under optimum or

close to optimum conditions offers posibility to find

out the effect of temperature and pH of soil on proteoly-

sis in different ecosystems or differently treated ecosys-

tem, and, for example, in different periods of vegetation

season.
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