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Agriculture and Environment

Changes of some agro-chemical parameters of Pellic vertisol (FAO) soil type in growing cereal
crops under organic system of agriculture

V. Koteva*

Institute of Agriculture, 1 Indusrtialna, 8400 Karnobat, Bulgaria

Abstract. The investigation was carried out in a field certified for organic agriculture, on soil type Pellic vertisol (FAO) during 2004 — 2012. The changes in soil
acidity, total humus content and reserves of mineral nitrogen, mobile phosphorus and available potassium in soil after growing of cereals without soil organic
fertilization were followed. The obtained results were compared to the values of these indices from the same soil type subjected to intensive cultivation
(conventional system of agriculture) and the amounts obtained from soil covered with perennial grasses (virgin soil). The realization of the production potential

of common wheat and winter barley grown on Pellic Vertisol without soil organic fertilization is pointed out.

Keywords: organic agriculture, soil fertility, grain yield, wheat and barley

Introduction

It is known that the European and the Bulgarian legislation on
organic agricultural production permit the application of organic and
mineral fertilizers with origin from natural sources for improving the
nutrition regime of the crops (http://www.ec.europe.eu/agriculture/
organic; http://www.dv.parliament.bg/DVWeb/index.faces). The use
of organic fertilizers with natural origin (most often manure) creates
conditions for heavy infestation with weeds of the organic fields
(EFRS, 1997; Davies and Weish, 2002). In the field root crops the
problem with weeds is solved by mechanically removing the weeds
by soil tillage with machines or manually. In the cereal crops,
however, mechanical control of weeds is practically inapplicable.
Therefore, farmers involved in organic production of these crops
often prefer not to use manure. This partially solves the problem with
weeds but exhausts the soil and deteriorates the nutrition regime of
the cultural plants (Cormarck, 1997).

The main soil type on which cereals are grown organically in
central south and south-east Bulgaria is Pellic Vertisol (FAO). lts
natural fertility is characterized with moderate content of total
humus, slightly acid soil reaction, low reserves of mineral N, low to
moderate reserves of mobile P,O, and good reserves of available
K,O (Artinova, 2012; Koteva, 2012). In the conventional
technologies for growing of cereals, nitrogen and phosphorus
deficiency is most efficiently overcome by applying mineral fertilizers
or manure (Koteva, 1993). In the organic technologies, due to the
reasons above, introduction of manure is avoided. Instead, the
shortage of nutrition elements is most often compensated by leaf
application of liquid organic fertilizers. They increase yield but do not
solve the problems with soil fertility maintenance. Up to now in
Bulgaria there are no results published from investigations on the
changes of the fertility of Pellic Vertisol under organic growing of
cereals without organic fertilization, nor on the effect of such
changesongrainyield.

* e-mail: vilikoteva@yahoo.com
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Therefore our aim was to investigate the changes of the main
agro-chemical characteristics of this soil type after long-term organic
growing of cereal crops (wheat and barley) without organic
fertilization, as well as to determine their effect on the yield from
wheatand barley.

Material and methods

The investigation was carried out during 2004 - 2012 in a field
certified for organic agriculture which is maintained by the Institute of
Agriculture, Karnobat, on soil type Pellic Vertisol (FAQ). The crop
rotation scheme of the field was “pea-and-sunflower fodder mixture
— cereal crop”. Seventy percent of the cultivated cereals were
common wheat and fodder barley. The crops were not treated with
natural organic or mineral fertilizers. After harvesting, the biomass
accompanying the main produce was not removed from the field.

In the organic field, soil samples were taken from horizons A (0
—30cm)and aB (30 - 50 cm) in 2004, 2008 and 2012. The samples
were collected in July, after harvesting the crops. The following soil
parameters were determined in the samples: total humus (according
to Tyurin), pH in water (by potentiometer), mineral N (according to
Tyurin — Kononova), mobile P,O, (according to Egner-Rheem) and
available K,O (according to Milcheva in 2N HCI). Samples from the
same horizons taken during the same years from wheat and barley
crops grown in a conventional system on Pellic Vertisol and annually
fertilized with N,, were also analyzed. Yet another set of samples
were taken from soil under grass vegetation in a field boundary
where no cultivation has been applied during the last 50 years, i.e.
the area can be considered “virgin land”.

During the same period (2004 — 2012) the grain yields from
common wheat variety Miryana and barley variety Vesletz grown in
an organic field and under conventional technology in another field
trial on the same soil type were followed.



Results and discussion

Before certifying the organic field in 2004, in horizons Aand aB
(where most of the roots of the cereal crops develop), total humus
content was moderate, soil acidity was from slightly acid to neutral,
reserves of mineral N and mobile P,O, were low, and available K,0
was moderate (Koteva and Atanasova, 2007). The data from the
agro-chemical analyses of soil collected from the two horizons (A
and aB) after growing of cereal crops for four and eight years without
fertilizers did not show significant changes in the quantitative values
of the observed indices (Table 1). The indicated variation was close
to the variation of the respective index determined in our previous
investigations in conventional stationery trials (Koteva, 1993;
Kotevaetal., 1993; Slavov and Koteva, 1996; Koteva, 2012).

The relative stability of the available forms of the macro
elements during 2004 — 2012 is an evidence for the good natural
fertility of the leached Pellic Vertisol, the potential reserves of which
compensate for the nitrogen, phosphorus and potassium removed
with the production of the crops. It can be assumed that the
incorporation of straw creates conditions for maintenance of the

Table 1. Agro chemical characteristics of soil

organic matter and respectively of the humic condition of soil; that
the introduction of industrial mineral fertilizers with physiological or
chemical acid reaction is not a prerequisite for the relative stability of
the soil reaction; that the involvement of a pea-and-sunflower fodder
mixture in the crop rotation which leaves the field free as early as the
beginning of June, creates conditions for optimum subsequent soil
tillage which maintains good aeration and good hydro- and thermal
soil regime. They, on their part, favor the microbial activity in soil and
accelerate the mobilization processes in the transformations of
nutrients and elements, i.e. they fill in the reserves of available
nitrogen, phosphorus and potassium. Thus, after eight-year growing
the crops in the organic field without organic fertilization,
deterioration of soil fertility was not found in comparison to the initial
status with regard to the investigated agro-chemical indices.
However, there were significant differences between the
quantitative values of the agro-chemical parameters of soil in the
organic system of agriculture as compared to the soil in the
conventional system and the virgin soil (Table 2). The differences in
humus content were the highest. In the soil not subjected to
anthropogenic influence (virgin soil) total humus content was high

*Prior to certification of field (2004) On the 4" year (2008) On the 8" year (2012)
Soil parameters Horizon A Horizon aB Horizon A Horizon aB Horizon A Horizon aB
(0-30 cm) (30-50 cm) (0-30 cm) (30-50 cm) (0-30 cm) (30-50 c¢m)
Total humus, incl.:
Mean, % 2.18 1.29 2.29 1.19 2.18 1.24
Variation 2.26-2.08 1.39-1.04 2.24-2.00 1.49-1.00 2.28-2.03 1.55-1.01
pH in H,0, incl.
Mean 6.25 7.54 6.44 7.71 6.51 7.46
Variation 6.56-6.10 7.87-7.30 6.50-6.31 7.77-7.63 6.56-6.41 7.85-7.23
Mineral N, incl.:
Mean, mg/1000 g 223 15.3 294 17.8 29.7 196
Variation 39.0-12.7 16.2-13.3 38.0-18.7 26.2-15.3 45.0-20.7 29.2-21.3
Mobile P,0,, incl.
Mean, mg/100 g 55 2.6 58 2.9 54 3.1
Variation 8.6-4.9 40-19 7.2-4.9 7.0-3.9 6.9-4.0 4.0-2.1
Available K,O, incl.;
Mean, mg/00 g 256 209 238 209 283 18.2
30.3-20.1 24.6-15.0 38.0-20.1 21.3-19.0 36.3-19.1 20.6-16.7

Variation

* according to Koteva and Atanasova (2007)

Table 2. Agro chemical characteristics of the 30 cm horizon
of Pellic Vertisol formed under different systems of
agriculture, 2012.

Table 3. Grain yield from barley and wheat grown on Pellic
Vertisol under different systems of agriculture during
2004 - 2012.

, Systems System of Systems
Sol parameters Virgin Organic  Conventional crop agriculture Mean  Maximum  Minimum
soil system system

Total humus, % 4.31 2.18 213 Wheat Organic 2890 4100 2070
pH in H,0 6.61 6.51 6.73 Conventional 5180 8400 2950
Mineral N, mg/kg 48.3 29.7 34.4

Mobile P,O,, mg/100 g 14.9 54 74 Barley Organic 2850 3960 2150
Available K,0, mg/100g  39.6 28.3 324 Conventional 4920 8240 2550
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(4.31 %). It decreased almost twice under the conventional and
organic land usage, dropping to 2.13 % and 2.18 %, respectively.
The soil reaction remained from slightly acid to neutral, the
differences between the three variants being within the laboratory
error. The content of mineral nitrogen, mobile phosphorus and
available potassium in the soil of the organic system was
significantly lower in comparison to the soil of the conventional
system and the virgin land. In the first case the three elements
decreased by 14 %, 28 % and 13 %, and in the second — by 39 %, 64
% and 29 %, respectively.

The differences in the nitrogen, phosphorus and potassium
nutrition regime of the organic and conventional system had different
effect on grain yield (Table 3). The organically grown wheat, at lower
soil reserves of available nitrogen and phosphorus, produced yield
by 2290 kg/ha lower than the yield from the conventional system,
averaged for 8 years. In barley the difference between the two
systems was 2070 kg/ha. The analysis on yield also showed that in
meteorologically favorable years, wheat and barley in the organic
system gave about 4000 kg/ha of grain, while in unfavorable years
the yield was about 2000 kg/ha. Generally, it can be stated that under
the organic system wheat and barley reach about 56-58% of their
production potential expressed under the conventional system.

Conclusion

The organic growing of wheat and barley on soil type Pellic
Vertisol without soil organic fertilization occurred under conditions of
nitrogen and phosphorus deficiency and good potassium reserves.
After eight-year growing of the crops in the organic field without
organic fertilization, deterioration of soil fertility was not found in
comparison to the initial status with regard to the investigated agro-
chemical soil parameters. Wheat and barley grown in the organic
system without soil organic fertilization reached about 50 % of their
production potential expressed under the conventional system. The
determined quantities of total humus in soil under grass vegetation
and in soil subjected to anthropogenic influence in an organic and
conventional system of agriculture may be useful in developing
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promising programs for preserving the organic substance of the
Pellic Vertisol soil type.
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