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Abstract: Long-term fertilization trial was established in Epicalcari-Endohypogleyic Cambisol 
in 1971. Experimental data of the period 1998-2000 on the influence of mineral fertilizers on the 
soil biological activity and plant productivity are presented. It shows, that the long-term annual 
fertilization with 180 kg ■ ha-1 dose of phosphorus in combinations with nitrogen and potassium 
fertilizers increases the amount o f mobile phosphorus in soil. Also the negative influence on 
urease activity was observed. Mineral fertilizers inhibited dehydrogenases activity, however it 
influence on sacharase activity was less in soil. The highest respiration intensity was in soil 
amended with all NPK fertilizers. The productivity of cultivated plants correlated best with the 
dehydrogenases activity and the soil respiration intensity.
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Streszczenie: Długoletnie doświadczenia nawozowe na glebie Epicalcari-Endohypogleyic Cambi
sol założono w 1971 roku. W artykule przedstawiono wyniki badań z okresu 1998-2000 r. nad 
wpływem nawozów mineralnych NPK na biologiczną aktywność gleby oraz na wydajność roślin 
uprawnych. Na podstawie wykonanych badań ustalano, że długoletnie coroczne nawożenie nawo
zem fosforowym w ilości 180 kg • ha-1 znacznie zwiększyło ilość fosforu przyswajalnego w 
glebie, zaś aktywność enzymów, zwłaszcza ureazy, zmniejszała się. Nawozy mineralne powodo
wały zmniejszenie aktywności dehydrogenazy, natomiast zmiany aktywności sacharazy były 
nieznaczne. Największą intensywność oddychania w glebie stwierdzono przy nawożeniu wszyst
kimi nawozami NPK. Aktywność hydrolazy zwiększała się przy uprawie zbóż, zaś oksydoreduk- 
tazy -  roślin okopowych. Produktywność roślin uprawnych najsilniej była skorelowana z ak
tywnością dehydrogenazy i intensywnością oddychania.

Słowa kluczowe: aktywność enzymów, intensywność oddychania, nawóz mineralny.
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INTRODUCTION
Present day concern regarding the long-term productivity and sustainability of agro

ecosystems is leading to the development and protect soil resources [Kanchikerimath et 
al. 2001]. Biological activity of soil is an important factor of productivity from agronomy 
and ecology standpoint as well as sensitive indicator of anthropogenic impact [Ros 
2003, Arlauskiene 1998, Svirskiene 1999, Michailovskaja 1988, Chunderova 1973]. 
Such as enzyme activity, microbial biomass and soil respiration respond more quickly 
to changes in crop management practises or environmental conditions than agrochemical 
characteristics in soil [Dick 1992, Ros 2003]. They are one of the most important 
indices that give the most exact description of biological activity [Janusiene 1996, 
Krushelnickaja2001, Chunderova 1970].

Organic or inorganic fertilizer amendments are used primarily to increase nutrient 
availability to plants, but they can also affect soil microorganisms [Marchner et al. 
2003]. Investigation data of many authors indicate rational fertilization with mineral 
and organic fertilizers to be one of the best measures to improve microbiological 
characteristics of soil and to stimulate its respiration intensity. It has stronger influence 
on the activity of these processes and increase of agricultural plants yield than application 
ofmineral fertilizers alone [Svirskiene 1999, Krushelnickaja 2001, Chunderova 1970].

Literature sources provide different data about systematic impact of mineral 
fertilizers, and big norms in particular, on microbiological processes. Some authors 
state that at increasing doses of mineral fertilizers microbiological processes become 
more intensive, while others point at negative impact of big doses on these processes 
[Svirskiene et al. 1995, Michailovskaja 1988, Shimek et al. 1999].

The intensity of microbiological processes and, at the same time, enzyme activity in 
soil are conditioned by the secretion of plant roots as well as by the amount and chemical 
composition of their residues. The amount of the residues left by perennial grasses is 3 
times bigger than that left by cereals and sugar beet. The ratio of carbon and nitrogen is 
very important; the lowest meaning of this ratio is in clover residues, the highest one -  
in the residues of winter wheat and oat [Svirskiene et al. 1997; Dudkin et al. 1987]. A 
close direct connection between the enzyme sacharase activity and plant root residues 
and humus content has been established [Chunderova 1970]. Investigations of other 
authors show close correlation between the activity of soil enzymes and productivity of 
agricultural plants. The closest connection (r = 0.84) has been established between 
agricultural plants productivity and sacharase activity, a weaker one -  urease (r =
0.66) and dehydrogenase (r = 0.70) activity [Michailovskaja 1988].

The aim of this work was to evaluate the change of soil biological activity: urease, 
sacharase and dehydrogenase activity and soil respiration intensity at systematic 
application of mineral fertilizers in moraine sandy loam cambisol.

MATERIALS AND METHODS
The presented investigations are part of complex work “Evaluation o f  Permanent 

Fertilizers Application Intensity Influence on Agricultural Plants ’ Productivity
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Increase, Nutrients Balance and Ecological Condition Stabilization”, carried out 
by Agrochemical Research Centre, Lithuanian Institute of Agriculture.

In 1998-2000 soil samples were taken from crop rotation permanent fertilization 
experiments, carried out in Skemiai, Radviliskis region. The experiment was established 
in 1971 in moraine sandy loam Epicalcari-Endohypogleyic Cambisol. Before the 
establishement of the experiment the arable soil layer was alkaline (pHKC17.1), hydrolytic 
acidity -  0.3 mmol • kg"1, sorbed bases -  185 mmol • kg"1, base saturation degree -  
98.4%, humus -  2.20%, total nitrogen-1.75 g • kg-1, mobile phosphorus -  57 mg • kg"1, 
mobile potassium -  109 mg • kg"1 of soil.

In comparison climatic conditions of many years with annual was found that the 
content of precipitation and temperature in 1998-2000 was considerably different: i. e. 
in 1998 it was warmer and considerably more precipitation; in 1999 temperature was 
in the proximity of many years average, but annual precipitation was lower; in June 
and July of 2000 meteorology was in the proximity of many years, however in May, 
August and September precipitation was lower.

Metabolism energy of agricultural plants yield was calculated by summing main 
and by-production with chemical analyses of plant quality. Metabolism energy was 
calculated per crop rotation. The crop rotation was as follows: annual grasses, cereals, 
root crops, and cereals. In 1997 mixture of annual grasses was the forecrop in experiment. 
In 1998 winter wheat “Sirvinta I” was grown, in 1999 in Skemiai -  sugar beet 
“Ganusovskaja odnosiemiannaja”, in 2000 -  spring barley “Roland”.

The following mineral fertilizers of the same forms were used in both experiments: 
ammonium saltpetre (N -  34.2%), granulated superphosphate (P20 5 -  20%), potassium 
chloride (K20  -  56%). Phosphorus and potassium fertilizers were incorporated in 
autumn, nitrogen fertilizers -  in spring: for winter wheat -  vegetation renewal, for 
sugar beet and spring barley -  before presowing cultivation of soil.

Soil samples from trial for enzyme and respiration intensity analyses were taken 
two times per plant vegetation period: first time before fertilization with nitrogen fertilizer 
and second -  after yield harvest. Enzyme activity analyses were done in airdry soil 
samples. Sacharase (invertase) (3.2.1.26) and urease (3.5.1.5) were determined by 
Hofmann method, modified by Chunderova (1973). Sacharase activity was determined 
by using Feling solutions. Urease activity was determined by using Nessler reactive. 
Determination of dehydrogenases activity (1.1.1.) was based on 2,3,5-triphenyltetrasol 
chloride (TTCH) colourless oxidized form reaction to red formasane, the amount of 
which was proportional to the dehydrogenases activity [Metodiceskije rekomendacijii 
po opredeleniju degidrogenaznoi aktivnosti, 1978]. Soil respiration intensity was 
established by Öhlinger method according to the amount of exuded C 0 2 at 25°C 
temperature in 24 hours [Schinner F. et al. 1995].

Significances of differences between treatments were determined by analysis of 
variance (ANOVA). Least significance differences (LSD05) were tested to determine 
the significant differences between treatment means. Dependence of mineral fertilizers 
on enzymes activity, soil respiration and agriculture plant yield were processed by dispersive 
and correlative -  regressive analysis (STAT ENG). For calculation correlative - regressive 
analysis was used second level equation y = a + bx + cx2 and coefficient r|.
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RESULTS AND DISCUSSION
A number of enzymes, secreted by microorganisms, mezofauna and plant roots, 

participate in the processes of mineralization and humification that take place in soil. 
Many authors consider the activity of enzymes urease and sacharase, which participate 
in the hydrolysis of nitrogen and carbon compounds, as the most important indices of 
biological activity and soil fertility.

Average data of three years investigations in sandy loam cambisol the change urease 
activity slightly differed from NPK fertilizers (Table 1). It was also proved by calculated 
correlation of this enzyme activity with mineral fertilizers. In this experiment this 
correlation stronger depended only on phosphorus fertilizer than nitrogen and potassium 
(Table 2). Having fertilized the plants for thirty years with dose of phosphorus-180 
kg • ha-1 in combinations with nitrogen and potassium fertilizers, the amount of mobile 
phosphorus increased from 43-58 to 333-370 mg • kg-1 (Table 1). Thus, at such big 
amount of mobile phosphorus in soil the urease activity significantly decreased. It was 
also proved by the data obtained by other authors indicating that enzymes activity 
decreased when the amount of mobile phosphorus and potassium compounds 
accumulated in soil was more than 200-250 mg • kg-1 [Svirskiene et al. 1995].

TABLE 1. Influence of mineral fertilizers on soil biological activity and agriculture plants productivity 
in moraine sandy loam Epicalcari-Endohypogleyic Cambisol (average 1998-2000 y)

Treatments Urease 
[mgNH3- 
g-1of soil • 
24 h'1]

Sacharase 
[mg gluco
se • g-1 of 
soil • 48 h"1]

Dehydro
genase [mg 
formasane • 
g”1 of
soil * 24 h_1]

Respiration 
intensity 
[mg C 02 • 
g-1 of soil • 
24 h"1]

Metabolism 
energy 
[GJ • ha'1]

*P 0
2 5 

[mg • kg"1]

Unfertilized 0.30 27.02 6.37 0.36 82.0 48
P90K90 0.30 29.38 5.10 0.34 77.7 136
N60P90 0.35 24.87 5.66 0.27 87.9 126
N60K90 0.34 29.36 5.50 0.28 96.1 43
N60P90K90 0.26 27.48 4.63 0.33 113.5 149
N60P180K90 0.28 26.49 4.05 0.44 129.5 357
N60P90K180 0.30 28.04 7.29 0.32 120.9 119
N120K90 0.33 25.78 5.45 0.35 100.2 58
N120P90 0.29 28.38 5.30 0.31 97.5 138
N120P180K90 0.29 27.33 5.04 0.39 117.1 333
N120P90K180 0.29 29.92 6.61 0.30 121.4 126
P180K180 0.28 26.38 4.69 0.37 87.6 358
N120P180 0.24 26.89 5.93 0.32 94.8 268
N120K180 0.33 27.71 6.07 0.39 100.3 52
N120P180K180 0.29 29.38 5.42 0.39 130.5 370

L S D 0.05
0.01 2.97 0.84 0.04 4.63

Note: *the amount of mobile phosphorus accumulated in soil.
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TABLE 2. Dependence of different amount of mineral fertilizers on enzyme activity, respiration 
intensity and metabolism energy in moraine sandy bam cambisol

Fertilizers Urease
activity

Sacharase
activity

Dehydroge
nase activity

Respiration
intensity

Metabolism
energy

N 0.20 0.20 0.17 0.25 0.64*
P 0.56 0.23 0.33 0.66* 0.40
К 0.07 0.41 0.60* 0.38 0.51*

Note:* -  significant at 95% probability level

According to the data presented by A. Lugauskas et al. [1997] use of big norms 
(120 mg • kg-1) of phosphorus fertilizers for a long time had negative influence on 
microorganisms: changed ratio, number and species composition of the groups. The 
dependence of metabolism energy on urease activity was weak (rj=0.38) in soil.

In this soil the dependence of sacharase activity on mineral fertilizers differed slightly 
(r|=0.20-0.41). Sacharase activity, that participate in the hydrolysis of carbon 
compounds in comparison with unfertilised variant a slightly higher activity of this 
enzyme was established at the application of N 120P90K 180 and N 120P 180K 180 doses 
where the yield of plants was higher and the amount of plant residues -  bigger.

In sandy and silty loam cambisols agricultural plants metabolism energy had weak 
(г|=0.26-0.27) correlation with sacharase activity (Table 3).

Dehydrogenase activity is thought to reflect the total range of activity of soil microflora 
and consequently may be associated to be a good indicator of microbiological activity 
[Nannipieri et al. 1990] was highest in the control and lowest in mineral fertilizer amended 
plots. Mineral fertilizers inhibited the dehydrogenases activity in this soil. In sandy loam 
correlation between dehydrogenases activity and potassium fertilizers was r|=0.60 (Table
2). Literature [Shimek et al. 1999] also presented data indicating that mineral especially 
at high doses decreased dehydrogenases activity. This suggests that dehydrogenases 
were highly sensitive to the inhibitory effects associated with large fertilizers additions 
(Table 2). The effects of fertilization on dehydrogenases activity may be direct, related 
for example to change in the availability of nutrients or heavy metals present in the

TABLE 3. Dependence of metabolism energy of agricultural 
plants on enzyme activity and respiration intensity in moraine 
sandy loam cambisol (n =15)

Urease
activity

Sacharase
activity

Dehydrogenase
activity

Respiration
intensity

0.38 0.26 0.52* 0.46

Note: * significant at 95% probability leveL
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availability of nutrients or heavy metals present in the fertilizers as contaminants. The 
correlation between the yield of agricultural plants and activity of oxidation-reduction 
enzyme was medium strong r|=0.52 (Table 3).

Activity of biological processes in soil was reflected by the amount of carbon dioxide 
exuded from the soil, which was called soil respiration. C 0 2 was exuded at disintegration 
of lifeless organic matter of plant and animal origin in the soil, at plant roots breathing 
and at physical-chemical processes [Janusiene 1996, Krushelnickaja 2001, Makarov 1988].

Average data of three years investigations showed, that higher intensity of soil respiration 
was established after fertilizing agricultural plants with NPK fertilizers together (Table 1). 
However, the impact of separate fertilizers on this index was not regular. The biggest amount 
(22%) of carbon dioxide exuded in the soil having applied N ^P ^K ^ fertilizers. Stronger 
correlative relation was observed only between soil respiration intensity and phosphorus 
fertilizers (r|=0.66). Use of P18Qdose in combination with nitrogen and potassium fertilizers 
increased soil respiration intensity. Reason of this increasing may be due to stress of 
microorganism connecting with a large amount of mobile phosphorus accumulated in soil. 
Calculation of the dependence of crop yield on soil respiration intensity indicated that in 
sandy loam correlation was medium strong (r|=0.46).

Multinomial linear regressive analysis method was used to calculate the dependence 
of agricultural plants yield metabolism energy (GJ • ha-1) on four indices of soil biological 
activity: urease (x,), sacharase (x2), dehydrogenases (x3) and soil respiration intensity 
(x4), which determined medium strong relation (R=0.51, significant at 95% probability 
level). This dependence was expressed by the following equations:

у = -20.82 -  84.7Xj + 2.946x2 + 2.649x3 +156.39x4

The obtained experimental data showed agricultural plants grown in crop rotations 
to have different influence on the activity of soil hydrolytic enzymes. In this experiment 
the highest urease and sacharase activity was observed in barley crops, while that of 
dehydrogenases -  in sugar beet crops as more intensive soil loosening stimulated 
oxidation-reduction processes (Table 4).

TABLE 4. The activity o f  enzymes and respiration intensity in soil

Agriculture
plants

Urease
[ m g N I V  g 1 
o f  soil • 24 h ]]

Sacharase 
[mg glucose • 
g 1 o f  soil • 
48 h >]

Dehydrogenase 
[mg forma sa ne 
■ g 1 o f  soil •
24 h >]

Respiration 
intensity 
[mg C O , • 
g 1 o f  soil • 
24 h 1 ]

Winter wheat 0.29 29.11 _ _
Sugar beet 0.29 24.79 6.12 0.43
Spring barley 0.31 28.98 4.96 0.25
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CONCLUSIONS
1. Permanent application ofNPK fertilizers in many cases has different influence on 

biological activity of soil.
2. In sandy loam cambisol permanent annual fertilization with 180 kg • ha-1 dose of 

phosphorus in combinations with nitrogen and potassium fertilizers increases the 
amount of mobile phosphorus in soil from 43-58 to 333-370 mg • kg-1 and weakens 
the activity of enzymes and urease in particular.

3. In sandy loam cambisol the activity of sacharase little depends on mineral fertilizers.
4. Long-term application of big doses of mineral fertilizers inhibit the activity of oxida- 

tion-reduction enzymes in sandy loam cambisol.
5. The biggest amount of carbon dioxide is exuded having fertilized agricultural plants 

with all NPK fertilizers.
6. Agricultural plants metabolism energy has weak correlation with soil enzymes acti

vity and respiration intensity (r| = 0.26-0.52).
7. Plants, grown in crop rotation, have different influence on soil enzymes activity and 

respiration intensity. Soil hydrolases activity is higher in cereal crops, while that of 
oxidoreductases -  in cultivated crops. The highest respiration intensity has been 
established in sugar beet crops.
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