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AVAILABILITY

ABSTRACT: Our researches have been made on brown forest soil that had been used
in long-term experiments set up according to specified fertilization system for over 30
years. We have chosen those experiment variants in which quantities of nitrogen fertilizers
were gradually increased. The soil samples taken from 0 cm to 30 cm depth were used to
determine biological indexes of nitrogen availability (aerobic and anaerobic incubation).
The same samles were also used for pot experiments with oat. Plant and soil parameters ob-
tained in controlled conditions were used for determination of biological indexes reliability
in measuring the soil nitrogen availability. On the grounds of correlation analysis, it can be
concluded that biological index of nitrogen availability achieved by the anaerobic incuba-
tion (without substraction of the initial content of available nitrogen) of the investigated
brown forest soil is the reliable indicator of soil nitrogen availability. That is not the case
with the aerobic incubation in which reliability has not been established.
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INTRODUCTION

Biological methods used to determine the soil nitrogen availability index
have been researched and considered to be quite reliable in assessing the soil
nitrogen availability by a number of authors (K e e n e y and B r e m n e r,
1966; O z u s and H a n w a y, 1966; R o b i n s o n, 1968; S t e v a n o v i ã,
1978; C o n f o r t and W a l m s l e y, 1971; G a s s e r and K a l e m b a s a,
1976).

Aerobic incubation is a satisfactory method in assessment of the plant ni-
trogen availability, considering the fact that nitrogen mineralization during in-
cubation is being caused by the same organisms that mineralize nitrogen in the
field. Although this is a good argument, we cannot neglect the fact that the en-
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vironment conditions (humidity, temperature, aeration) that are being monito-
red during mineralization in laboratory do significantly differ from the ones in
the field. Despite the limitations that we mentioned, many researchers have
established that the aerobic incubation procedure can give suitable results
( A l l i s o n and S t e r l i n g, 1949; F i t s et al., 1953; M u n s o n and
S t a n f o r d, 1955; R o b i n s o n, 1968 a, b; S t a n f o r d and L a g g, 1968;
F o x and P i e k i e l e k, 1978; P o w e r, 1980; S t a j k o v i ã, 1990).

In 1964, taking into consideration the mentioned limitations of the aero-
bic incubation, Waring and Bremner suggested a new method called anaerobic
incubation to determine the nitrogen availability index.

This method, in comparison with aerobic method, has the following
advantages:

Only NH4-N content is being estimated, the initial quantity of NO3-N is
lost by denitrification, while further nitrification is completely stopped, bigger
quantity of nitrogen is being developed in a shorter period of time (7 days)
than in an aerobic incubation. That means that this is a faster method, which is
important in routine analyses.

Anaerobic incubation, together with the aerobic one, has been the most
commonly applied procedure among the biological methods used to determine
the nitrogen availability index. The values obtained through these procedures
(NH4-N and NO3-N in aerobic and NH4-N in anaerobic) are most frequently
compared to the plant parameters (yield, N intake or N% in the cultivated
plants), whether the plants have been cultivated in control conditions (pots) or
in the field.

The aim of our researches was to verify the value of aerobic and anaero-
bic methods, as the most significant biological methods in assessment of soil
nitrogen availability. The researches have been done on brown forest soil that
had been used in long-term experiments set up according to specified fertiliza-
tion system for over 30 years.

MATERIAL AND METHODS

The researches have been done on brown forest soil (Mladenovac) that
had been used in long-term experiments carried out by the Institute for soils in
Belgrade. The long-term experiments are set up according to specified fertili-
zation system with mineral fertilizers for over 30 years.

Experiment variants with increasing doses of nitrogen fertilizer were se-
lected and applied in our investigations: control (Ø), N1P2K2 (N1-60, P2-120,
K2-120 kg P2O5 and K2O/ha), N2P2K2 (N2-90 kg/ha) N3P2K2 (N3-120 kg/ha)
and N4P2K2 (N4-150 kg/ha). The samples from the mentioned experiment vari-
ants were taken in March for both aerobic and anaerobic incubation, as well as
for the pot experiments.
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I. Methods applied to estimate nitrogen availability

a) Aerobic incubation

250 ml glass jars, into which 10 g of air-dried soil was weighed, were
used. The soil humidity was brought at 30%, the jars were covered with pla-
stic foil. Incubation lasted for 14 days at the temperature of 30°C (B r e m n e r,
1965). After that, in an hour shaking, a 2 M KCl solution extraction was ta-
ken. Short lasting distillation in the presence of MgO and CaCl2 and titration
with 0.0025 H2SO4 were applied to determine the contents of NH4-N and
NO3-N.

b) Anaerobic incubation

Five grams of air-dried soil were measured, put into tube and 12.5 ml of
distilled water was added. Completely anaerobic conditions were achieved that
way. The period of incubation lasted for 7 days at the temperature of 40°C
( W a r i n g and B r e m n e r, 1964). After that, content from the tube was
quantitatively transferred to distillation flask by multiple rinsing with 12.5 ml
of 2 M KCl. Distillation was carried out with MgO and CaCl2 and distillate li-
bated was held in boric acid. Titration was done with 0.0025 M H2SO4 and the
quantity of obtained NH4-N was determined.

II. Methods used to establish chemical properties
of the soil

Basic agochemical analysis of soil samples were taken from the long-
-term experiment were carried out using the following methods:

— Soil reaction: pH value in suspension with water and 1 M KCl was
determined potentiometrically with glass electrode;

— Organic carbon and humus were determined using dichromatic met-
hod by Tjurin, modification of Simakov;

— Total nitrogen quantity was determined using semi-micro Kjeldahl
method where the soil sample was digested with concentrated H2SO4 with the
addition of catalyst mixture K2SO4: CuSO4: Sn-1-1:10:100 (B r e m n e r, 1965)

— Content of available nitrogen was determined by steam distillation
method from soil salt extract obtained after one-hour shaking with 2 M KCl.
NH4-N content was established through a short distillation in the presence of
small quantities of MgO and CaCl2. Distillate was caught in boric acid and ti-
trated with 0.0025 M H2SO4. When NH4-N had been determined, Devarda's
alloy was added and new distillation was performed. This time NH4-N was
held in a new quantity of boric acid and titration with 0.0025 M H2SO4 was
used to establish the contents of NO3-N.

— Available phosphorus and potassium were established using Al-met-
hod by E g n e r - R i e h e m (1960).
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III. Experiment in pots

Plastic pots, each containing 2 kg of soil from the layer 0 — 30 cm of
soil, were used in the experiment. The soil was taken out in spring (March)
from the labeled experiment variants in the field. Before the beginning of the
experiment, soil was brought up to the air-dried conditions, ground and the de-
sired quantity was measured. The vegetation experiment was performed with
two fertilizing variants, the PK and NPK. Prior to sowing, the soil was mixed
with the fertilizers that had previously been dissolved in water, i.e. with:
NH4NO3, KH2PO4 and KCl. The used NH4NO3 was labeled with a stabile iso-
tope 15N (11.8%). In the PK variant 50 mg of P2O5 and K2O/kg of soil was
used, while in the NPK variant 50 mg of N, P2O5 and K2O/kg of soil was
used. Ten plants of oats per pot were used in the experiment. The plants were
grown to the phase when plants blade. During the experiment, the humidity
was maintained at level 60 to 80% of water retention capacity.

IV. Parameters of plants and soil in pots

Having in mind the most commonly used parameters for plants in pots,
the following parameters were used in our researches to assess the values of
the applied methods (K e e n e y and B r e m n e r, 1966; S i r o t a, 1973; P e -
t e r s o n et al. 1960 and S a p o š n j i k o v's suggestions, 1973): plant para-
meters (yield of oats in NPK and in PK experiment variants, relative increase
in yield (PK = 100), relative increase in yield in NPK variant (Ø = 100), rela-
tive increase in yield in PK variant (Ø = 100), difference in yield (NPK-PK),
difference in yield (NPK-Ø), content of nitrogen in cultivated oats (in NPK
and PK)) and soil parameters (total uptake of nitrogen (NPK); uptake of soil
nitrogen (NPK), uptake of fertilizer nitrogen (NPK), ratio of soil and fertilizer
nitrogen uptake and uptake of soil nitrogen (PK)).

The simple linear correlation analysis was used to establish all the menti-
oned parameters of the plants and soil in pots, as well as for the biological
methods applied (aerobic and anaerobic).

Absolute values of the nitrogen developed after both aerobic and anaero-
bic incubation procedures, with and without taking into account the initial con-
tent of available nitrogen (NH4 and NH3-N in aerobic and NH4-N in anaerobic
incubation) were used as biological indexes of nitrogen availability.

RESULTS AND DISCUSSION

Brown forest soil (Mladenovac) was used in these researches. Basic che-
mical properties of the investigated soil are presented in Table 1.
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Table 1 — Chemical properties of the investigated soil

Variants

pH Total
nitrogen

(%)

Humus
% C:N

Available

H2O 1 MKCl
P2O5 K2O NH4+NO3

(ppm)(mg/100 gr)

Control 5.40 4.60 0.10 1.43 8.5 6.4 16.2 4.9

N1P2K2 5.10 4.30 0.10 1.67 8.7 18.0 21.8 8.4

N1P2K2 5.00 4.20 0.11 1.81 9.3 14.4 21.8 15.4

N3P2K2 4.90 4.15 0.10 1.85 9.5 16.0 25.0 12.2

N4P2K2 5.00 4.05 0.12 1.88 9.4 12.5 21.8 51.3

On the grounds of the obtained soil pH values (M KCl) the conclusion
can be drawn that the investigated brown forest soil belongs to the acid or
very acid soil category.

According to the humus content, the brown forest soil comes to the cate-
gory of soils poor in humus, while its total nitrogen content puts it at the li-
mits of poor content. The C/N ratio is somewhat lower (less than 10) than in
(standard) arable soils due to the fact that drop in humus exceeded the drop of
the total nitrogen content.

The content of available phosphorous varied in the field experiment vari-
ants. The lowest was in the control variant (6.4 mg/100 gr) and the highest
was in the variant N1P2K2 (18 mg/100 gr), which had put the soil into the poor
to medium soil category.

Quantities of available nitrogen varied in the experiment variants in the re-
gular pattern starting with the control experiment variant (4.9 ppm) to N4P2K2
variant (51.3 ppm).

The aerobic incubation procedure used in these researches was introduced
by B r e m n e r (1965) as modification of some previous procedures (A l l i -
s o n and S t a r l i n g, 1949; F i t t s at al., 1953; H a n w a y and D u m e -
n i l, 1953).

It was Bremner's suggestion to calculate the quantity of the mineral nitro-
gen obtained during aerobic incubation by subtracting the established quanti-
ties of available nitrogen after and before incubation.

However, quite frequently quantities of the established mineralized nitro-
gen prove to be lower after incubation than before the incubation, particularly
with the poorly fertile soils or with the soils with high content of residual mi-
neral nitrogen. Hence, the quantity of mineralized and nitrified nitrogen may
have negative values. One can suppose that such results are caused by immo-
bilization. When soils of poor fertility are being used for the laboratory
experiments, such conditions are favourable for mineralization processes. How-
ever, the obtained mineral nitrogen is being used by microorganisms so that
the final count gives negative results. On the other hand, in the soils with hig-
her contents of available nitrogen which, as a rule, originates from the previo-
us fertilization (H e r r o n at al., 1977), in conditions of optimum humidity
and temperature, microorganisms will also develop and take up the available
nitrogen in a more intensive way, so that the obtained results will have negati-
ve values in this case, too.
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The conclusion may be drawn that negative results, when initial content
of available nitrogen is subtracted, are the results of: disturbed balance bet-
ween the process of mineralization and immobilization and too short incuba-
tion period (two weeks) for reestablishing balance between those two proces-
ses.

Due to all mentioned facts and suspicions connected to the origin of aero-
bic incubation (S t a n f o r d and S m i t h, 1972) on the one side and very
precise B r e m n e r's instructions (1965) regarding keeping and preparation of
the soil samples on the other side, dilemma remains whether or not to subtract
the initial content of the available nitrogen.

Because of the above-mentioned suspicions and dilemmas regarding cal-
culation of the results, both procedures, i.e. nitrogen availability indexes were
used in our investigations — initial condition was both subtracted and not sub-
tracted.

Table 2 presents the quantities of mineralized and nitrified nitrogen in ae-
robic procedures, both with the initial content subtracted and not subtracted.

The quantity of mineralized and nitrified nitrogen in aerobic procedure
obtained without subtraction of the initial content of available nitrogen points
to the conclusion that there are no significant regularities in either increase or
decrease mineralized and nitrified nitrogen in experiment variants.

Table 2 — Quantities of mineralized and nitrified nitrogen in aerobic procedure, initial content of
the available nitrogen in the brown forest soil both subtracted and not subtracted

Experiment
variants

Initial content of
available nitrogen

not subtracted
Initial content of available nitrogen subtracted

Quantities of
mineralized
and nitrified
NH4+NO3-N

(ppm)

Before NH4+NO3-N
(ppm) incubation

After
NH4+NO3-N

(ppm) incubation

Quantities of
mineralized
and nitrified
NH4+NO3-N

(ppm)

Control 24.7 4.9 24.7 19.8

N1P2K2 24.2 8.4 24.2 15.8

N1P2K2 32.2 15.4 32.2 16.8

N3P2K2 30.6 12.2 30.6 18.4

N4P2K2 27.8 51.3 27.8 –23.5

Similar situation was also obtained with the quantities of mineralized and
nitrified nitrogen when we subtracted the initial quantity. The only difference
was that N4P2K2 experiment variant gave negative value (–23.5 ppm), i.e. the
quantity of mineralized nitrogen was smaller after incubation than before it.
Therefore, one may suppose that during the incubation a part of available ni-
trogen gets immobilized by microorganisms.

An experiment in controlled conditions was carried out with the aim to
assess the value and reliability of nitrogen availability biological indexes (ob-
tained by aerobic and anaerobic incubation) through the plants' and soil's pa-
rameters.
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Table 3 presents the results of the plants' and soil's parameters obtained
in the controlled conditions.

Table 3 — Plants' and soil's parameters in the controlled conditions (in pots).

Plants and soil
parameters Control N1P2K2 N2P2K2 N3P2K2 N4P2K2

Experiment variants

Yield (NPK) (g/pot) 10.26 10.84 10.86 11.22 11.10

Yield (PK) (g/pot) 2.25 3.58 4.18 4.69 6.36

Relative increase in yield (PK = 100) 456 303 260 239 174

Relative increase in yield (NPK) (Ø = 100) 100 106 106 109 108

Relative increase in yield (PK) (Ø = 100) 100 159 186 208 283

Difference in yield (g/pot) (NPK-PK) 8.01 7.26 6.68 6.53 4.74

Difference in yield (g/pot) (NPK-Ø) — 0.58 0.60 0.96 0.84

Difference in yield (g/pot) (PK-Ø) — 1.33 1.93 2.44 4.11

Total uptake of nitrogen (NPK) 90.0 105.8 118.0 110.1 115.1

Uptake of soil nitrogen (NPK) 58.1 72.4 83.8 78.0 84.4

Uptake of fertilizer nitrogen (NPK) 31.9 33.4 34.2 32.1 30.7

Ratio of soil and fertilizer nitrogen uptake 1.8 2.2 2.4 2.4 2.7

Uptake of nitrogen (PK) 18.5 22.9 30.3 30.1 48.5

The majority of authors have used absolute values, i.e. quantities of mine-
ralized and nitrified nitrogen when applying aerobic incubation, i.e. biological
indexes of nitrogen availability.

In our researches we have also compared absolute values with plants' and
soil's parameters. In order to assess the value, i.e. reliability of aerobic incuba-
tion in estimation of the soil nitrogen availability, we have calculated the cor-
relation coefficients.

Table 4 presents the values of correlation coefficients between minerali-
zed and nitrified nitrogen in aerobic procedure.

Table 4 — Correlation coefficient between the plants' and soil's parameters and mineralized and
nitrified nitrogen in aerobic procedure, the initial content of available nitrogen in the brown forest
soil both subtracted and not subtracted

Plants and soil parameters

Quantities of
mineralized and

nitrified N, initial
content of N subtracted

Biological ind. I

Quantities of
mineralized and

nitrified N, initial
content of N not

subtracted Biological
ind. II

Yield (NPK) NS NS

Yield (PK) NS NS

Relative increase in yield (PK = 100) NS –0.54*

Relative increase in yield (NPK) (Ø = 100) NS NS

Relative increase in yield (PK) (Ø = 100) 0.81** NS
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Difference in yield (g/pot) (NPK-PK) NS NS

Difference in yield (g/pot) (NPK-Ø) NS NS

Difference in yield (g/pot) (PK-Ø) 0.81** NS

N(%) in plants (NPK) NS 0.56*

N(%) in plants (PK) NS NS

Total uptake of nitrogen (NPK) NS 0.54*

Uptake of soil nitrogen (NPK) NS 0.57

Uptake of fertilizer nitrogen (NPK) –0.62* NS

Ratio of soil and fertilizer nitrogen uptake NS NS

Uptake of nitrogen (PK) NS NS

** significant at probability level 0.01
* significant at probability level 0.05
NS not statistically significant

Statistically significant correlation dependence between plants' and soil's
parameters and aerobic incubation of available nitrogen was established in just
a few cases and it was closer to low than to medium correlation dependence of
minor statistical significance (r-(–0.54*), 0.56*, 0.54 and 0.57).

Statistically significant correlation between an aerobic incubation with
initial content of available nitrogen subtracted and the plants' and soil parame-
ters was also established in just a few cases. A high correlation dependence
was established only in the relative increase of yield in the PK experiment va-
riant (Ø = 100) and regarding the difference in yield (P-Ø). The value of coef-
ficient was r = 0.81**. Medium negative correlation dependence was establis-
hed in the uptake of fertilizer nitrogen (r = –0.62*).

As we have already mentioned, anaerobic method, together with aerobic
one is the most commonly applied procedure used to establish biological
indexes of the soil nitrogen availability.

In the research process, the quantity of the obtained NH4-N in both anae-
robic and aerobic procedures was calculated without subtracting the initial con-
tent of NH4-N. However, the calculation procedure suggested by W a r i n g and
B r e m n e r (1964) was also used, i.e. the initial NH4-N content before the in-
cubation was subtracted from the NH4-N content established after the incuba-
tion.

Table 5 presents quantities of mineralized nitrogen that were established
in anaerobic procedure, with the initial content both subtracted and not sub-
tracted.

The quantities of mineralized nitrogen obtained without subtraction of the
initial content of available nitrogen can be used as grounds for the following
conclusion: there is a regular increase in the quantity of mineralized nitrogen,
starting from the control variant and going towards the variant with the highest
dosage of fertilizer nitrogen.
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Table 5 — Quantities of nitrogen mineralized in anaerobic procedure, the initial content of NH4-N
available in brown forest soil subtracted and not subtracted

Experiment
variants

Initial content of
available NH4-N

not subtracted
Initial content of available NH4-N subtracted

Quantities of
mineralized

nitrogen
(NH4-N, ppm)

Before NH4-N
incubation

(ppm)

After NH4-N
incubation

(ppm)

Quantities of
mineralized

nitrogen NH4-N
(ppm)

Control 14.8 3.8 14.8 11.0

N1P2K2 18.0 6.6 18.0 11.4

N2P2K2 17.7 12.6 17.7 5.1

N3P2K2 19.7 7.5 19.7 12.2

N4P2K2 20.1 45.5 20.1 –25.4

Quantities of nitrogen mineralized in anaerobic procedure, with the initial
content of available NH4-N counted out, considerably varied with the field
experiment variants. No regularity was observed regarding the increase or de-
crease of mineralized nitrogen quantities going from the control variants to-
wards the highest dosage of the applied fertilizer nitrogen. Negative values for
the mineralized nitrogen quantities were established as in the aerobic incuba-
tion in the N4P2K2 experiment variant.

The established absolute values regarding mineralized nitrogen, with the
initial content of available NH4-N both subtracted and not subtracted, were
compared to the plants' and soil's parameters. The obtained correlation depen-
dences were used to assess how reliable this method is in estimation of soil ni-
trogen availability.

Table 6 presents the values of correlation coefficients between the plants'
and soil's parameters and nitrogen mineralized in anaerobic procedure, with
the initial content of NH4-N in the brown forest soil both subtracted and not
subtracted.

Table 6 — Correlation coefficients between the plants' and soil's parameters and mineralized and
nitrified nitrogen in anaerobic procedure, the initial content of available nitrogen in the brown fo-
rest soil both subtracted and not subtracted

Plants' and soil parameters

Quantities of
mineralized nitrogen,
initial NH4-N content

subtracted

Quantities of
mineralized nitrogen,

initial NH4-N quantity
not subtracted,

biological ind. II
Yield (NPK) NS 0.70**
Yield (PK) –0.79** 0.90**
Relative increase in yield (PK = 100) 0.61* –0.92**
Relative increase in yield (NPK) (Ø = 100) NS NS
Relative increase in yield (PK) (Ø = 100) NS 0.81**
Difference in yield (NPK-PK) 0.80** –0.74**
Difference in yield (NPK-Ø) NS NS
Difference in yield (PK-Ø) NS 0.80**

53



N(%) in plants (NPK) NS NS
N(%) in plants (PK) NS –0.54
Total uptake of nitrogen (NPK) NS 0.67**
Uptake of soil nitrogen (NPK) –0.53** 0.75**
Uptake of fertilizer nitrogen (NPK) NS NS
Ratio of soil and fertilizer nitrogen uptake –0.76** 0.88**
Uptake of nitrogen (PK) –0.91** 0.77**

** significant at probability level 0.01
* significant at probability level 0.05
NS not statistically significant

Statistically significant correlation dependence between the plants' para-
meters and nitrogen mineralized in anaerobic procedure, with the initial con-
tent of NH4-N subtracted, was not found in major number of cases, except for
the yield obtained in the PK variant (r = 0.79**) and regarding the difference
in obtained yield (NPK-PK) (r = 0.80**), where it was high. The relative yield
increase (PK-100), using the method mentioned, gave medium correlative de-
pendence (r = 0.61*). However, the remaining plants-in-pots-parameters in
anaerobic incubation did not give statistically significant correlation dependen-
ces. The uptake of soil nitrogen in the NPK experiment variant in pots, with
the nitrogen mineralized in anaerobic procedure, gave the medium negative
correlation dependence (r = –0.53*). Nevertheless, a considerable negative cor-
relation dependence was established (r = –0.91**) between the uptake of nitro-
gen in the PK variant and the method mentioned.

The values of correlation coefficients established for the obtained yields
in the PK and NPK variants corresponded to the results obtained by G a s -
s e r and K a l e m b a s a (1976). It is also the case with the uptake of nitro-
gen in those experiment variants. However, our researches resulted in negative
correlation dependences as the increased available contents of ammoniacal ni-
trogen in soil have directly influenced the process of mineralization in anaero-
bic conditions. There was more nitrogen in the soil, mineralization was less in-
tensive, while the yield and uptake of nitrogen were higher, because the plants
have mainly used the available ammoniacal nitrogen, already present in the
soil, to satisfy their nitrogen needs.

As it can be seen from the results presented in Table 6, a high and very
high correlation dependence of major statistical significance was established
between the nitrogen mineralized in anaerobic procedure (the initial content of
NH4-N not subtracted) and the plants-in-pots-parameters. A medium negative
correlation dependence (r = –0.54*) was only established between the content
of nitrogen in oat plant (PK) and the nitrogen mineralized in just mentioned
procedure. Mainly high correlation dependence of major statistical significance
was established between the soil in pots and the mineralized nitrogen.

The percentage of correlation dependences for r = 0.50—0.90, with signi-
ficance of 0.05—0.01 probability level and for r = 0.70, with significance of
0.01 probability level was calculated on the grounds of the established correla-
tion coefficients values for both methods used, i.e. two ways used to calculate
the results.
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This calculation was done with the aim to define clearly which of the ni-
trogen availability biological indexes that were used can be considered reliable
to estimate nitrogen availability. The aim was also to determine which is the
most suitable procedure to calculate results in aerobic and anaerobic incuba-
tion.

Table 7 presents the correlation coefficients expressed in percentages (in
aerobic and anaerobic incubations), for both criteria.

Table 7 — Correlation dependences (in percents) between the plants and soil parameters and ni-
trogen availability biological indexes when r = 0.50—0.99 (**,*) and when r = 0.70**.

Parameters Percentage of correlation dependence
for r = 0.50—0.99 (**, *)

Percentage of correlation
dependence for r � 0.70**

Aerobic incubation, the initial content of available nitrogen not subtracted

Plants and soil in
pots parameters 26.7 0.0

Aerobic incubation, the initial content of available nitrogen subtracted

Plants and soil in
pots parameters 20.0 13.3

Aerobic incubation, the initial content of available NH4-N not subtracted

Plants and soil in
pots parameters 73.3 60.0

Aerobic incubation, the initial content of available NH4-N subtracted

Plants and soil in
pots parameters 40.0 26.7

As presented in the Table 7, the highest percentages of correlative depen-
dence, for both criteria, were established for anaerobic incubation when initial
content of available NH4-N was not subtracted. However, considerably lower
percentages were established for the same method when initial condition was
not subtracted.

As opposed to anaerobic incubation, low percentages of correlative de-
pendence were established in aerobic incubation for both calculation procedu-
res.

CONCLUSIONS

The results presented here may be used to conclude the following:
Anaerobic incubation, i.e. the established biological index of availability

in the investigated brown forest soil can be considered reliable in assessing the
soil nitrogen availability.

Considering that in anaerobic incubation significantly higher percentages
of correlation dependences of available NH4-N were determined when the ini-
tial content of available NH4-N was not subtracted than in the cases in which
the initial content of available NH4-N was subtracted, nitrogen availability bio-
logical index determined in anaerobic procedure without subtraction of the ini-
tial content of available NH4-N, can be recommended to be used.
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Both plants' and soil's in parameters obtained by experiment in pots can
be used on an equal level to assess the value of the investigated nitrogen avai-
lability biological index.

The established reliabilities of biological index are significant for estima-
tion of the soil nitrogen availability because anaerobic procedure is simple and
quick from an analytical view and it can be used in routine analyses.

Nitrogen availability biological index established in our researches after
the aerobic incubation, with the initial content of available nitrogen both sub-
tracted and not subtracted, cannot be considered reliable to estimate the soil
nitrogen availability.
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AEROBNA I ANAEROBNA INKUBACIJA — BIOLOŠKI INDEKSI
PRISTUPAÅNOSTI AZOTA ZEMQIŠTA

Mirjana M. Kresoviã, Svetlana B. Antiã-Mladenoviã, Vlado Ð. Liåina
Univerzitet u Beogradu, Poqoprivredni fakultet,

Nemawina 6, Zemun, Srbija i Crna Gora

Rezime

Istraÿivawa su obavqena na gajwaåi (Mladenovac) koja se koristi u okvi-
ru dugogodišweg stacionarnog ogleda, sa odreðenim plodoredom i sistemom
ðubrewa veã više od trideset godina. Za ova istraÿivawa odabirane su vari-
jante ogleda gde je primewena rastuãa doza azota ðubrewa. Za utvrðivawe biolo-
ških indeksa pristupaånosti azota primewene su aerobna i anaerobna metoda
sa dva razliåita naåina obraåuna rezultata (sa oduzimawem i bez oduzimawa
poåetnog sadrÿaja pristupaånog azota). Radi odreðivawa parametara biqaka i
zemqišta koji su vrednovali pouzdanost korišãenih metoda za ocenu pristu-
paånosti azota zemqišta izveden je ogled u kontrolisanim uslovima uz prime-
nu izotopski obeleÿenog azota (15N). Na osnovu uraðene korelacione analize
odnosno utvrðene korelativne zavisnosti izmeðu bioloških indeksa i parame-
tara biqaka i zemqišta moÿe se zakquåiti da se biološki indeks koji je utvr-
ðen anaerobnim postupkom bez oduzimawa poåetnog sadrÿaja pristupaånog NH4
moÿe smatrati pouzdanim za ocenu pristupaånosti azota zemqišta. Pouzdanost
nije utvrðena za aerobnu metodu (sa oduzimawem i bez oduzimawa poåetnog sadr-
ÿaja pristupaånog azota) kao i za anaerobni postupak sa oduzimawem poåetnog
sadrÿaja pristupaånog NH4-N.
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