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Abstract

Fertility and soil balance cannot be maintained without the presence of organic matter and the addition of new
quantities of plant residues or chemical and organic fertilizers, as plants extract significant amounts of nutrients
from the soil each year. Therefore, the application of manure can be considered a good source for increasing the
potential fertility of the soil. This study addresses on the fertilization with manure derived from cattle and sheep
farming activities on the typical chernozem soil from the Romanian Plain. The effects of using these organic
fertilizers are mainly observed in the behavior of nitrogen (N) and phosphorus (P) in the soil, as they are the main
nutrients that influence agricultural crop yields. Potassium (K) has a secondary role, but along with pH and other
macronutrients, it improves the physical and biological properties of the soil, as evidenced by the appearance and
formation of a positive humus balance and an improvement in the NPK content of the soil. Following the
application of manure over a period of more than five years, changes in the physical-chemical indicators are
observed, such as the bulk density of soil which decreases from 1.28 g/cm?® to 1.17 g/cm?®, or the humus that
increases from 2.07 % to 2.57 %, after five years of manure action.
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INTRODUCTION

Agriculture has a major impact on soil
nutrients worldwide. In some regions, soil
nutrients are depleted due to the low initial
soil fertility or excessive nutrient removal
through intensive land use compared to
nutrient additions [14].

Soil organic matter is an essential component
with multifunctional roles in soil quality and
is linked to many physical and biological
properties of the soil [19].

As a complex property of retaining,
transforming, and  providing  mineral
substances and water to plants, fertility is
related to the soil's openness to the external
energy flow. Kleinhempel advanced the idea

that fertility is the variation of entropy over
time as an inherent property of the soil [10].

The consumption of mineral substances from
the soil (N, P, K, Ca, Mg, etc.) and organic
matter with each harvest, needs to be
replenished to the soil through the application
of organic fertilizers (manure, compost) and
the incorporation of plant residues (straw,

corn stalks, sunflower, rapeseed, etc.),
complemented by chemical fertilizers [20,
18].

The balanced application of organic fertilizers
greatly influences the accumulation of organic
matter in the soil and the microbial activities
in the soil. The benefits of balanced
fertilization using crop residues, organic
manure, and green manure in maintaining soil
organic matter levels are well known [9].
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Manure is a byproduct of animal farming
activities and is considered an organic
fertilizer with high agrochemical and
agronomic value. Studies conducted by
researchers have shown that the application of
manure led to changes in soil elements, with
soil organic carbon reaching 17.7%, available
nitrogen at 16.0%, available phosphorus at
66.2%, and available potassium at 19.1% [16],
[12], [7] and [5].

The continuous application of organic manure
alone or in combination with NP fertilizer for
10 years led to a decrease in soil pH from 8.1
to 7.69 due to the formation of organic acids
during the decomposition of organic matter
[1].

Other studies on poultry manure have shown
that annual application of 10 tons of poultry
manure significantly increased the available
phosphorus and potassium content for plants,
inhibited alkaline phosphatase activity, and
resulted in the accumulation of a high level of
available phosphorus for plants [11].

The object of study is the typical chernozem
soil [8], used for the application of manure
and the observation of changes in its
properties compared to the same soil where
this fertilizer is not applied.

MATERIALS AND METHODS

The soil used in this exeperiment is located in
the Burnasului Plain, a subdivision of the

Romanian Plain, situated in southern
Romania, where an arid climate is
encountered, with average annual

precipitation of P = 400 - 450 mm and
average annual temperatures above 12°C.

The texture of this soil type is loamy-clayey,
with a humus content ranging from 1.95% to
2.36%, available phosphorus content of 1.56 -
1.82 mg/100g soil, exchangeable potassium of
16.1-16.9 mg/100g soil, and a slightly alkaline
reaction with a pH of 7.9 — 8.2, being included
in the 11l class of quality with 72 points of
bonitation out of a maximum of 100. [3]. The
parent rock is represented by loess and
loessoid deposits.

The manure applied to this type of soil comes
from cattle and the soil is tested with a dose of
40 t/ha every two - five years for agricultural
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crops. The applied agronomic practices
include autumn plowing to a depth of 18-20
cm with the incorporation of manure, then
sowing after disc harrowing at a depth of 12
cm, and maintenance work during the
growing season.

RESULTS AND DISCUSSIONS

The soil cover is one of the most important
natural resources and the main means of
production in agriculture, so it is crucial to
exploit this resource rationally, as it is
constantly subject to degradation due to the
export of nutrients by plants.

This degradation of soils occurs due to the
consumption and depletion of nutrients,
degradation of soil structure, acidification,
and suboptimal addition of organic and
chemical fertilizers to the soil. Such adverse
soil conditions can lead to poor soil quality
and crop yields [15].

Therefore, long-term addition of organic
matter, such as manure, improves crop yield,
water retention capacity, total porosity, and
reduces bulk density and surface crusting
[17].

Manure is a byproduct of cattle and other
animal farming, considered an organic
fertilizer that provides significant
contributions to the soil and falls into the
category of environmentally friendly organic
products [2].

The chemical composition of manure depends
on the maintenance practices of animals,
resulting in manure with bedding or without
bedding, which significantly differs in terms
of nutrient content and physico-mechanical
properties.

Manure from animals with bedding has a
lower nitrogen content by 33.3% in cattle (5.7
kg/t) compared to sheep where it is 9.4 kg/t.
Bedded cattle manure contains 3.8 kg/t of N,
while non-bedded cattle manure contains 2.9
kg/t of N, which is significantly lower than
sheep manure.

The P20s content also decreases in non-
bedded cattle manure where it is 2.9 kgf,
compared to bedded cattle manure where it is
4.1 Kkg/t. The KO content in manure
decreases by approximately 48% when
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bedding is used in animal housing compared
to manure from non-bedded housing. In cattle
manure, it decreases from 10.2 kg/t to 4.5

kg/t, while in sheep manure, there is a
difference of 6.7 kg/t in KxO content in
manure (Table 1).

Table 1. Analysis of nutrient content in organic manure, kg/t

The type of manure N (kg/t) P20s (kg/t) K20 (kg/t)
Cattle manure with bedding 5.7 4.1 10.2
Cattle manure without bedding 3.8 2.9 4.5
Sheep manure with bedding 94 4.4 17.8
Sheep manure without bedding 9.1 3.7 11.1

Source: Own determination.

From the research, it was found that organic
fertilization with manure contributed to the
improvement of soil supply with humus,
mobile  phosphorus, and exchangeable
potassium (Table 2).

After the first year of applying a quantity of
40 t/ha of manure, the soil's humus content

increased only slightly from 2.07% to 2.10%.
However, its effect was noticeable after three
years of action when the humus content
increased by 0.33% compared to the control
group from the year 2017, and after five years
of fertilization, it increased by 0.50%.

Table 2. Dynamics of humus content, mobile phosphorus (P), and exchangeable potasium (K) in the soil under the

influence of organic manure

Humus Increase Mobile Increase exchangeable | Increase
Fertilization type content (%) phosphorus (P) (mg/100g potassium (K) | (mg/100g
(%) (mg/100g sol) sol) (mg/100g sol) sol)
The year 2017
Unfertilized soil 2.07 - 1.85 - 16.5 -
(control)
Manure (40 t/ha) 2.10 - 1.53 - 16.2 -
The year 2019
Unfertilized  soil 1.95 - 0.13 1.96 0.11 16.8 0.3
(control)
Manure (40 t/ha) 2.40 0.33 2.54 1.04 20.2 3.7
The year 2021
Unfertilized soil 2.19 0.11 2.00 0.15 16.9 0.4
(control)
Manure (40 t/ha) 2.57 0.50 3.56 1.71 22.2 5.7

Source: Own determination.

Fertilization with manure at doses of 40 t/ha
and at different intervals led to an increase in
mobile phosphorus ranging from 0.11 to 1.71
mg/100g of soil over the five years of
fertilization, compared to the initial content in
2017, which was 1.85 mg/100g mobile
phosphorus (P) of soil. The mobile
phosphorus content increased from 1.85
mg/100g of soil in the unfertilized soil to 3.56
mg/100g of soil after five years of fertilization
with manure.

The values of exchangeable potassium (K)
increased in the fifth year of application, in
2021, by 5.7 mg/100g of soil, rising from 16.5

mg/100g of soil in 2017 to 22.2 mg/100g of
soil in 2021.

Fertilization with manure of the typical
chernozem, contributes to the formation of
structural elements with agronomic value.
Applying manure at a rate of 40 t/ha leads to a
reduction in the coarse fraction (>10 mm)
while increasing the structural formations by
over 10% in fractions with a diameter below
0.25 mm [13].

The content of fine clay, as well as physical
clay, remains constant when fertilizing with
manure. The loamy-sandy texture can be
considered very favorable as it provides
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normal conditions for the growth of cultivated
plants. However, the low hydrostability of
structural aggregates formed by soil work,
weak resistance to secondary compaction, and
high erosion risk are considered negative
aspects of this loamy-sandy structure.

The highest increase in humus, phosphorus,
and potassium compared to the unfertilized
control, is observed after 5 years of manure
application, with a 0.50% increase in humus,
1.71 mg/100g of soil increase in phosphorus,
and 5.7 mg/100g of soil increase in potassium.

Table 3. The influence of manure on the physical indicators of the typical chernozem

Bulk density Total porosity Penetration resistance (PR)

Fertilization type (g/cm?®) (%) at depth 0-30 cm (kgf/cm?®)
Unfertilized soil (control) 1.28 52.4 23.2
Manure applied at 3 years (40 t/ha) 1.20 53.6 19.9
Manure applied at 5 years (40 t/ha) 1.17 55.4 135

Source: Own determination.

The increase in organic matter content in the
variants fertilized with manure leads to a
decrease in the bulk density of soil from 1.28
g/cm? to 1.17 g/cm? after 5 years of applying
this fertilizer (Table 3). These changes have
resulted in an increase in pore space of up to
55.4%.

The value of soil penetration resistance (PR)
decreased by 9.7 kgF/cm?3, from values of 23.2
kgf/cm?® to values of 13.5 kgf/cm?, and the
total soil porosity (TP) improved by 3
percentage points, increasing from 52.4% to
55.4% after five years.

Correlation between total porosity (TP) and soil resistance to penetration
(PR)
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Fig. 1. Correlation between total porosity (%) and soil resistance to penetration (kgf/cm?®)

Source: Own determination.

The influence of manure fertilization has
demonstrated that it has a high fertilizing
effect on the soil, especially on its physical
and chemical properties.

As observed in Figure 1, penetration
resistance is inversely proportional to total
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porosity. At total porosity values of 52.4%,
the penetration resistance increases to
moderate values of 23.2 kgf/cm?. As the total
porosity increases to values of 55.4% after 5
years of manure application, the penetration
resistance decreases by 41.8%, reaching
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values of 13.5 kgf/cm?®, which are considered
low in this zone. This indicates a considerable
improvement in the physical properties of the
soil [6].

Table 4. Analysis of the influence of manure on production

Since organic materials in the soil have a low
apparent density and high porosity, adding
organic matter to the soil through the
incorporation of manure improves the
physical properties of the soil [4].

Variant Productions without fertilization (kg/ha)
Corn Wheat Peas
Unfertilized soil (control) 3,583.2 1,383.5 6,375.9
Fertilization type Increase in production (kg/ha)

Manure applied at 3 years (40 t/ha), increase in 1,361.3 626.4 2,038.2
production

Manure applied at 5 years (40 t/ha), increase in 1,220.9 543.6 1,901.7
production

Source: Own determination.

The average productions increase
significantly, following the application of
manure, for the corn crop it increases by
1,361.2 kg/ha, for wheat by 626.4 kg/ha and

for peas it increases by 2,038.2 kg/ha when it
is applied after 3 years (Table 4).

In the variants fertilized with manure with a
dose of 40 t/ha at 3 and 5 years, significantly
higher production increases were obtained.

Table 5. The increase in production under the conditions of application of 40 t/ha of manure

Fertilization type

Increase in production (%)

Corn Wheat Peas
Manure applied at 3 years (40 t/ha) 37.99 45.27 31.96
Manure applied at 5 years (40 t/ha) 34.07 39.29 29.82

Source: Own determination.

The biggest increase in production was
recorded when fertilizing with 40 t/ha of
manure once every two to three years, in the
pea crop, the increase being 31.96%. In the
wheat crop we have a significant increase of
45.27% and in the corn crop the production
increase is 37.99% (Table 5).

CONCLUSIONS

Manure is the most important and widespread
source of organic matter and nutrients for
restoring soil fertility in chernozem soils and
increasing agricultural crop productivity.

Applying manure for 5 years led to a positive
balance of humus in the chernozem soil and
an increase in the content of mobile forms of
phosphorus and potassium. The humus
content increased by 0.50% over the five
years analyzed, the mobile phosphorus

content increased by 1.71 mg/100 g of soil,
and the exchangeable potassium content
increased by more than 5.7 mg/100 g of soil.
The value of penetration resistance decreased
by 48%, and total porosity significantly
improved, reaching values of 55.4%,
increasing by 3%.

It is recommended to apply manure on
chernozem soils used for annual field crops at
a rate of 40 t/ha, at least once every 2 years,
but the greater effect is observed after at least
2 applications, after 3 years.

The increase in production after the
application of manure 40 t/ha, is between
31.96% for wheat and 45.27% for wheat,
which makes the best use of this fertilization.
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