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Abstract

Organic farming as a system of sustainable crop production with maintaining soil fertility has an increasing interest
because of its environmental benefits. Here we report changes of soil chemical indicators of virgin Meadow Chernozem
after 8-years and 36-years of organic farming in Central Ukraine. We evaluate the effect of biological fertilizers
application (manure, crop residues etc.) under reduced tillage (disking to 10-12 cm) on organic carbon and available
nutrients content in 0-10 and 15-25 cm soil layers. Long-term organic farming increased N-NO3s and N-NHy content in
a soil and contributed to solubilization of phosphorus compounds. The decrease of soil organic carbon by 27% was
found after 8-years of organic farming compared to initial content in topsoil; nevertheless biological fertilizers
application during 36-years led to gradual replenishment of the soil organic carbon pool.
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INTRODUCTION

Organic agriculture is a sustainable alternative
to conventional (chemical-based) agriculture
using environmentally friendly strategies such
as the application of biofertilizers and botanical
and microbial products as pesticides (Duran-
Lara et al., 2020). The global organic market is
constantly growing, and this issue is very
important for Ukraine as a well-known
agricultural country which has a great potential
in the production and consumption of organic
products (Chyhryn et al., 2017).

Organic farming management relies on
developing Dbiological diversity to disrupt
habitat for pest organisms, and the purposeful
maintenance and replenishment of soil fertility
as the main factor of high yields (Singh, 2021).
Soil fertility has always been a primary focus
and defining issue in organic agricultural
systems (Heckman et al., 2009). Soil fertility
management in organic farming needs a long-
term integrated approach rather than the more
short-term solutions to obtain a yield, which are
common in conventional agriculture (Watson et
al., 2002). The significant impact of long-term
practicing of organic agriculture on the status
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of various soil indicators was proved; organic
farming contributes to the conservation of
biological diversity (Singh, 2021) and
increasing nutrients in the soil (Skrylnyk et al.,
2019; Manjunatha et al., 2013) improves soil
physical properties (reducing bulk density and
increasing porosity and aeration) and chemical
properties decreasing acidity (Singh et al.,
2020).

Tillage has, and continues to be, widely used
for weed control on organic farms globally, in
spite of the deleterious impacts that tilling the
soil can have on its ecosystem services (Carr,
2017). Many scientists concluded that reduced
tillage, including No-till technology is a
suitable method for increasing indicators of soil
fertility in organic farming systems that may
enhance the ecosystem services delivered by
organic agriculture and make it more resilient
to the effects of climate change (Gadermaier et
al., 2012; Zikeli et al., 2017; Singh, 2021).
Organic agriculture with several advantages
over the conventional system such as
improvement of soil quality and crop quality,
can overcome the environmental consequences
of intensive farming (Abdelrahman et al.,
2020). However, the organic system also has



several limitations that must be addressed, and
proper management must be evaluated to
promote the organic production system.

Nutrient pools in organically farmed soils are
also essentially the same as in conventionally
managed soils but in the absence of regular
fertilizer inputs, nutrient reserves in less-
available pools will be of greater significance
(Shepherd et al., 2002). Organic production
systems rely more on the use of on-farm inputs
and less on external inputs, which reduce the
input cost (Verma et al., 2020). Maeder et al.
(2002) emphasized that enhanced soil fertility
and higher biodiversity found in organic plots
may render these systems less dependent on
external inputs. On organically farmed soils,
where the importation of materials to maintain
soil fertility is restricted, it is important to
achieve a balance between inputs and outputs

of nutrients to ensure both short term
productivity and long-term sustainability
(Watson et al., 2002).

Organic  farming systems provide the

opportunity to deliver more soil ecosystem
services than conventional practices. One such
service could be soil organic carbon (SOC)
accumulation (Blanco-Canqui, 2017). The Li
et al. (2018) study demonstrates that
fertilization strategies that include organic
manure can increase the pool of stable carbon
in the surface soil layer. Meanwhile, Hu et al.
(2018), did not detect consistent differences in
measured SOC between organically farmed
soils and those that are managed
conventionally, taking into consideration higher
estimated carbon inputs in organic versus
conventional systems. It has been shown that
soil management under organic farming can
enhance SOC, thereby mitigating atmospheric
greenhouse gas increases, but until now,
quantitative evaluations based on long-term
experiments are scarce (Novara et al., 2019).

MATERIALS AND METHODS

The field experiment was conducted at the
Private Enterprise «Agroecology» Shyshaky
district, Poltava region, Ukraine. Private
Enterprise «Agroecology» have been practicing
organic farming since 1982 and it is certified as
an organic farm in accordance with the
requirements of the standards of the EU
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Council Regulation («EC 834/2007», «EC
889/2008»). The climate of the region is
temperate continental with an accumulated
temperature of 2500-2900°C and annual
precipitation 480-536 mm. The soil - Meadow
Chernozem with pHkar 7.1, bulk density 1.05-
1.1 g/em?, and humus content 8.0% in topsoil
(0-20 cm). At the beginning of the field
experiment soil contained 11 mg/kg available
nitrogen (N-NHs4 + N-NO3), 47-52 mg/kg
available phosphorus (P20s) and 100-110
mg/kg potassium (K20). Crop rotation: winter
wheat sunflower siderates
(buckwheat+vetch, oats, wheat, alfalfa) - winter
wheat - maize for silage - barley+esparcet -
winter wheat. Crop rotations are designed with
regard to maintenance of fertility with a focus
on nutrient recycling. Reduced tillage was used
(on the depth 10-12 cm). An average of 15-20 t
ha! of cattle manure or compost manure was
applied annually. Soil samples were collected
after crop rotation from the 0-10 cm and 15-25
cm soil layers.

Organic carbon content was determined by the
Tyurin method. Humus content samples of 0.1
g of soil are taken from the samples and after a
dichromate oxidation K2Cr207 with 10 ml the
consumed oxidizer (oxidizing agent) is
determined by titration with
Fe(NH4)2(SO4)6H20 using phenylanthranilic
acid as an indicator.

Available nitrogen N (N-NHs + N-NO3) was
determined by modification of the method of
NSC ISSAR named after O.N. Sokolovsky:
nitrogen extraction from the soil using
potassium sulfate then nitrates determined
photometrically with disulfophenol acid, and
ammonium with Nessler's reagent. Available
phosphorus and potassium was determined by
the Chirikov method, extracting P20Os and K20
by 0.5M acetic acid with a ratio of soil to a
solution 1:25 followed by photometric
determination.  All  measurements  were
performed in triplicate.

The ions content in water extract from the soil
was determined by the following methods: ions
of carbonates and bicarbonates — by titration
with a solution of sulfuric acid to pH 8.3
(determination of carbonates) and pH 4.4
(determination of bicarbonates); chloride ions —
by argentometric method according to Mohr;
sulfate ion — by the volumetric method in the



indicator nitorochromazo;
calcium and magnesium ions by the
complexometric ~ method;  sodium  and
potassium ions — by flame photometric method.
The exchangeable cations content was
estimated by complexometric method.

Analysis of variance was performed using
Statistica 10 software.

presence of the

RESULTS AND DISCUSSIONS

SOC dynamics are regulated by the complex
interplay of climatic, edaphic and biotic
conditions. The data presented in Figure 1
indicate that C-accumulation in Meadow
Chernozem after long-term application of
organic fertilizers and siderats under reduced
tillage is greater in the 0-10 cm layer than in
the 15-25 cm layer. After 8-year organic
farming, Corg concentration decreased by 31%
in the 0-10 cm soil layer and by 24 % in the 15-
25 cm layer compared with the virgin soil.
Meanwhile, organic carbon content in soil after
36 years of organic farming decreased by 28%
and by 17% compared with the virgin soil in
the 0-10 cm and 15-25 cm layers, respectively.
SOC is considered as an integral parameter of
soil fertility and a source of information for the
diagnosis of soil degradation. Long-term
organic farming contributes to sustaining
organic carbon content in the soil at a fairly

high level (3.0-3.4%), but a slight decrease was
found compared with virgin soil.
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Figure 1. Corg content in the 0-10 cm and 15-25 cm
layers of Meadow Chernozem under organic farming

Soil pH or soil reaction is an indication that
plays a central role in many soil processes. Soil
pH is an important predictor of bacterial
community composition and diversity. Soil pH
influences chemical properties and biological
processes, including solubility, mobility, and
availability of nutrients and trace metals.
Results showed that organic farming during 36-
years led to acidification of soil reaction: pH
decreased by 0.4-0.5 units in 0-10 cm and by
1.5-1.7 units in 15-25 cm soil layer (Table 1).
At the same time, an increased availability of
nutrients in topsoil was observed.

Table 1. Effect of long-term organic farming on soil pH and available nutrients content
in the 0-10 and 15-25 c¢m layers of Meadow Chernozem

Soil Index
Agricultural system mg/kg
layer,cm | pHKCL N-NH, N-NO; .05 K0
.. . 0-10 5.7 12.0 1.8 67.8 144.6
No treatment (virgin soil) 1525 70 70 0.02 26.9 723
. . 0-10 5.3 18.6 14.4 77.3 93.4
8-year organic farming 15-25 5.5 8.1 6.1 73.9 81.3
. . 0-10 5.2 12.5 7.6 93.3 96.4
36-year organic farming 15-25 53 6.8 2.7 78.7 63.3
LSDy.0s 0.2 2.6 2.2 7.5 8.8

ILSD 0.05 - Least Significant Difference at p=0.05

Nitrogen is a major nutrient, essential for all
living organisms. Organic farming systems
significantly increased the content of available
nitrogen (N-NHs4 and N-NOs), especially in the
upper soil layer (0-10 cm). Long-term
application of organic fertilizers and siderats
under reduced tillage caused an accumulation
of significant amounts of nitrate nitrogen in
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Meadow Chernozem. Siderats catch crops
promote the sustainability of organic farming
by nutrient uptake and transfer to the following
main crops. This effect efficiently reduces the
risk of nitrate leaching. Our results show that
soil under 8-year organic farming is
characterized by high NHs-N content,
especially at a depth of 0-10 cm. But after 36



years of organic farming available N (N-NH4 +
N-NOs) were greatly reduced by 32-55% with
the 8 years of organic farming. The application
of organic farming during 36 years led to NHa-
N increasing at a depth 0-10 cm by 0.5-
6.6 mg/kg compared with the virgin soil, and at
a depth 15-25 cm by 1.1 mg/kg. This may be
attributed to the direct addition of these
nutrients with organic fertilizers. The improved
nitrogen status in the soil following organic
fertilization can be explained by the high
adsorption capacity of N and increased
microbial activity that might have accelerated
of mineralization during the growing season
(Rutting et al.,, 2018). Biological nitrogen
fixation by legume catch crops is an additional
benefit in organic farming.

Phosphorus is the second most limiting nutrient
in crop production. Phosphorus is abundant in
soil however, the concentration of plant
available P in the soil is generally low (Dhillon
et al., 2017). The application of manure and
compost with siderats under reduced tillage
during 36 years led to accumulation of
available phosphorus in the soil, presumably by
increased the mineralization of organic P by
microbial action. The highest P2Os content (77
and 93 mg/kg) were observed in the 0-10 cm
soil layer after 8 and 36-years organic farming
respectively. While, the highest accumulation
of P20s compared to virgin soil was found in
the 15-25 cm layer, which is 2.7 times higher
than in the same layer of virgin soil.

Potassium is an essential cation in all
organisms that influences crop production and
ecosystem stability (Srivastava et al., 2020).
Available potassium loss in Meadow
Chernozem was observed under long-term

organic farming. It was found that K2O content
in 0-10 cm soil layer is by 50 mg/kg' less
compared to the virgin soil. Even annual
application of organic fertilizers (cattle manure
or compost manure) during 36 years led to K20
loss form Meadow Chernozem compared to the
virgin soil.

Exchangeable calcium cations (Ca?)
predominated in the studied soil samples: it
ranged from 81.4 to 85% of the total cation
content (Table 2). The content of Ca**, which is
essential for the structure of the soil and affects
the humus accumulation, decreased after
transition of virgin soil into arable one under
organic farming. On plots of 36-years of
organic farming and without treatment, the
0-10 soil layer is depleted in Ca*" compared to
15-25 cm. On a plot that have been engaged in
organic farming just for 8 years, this
relationship is inverse — the lower soil layer,
the less content of exchangeable calcium
cations (Ca’®" in 15-25 cm soil layer was by
8.6 % less than in the 0-10 cm layer). For
magnesium (Mg?", this difference was even
bigger and amounted up to 29.7 %. Total
content of exchangeable Ca®" and Mg?" was the
greatest in virgin soil, meanwhile on plot of 8-
years of organic farming the sum of
exchangeable cations was approximately in 2
times less 15-25 cm layer than in virgin soil.
The use of land in agricultural production
increases the sodium (Na") content in the
0-10 cm layer by 0.9-1.5 mmol/kg soil, which
is not a significant change. In general, the
content and composition of exchangeable
cations is most favorable in the soil under
36-years of organic farming.

Table 2. Effect of long-term organic farming on exchangeable cations in the 0-10 and 15-25 cm layers
of Meadow Chernozem

Agricultural Depth of Content in soil, mmol kg!

system sarrg;llmg, Ca** Mg ** Na* K* Y cations
No treatment 0-10 203.7 30.3 0.9 4.6 239.5
(virgin soil) 15-25 3315 65.5 1.1 2.6 400.7

8-years of 0-10 184.2 323 24 35 222.4

organic

farming 15-25 168.3 22.7 1.1 33 195.4
36-years of 0-10 198.7 39.6 1.8 3.8 243.9

organic

farming 15-25 228.9 32.8 2.4 2.9 267.0

LSDo.0s 8.2 24 0.5 1.5

'LSD 0.05 - Least Significant Difference at p=0.05
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For Meadow Chernozems the salt composition
is of great importance, since they are formed
with the participation of groundwater, which
can have different degrees of mineralization.
The examined soil samples contained small

quantities of water-soluble salts. In virgin soil,
salts presented by bicarbonates and chlorides of
calcium and magnesium, mainly in the 15-25
cm layer (Table 3).

Table 3. Effect of long-term organic farming on salt composition in the 0-10 and 15-25 cm layers
of Meadow Chernozem

. Depth of Content in water solution, meq/kg
Agricultural samplin n Se
system ping,| prinao HCO5 Cr SO Ca?" Mg?* Na* K* c
cm cations
No 0-10 6.7 2.8 1.1 1.4 3.5 1.3 0.3 0.2 5.3
reament | ysos | g1 | 75 1.5 0.9 5.7 3.5 0.6 0.1 | 99
(virgin soil)
8—yearsA of 0-10 6.4 1.5 1.1 2.8 2.4 1.6 1.2 0.2 5.4
organic
farming 15-25 6.6 1.8 0.4 1.8 1.9 1.4 0.5 0.2 4.0
36-yearsof | (.10 6.4 2.0 0.4 2.6 2.6 1.4 0.8 0.2 5.0
organic
farming 15-25 6.7 2.3 0.9 1.2 1.9 1.4 1.0 0.1 44
LSDo.0s 0.7 0.4 0.8 1.0 0.3 0.2 0.1

'LSD 0.05 - Least Significant Difference at p=0.05

As a result of long-term organic farming the
content of bicarbonates and chlorides decreased
by 28.6-46.4% (0-10 cm) and by 69.3-79% (in
15-25 cm) compared to the virgin soil. At the
same time, the content of sulfate anions (SO4%)
increased by 2 times, amounting up to 2.6-2.8
meqg/kg (0-10 cm) and 1.2-1.8 meq/kg (15-25
cm). The content of the calcium cation (Ca?*) in
the soil solution decreased by 25.7-31.4 % in
the upper layer and especially strongly in the
lower layer (by 66.7%).

CONCLUSIONS

Findings indicate that transition from virgin
soil to arable soil with following long-term
organic farming with annual application of
organic inputs, using siderats and reduced
tillage results in significant change of soil
chemical indicators, which are critical for long-

term fertility maintenance. After 36-year
organic farming soil agrochemical
characteristics changed as follows: pH

decreased by 1.05 units, available nitrogen (N-
NHs + N-NOs) increased by 4.4 mg/kg,
available phosphorus (P20s) increased by 38.7
mg/kg, meanwhile potassium decreased by
28.6 mg/kg. While Meadow Chernozem under
long-term organic farming has larger pools of
nutrients compared with the virgin soil, but
SOC loss was observed after the transition of

virgin soil to arable one with a positive trend of
organic carbon accumulation according to the
term of organic farming.

The involving of soil into organic farming
agricultural system leads to a change in content
of exchangeable bases in Meadow Chernozem.
The content of exchangeable cations, except
Na", tends to decrease under long-term organic
farming. Organic farming did not induce
accumulation of salt in the soil arable layer, but
a significant decrease of water-soluble Ca>" and
simultaneous increase Na" were observed. The
composition of the salts of Meadow
Chernozem is bicarbonates and chlorides of
calcium and magnesium, which has low
toxicity to plants. Nevertheless, a necessary
measure to preserve soil fertility during the
agricultural use of Meadow Chernozem is a
regular monitoring of the salts content and
absorbed cations.

REFERENCES

Abdelrahman, H., Cocozza, C., Olk, D.C. (2020).
Changes in Labile Fractions of Soil Organic Matter
During the Conversion to Organic Farming. Journal
of Soil Science and Plant Nutrition, 20, 1019—1028.

Blanco-Canqui, H., Francis, C.A., Galusha, T.D. (2017).
Does organic farming accumulate carbon in deeper
soil profiles in the long term? Geoderma, 288, 213—
221.

143



Carr, P.M. (2017). Guest editorial: conservation tillage
for organic farming. Agriculture, 7(3), 19-24.

Chyhryn, O.Y., Iskakov, A.A., Treus, A.A. (2017).
Organic Agriculture as a Perspective Branch of
Ukrainian Economy. Mechanism of Economic
Regulation, 3, 16-25.

Dhillon, J., Torres, G., Driver, E., Figueiredo, B. (2017).
World Phosphorus Use Effi ciency in Cereal Crops.
Raun Agronomy Journal, 109, 4.

Duran-Lara, E.F., Valderrama, A., Marican, A. (2020).
Natural Organic Compounds for Application in
Organic Farming. Agriculture, 10(2). 41.

Gadermaier, F., Berner, A., FlieBbach, A. et al. (2012).
Impact of reduced tillage on soil organic carbon and
nutrient budgets under organic farming. Renewable
Agriculture and Food Systems, 27(1), 68—80.

Heckman, J.R., Weil, R., Magdoff, F. (2009). Practical
steps to soil fertility for organic agriculture. In
Organic Farming: The Ecological System; Francis,
C., Ed.; American Soc. Agron., Inc.: Madison, WI,
USA, 33.

Hu, T., Sorensen, P., Olesen, J.E. (2018). Soil carbon
varies between different organic and conventional
management schemes in arable agriculture. European
Journal of Agronomy, 94. 79—88.

Li, J., Wen, Y., Li, X., Li, Y. (2018). Soil labile organic
carbon fractions and soil organic carbon stocks as
affected by long-term organic and mineral
fertilization regimes in the North China Plain. Soil
and Tillage Research, 175.281-290.

Maeder, P., Fliessbach, A., Dubois, D., Gunst, L. (2002).
Soil fertility and biodiversity in organic farming.
Science, 296. 1694—1697.

Manjunatha, G.R., Ashalatha, K.V., Vishwajith, K.P.,
Patil, K.R. (2013). Effect of organic farming on
organic carbon and NPK status of soil in Northern
Karnataka, India. Journal of Crop and Weed, 9(1),
79-82.

Novara, A., Pulido, M., Rodrigo-Comino, J. et al. (2019).
Long-term organic farming on a citrus plantation
results in soil organic carbon recovery. Cuadernos de
Investigacion Geogrdfica, 45(1),271-286.

144

Rutting, T., Aronsson, H., Delin, S. (2018). Efficient use
of nitrogen in agriculture. Nutrient Cycling in
Agroecosystems, 4, 1-5.

Shepherd, M.A.,  Harrison, R., Webb,J.  (2002).
Managing soil organic matter - implications for soil
structure on organic farms. Soil Use and
Management, 18. 284—292.

Singh, M. (2021). Organic Farming for Sustainable
Agriculture. Indian Journal of Organic Farming,
1(1), 1-8.

Singh, T.B., Ali, A., Prasad, M., Yadav, A. et al. (2020).
Role of organic fertilizers in improving soil fertility.
In: Nacem M., Ansari A., Gill S. (eds) Contaminants
in Agriculture. Springer, Cham.

Skrylnyk, Ie.V., Kutova, A.M., Hetmanenko, V.A.,
Artemieva, K.S., Nikonenko, V.M. (2019). Influence
of fertilizers application systems on soil organic
matter and agrochemical characteristics of the
chernozem typical. Agrochemistry and Soil Science,
88.74-78.

Srivastava, A.K., Shankar, A., Chandran, A.K.N.,
Sharma, M., Jung, K.H., Suprasanna, P., Pandey,
G.K. (2020). Emerging concepts of potassium
homeostasis in plants. Journal of Experimental
Botany, 71. 608—619.

Verma, B.C., Pramanik, P., Bhaduri, D. (2020). Organic
Fertilizers for Sustainable Soil and Environmental
Management. In Nutrient Dynamics for Sustainable

Crop  Production. (pp. 289-313). Springer,
Singapore.
Watson, C.A., Atkinson, D., Gosling, P., Jackson,

L.R., Rayns, F.W. (2002). Managing soil fertility in
organic farming systems. Soil Use and Management,
18.239-247.

Watson, C.A., Bengtsson, H., Ebbesvik, M., Loes, A.K.
et al. (2002). A review of farm-scale nutrient budgets
for organic farms as a tool for management of soil
fertility. Soil Use and Management, 18. 264—273.

Zikeli, S., Gruber, S. (2017). Reduced Tillage and No-
Till in Organic Farming Systems, Germany-Status
Quo, Potentials and Challenges. Agriculture, 7(4), 35.



