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Changes of the humus status of Pellic Vertisol (FAO) soil type under long-term growing of field 
crops in a stationary trial without fertilization

1 2V. Koteva *, S. Kostadinova

1Institute of Agriculture, 1 Indusrtialna, 8400 Karnobat, Bulgaria
2Department of Agrochemistry and Soil Science, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. This investigation was aimed at determining the changes in the humus content of leached Pellic Vertisol under long-term growing of intensive field 
crops in crop rotation in a stationary field trial without fertilization. For this purpose agrochemical investigations were carried out in the 48-year-old stationary 
fertilizer trial maintained at the Institute of Agriculture, Karnobat, Bulgaria on Pellic Vertisol (FAO). The analyzed soil samples were taken from the 0-100 cm 
horizon of the stationary trial and from soil not subjected to anthropogenic influence (under forest vegetation and from virgin land). The total humus content was 
determined and the humus reserves and humus energy were calculated. It was found that the leached Pellic Vertisol subjected to long-term land use without 
introduction of fertilizers had humus content two times lower than the content in soil where natural soil formation processes occurred without anthropogenic 
influence (under forest vegetation and on virgin land). At 48-year growing of field crops without fertilization, humus content in the 40 cm soil horizon decreased 
with 5-7 relative percent. In the 40-100 cm horizon significant changes did not occur. High correlation was determined between the total humus reserves and 
the yield from the field crops (R from + 0.668 to + 0.724)

Keywords: Pellic Vertisol, humus, changes, fertilization, stationary trial
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Introduction 1993; Filipov and Delchev, 2001; Panaiotova, 2003; Tomov and 
Artinova, 2005; Panaiotova, 2009).

In the trial field of the Institute of Agriculture, Karnobat, a It is an indisputable fact that humus content is at the basis of 
stationary field trial has been maintained for 48 years on leached potential soil fertility. It is also an indisputable fact that it is formed 
Pellic Vertisol. While investigating the condition of natural humus under the influence of natural soil-formative processes which occur 
reserves and their changes, up to now in the stationary trial the main slowly, for centuries. However, in soils subjected to intensive 
focus has been on humus changes under the effect of various norms agricultural cultivation, the natural humus content changes 
of mineral fertilization. The dynamics of the humus status in soil comparatively fast, not only the quantity but also the quality of humus 
under growing of crops without mineral or organic fertilization has changing in the process (Pachev, 1997). The opinions of the 
not been studied. researchers on this problem are not unanimous. According to some 

Therefore we set the following goals: to find out the changes in authors the intensive agriculture factors (fertilization, soil tillage, 
the humus content of leached Pellic Vertisol under long-term crop rotations, irrigation, etc.) cause decrease of total humus 
growing of field crops in the crop rotation of a stationary field trial (Kenenbayev and Kucherov, 1995; Artinova, 1995; Valev and 
without fertilization; to compare the condition of humus under long-Guchevilov, 1998). According to others it does not change (Mineev 
term growing of the crops without fertilization to their growing with et al., 1986; Charkov, 1987; Martinovich and Martinovich, 1989; 
“moderate” norms of nitrogen, phosphorus and potassium Saratov and Valiev, 1990; Nankova and Kalinov, 1992). According to 
fertilization; to compare the natural humus status of the leached Martinovich and Martinovich (1989) and Panayotova (2005) it even 
Pellic Vertisol in which no agricultural activity has been carried out increases. Analyzing the changes, researchers pay attention to both 
(under forest vegetation and virgin land) to the humus content of soil the total percent content of humus and to its reserves in the 
subjected to intensive land use.cultivated horizon, its energy content (Tvertin, 1984; Koteva, 1993; 

Artinova, 1995; Artinova, 2012). The total reserves are related to the 
productivity of the agricultural crops, and the energy reserve – to the 
balance of energy in agriculture (Raichev and Filcheva, 1989; Material and methods 
Volodin, 1992; Klochkov and Klochkova, 1995).  

The quantitative and qualitative changes in soil humus are To realize the above goals, agro-chemical investigations were 
determined by the relations between the processes of synthesis and done in a long-term stationary trial initiated in 1963 at the Institute of 
decomposition of the organic matter. They are dynamic and are Agriculture, Karnobat on soil type Pellic Vertisol (FAO). The crop-
expressed specifically under particular soil and climatic conditions rotation of the trial included maize, wheat, sunflower and barley, 
and systems of agriculture. These processes are best studied in which were alternated in time and place. The crops were treated with 
long-term stationary trials. It is in such long-term field trials carried conditionally designated “low”, “moderate” and “high” N-P-K norms 
out on different soil types that the most thorough investigations on (Koteva, 1993). A check variant without treatment was used for 
the changes of humus in Bulgaria have been done (Filipov, 1972; comparison. The design of the trial and the levels of the fertilization 
Artinova and Giurov, 1988; Nankova and Kalinov, 1992; Koteva, norms of the respective crops have already been described in our 
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previous investigation (Koteva, 1993).
For the purposes of this investigation, the data from our 

analyses on soil samples taken from the 0 – 20, 20 – 40, 40 – 60, 60 – 
80 and 80 – 100 cm horizons in the untreated and the “moderately” 
treated variants during the last 28 years since the initiation of the trial 
(1983 – 2010) were summarized. The samples were collected at the 
end of each rotation after harvesting of barley in June, from the first 
field in the crop rotation of which agro-chemical characterization has 
been made prior to the initiation of the trial in 1962 (Filipov, 1972).

In 2010, simultaneously with the analysis of the samples from 
the stationary trial, samples taken from the same horizons of the 
leached Pellic Vertisol under forest deciduous vegetation (forest 
shelter belt) and virgin land (field boundary) situated about 500 m 
from the stationary trial were also analyzed. Total humus was 
determined from these samples according to Tyurin (1965). The 
same method was applied to determine humus prior to the initiation 
of the trial. Based on the established total humus content and the 
volume weight of soil in the respective horizon determined in a 
previous investigation (Koteva, 1993), the total humus reserves 
were calculated (t/ha). Using the methodology of Orlov and Grichina 
(1981), the humus energy was determined (MKJ/ha).

Results and discussion

The analysis on the soil samples from the 0 – 20 cm horizon check variant occurred after the first rotation (7.5%). After the 
th thinvestigated on the 48  year from the initiation of the trial showed that second rotation and during the 6–12  rotations humus slightly 

the initial total humus content of 2.48 – 2.53% decreased to 2.36% increased and stabilized at levels 2.36 – 2.40%. During the same 
under growing of crops without fertilization (Table 1). The above period the “moderate” mineral fertilization preserved the initial 
decrease, comprising 4.8 – 6.7% of the total humus, is alarming for humus content in the first and second rotation, then gradually 
the relatively short period of the study. During the same period, the enhanced it and stabilized it at levels 2.73 – 2.79%.
long-term “moderate” N-P-K fertilization increased total humus to The investigations on the distribution of humus down the soil 
2.74% and stabilized it within the range of 2.62 – 2.79%. The profile revealed differences between the untreated and the 
increase comprised about 5.7 – 10.3 relative percent according to “moderately” treated variants only in the 0 – 20 cm and 20 – 40 cm 
the initial humus level. A number of Bulgarian researchers have horizons (Table 2). Down the profile, from 40 cm to 100 cm, the 
reported significantly higher increase of the total humus in the arable humus content became equal and was not affected by the way of 
areas of different soil types where field crops were grown without land use. It can be assumed that this is, on the one hand, a 
fertilization. Misas (2003) found out that after 40-year growing of field consequence from the long-term growing of the crops in the 
crops without fertilization, the total humus in the cultivated horizon of stationary trial, the roots of which are located mainly in the horizon 
alluvial meadow soil in the region of Plovdiv decreased by 22% with depth up to 40 cm, and on the other hand – a consequence from 
according to the initial level. The decrease of humus in the leached the soil tillage incorporating the post harvest residues to the same 
Pellic Vertisol under the same conditions of land use (40-year depth. The biomass of roots and the post harvest residues 
stationary trial) in the region of Chirpan was by 14% (Panayotova, compensated to some extent the mineralization of humus in this very 
2005), and the decrease of humus in the leach chernozem soil in the horizon. 
region of Gorni Dabnik (30-year stationary trial) was by 11% (Valev There are interesting data from the analysis of the samples from 
and Gushevilov, 1998). the leached Pellic Vertisol which was not subjected to anthropogenic 

Table 1 presents long-term data on the total humus content in activity and situated under deciduous forest vegetation and under 
the surface soil layer of the untreated and “moderately” treated virgin land. Under such conditions the 60 cm soil horizon was almost 
variants. It is evident that the sharpest decrease in the untreated twice richer in humus in comparison to the soil from the same 

Table 1. Total humus content in the 0 – 20 cm soil 
horizon, %

Note: * Investigations by Filipov (1972); **Own 
investigations

Period

1962 (prior to trial initiation)*

1 rotation (1963 - 1966 )* 

2 rotation (1967 – 1970)*

3 rotation (1971 – 1974)

4 rotation (1975 - 1978)

5 rotation (1979 – 1982)

6 rotation (1983 – 1986)**

7 rotation (1987 – 1990)**

8 rotation (1991 – 1994)**

9 rotation (1995 – 1998 )**

10 rotation (1999 – 2002)**

11 rotation (2003 – 2006)**

12 rotation (2007  – 2010 )**

2.48 – 2.53

2.34

2.36

2.48

2.47

2.38

2.36

2.40

2.36

2.39

2.38

2.36

2.62

2.78

2.70

2.73

2.73

2.79

2.74

Variants

Without
fertilization

With “moderate”
N-P-K fertilization

Data on humus investigation

not published

Table 2. Total humus content in the 100 cm soil horizon under different systems of land use and without anthropogenic
influence in 2011, %

Horizon, сm

  0 – 20

20 – 40

40 – 60

60 – 80

80  100–

2.36

1.31

0.86

0.71

0.51

2.74

1.43

0.88

0.57

0.49

5.01

2.41

1.94

0.61

0.55

4.31

2.92

1.97

0.64

0.54

Under deciduous

forest vegetation
Under virgin land

48-year growing of field crops:

Without fertilization With “moderate” N-P-K fertilization
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horizons which was subjected to intensive land use both with and allowed considering this index sufficiently significant and suitable for 
without mineral fertilization. Down the soil profile, below 60 cm, the characterization of the potential fertility of the leached Pellic Vertisol 
humus content of all four variants became practically equal. soil type.

The humus reserves in the untreated variant remained similar 
to the initial condition and were relatively constant during the last 28 
years of the stationary trial, with slight variation within 59–62 t/ha References
(Table 3). The difference between the soil without introduction of 
mineral fertilizers and the soil with annual application of “moderate” Artinova N, 1995, Effect of the agricultural land use on the humus 
N-P-K norms was significant. In the second variant the leached condition of the leached Pellic Vertisol in Bulgaria. Higher Institute of 
Pellic Vertisol contained considerably higher humus reserves which Agriculture, Plovdiv, Jubilee Scientific Session, Abstracts and 
increased with each successive rotation and for 48 years fertilization papers, October 1995, II, 2, 203-206 (Bg).
gradually increased the initial humus reserves by 23 t/ha. Artinova N, 2012. Humus status of different soil types in Bulgaria. 

In accordance with the humus reserves, the reserves of energy Soil Science Agrochemistry and Ecology, 4, 11-54 (Bg).
in the humus were also calculated: The humus of the untreated soil Artinova N and Gjurov G, 1988. Humus status of Grey-Brown 
contained 54-99MKJ/ha less energy in comparison to the forest soils from the region of Pleven and Lovech and its change in 
“moderately” fertilized soil. The modified solar energy accumulated agricultural use. Scientific works. Higher Institute of Agriculture, 
in the soil humus is an invaluable source of viability of the micro Plovdiv, XXXIII, 3, 43-50. 
organisms in the soil and the various biological transformations. Charkov I, 1987. Fertilization and problems of humus in soils. Soil 
Therefore, it plays an important role in the management of the soil Science, 11, 70-81 (Ru).
processes. The indicated lower energy accumulated in the Kenenbayev SB and Kucherov VS, 1993. Humus balance 
untreated soil is probably due to the lower biological activity in this regulation in Dark Chernozem soils of the pre-Ural steppes. Soil 
variant as determined in a previous microbiological investigation in Science, 9, 51-54 (Ru).
the same stationary trial (Koteva, 2002). Klochkov and Klochkova, 1995. Energy efficiency of fertilization. 

In the database of the stationary trial the annual grain yield from Agrochemistry, 11, 76-79 (Ru). 
the crops grown in the rotation (maize, wheat, sunflower and barley) Koteva V and Artinova N, 1993. Effect of many-year mineral 
were pointed out. The data on the yield and the humus condition fertilization on the leached smolnitza humus status in South-East 
were processed with correlation analysis. It was found that the Bulgaria. Soil Science, Agrochemistry and Ecology, 2, 33-35 (Bg).
correlation of yield with the humus reserves represented as t/ha, was Koteva V, 1993. Some leached smolnitsa soil fertility parameters 
higher (R from + 0. 610 to + 0.700) than the correlation of yield with chainges after long-term fertilization in crop-rotation, Thesis for PhD, 
total humus represented as % (R from + 0.485 to + 0,520). Karnobat, 1993, 193 pp.

Koteva V, 2002. Effect of long-term mineral fertilization on the soil 
microbiological activity. Soil Science, Agrochemistry and Ecology, 1-
3, 53-56 (Bg).Conclusion
Martinovich L and Martinovich N, 1989. Effect of 50-year 
fertilization with organic and mineral fertilizers on the fertility of The leached Pellic Vertisol subjected to long-term land use 
podzolized chernozem soil in the central forest-steppes of the without introduction of fertilizers had two times lower humus content 
Pravoberzhna Soviet Republic (communication). Agrochemistry, 1, (2.36%) than the humus content in the soil with natural soil-formative 
40-42 (Ru).processes without anthropogenic influence under deciduous forest 
Mineev V, Lebedova L and Egorov V  1986. The humus factor in vegetation and virgin land (respectively 5.01 and 4.31%). Humus 
intensive use of mineral fertilizers. Chemistry in agriculture, 3, 51-54 content in the 20 cm soil horizon decreased by 4.8 – 6.7 relative 
(Ru).percent at 48-year annual growing of the field crops without 
Missas IP, 2003. Effect of systematic fertilization on maize and fertilization. After 48 years, in the 40 – 100 cm horizon significant 
wheat grown in crop rotation. Thesis for PhD, Sofia (Bg).changes did not occur. The high correlations (R from + 0.668 to + 
Nankova M and Kalinov I, 1992.  Effect of soil tillage systems on 0.724) of the total humus reserves (t/ha) with the grain yield from the 
the humus condition of Black earth under low irrigation in field crops (kg/ha) grown in the crop rotation of the stationary trial 

 

,

Table 3. Reserves of humus and energy in humus in the 20 cm soil horizon under different systems of land use

Rotation

(periods)

6 rotation (1983 – 1986)

7 rotation (1987 – 1990)

8 rotation (1991 – 1994)

9 rotation (1995 – 1998)

10 rotation (1999 – 2002)

11 rotation (2003 – 2006)

12 rotation (2007 – 2010)

62

59

62

61

62

59

61

744

739

750

739

754

744

739

67

68

69

70

85

84

84

798

838

818

826

826

840

831

Without fertilization “Moderate” N-P-K fertilization

Humus reserves,

t/ha

Humus reserves,

t/ha

Humus energy,

MKJ/ha

Humus energy,

MKJ/ha

213



Dobrudzha. Soil Science, Agrochemistry and Ecology, 2, 40-44 (Bg). Tyurin IV, 1965. Agro chemical methods for soil investigation. 
Orlov DS and Grichina LA, 1981. Practicum on humus chemistry, Moscow, І, 156 pp (Ru).
Moscow State University, Moscow, 269 pp (Ru). Tomov T and Artinova N,  2005. Effect of system mineral and 
Pachev I, 1997. Humus status of the main soil variations in Central organic-mineral fertilization on humus content and humus fraction in 
North Bulgaria under different types of land use. Thesis for PhD, Mollic Fluvisol. Proceedings of a “National conference with 

th thSofia, 104 рp. (Bg). international participation 15  – 19  May”, Institute of Soil Science, 
Raichev T and Filcheva E, 1989. Energy reserves of the humus of Sofia, 340-344.
some Bulgarian soils. Soil science and agrochemistry, 4, 9-13 (Bg). Tvertin AV, 1984. Energy balances of the agriculture of foreign 
Panaiotova G, 2005. Effect of the 35-years fertilization on the countries. Review, Moscow, 82 pp (Ru).
agrochemical properties of two-metre soil profile on Leached Filipov H, 1976. Effect of fertilization on the organic substance of 
Vertisol. Soil Science, Agrochemistry and Ecology, 2, 61-65 (Bg) Leached Smolnitza, Soil Science and Agrochemistry, 3, 69-76 (Bg).  
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hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
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Books: Author(s) surname and initials, 
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Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
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Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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