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Summary .6

As a result from a 30 year dressing with mineral fertilizers, a considerable differences were established in o
the soil nitrogen and humic content both along the soil profile and according to the combination of applied

nutrition elements. The fertilization variant NisoPisoK1 80 had the highest humus content - 3.51 % in the 0-20
cm layer, and 3.35 % in the 20-40 cm layer. This consecutively lead to accumulation of highest humus
reserves in soil - 168 tha for the root-deep layer (0-40 cm) in total. 0 0
Total nitrogen content in soil varied from 0.184 to 0.220 % according, to the fertilization norms and the o5 e 20
profile depth. Highest reserves of total nitrogen were formed in the variants with N60PolKo, N60P60K0 and
N12 0P6 0K0 . The degree of nitrogen concentration in humus within the limits of the trial was determined as
moderate for the whole root-deep layer. In the 20-40 cm layer, however, it tended to be high in the variants

with independent nitrogen fertilization, regardless of the fertilization norm. The long-term application of
hiah nitrogen norms lead to an increase in the humus mobility. It was also established that fertilization with
moderate and high nitrogen norms increased the Ci, C pa ratio, as well as the humic acid content linked
with Ca, especially in the 0-20 cm layer. The amount of non-hydrolysable residue (humine) also increased
with the increase mainly of the nitrogen fertilization norm. In the variants dressed with moderate and high
nitrogen norms the humus type was markedly humnatic.

Introduction

From the beginning of the 80s, studies are being carried out at the experimental fields of
the Institute for Wheat and Sunflower (IWS) "Dobroudj a" to determine the effect of
systematic mineral fertilization at various types of crop rotation, and the effect of
different tillaae systems on the changes of humus content, humus reserves along the
profile depth and the changes of its group and fraction composition (Nankova M., 1992,
1994, 1997).
The aim of this study was to characterize the changes in the humus content and reserves
in soilI, as well as the changes in its qualitative composition resulting from 30 year annual
dressing, with nitrogen, phosphorus and potassium in various norms and rates.

Materials and method

In a stationary field experiment initiated in 1967 in two field crops rotation -(wheat -

maize), the effect of systematic mineral fertilization on soil fertility, and especially on its
humus content, were studied. Four nitrogen and phosphorus and three potassium norms
were tested - 0, 60, 120; 180, ; 0,60 and 120 kg/ha, respectively. The experiment was
designed according to the method of the "net square", applying the full version of the
design (4 x 4 x 3 =48) in four replications, the size of the harvest plot being 20 in2 . An
additional variant was included in the experiment - N180P18oKI 8o kg/lha.
The changes in total nitroaen and humus content, and the changes in their group and
fraction composition were determined in selected variants of the experiment. Soil]
samples were taken at the 3 0 ,h year of the trial from the 0-20. 20-40 and 40-60 cm layers.
Total nitrogen in soil was determined by Kjeldahl's method. The humus content was
evaluated using the Tyurin method( Kononova M.M., N.P. Belchikova,1961), the group and
fraction composition- by the Kononova-Belchikova method (Belchikova N.P., 1975).
Data was processed with the help of the statistical analysis software Biostat (- Penchev
Ej,998).
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Results and discussion

The annual mineral fertilization with the studied norms and rates for a period of 30 years
lead to a considerable differentiation in the total nitrogen and humus content depending
both on the fertilization norm and the profile depth. The variation in the total nitrogen
value was from 141.34 to 220.35 mg/l00 soil, and in that of humus - from 2.39 to 3.57 %
in the 0-60 cm layer (Table 1). The established nitrogen content'differences in the 0-20
and 20-40 cm layer were significantly smaller in comparison to that in the 40-60 cm
layer. In the variants dressed with moderate and optimal nitrogen norms in combination
with phosphorus, as well as in independent nitrogen fertilization with increasing norms,

the total nitrogen content in the 20-40 cm layer was even higher than that in the surface
layer. Most probably very good conditions for microbiological activity had been created

in these variants, i.e. neutral soil reaction, better soil structure ensuring more efficient
airing, and water supply than in the surface layer.

Table 1. Total nitrogen and humus content along the profile according to the fertilization

norms (kg,/ha) and soil depth (cm)

Variants of Nitrogen - m.,/10g Humus -

fertilization 0-20 120-40 40-60 0-20 20-40 40-60
I. NOPOKo 196.14 185.24 154.56 2.92 2.90 2.58
2. N60PK, 213.69 209.45 174.09 3.33 2.90 2.91
3. N120PoKo 204.61 212.48 162.60 3.15 2.99 2.55
4. NisoPoKo 208.24 208.24 144.22 3.13 3.05 2.39
6. N0P12oKo 205.82 207.03 141.34 3.36 2.94 2.48
9. N0 P0 K, 2o 204.61 217.93 148.24 3.08 3.01 2.58
10. N1OP 60 Ko 220.35 213.08 156.85 3.15 3.01 2.55
15. N120P4.,Ko 214.90 216.72 161.45 3.21 3.06 2.58
16. N120P12 oK 0 207.64 182.21 150.53 3.15 3.03 2.56
17. N120P18oKo 184.03 191.90 151.68 3.28 3.06 2.56
19. N120PoK1 2o 191.29 181.61 166.62 3.17 3.13 2.84
20. N, 80P6 0K0 198.56 181.61 168.09 3.28 2.99 2.73
21. N180P12nKo 201.59 185.24 167.77 3.17 3.19 2.90
22. N180P1goKo 199.77 181.64 157.43 3.11 3.08 2.53
28. N0P120K120 197.95 194.32 175.81 3.17 3.17 2.98
31. N, 0P,,K0 194.32 193.71 179.26 3.30 3.19 2.76
40. N1 20 P12 oKlin 197.35 191.29 175.81 3.31 3.14 2.65
46. N,80 P12oK120 199.77 194.92 146.51 3.31 3.06 2.53
48. N180PisoK,zo 206.26 198.56 177.54 3.57 3.19 2.88
49. N180P180KI8j0 215.51 200.98 160.88 3.51 3.35- 2.74
Factor A G 5 % 6.014 5.448

1% 7.999 7.246
0.1 % 10.404 9.425

Factor B G 5 % 2.329 2.110
1% 3.098 2.806

0.1 % 4.030 3.650

The differences in the humus content alongr the soil profile as a result from the long-term

annual mineral fertilization lead to formation of different reserves. The values obtained
for the accumulated reserves reveal a rather interesting tendency (Table 2). These
reserves are a good basis for the establishment of a fertilization system in the region with
slightly leached chernozemns which would uarantee not only the preservation of soil
fertility, but also its enrichment at an ecologically friendly level with a maximal
economic profit. The results from the control variant give a clear idea for the advantages
of slightly leached chernozems characterizing them as soils of high natural fertility which
are suitable for cultivation of all field crops grown in our country.
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Table 2. Nitrogen and humus reserves in soil along the profile according to the
fertilization norms - t/ha

Variants of ___ Nitrogen Humus ____

fertilization 0-20 20-40 40-60 Total 0-20 20-40 40-60 Total
1. NPK, 4.55 4.50 3.88 12.93 67.74 73.66 69.66 211.06
2. N60PK, 4.96 5.09 4.37 14.42 77.26 73.66 78.57 229.49
3. N720PK, 4.75 5.16 4.07 13.98 73.08 75.95 68.72 217.75
4. N18oPolK0 4.83 5.06 3.62 13.51 72.62 77.34 64.40- 214.36
6. NoP, 2oKo 4.78 5.04 3.54 13.36 77.95 74.55 66.83 219.33
9. N0P0 K1 20 4.75 5.30 3.73 13.78 71.34 76.45 69.66 217.45
1 0. N,,P,,Ko 5.1 1 5.18 3.94 14.23 73.08 76.45 68.72 218.25
15. N120P60Ko 4.99 5.27 4.06 14.32 74.36 77.72 69.66 221.74
16. N120P12olKo 4.82 4.43 3.76 13.01 73.08 76.84 69.12 219.04
17. N120P180Ko 4.27 4.67 3.81 12.75 75.98 77.72 69.12 222.82
19. N120P0 K12 o 4.44 4.42 4.17 13.03 73.54 79.50 76.68 229.72
20. N,8 oPP60 Ko 4.51 4.56 4.54 13.61 75.98 75.95 73.71 225.64
'21. N180P12oKo 4.68 4.50 4.21 13.39 73.54 80.90 78.17 232.61
22. N180P18olK0 4.64 4.42 3.94 13.00 72.15 78.11 68.31 218.57
28. NoP 2oKI 2 p 4.59 4.72 4.41 13.72 73.54 80.52 80.46 234.52
31. N60P6oKo 4.51 4.71 4.49 13.71 76.44 80.90 74.39 231.73
40. N120P12olK1 20 4.58 4.65 4.41 13.64 76.79 79.63 71.55 227.97
46. N180P12oKI 20 4.64 4.73 3.67 13.04 76.79 77.72 68.31 222.82
48. Nj80P18olK1 20 4.79 4.82 4.45 14.06 82.82 80.90 77.76 241.48
49. NI80P18oK1 80 5. 00 O 4.8 9 4.03 13.92 81.43 84.96_ 73.98 240.37
Factor A GD 5 % 0.423 1.429

1 % 0.562) 1.900
0.1 % 0.731 2.472

Factor B G 5 % 0.164 0.553
1% 0.218 0.736 

0.1 % 0.283 0.957 

Total nitrogen and humus reserves gradually decrease down the studied profile. In the 0-
20 cm layer the highest nitrogen reserve was determined in variant 10. N60P60K0. In the
20-40 cm layer the highest nitrogen reserve was established in variant 15 - N120P60K0, but
variants 10. N60P6oKo and 3NI 2oPoK0 also being very close to it. A tendency was
registered for increase of the nitrogen reserves in the 40-60 cm layer in independent
nitrogen dressing with moderate and optimal fertilization norms, as well as in
combination with P and PK.
The highest nitrogen reserve in the 0-60 cm layer was formed in the variants N60P0K0

N60P6oKo and N 120P60K0. The most significant increase of nitrogen reserves in soil
resulting from the mineral fertilization was established in the 20-40 cm layer, especially
when moderate and optima] nitrogen norms were applied.
Humus reserves in soil were highest in the 0-20 cm layer. The maximum increase
according to the control was established in the variants with intensive fertilization norms,
i.e. variants 48-and 49 (122.26 and 120.21 %, respectively) both in the root-deep layer
and in the whole 0-60 cm layer. The latter, however, was with low nitrogen content and
higher mobility, as shown below.
The most suitable among the tested norms of independent nitrogen dressing was 60
kg/ha. The independent phosphorus and potassium dressing as well as their
combination, also affected positively the humus reserves in soil.
The dispersion analysis of the obtained results (Table 3) proved in most cases their
statistical significance regarding, both the fertilization norms (Factor A), and the depth the
studied profile (Factor B). The differences in the content of total nitrogen and humus, as
well as the humus reserves in soil in the independent activity of the two factors and in
their combined interaction were proved to a maximal degree of significance.
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Table 3. Dispersjon analysis

Indices MSA MSB MSA x B Error
1.Total N-mig/O 0g 266.94c 735.75c 1301.l7c 27.12

2. Total C - %0.01c 0.08c 0.07c 0.0
3. Humus - %0.03c 0.23c 0.21c 0.0
4. Nitrogen reserves - t/ha 0.23 0.12 0.53 a 0.13

5. Humus reserves - t/ha 20.57c 189.87c 39.25c 1.53

6. C/N ratio 0.8c 6.4 1c 0.78B 0.15
df 19 i2 i38 59

The combined activity of the three macroelements in the fertilization norm at rate 1: 1:0.7
(norms 180: 1SO: 120 kg/h~a) and rate 1: 1: 1 (norms 60, 120 and especially 180 kg/ha) lead
to a considerable increase of humus reserves in the 20-40 and 40-60 cm layers.
The degree of humus enrichment with nitrogen (C/N) is an important index which gives
an idea about the level of humufication of the organic matter in soil and allows to make
comparative analyses to determine the direction of the humification process. The results
we obtained (Figure 1) show that in most variants and depths the organic matter of the
slightly leached chernozem is characterized by a medium degree of humification (8-1 1)
according to Orlov and Grishina's classification (1 98 1).

20-0 

15 16 17 19' ~~~~0-20

Variants of fertilization

Figure 1. Degree of humus enrichment with nitrogen according to mineral fertilization

norms and depth of studied profile

In the 0-20 cm layer, the variants with independent P fertilization (120 kg/ha), the double
and triple NPK combinations in norms of 60, 120 and 180 kg/a in variants 16, 17, 20,
31, 40 and 46 had a low degree of humus enrichment with nitrogen.
in the 20-40 cm layer, the tested variants with independent introduction of
macroelerrents, as well as in the N60P60K0 and N120P60K0 combinations, showed 'a
medium degree of humus enrichment with nitro-en.These were the best results obtained
for this index during the experiment. The degree of humus enrichment with nitrogen was
low in the variant NPI 2oK 2 o and in the other NPK combinations, especially in the
variants with predomination of nitrogen over phosphorus and without potassium in the
dressing norm.
In the 40-60 cm layer the degree of organic enrichment with nitrogen decreased with the
increase of nitrogen in the fertilization norm in almost all variants.
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In order to study the effect of ong-term mineral fertilization on the group and fraction

composition of humus, several variants were selected, the following being with reatest
practical importance for our region: variant 3 (N 120P0K0), because in Bulgaria it is a
common practice to apply independent fertilization in the recent years; variant 15
(N 120P6oKo), which provided the best agronomic and economically profitable yields
averaged for the 30 years of study; and variant 40 (N120P12oKI 20), which gave the highest
mean yield for the period mentioned above (Table 4).
The established significant changes in total carbon content in soil is the reason for the
carbon value variations in the groups and the individual fractions within them. The
highest increase of total C content in comparison to the control without fertilization was
registered in the dressing, norm of variant 48 in the 0-20 cm layer (122.0 %). The highest

values of aggressive fulvic acids from the extract with 0.1 n H,2S0 4 were determined in
the 0-20 cm layer in independent nitrogen fertilization with 120 kg/ha and in the 20-40
cm layer, applying long-term mineral dressing with N 120P12o1K120. In all studied variants

and in both layers, carbon percent from this fraction increased in comparison to the
control variant.
The combination of nitrogen with phosphorus and potassium at various rates, as well as
PK fertilization without nitrogen, lead to an increase of carbon in humic acids (as
registered in the pyrophosphatic and alkali extract) according to the control variant. This
increase was most evident in the 0-20 cm layer at long-term fertilization with
N 180P 18oKI 20. The absolute carbon values of hurnic acids in the 0-20 cm layer were
affected slightly by the mineral dressing norm, but their share according to total carbon in

sI decreased. At the same time their amount n the 20-40 cm layer tended to increase,
which was most clearly expressed in variants 3 and 40. An increase of fulvic acid carbon
was registered in the 0-20 cm layer, both in absolute values and as a share of total soil
carbon. In the 20-40 cm layer, the fulvic acid content was not affected in practice by
mineral fertilization, but the share of fulvic acids according to total carbon in soil was
lower in the variants with mineral dressing, as compared to the control.
The mentioned changes in the groups of fulvic and humic acids resulting from ong-term

mineral fertilization lead to an increase of the Cha:Cfa ratio in the 10-40 cm layer. This
increase is most pronounced in independent nitrogen fertilization with 120 kg N /dka and
in its combination with phosphorus and potassium at rate 1: 1:1.
Mineral fertilization for a period of 30 years lead to a considerable increase in the hurnic

acd fractions fixed with ron oxides and alumina n soil along, the studied profile, as
compared to the control without fertilization. This increase is much better expressed in
the 0-20 cm layer.
This fraction is the main form of mobile humus and its increase is an indication of humus
mobility increase. The fraction of humic acids linked with potassium is of special
interest. This is the fraction of brown humic acids which dominate in the upper profile
layers of the slightly leached chernozems in Bulgaria. It was established that both their
total amount and their share decreased according to total C in soil with the increase
mainly of the nitrogen norm in the 0-20 cm layer. In the 20-40 cm layer the amount of C
of this fraction slightly increased and the. share of total C in soil also increased in
comparison to the control without fertilization (Table 5). These results are confirmed by
the conclusions drawn in a previous study dealing the effect of 20 year mineral
fertilization on the humus. content in the slightly leached chernozemn in poly-field crop
rotation (Nankova M., 1994).
The ong-term mineral fertilization increased C values of the non-hydrolysable residue
which is the humus component most strongly linked with soil minerals. This increase
concerns mainly the 0-20 cm layer in fertilization with N180P180K120, while the changes in
the 20-40 cm layer are insi gnificant.
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Table 5. Dispersion analysis of humus group and fraction composition

Humus cri to total C in soil -
Extracts MSA MSB MSA B Error

1. in 0.l1nH2S0 4 extract 0.17 0.24 0.15 0.11
2. in Na2P12O 7 + NaOH extract 3.54 17.52 B 2.94 3.63

3 .in hurnic acids 24.70 4.77 3.11 273

4. in fulvic acids 12.0 3.98 3.53 6.46
5. in humic acids linked with R 203 193.74c 11.92 36.75` 6.81

6. in humic acids linked with Ca 193.73c 11.90 36.76B 6.82
7. in the non-hydrolysable residue 3.54 17.52 2.94 3.63

df1 5 1 5 11

The obtained results determine the degree of humnification of organic matter as high and

very high. The content of "free" humic acids is determined as medium, and the content
of humic acids linked with Ca is also medium in fertilization with high norms in the 0-
20 cm layer, regardless of the norms of mineral dressing. The ratio Chc:Cfa determines
the humatic type of humus in the control without fertilization, and in all studied variants
of fertilization. The humus in the 0-20 cm layer is of fulvic-humatic type in variants 15
and 40.
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