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EFFECT OF VARIED CONTENT OF MOLYBDENUM

AND BORON IN SOIL ON UREASE ACTIVITY

WP£YW ZRÓ¯NICOWANEJ ILOŒCI MOLIBDENU W GLEBIE

NA AKTYWNOŒÆ UREAZY

Abstract: The aim of the study was to determine the effect of varied content of molybdenum and boron in soil

on urease activity. Soil in a three-year pot experiment, to which different amounts of molybdenum (0, 0.05,

0.1 and 0.15 mgMo � kg–1 of soil on a one-off basis as an aqueous solution of Na2MoO4 � 2 H2O) and boron (5,

10, 15 mgB � kg–1 of soil as an aqueous solution of borax Na2B4O7 � 10 H2O) were used for analyses. Orchard

grass and crimson clover were cultivated in the experiment. Four re-growths of the test plants were harvested

during each vegetation period. Soil during each year of the experiment was analysed, after each re-growth of

the test plants. Urease activity was determined by the Hoffman and Teicher method based on colorimetric

determination of ammonia following enzymatic hydrolysis of urea.

The application of increased amounts of molybdenum significantly increased the enzyme activity in soil

samples taken after the grass and clover were harvested. Urease activity in soil samples taken after clover

harvest was higher each year than in soil taken after grass harvest. No effect of increasing boron content on

urease activity was observed in soil taken after the cultivation of test plants.
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Introduction

Acidic soils with limited molybdenum availability account for approx. 60 % of

arable land in Poland [1–3]. Like other countries around the world where sandy and

acidic soils dominate, they must be fertilised with this microelement [3, 4]. The average

content of this element in soil ranges from 0.1 to 5 mg � kg–1 of soil. Usually,

the heavier the soil, the more molybdenum it contains. According to Starck [5], the

content of available forms of this microelement in soil does not usually exceed 10 % of

its overall content. Active molybdenum occurs in soil solutions at very small

concentrations from 10–8 to 8 � 10–8 mole � dm–3, mainly as MoO4
2–. In soil, it forms
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various primary and secondary minerals, it is found in many organic compounds, it is

bound on the surface of hydrated iron and aluminium oxides and silty minerals and it

can be dissolved in the soil solution. Molybdenum undergoes various antagonisms in

soil and its content decreases with decreasing pH and increasing temperature [6]. It is an

essential element for correct growth and development of plants, animals and humans

[7]. In plants, it is contained in enzymes (eg nitrate reductase and nitrogenise) which

take part in processes of nitrogen fixing and nitrate reduction. It is also a component of

enzymes – oxidases, which catalyse other processes in plants. In case of a shortage of

this microelement in plants fed with nitrates, NO3
– ions accumulate in soil and plants

then contain small amounts of chlorophyll and ascorbic acid. The optimum concentra-

tion of molybdenum in plants does not exceed 1 mg � kg–1 of d.m. Molybdenum is taken

up from the soil passively, and its absorbability increases with increasing pH of soil,

which can be explained by supplanting the adsorbed MoO4
2– ions by OH– ions in a less

acidic environment and by the ion migration to the soil solution. In addition, an increase

in the concentration of phosphate ions in soil increases the availability of molybdenum

because those ions act like OH– ions [5]. Physiological demand for the element is

different for different plants. Higher demand is shown by legume and Cruciferae plants

and those cultivated on soils (substrates) with high nitrate content. Insufficient levels of

molybdenum lead to death of the apex, leaf necrosis and flower atrophy [8].

The content in soil of boron, which is the other element under study, ranges from 1 to

210 mgB � kg–1 of soil. Such levels are insufficient in about 90–100 % of the soils in

Poland. Although the type of soil is not so closely related to the content of the

microelement in it, its highest concentrations are found in brown clayey, black and salty

soils [7, 9, 10]. The process of the element uptake by plants is affected by: pH of soil (it

is better absorbed from acidic and weakly soils and its absorption decreases with

increasing pH), the presence of other ions in the soil solution (Ca2+, Cl–, SO4
2– and

PO4
3– ions considerably reduce boron absorption) and water content (its absorption

increases at higher moisture content values). Plants take up the element through their

root system as the H2BO3
– anion or undissociated molecules of boric acid H3BO3. The

mechanism of its uptake has not been fully elucidated. It has been suggested that there

is more than one mechanism [11, 12].

Symptoms of boron shortage are observed mainly on freshly limed, light and sandy

soils. They are aggravated by periods of drought, but also during spells of cold and

rainy weather. A deficit of the element in plants results in inhibition of growth and

atrophy of apexes, both in shoots and roots, and in the plants losing their ability to form

generative parts of flowers.

The literature contains little data on the effect of varied amounts of boron and

molybdenum in soil on its enzymatic activity, although soil enzymes play a fundamental

role as catalysts of reactions of organic matter decomposition [13]. In many scientific

publications, they are increasingly often referred to as the coefficient of biochemical

and microbiological activity of soils. Performing different agricultural procedures, such

as: natural, organic and mineral fertilisation, the application of pesticides as well as the

species and cultivar of the plants – all these are the factors which affect enzymatic

activity, and consequent fertility of soils [13, 14]. Therefore, a study was taken up
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whose aim was to determine the effect of a plant species (in terms of biological

capability of nitrogen reduction) and varied content of molybdenum and boron in soil

on urease activity. The grass Dactylis glomerata L. (which is unable to reduce nitrogen

[N2] from the atmosphere) and crimson clover (Triofolium pratense L.) (which

demonstrates a great capability for reducing nitrogen [N2]), were used as test plants.

Therefore, it can be supposed that urease activity in the soil on which clover was grown

should be higher than in orchard grass. Verification of this hypothesis was the aim of

this study.

Material and methods

Soil from a three-year pot experiment was used for the analyses. In the experiment,

conducted in 2008–2010 at facilities of the University of Natural Science and

Humanities in Siedlce, orchard grass and crimson clover were the test plants. This

random experiment was conducted in triplicate, in 15 dm3 pots, which were filled with

10 kg of soil each. The soil for the experiment was taken in spring 2008 from the humus

horizon (Ap: 0–30 cm) of pseudogley soil [15], in Wysoczyzna Siedlecka (Siedlce

Uplands). According to the soil characterisation, it was formed from boulder clay of the

Wolstonian stage (Warthe Stage). When the samples were taken, the soil was used for

agriculture and classified as complex four of agricultural soil usability (very good rye

complex) and quality class IVa. Its basic properties are shown in Table 1.

Table 1

Some properties of soil used for pot experiment

Percentage granulometric

fraction with a diameter [mm] Group

granulo-

metric

pH

1 MKCl

Hh

[cmol(+) � kg–1]

Corg Ntot C:N
Motot

[mg � kg–1

soil]
fraction

of sand

2–0.05

dust

fraction

0.05–0.002

clay

fraction

< 0.002
[g � kg–1 soil]

71 22 7
sandy

loam
4.8 2.83 8.2 0.75 10.9:1 0.088

Its granulation was typical of sandy clay [16], which corresponds to the average

agronomical category of soil heaviness; its pH was acidic and the C:N ratio (10.9:1) was

typical of humus horizon. The total molybdenum and boron content were typical of

natural soils [7].

The following fertilisation options were examined:

1. control (no fertilisation – 0),

2. PK (phosphorus and potassium fertilisation),

3. NPK (nitrogen, phosphorus and potassium fertilisation),

4. NPK + Mo1 (nitrogen, phosphorus and potassium fertilisation + 0.05 mgMo � kg–1

of soil),

5. NPK + Mo2 (nitrogen, phosphorus and potassium fertilisation + 0.1 mgMo � kg–1

of soil),
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6. NPK + Mo3 (nitrogen, phosphorus and potassium fertilisation + 0.15 mgMo � kg–1

of soil),

7. NPK + B1 (nitrogen, phosphorus and potassium fertilisation + 5 mgB � kg–1 of soil),

8. NPK + B2 (nitrogen, phosphorus and potassium fertilisation + 10 mgB � kg–1 of soil),

9. NPK + B3 (nitrogen, phosphorus and potassium fertilisation + 15 mgB � kg–1 of soil).

In the years 2008–2010 orchard grass (Dactylis glomerata L.) was grown which was

sown and harvested four times in each year of the experiment; in the same years,

crimson clover (Triflorium pratense L.), cultivar Jubilatka was grown, which was also

sown in each year of the experiment. The clover was harvested during the phase

between budding and the beginning of flowering, four times in each year of the

experiment.

The soil was fertilised every year with nitrogen, phosphorus and potassium. Nitrogen

was applied as 21 % ammonium sulphate at the following doses: under grass –

0.05 g � kg–1 of soil, under clover – “0”. Phosphorus was applied as triple

superphosphate containing 19 % P, both under grass and under clover, in the same

amount of 0.08 gP2O5 � kg–1 of soil. Potassium was applied as potassium salt containing

40 % K (as with phosphorus) in the same amount under both the experimental plants:

0.12 gK2O � kg–1 of soil. Molybdenum was applied as an aqueous solution of

Na2MoO4 � 2 H2O once in the year when the experiment was set up in increasing

amounts: 0.05, 0.1 and 0.15 mgMo � kg–1 of soil, and boron at the following doses 5, 10

and 15 mg of B � kg–1 of soil as aqueous solution of borax Na2B4O7 � 10 H2O.

The growth and development of the plants were observed during the entire vegetation

period and the soil humidity was kept at 60 % of the field water capacity. If plant

diseases or pests appeared, chemical plant protection agents were used.

Urease activity in soil samples taken after each re-growth of the test plants in each

year of the experiment was determined by the Hoffman and Tiecher method, based on

colorimetric determination of ammonia formed by enzymatic hydrolysis of urea [17].

The results were worked out statistically with the analysis of variance, using the

Fisher-Snedecor distribution in accordance with program F.R.Anal.var.4.1, and the

LSD(0.05) value was calculated according to Tukey’s test.

Results and discussion

Cultivation, fertilisation and contamination of soils with different types of toxic

substances modify their biological properties, especially their enzymatic activity [14,

18–20]. An enzyme which is particularly often an object of research is urease – one of

the hydrolases which catalyses decomposition of urea to ammonia and carbon dioxide.

It is an absolutely specific enzyme because it catalyses only one chemical reaction.

The urease activity in soil taken after each grass re-growth during the three years of

the experiment is shown in Tables 2–4. The activity of urease was similar throughout

the experiment; the highest average value was determined in soil taken after the third

year of the experiment: 3.49 (Table 4), and the lowest was in the soil taken after the first

year – 3.25 mgN-NH4 � kg–1
� h–1 (Table 2). Similar activities of the enzyme were

measured earlier [19].
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In this experiment, fertilisation significantly affected the enzyme activity in each year

of the three-year cycle. Its significantly higher activity in soil as compared to control

pots was determined even with the lowest doses of molybdenum of those used in the

experiment. The highest urease activity was determined in the soil to which the highest

amounts of this metal were introduced (0.15 mgMo � kg–1 of soil).

Table 2

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of grass (I year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.06

3.15

3.28

3.38

3.52

3.73

3.30

3.34

3.33

2.96

3.11

3.18

3.33

3.27

3.68

3.20

3.24

3.23

3.09

3.13

3.26

3.33

3.39

3.61

3.26

3.29

3.29

2.90

3.03

3.10

3.15

3.15

3.46

3.10

3.11

3.10

3.00

3.10

3.20

3.30

3.33

3.63

3.21

3.25

3.24

Mean for molybdenum 3.54 3.43 3.44 3.25 3.42

Mean for boron 3.32 3.22 3.28 3.10 3.23

Mean in experiment 3.34 3.24 3.29 3.12 3.25

LSD0.05 for fertilization 0.12;

LSD0.05 for cuts 0.10.

Table 3

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of grass (II year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.17

3.22

3.38

3.62

3.74

3.73

3.41

3.45

3.40

3.04

3.18

3.27

3.49

3.61

3.61

3.29

3.25

3.25

3.27

3.36

3.42

3.66

3.79

3.80

3.40

3.44

3.43

3.10

3.18

3.23

3.54

3.63

3.75

3.27

3.26

3.32

3.15

3.23

3.32

3.58

3.69

3.72

3.34

3.35

3.35

Mean for molybdenum 3.70 3.57 3.75 3.64 3.66

Mean for boron 3.42 3.26 3.42 3.28 3.35

Mean in experiment 3.46 3.33 3.51 3.36 3.42

LSD0.05 for fertilization 0.21;

LSD0.05 for cuts 0.09.
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Table 4

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of grass (III year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.23

3.34

3.47

3.70

3.78

3.94

3.46

3.50

3.51

3.16

3.27

3.31

3.55

3.71

3.89

3.31

3.28

3.31

3.28

3.39

3.59

3.76

3.84

3.88

3.54

3.55

3.59

3.08

3.20

3.39

3.58

3.70

3.76

3.33

3.31

3.42

3.19

3.30

3.44

3.65

3.76

3.87

3.41

3.41

3.43

Mean for molybdenum 3.81 3.72 3.83 3.68 3.76

Mean for boron 3.49 3.30 3.56 3.35 3.42

Mean in experiment 3.55 3.42 3.47 3.40 3.49

LSD0.05 for fertilization 0.27;

LSD0.05 for cuts 0.27.

Increasing the content of molybdenum during the first year of the study increased the

enzyme activity by 10 % to 12.1 %, in the second year by 11.4 % to 11.8 %, and in the

last year of the experiment by 11.4 % to 12 % as compared to the control. No significant

effect of increasing boron content in soil on urease activity was shown to exist in any

year of study (Table 8).

Table 5

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of clover (I year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.68

3.75

3.94

4.16

4.28

4.42

4.01

4.07

4.03

3.57

3.65

3.75

4.07

4.17

4.33

3.76

3.81

3.78

3.62

3.79

3.89

4.21

4.32

4.38

3.90

3.94

3.99

3.54

3.69

3.87

4.01

4.08

4.10

3.86

3.89

3.89

3.60

3.72

3.86

4.11

4.21

4.31

3.88

3.93

3.92

Mean for molybdenum 4.29 4.19 4.30 4.06 4.21

Mean for boron 4.04 3.78 3.94 3.88 3.91

Mean in experiment 4.04 3.78 3.94 3.88 3.91

LSD0.05 for fertilization 0.21;

LSD0.05 for cuts 0.17.
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Table 6

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of clover (II year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.64

3.72

3.80

4.14

4.30

4.40

3.79

3.85

3.89

3.72

3.67

3.80

4.12

4.19

4.30

3.77

3.83

3.85

3.60

3.84

3.95

4.19

4.41

4.61

3.95

3.88

3.99

3.65

3.77

3.88

4.13

4.22

4.48

3.83

3.78

3.82

3.65

3.75

3.86

4.14

4.28

4.45

3.84

3.84

3.89

Mean for molybdenum 4.28 4.20 4.40 4.28 4.29

Mean for boron 3.84 3.82 3.94 3.81 3.85

Mean in experiment 3.95 3.92 4.05 3.95 3.97

LSD0.05 for fertilization 0.16;

LSD0.05 for cuts 0.09.

Table 7

Urease activity in soil (mgN-NH4 � kg–1
� h–1) after cultivation of clover (III year experiment)

Objects
Cuts

Means
I II III IV

Without fertilization

PK

NPK

NPK + 0.05 mgMo

NPK + 0.1 mgMo

NPK + 0.15 mgMo

NPK + 5 mgB

NPK + 10 mgB

NPK + 15 mgB

3.70

3.75

3.86

4.20

4.33

4.44

3.79

3.86

3.87

3.58

3.58

3.81

4.10

4.23

4.42

3.78

3.75

3.84

3.74

3.79

3.88

4.09

4.32

4.55

3.95

3.98

3.94

3.69

3.85

3.83

4.00

4.06

4.37

3.91

3.90

3.88

3.68

3.74

3.84

4.10

4.23

4.45

3.86

3.87

3.88

Mean for molybdenum 4.32 4.25 4.32 4.14 4.26

Mean for boron 3.84 3.79 3.96 3.90 3.87

Mean in experiment 3.98 3.90 4.03 3.95 3.96

LSD0.05 for fertilization 0.16;

LSD0.05 for cuts 0.09.

The other factor evaluated in the study – the number of crop – had a varied effect on the

urease activity in soil samples taken after grass harvesting. Its activity in the first and

third years of the experiment was the highest in soil taken after the first grass re-growth,

while in the second year it was the highest after the third re-growth. On the other hand,

the lowest urease activity in the first and last years of the experiment was observed in

soil taken after the fourth crop, while in the second year, it was the lowest in soil taken

after the second crop of orchard grass. The activity of the enzyme in soil taken after

each clover re-growth of crimson clover in the three-year experiment cycle is shown in

Tables 5–7. The enzyme activity determined in the years of study was similar: it was

equal to 3.91 in the first year, 3.97 in the second and 3.96 mgN-NH4 � kg–1
� h–1 in the third.
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The urease activity depended significantly on fertilisation during each year of the

study. Both NPK fertilisation as well as introducing different amounts of molybdenum

to soil significantly increased its activity. The increase was marked and statistically

proven, even with the smallest dose of molybdenum – 0.05 mgMo � kg–1 of soil – and it

was equal to 11.4 % in the first and second years of the experiment and 11.1 % in the

third year, as compared to the control. The increase in the amount of molybdenum to

0.1 mgMo � kg–1 of soil in the first and second years of the experiment resulted in an

increase in the activity of the enzyme by 11.7 %, and in the last year by 11.5 %, relative

to the pots where the element was not added. The highest dose of molybdenum used in

the experiment – 0.15 mgMo � kg–1 of soil – increased the activity of the enzyme by

12.0 % in the first and third year and by 12.2 % in the second year, relative to the

control. As in soil after grass cultivation, as mentioned above, no significant effect of

the varied content of boron on the attribute under examination was shown, which is

illustrated in Table 8.

Table 8

Increasing or decreasing the activity of urease in soil (mgN-NH4 � kg–1
� h–1) in three years experiment

depending on application of boron or molybdenum and plant grass or clover

Plant

Year of experience

MeanI II III

molybdenum

Grass 0.22 0.34 0.32 0.29

Clover 0.35 0.43 0.42 0.40

Mean 0.29 0.39 0.37 0.35

boron

Grass 0.03 0.03 –0.02– 0.01

Clover 0.05 –0.01– 0.03 0.03

Mean 0.04 0.01 0.01 0.02

LSD0.05 for element 0.20.

An analysis of the time of taking samples for analysis in the years of study showed

the highest activity of the enzyme in the first year of the experiment in the soil taken

after the first re-growth, while in the second and third year it was after the third

re-growth. The lowest activity of urease was observed after the second re-growth of

crimson clover.

To summarise this study, it can be said that increasing amounts of molybdenum in soil

significantly increased urease activity, both in samples taken after grass and clover

harvest. No significant effect of boron – the other micro-element examined in the ex-

periment – on urease activity was observed in soil taken after harvests of both test

plants.

The highest average activity of the enzyme after the grass harvest was observed in

the third year of the experiment, while in the soil after clover harvest it was in the third

and second years of the experiment.
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The time of taking samples for analysis had an ambiguous differentiating effect on

the activity of the enzyme in soil after harvesting the test plants.

A comparison of the results obtained in both the analysed soils (after the grass and

clover harvest) showed that the activity of urease in the soil taken after clover harvest in

the first year of the experiment was higher by 21.8 % compared to the soil taken after

grass harvest, and it was higher by 16.5 % in the second year and by 12.6 % in the third.

This should be associated with the fact that clover has the ability to reduce nitrogen

from the air, thereby increasing the amount of nitrogen in the soil. The correlation

between nitrogen content in soil and urease activity has been shown in many

publications [14, 19].

These results require further research because the effect of molybdenum and boron

on the enzymatic activity of soil has not been sufficiently studied or determined.

Conclusions

1. Using growing amounts of molybdenum significantly increased the activity of

urease soil after the cultivation of grass and clover.

2. No effect of varied boron content on urease activity was found in soil samples

taken after the cultivation of test plants.

3. The time of taking samples for analysis had an ambiguous differentiating effect on

the activity of urease in soil.

4. Urease activity in soil samples taken after the clover harvest was higher each year

than in soil taken after grass harvest.
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WP£YW ZRÓ¯NICOWANEJ ILOŒCI MOLIBDENU

W GLEBIE NA AKTYWNOŒÆ UREAZY

Katedra Gleboznawstwa i Chemii Rolniczej

Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: Celem pracy by³o okreœlenie wp³ywu zró¿nicowanej iloœci molibdenu i boru w glebie na

aktywnoœæ ureazy. Do analiz wykorzystano glebê w ci¹gu trzyletniego doœwiadczenia wazonowego, w której

stosowano zró¿nicowane iloœci molibdenu (0; 0,05; 0,1 i 0,15 mgMo � kg–1 gleby jednorazowo w formie

roztworu wodnego Na2MoO4 � 2 H2O) i boru (w dawkach 5, 10, 15 mgB � kg–1 gleby w formie roztworu

wodnego boraksu Na2B4O7 � 10 H2O). W doœwiadczeniu uprawiano trawê – kupkówkê pospolit¹ i koniczynê

czerwon¹. W ka¿dym sezonie wegetacyjnym zbierano cztery odrosty roœlin testowych. Analizie poddano

glebê w ka¿dym roku prowadzenia doœwiadczeñ, po ka¿dym odroœcie roœlin testowych. Aktywnoœæ ureazy

wyznaczono metod¹ Hoffmana i Teichera opart¹ na kolorymetrycznym oznaczeniu amoniaku po enzyma-

tycznej hydrolizie mocznika.

Stosowanie zwiêkszonych iloœci molibdenu wp³ynê³o istotnie na zwiêkszenie aktywnoœci badanego

enzymu w glebie pobranej po zbiorze trawy i koniczyny. Aktywnoœæ ureazy w glebie pobranej po zbiorze

koniczyny, w ka¿dym roku badañ, by³a wiêksza ni¿ w glebie pobranej po zbiorze trawy. Nie stwierdzono

wp³ywu wzrastaj¹cych iloœci boru na aktywnoœæ ureazy w glebie pobranej po uprawie roœlin testowych.

S³owa kluczowe: aktywnoœæ enzymatyczna, ureaza, molibden, bor, nawo¿enie mineralne
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