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Abstract: The key to soil organic matter management is understanding the transformation processes
of fresh organic matter to permanent humus that control soil organic carbon dynamics. This paper
presents the results of the effect of long-term soil fertilization with increasing doses of (manure)
FYM and ammonium nitrate on the composition of humus compounds not limed of loamy sand.
The study showed that both crop rotation and manure fertilization significantly affected organic
matter fractions and humus humification index. The soil in crop rotation B (with enriching effect)
accumulated significantly larger amounts of soil organic carbon in 0–30 cm layer despite a lower
soil pH, but had lower soil organic quality compared to the soil in crop rotation A (with depleting
effect). In both rotations, FYM was applied once per 4-year rotation at a dose of 40 t·ha−1 which
improved the soil organic carbon content. Depleting crop rotation (A) showed no increase in soil
accumulation of humins fractions (H), while the “enriching” crop rotation (B) had such a tendency.
Mineral nitrogen fertilization significantly affected the composition of the humic acids fraction. The
soil in crop rotation B was characterized by a significantly higher content of fulvic acid (FA) and lower
of humins (H) carbon fraction. The large input of organic matter into the soil under lower content
pH conditions may hinder its transformation into permanent humus. Changes in the humification
index were the consequence of changes in the carbon content of humic and fulvic acids, under the
influence of plant selection in crop rotation and manure fertilization. According to the criterion of
this parameter, soil in crop rotation A and soil fertilized with manure had lower loss of the more
labile FA fraction (lower value of humification index—1.48).

Keywords: soil acidification; soil organic carbon; quality of soil organic matter; humic substances

1. Introduction

Humic substances (HS) represent approximately 40–60% of the soil organic matter
(SOM) and include three different fractions defined according to their solubility in water at
various pH as: humic acids (HA), fulvic acids (FA) and humins (H). Due to the complexity
of SOM compounds, the relationship between its characteristics and agricultural practices
is poorly understood [1,2]. These substances affect soil fertility and plant growth due to
high cation sorption, oxygen content, and water content [3]. The depletion of soil organic
matter reserves may lead, on the one hand, to disruption of basic soil functions and, on
the other hand, to a significant decrease in soil fertility, and consequently to lower yields
of crops [4]. This problem is particularly important and current for Polish soils, which
are mostly light and acidified. In order to increase the accumulation of organic matter
in the soil, various agro-technical practices are recommended. One of the more effective
practices is the return to the use of crop rotations. The selection of different plant species
in a specific cropping system also affect in different decomposition dynamics of the plant
residues left in the soil, due to the different chemical composition, i.e., C:N ratio or lignin
content. The dominant groups of cultivated plant species affect humus gain or loss in the
soil through their specific root system (root mass, root deposits in the soil) as well as their
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specific requirements for tillage [5]. One of the crop rotation can be classified as enriching
(grass-clover mixtures, legumes in pure sowing) and depleting (cereals, root crops) the
soil of organic matter. Crop rotation may also influence the rate of N mineralization or the
conversion of organic to mineral N by modifying of soil moisture, soil temperature, pH,
plant residue, and tillage practices. There is no doubts that manure is also a valuable source
of nutrients and at the same time influences humus reproduction [5,6].

The advantage of farmyard manure (FYM) is primarily efficient and low-loss nutri-
ent recycling and secondarily contributes to humus preservation. It also plays the most
important role in maintaining soil fertility and ensuring long-term stability of humic sub-
stances [7]. Numerous long term field experiments have demonstrated that many years
of fertilization, especially the application of manure alone or in combination with mineral
fertilizers, increases the SOM and humic substances content [8–10]. However, there are
discrepancies in the views of scientists who are concerned with the effects of manure on
organic carbon content in soils as well as the effects of manure on humus compounds [11].
The literature confirms an increase of the organic carbon content in soil fertilized with high
doses of manure (>40 t·ha−1) once every 3–4 years, but does not indicate which fractions
of humic substances were responsible for this increase [12,13]. According to Łabza [14]
70–90% of organic matter from manure undergoes mineralization in the soil, so manure
has no significant impact on the organic matter content of the soil. However, Łabętowicz
et al. [15] proved in long-term research that the content of organic matter in the soil after
regular application of manure at a dose of 30 t·ha−1 increased by 60% in comparison with
the soil, where no manure was applied. Łakomiec [16] showed that, manure fertilization
has a significant effect on the organic matter content of the entire soil profile. Manure rates
of 20 t·ha−1 mainly increase the content of FA in the soil, while higher rates increase the
content of and FA. Lower manure rates of amounted 20 t·ha−1 increase mainly the content
of fulvic acids in the soil, while higher rates above 20 t·ha−1 increase in the content of humic
and fulvic acids. Similar discrepancies also apply to the effect of liming on the increase of
humus content in soil as well as on stable humus fractions. Calcium carbonate is thought to
promote the accumulation of humic substances in the soil, especially the persistent humin
fraction. Other researchers indicate that manure and crop residues decompose more rapidly
in limed soils, because this treatment accelerates the mineralization process [11,17]. There
is also a view that long-term soil acidification can decrease organic carbon content and
worsen the soil organic matter quality [18,19]. One way to mitigate of soil acidity is to apply
of manure, which increases the buffering capacity of light soils. Green manures are also a
significant source of carbon. Very important is also Sowing the plants is very important in
playing the role of green manure because it has the same effect as liming the soil, i.e., the so
called “liming effect”. This is very important for agricultural management of acidic soils
and mitigation of acidifying side effects of nitrogen fertilization [20–22].

The aim of the study was to evaluate changes in the content of soil organic carbon and
humic substances in 0–30 cm top layer of not limed soil after long-term mineral nitrogen
fertilization and manure application in two 4-years crop rotations with different amounts of
inflowing organic matter. In this work, different fractions of soil organic matter were used
instead of total soil organic carbon (SOC) as sensitive indicators of changes in soil quality,
due to the many important interactions of these components in the soil [16,23]. The degree
of humification of soil organic matter, HA/FA ratio, together with the contributions of the
particular fractions of humic substances, were determined using the Schnitzer method [24].
The same soil type (a loamy sand) without the use of manure and mineral nitrogen was
used in presented experiment as a reference (control).

2. Materials and Methods
2.1. Study Area Location

The study was based on a three-factor long-term field experiment, which has been es-
tablished in 1980 at the Grabow Experimental Station (Lat: 51◦21′08′ ′ N; Long: 21◦40′08′ ′ E),
belonging to the Institute of Soil Science & Plant Cultivation in Puławy, Poland. The soil
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was classified as an Albic Luvisol (WRB, 2014) [25]. and has the loamy sand texture (70%
sand, 25% silt, 5% clay). The climate at the site is temperate with a the mean annual rainfall
on the level of 560 mm and the mean annual air temperature 7.8 ◦C (based on 36-year
climatic data collected from 1980 to 2016). This climate is considered as Dfb i.e. warm
humid continental climate, according to the Köppen-Geiger climate classification

2.2. Study Area

The experiment includes two 4-year crop rotations: crop rotation A (that depletes
the soil in organic matter) which were cultivated grain maize (Zea mays), winter wheat
(Triticum aestivum), spring barley (Hordeum vulgare) and silage maize, and crop rotation
B (that enriches the soil in organic matter) with the cultivation of: maize (Zea mays), winter
wheat (Triticum aestivum) plus mustard (Sinapis alba), spring barley (Hordeum vulgare)
(with undersown grass–clover) and grass–clover mixture (Festuca pratensis Huds and
Trifolium pratense ). Until 2008 potatoes were grown in both crop rotations, which were
then replaced by grain maize in view of the rapid expansion of grain maize in Poland.
Barley, maize and wheat straw were removed from the field in both crop rotations. Mustard
for use as green manure was sown in the third week of August, shortly after disk harrowing
of winter wheat stubble. At the beginning of November green mustard biomass was disked
and about two weeks later incorporated into the soil by ploughing. The seeds of grass–
clover mixture were sown between 1 and 15 April. in an amount of 12 kg of red clover and
14 kg of meadow fescue per hectare. The grass–clover sward was harvested in three to four
cuts per year and removed from the field. Grass clover mixture was disked and ploughed
down in the autumn. Within each crop rotation, application rates of manure (FYM) and
inorganic N fertilizer were varied in a split-plot design replicated in four blocks per field.
Five FYM rates were assigned to main plots, starting in autumn 1979. The manure was
applied in both crop rotations once per 4-year cycle, in the autumn preceding potatoes
(grain maize), at rates: 0, 20, 40, 60 and 80 Mg ha−1. FYM composition was measured in
2015 (fresh wt. basis) and on average, FYM reaction amounted 8.4. It contained [kg·t−1

(fresh wt. basis)]: 5.4 (N), 3.5 (P2O5) and 5.8 (K2O), as well as 245 kg·t−1 of dry matter.
In 1988 N fertilizer rates were introduced as a third orthogonal factor adjusted to the
nutritional requirements of cultivated plants (No, N1, N2, N3). Doses N2 and N3 were
a multiples of N1 dose. Each crop was supplied with four rates of nitrogen fertilization
and the doses of phosphorus and potassium fertilizers were in accordance with Table 1.
Nitrogen was applied as ammonium nitrate (34% N), P as triple superphosphate (45%
P2O5) and K as potassium chloride (60% K2O).

Table 1. Mineral fertilization for crop rotation A and B.

Crop Rotation Crops
Mineral Fertilization [kg·ha−1]

N0 N1 N2 N3 P K

A

Grain maize 0 50 100 150 24 133

Winter wheat 0 50 100 150 24 83

Spring barley 0 30 60 90 24 71

Maize for silage 0 50 100 150 24 100

B

Grain maize 0 50 100 150 24 133

Winter wheat 0 50 100 150 24 83

Spring barley 0 30 60 90 24 71

Clover—grass mixture 0 50 100 150 24 96

In this experiment conventional soil tillage system was used, with disking to cut the
stubble and bury it shallowly prior to mouldboard ploughing to the depth of 30 cm. In this
long-term experiment liming the soil was never used. The “liming effect” was achieved
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with different rates of manure. Four rates of mineral nitrogen were assigned to smaller
plots marked out within the each main plot, with the same FYM rate. Each plot had a total
area 8 × 5 m, or 6.25 × 4 m for net harvesting.

2.3. Soil Sampling and Methods of Staistical Analysis

In both crop rotations, plant residues were harvested from the field and no limed soil
was applied to the soil. At 4-year intervals (after each crop rotation) soil samples were
collected at the end of the growing season just before ploughing (September−October) from
0−30 cm of the soil layer. Properties of the soil were selected—pH (pH in the suspension
KCl (mol·dm−3) PN-ISO 10390:199—and the content of SOC by the Tyurin method (PB
021-wyd.IV.28.08.2020) was performed by the certified chemical laboratory of the Institute
of Soil Science and Plant Cultivation in Puławy, Poland, and also detailed soil organic
quality tests like the fractionation of organic matter by the Schnitzer method [24] were
also performed.

Humic acids were extracted from the soil under study according to the method of
Schnitzer to obtain humins (H), humic acid (HA), and fulvic acid (FA) fractions. The
separation of the differing properties of three categories of humic substances: humic acids,
fulvic acids and humin, is the result of the analytical procedure for their fractionation,
based on the criterion of their solubility in selective solvents: in acids and alkali. The
carbon contents in soil extracts (individual fractions) was determined using the automated
N/C analyzer (Multi N/C 3100, Analytik Jena; Jena, Germany). Based on the obtained
results, the percentage share of individual fractions in the total pool of organic carbon
was calculated. The carbon of the humin fraction calculated from the difference between
organic carbon and the sum of marked factions. The content of organic carbon of separated
fractions was calculated as follow:

CD-carbon in extracts after soil decalcification with 0.025 M HCl (extraction for 24 h
at room temperature)HA + FA-carbon of the sum of humic and fulvic acids in extracts
obtained with 0.5 M

NaOH (extraction for 24 hours at room temperature);
FA-carbon of fulvic acids in solutions after precipitation of humic acids with 6 M HCl
to pH = 2) (extraction for 24 hours at room temperature)
HA - carbon of humic acids calculated from the difference:
HA = HA + FA − FA
H = 100 − (HA + FA + CD)
The solutions of each fraction are separated from the soil by centrifugation.
The fractional composition was expressed as the percentage share of respective fraction

in the total organic carbon pool. The fractional composition was expressed as the percentage
share of respective fraction in the total pool of soil organic carbon (SOC). The ratio HA/FA
ratio (indicator of the soil organic matter quality) and the degree of humification (DH)
index (DH= (HA + FA)/H) were also calculated. For the purpose of this study in 2016 soil
samples were collected from two crop rotations neighboring fields on which maize for silage
(rotation A) and grass-clover mixture (rotation B) were grown according to conventional
crop management system. This paper presents the results of the analysis of the properties of
loamy soil fertilized with the rates: 0 (N0) 100 (N100) and 150 (N150) kg·ha−1 of inorganic
nitrogen and: 0 (M0), 20 (M20), and 40 (M40) t·ha−1 of FYM (doses of manure oscillating
within the norms of the Council Directive 91/676/EEC of 12 December 1991) [26].

The data were subjected to the 3 way analysis of variance (ANOVA) to compare
crop rotations, FYM rates, and N levels and all possible interactions, with significance
of differences assessed by Tukey’s Honestly Significant Difference at p ≤ 0.05, using the
FR-ANALWAR 5.2 (Rudnicki, Bydgoszcz, Poland) software based on Microsoft Excel.
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3. Results and Discussion
3.1. Soil Organic Carbon Content and Soil pH

The results of the statistical analysis showed that the factors significantly influenced
on soil organic carbon content were crop rotation, manure and inorganic N fertilization.
The significant interaction of crop rotation and mineral nitrogen fertilization as well as the
significant interaction of manure and mineral nitrogen fertilization on soil carbon content
were confirmed (Figure 1, Table S1). In the described experiment, the selection of plant
species for crop rotation was recognized as crucial for this parameter. The soil in crop
rotation B accumulated significantly larger amounts of soil organic carbon in 0–30 cm
layer despite of the lower soil pH (Figure 2, Table S2). This confirms the opinion of many
scientists that organic matter origins from manure ploughed once per 4 years into a light
soil has a smaller contribution in increase of soil organic carbon, compared to organic
matter that is left annually by crops [4,5,8]. The depleting crop rotation—consisting of
grain maize, winter wheat, spring barley and silage maize—accumulated 0.60% (overall
mean) of soil organic carbon, while crop rotation enrichment of SOM—consisting of grain
maize, winter wheat plus mustard, spring barley (with under sown grass–clover and grass–
clover mixture)—accumulated markedly larger soil organic carbon (overall mean 0.82%).
Averaged across all the treatments, the content of organic carbon in rotation B was almost
36% higher than that in crop rotation A (Figure 1). There was also an increase in soil organic
carbon with increasing of manure application rates. The soils of the variants with 20 and
40 t· ha−1 of manure contained more carbon than the soils from the control treatments
(without manure) in both of crop rotation. A similar trend occurred after increasing the
doses of mineral nitrogen.
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Figure 1. Soil organic carbon (SOC) contents in in the topsoil layer (0–30 cm) as influenced by crop
rotation (I), manure application (II) and inorganic N rate (III) in the long-term field experiment at
Grabow, Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.023, II = 0.016,
III = 0.015, Interactions: II/I = n.s., I/II = n.s., III/I = 0.021, I/III = 0.027, III/II = 0.025,II/III = 0.026.
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Figure 2. Soil pH (KCl) contents in in the topsoil layer (0–30 cm) as influenced by crop rotation (I),
manure application (II) and inorganic N rate (III) in the long-term field experiment at Grabow, Poland.
Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.076, II = 0.135, III = n.s.,
II/I = 0.191, I/II = 0.172, III/I = 0.075, I/III = 0.094, III/II = 0.092, II/III = 0.155.

In crop rotation A the unamended soil (N-0, no FYM) contained the lowest amount of
SOC (0.51%), while the highest content (0.64%) was found in the soil fertilized with N-150
and 20 tha−1 of FYM. In crop rotation B the corresponding values of SOC were 0.73% and
0.88%, respectively. In addition, in both crop rotations and at all N rates soil fertilized with
40 t ha−1 of FYM showed significantly higher SOC content compared to the untreated soil.
The positive influence of organic fertilizers on soil fertility has been demonstrated in the
papers of many researchers [27–31]. Under properly constructed crop rotation and with
use of FYM, but without using mineral fertilizers, natural mechanisms that maintain high
soil fertility also should be stimulated [32]. In this study the soil fertilized with 0 t·ha−1

of FYM and with mineral nitrogen in doses 100 and 150 kg·ha−1 in crop rotation B was
richer in SOC by 42%, on average, in N rates, than the soil in crop rotation A without
applying of manure. The scientific literature indicates, however, that exclusive mineral
fertilization can stabilize the organic carbon content in the soil, as well as can prevent
decrease or even increase its content [28]. When manure was used in a doses 40 t·ha−1 with
150 kg N·ha−1 the accumulation of the maximum amounts of SOC in both crop rotation
was found (Figure 1). The results confirmed that including legumes in mixture with grass
and mustard into crop rotation might provide an effective method to preserve the optimal
level of humus. However, in the majority of conducted long-term experiments, an increase
was recorded in the total organic carbon content on soils fertilized with manure combined
with N mineral [7,33]. In the presented research, the effect of crop rotation had a larger
impact on organic carbon accumulation in soil than the manure applications. Those results
could be explained by the fact that the mixture of clover with grasses results in a greater
amount of humus accumulation in soil compared with manure application. Moreover,
carbon from manure is more prone to undergo mineralization. Numerous papers indicate
that the combined application of manure and mineral nitrogen fertilizers enhances the
mineralization process of humus [34–36]. However, there exists a strong consensus in the
literature that mineral nitrogen has beneficial effect on humus stabilization [28,37]. In this
study, the significant effect of mineral nitrogen fertilization was proven. These results are
also in accordance with the general knowledge that soil organic carbon changes slowly
in response to various agricultural practices such as crop rotation, manuring or mineral
fertilization [38–40].
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Scientific studies showed that soil liming has a beneficial effect on soil organic carbon
accumulation [18,29,40]. In contrast, intensive mineral fertilization and a lack of liming
caused a decrease in soil pH [4,7,41] and consequently a decrease in soil organic carbon
content. In our study, the soil was not limed. The role of pH regulating of light soil is
fulfilled only by manure [8,33]. After nearly forty years of research, the soil in crop rotation
A was characterized by a significantly higher pH compared to crop rotation B, irrespective
of the dose of manure and mineral nitrogen applied (Figure 2). The average pH of soil not
fertilized with manure was 5.6. After the application of manure the pH was 6.1. In crop
rotation B, despite of the applied manure, the soil reaction was lower. In treatments without
this fertilizer, the average pH was 5.5, while after the application of farmyard manure at
the doses of 20 and 40 t· ha−1, it oscillated around 5.6. The different pH of soil was mainly
determined by the quality of soil organic matter [19].

3.2. Humic Substance Characterization

Simply storing of organic carbon in the soil does not guarantee the stability and good
quality of organic matter. Soil organic matter consists of a light fraction, not bound to min-
eral colloids (labile fraction), the fraction bound to soil aggregates, and a fraction strongly
bound to mineral particles, which determines its quality and stability [37,41–45]. From a
chemical point of view, the quality of organic matter is determined by the composition
of humic substances, i.e., the share of fractions of HA, FA and H in the total pool of or-
ganic carbon and HA/FA ratio [23,28]. The contents of humic substances are directly and
indirectly determined by physical, chemical, biological, and environmental properties of
soil [1,3]. The properties of soil organic matter were evaluated on the basis of its fractional
composition. Figures 3–6 and Table S1 shows the groups of humus composition after almost
40 years of the experiment with manure and mineral N application. The research results
showed that the composition of the organic matter fractions (%) was modified both by
crop rotation (the selection of plant species for crop rotation), manure and mineral nitrogen
application (Figures 3–6).
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Figure 3. Humic acids (HA) contents in in the topsoil layer (0–30 cm) as influenced by crop rotation
(I), manure application (III) and mineral N rate (III) in the long-term field experiment at Grabow,
Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.318, II = 0.509, III
0.459, II/I = 0.720, I/II = 0.661, III/I = 0.650, I/III = 0.606, III/II = 0.796, II/III = 0.824.
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Figure 4. Fulvic acids (FA) contents in in the topsoil layer (0–30 cm) as influenced by crop rotation
(I) manure application (III) and inorganic N rate (III) in the long-term field experiment at Grabow,
Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.992, II = 0.448,
III = 0.412, II/I = 0.634, I/II = 1.100, III/I = n.s., I/III = n.s., III/II = 0.713, II/III = 0.733.
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Figure 5. Humins (H) contents in in the topsoil layer (0–30 cm) as influenced by crop rotation (I),
manure application (II) and inorganic N rate (III) in the long-term field experiment at Grabow, Poland.
Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 3.261, II = 2.623, III = 1.017,
II/I = 3.710, I/II = 4.361, III/I = n.s., I/III = n.s., III/II = n.s., II/III = n.s.



Agronomy 2022, 12, 2385 9 of 15
Agronomy 2022, 12, x FOR PEER REVIEW 9 of 16 
 

 

 

 
Figure 6. Carbon in extracts after soil decalcification (CD) contents in in the topsoil layer (0–30 cm) 
as influenced by crop rotation (I), manure application (II) and inorganic N rate (III) in the long-term 
field experiment at Grabow, Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): 
for I = 0.088, II = 0.07. C = n.s., II/I = 0.104, I/II = 0.120, III/I = 0.087, I/III = 0.109, III/II = 0.106, II/III = 
0.113. 

Humic substances are more stable organic matter compounds, which are  a signifi-
cant portion of the total soil organic C and N [1,28]. The results of the statistical analysis 
showed that the factors significantly, influenced on HA, FA, H content were crop rotation, 
manure application and fertilization with inorganic N (Figures 3–6) The significant inter-
action of crop rotation and fertilization with mineral nitrogen , as well as  manure and 
mineral nitrogen fertilization on humic acids content in soil was confirmed (Figure 3). In 
rotation B, the average CHA content was 18% higher than in rotation A. This fraction also 
was depended on manure fertilization significant influence of all experimental factors and 
their interactions on this fraction of soil organic matter, was confirmed (crop rotation be-
tween inorganic feralization, and manure application between inorganic fertilization). 
The effect of FYM on the content of humic acids was particularly evident in depleting crop 
rotation after using a dose of 40 t·ha─1. A similar trend occurred in the case of FA (Figure 
4). A distinctive/significant difference was observed in the evolution of the stable fraction 
of organic matter—(H) (Figure 5) over time for crop rotation that included plants recog-
nized to deplete humic substances or plants that can enrich their content in soil (Figure 1). 
It was shown that, in contrast to the fractions FA and HA, the H fraction is more sensitive 
and responsive to changes in agricultural practices, such as crop rotation or organic 
amendments, and the results of the present study confirmed these findings. Crop rotation 
had a strong influence on soil organic matter quality. The mixture of legumes with grass 
mixture left a great amount of residue which was abundant with carbon and nitrogen—
the source of energy for soil microorganisms—which promoted the process of humus 
transformation with the prevalence of mineralization [28,32]. It was found that crop rota-
tion A increased the contribution of this fraction to the total organic carbon pool (mean—
50.1%) compared to crop rotation B (mean—47.3%). Averaged over all treatments, fraction 
of H in crop rotation B was almost 9.7% lower than in crop rotation A, while HA and FA 
were 17.6 and FA 8.24% higher, respectively than in crop rotation A (Figures 3–5). The 
lower percentage of stable organic matter fraction in crop rotation B was probably due to 
the cultivation of legume plants in this crop rotation, which left larger amounts of nitrogen 
in the soil, and to the ploughed mustard that had an acidifying effect on the soil, which 
might intensified the mineralization process [34,45]. In addition, the process of 

0

0.5

1

1.5

2

2.5

3

N0 N100 N150 N0 N100 N150 N0 N100 N150

M0 M20 M40

CD

Doses of mineral N (kg·ha‒1) and manure (t·ha‒1) fertilization 

Crop rotation A Crop rotation B

 

Figure 6. Carbon in extracts after soil decalcification (CD) contents in in the topsoil layer (0–30 cm) as
influenced by crop rotation (I), manure application (II) and inorganic N rate (III) in the long-term
field experiment at Grabow, Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05):
for I = 0.088, II = 0.07. C = n.s., II/I = 0.104, I/II = 0.120, III/I = 0.087, I/III = 0.109, III/II = 0.106,
II/III = 0.113.

Humic substances are more stable organic matter compounds, which are a significant
portion of the total soil organic C and N [1,28]. The results of the statistical analysis showed
that the factors significantly, influenced on HA, FA, H content were crop rotation, manure
application and fertilization with inorganic N (Figures 3–6) The significant interaction
of crop rotation and fertilization with mineral nitrogen, as well as manure and mineral
nitrogen fertilization on humic acids content in soil was confirmed (Figure 3). In rotation
B, the average CHA content was 18% higher than in rotation A. This fraction also was
depended on manure fertilization significant influence of all experimental factors and
their interactions on this fraction of soil organic matter, was confirmed (crop rotation
between inorganic feralization, and manure application between inorganic fertilization).
The effect of FYM on the content of humic acids was particularly evident in depleting
crop rotation after using a dose of 40 t·ha−1. A similar trend occurred in the case of FA
(Figure 4). A distinctive/significant difference was observed in the evolution of the stable
fraction of organic matter—(H) (Figure 5) over time for crop rotation that included plants
recognized to deplete humic substances or plants that can enrich their content in soil
(Figure 1). It was shown that, in contrast to the fractions FA and HA, the H fraction is
more sensitive and responsive to changes in agricultural practices, such as crop rotation or
organic amendments, and the results of the present study confirmed these findings. Crop
rotation had a strong influence on soil organic matter quality. The mixture of legumes
with grass mixture left a great amount of residue which was abundant with carbon and
nitrogen—the source of energy for soil microorganisms—which promoted the process of
humus transformation with the prevalence of mineralization [28,32]. It was found that crop
rotation A increased the contribution of this fraction to the total organic carbon pool (mean—
50.1%) compared to crop rotation B (mean—47.3%). Averaged over all treatments, fraction
of H in crop rotation B was almost 9.7% lower than in crop rotation A, while HA and FA
were 17.6 and FA 8.24% higher, respectively than in crop rotation A (Figures 3–5). The lower
percentage of stable organic matter fraction in crop rotation B was probably due to the
cultivation of legume plants in this crop rotation, which left larger amounts of nitrogen in
the soil, and to the ploughed mustard that had an acidifying effect on the soil, which might
intensified the mineralization process [34,45]. In addition, the process of humification of
plant residues containing high levels of nitrogen may be characterized by a lower value
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of the humification index in crop rotation B. As a result of manure application in dose 20
and 40 t·ha−1, an increasing tendency in the content of H (increased from 2.4 to 5.95%) only
in the rotation B in comparison with the treatments without manure (FYM—0 t·ha−1) was
found. Doses of manure application did not affect the percentage of FA fraction regardless
of crop rotation. The average content of this fraction in crop rotation A was 18.1% and in
crop rotation B amounted 20.1% (Figure 4). The application of manure affected differently
the percentage of H in crop rotations. Moreover, manure did not affect the percentage of
fulvic acid in carbon fraction irrespective of the crop rotation so, its values were similar. In
crop rotation A, the application of manure doses on the level of 20 and 40 t·ha−1 resulted
in a lower humins fraction compared to the treatment where no manure was applied (crop
rotation B). The lowest percentage of persistent organic matter fraction was recorded after
application of 40 t ha−1 of manure (50.1%). In crop rotation B, after manure application
at the doses of 20 and 40 t ha−1, an increase in the humins fraction was recorded, but the
average percentage share of this fraction was lower than in crop rotation A (50.1%) and
amounted 48.1% (Figure 5). Generally, a higher percentage share of H fraction was recorded
in crop rotation A (overall mean 51.9%), and in crop rotation B (overall mean 47.3%). The
lower % share of humin fraction in this crop rotation was due to the lower soil reaction
caused by mustard cultivation, which has an acidifying effect on soil [16,20]. The lower soil
pH may have enhanced the mineralization process [4,23,33]. The percentage of carbon in
the solutions after decalcification was similar in both crop rotations and oscillated around
2% (Figure 6).

The results shown above (Figures 1–6) are in accord with those reported earlier in
numerous studies all over the world [15,17–21], which clearly indicate that for example:
FYM, slurry, straw, and diversified crop rotations, in particular those comprising grasses or
grass-legume mixtures, beneficially affect different soil processes and properties, including
accumulation of SOC in soil. However, the above crop rotation with a combination of
regular application of FYM and mineral nitrogen had a different effect on the fractional
composition of organic matter in light soil.

3.3. HA/FA Ratio—Indicator of the Soil Organic Matter Quality

As a consequence of changes in the humic and fulvic acids carbon content in the total
organic carbon pool, under the influence of differentiated mineral fertilization and manure
application, changes in HA/FA ratio determining the humus quality were observed. The
results of the statistical analysis showed that the factors significantly influencing HA/FA
ratio were crop rotation and manure. Significantly influence of fertilization with ammonium
nitrate on this parameter was not proven (Figure 7).

The ratio between humic and fulvic acids (HA/FA) reflects the mobility of soil organic
carbon [1,15]. HA/FA ratio near 1 the good quality of organic material that could enhance
soil physical properties and improve plant growth. HA/FA ratio > 1 indicates loss of the
more labile FA fraction, a situation very common in sandy soils [1]. Such a relationship
was observed in this study. Lower values of HA/FA ratio were obtained in crop rotation
A (overall mean 1.48). In crop rotation enriching the soil with organic matter the value of
humic acids to fulvic acids carbon ratio was 1.61. In the depleting crop rotations, after the
application of manure, the value of this ratio was higher compared to treatments without
this fertilizer, equaling 1.52 for the dose of 20 t· ha−1 and 1.41 for the manure dose of
40 t ·ha−1—FYM = 0 t ha−1. In the enriching crop rotations, the ratio was higher compared
to the treatment without manure only after the application of the dose of 20 t·ha−1 —it
amounted to 1.78 and for the treatment FYM = 0 t· ha−1—1.58, respectively.. This could
be explained by the higher input of fresh organic matter in the crop rotation with grass-
clover mixture and mustard as green manure [5,34]. Crop rotation A in which cereal crops
predominate, has less post-harvest residues in soil, which translated into a lower value
of this ratio. Legumes in pure sowing or in mixtures increase organic matter content in
soil [7,19]. This is a consequence of chemical composition of organic material. Cereals
straw contains more lignin, while and legumes more cellulose and nitrogen. Thus, the
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mineralization process of legumes residues occurs faster and the C:N ratio is narrower
as compared to other crops [43]. The HA:FA ratio indicates also the direction of organic
matter transformation in soil [44]. It is widely described that fertile soils are characterized
by higher humus content and HA:FA ratio is >1. The literature on the subject indicates that
on the agricultural lands, soil humus properties are mostly determined by post- harvest
residue left on the field after the harvest of crops [1,3,11,44]. The HA:FA index with
values < 1 is typical for soils with a predominant process of mineralization. Intensive
agricultural systems deteriorate soil quality and fertility by diminishing the levels of soil
organic matter. In the described experiment, the selection of plant species for crop rotation
was recognized as crucial for this parameter. The humus value under crop rotation B
included crops enriching the soil with organic matter—leading to a much higher HA:FA
ratio—was different than in the soil from crop rotation A. (Figure 7). The results obtained
indicate that mineralization prevailed in crop rotation B, which is related to the lower
percentage of stable forms of organic matter—the humin carbon fraction. It should be
mentioned that in the B rotation a lower soil pH was obtained compared to crop rotation
A and a higher pH was obtained following the cultivation of mustard (Figure 2). A large
supply of fresh organic matter in this crop rotation under conditions of higher soil pH
increases the mineralization process and does not favor the accumulation of permanent
humus. According to Guimarães et al. [1] evaluating the SOM disproportion ratio as an
indicator of soil quality requires care, because a high stratification ratio does not always
reflect its good quality. Another researcher indicates that high SOM stratification ratios
are expected to indicate relatively undisturbed soil with good water infiltration capacity,
aggregate stability, microbial activity, and nutrient supply [36]. In crop rotation B, the soil
had high SOM stratification ratios, however, the percentage of permanent humus was low.
Much lower soil pH in this crop rotation reduced the rate of decomposition of the large
part of fresh organic matter. The soil in crop rotation B showed high HA/FA ratio, but, the
percentage of permanent humus (H) was low. Much lower soil pH in this crop rotation
reduced the rate of decomposition of a large amount of fresh organic matter.

Agronomy 2022, 12, x FOR PEER REVIEW 11 of 16 
 

 

 

 
Figure 7. The HA/FA ratio contents in in the topsoil layer (0–30 cm) as influenced by crop rotation 
(I), manure application (II) and inorganic N rate (III) in the long-term field experiment at Grabow, 
Poland. Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.051, II = 0.047, III = n.s., 
II/I = 0.067, I/II = 0.073,III/I = 0.055, I/III = 0.065, III/II = n.s., II/III = n.s. 

The ratio between humic and fulvic acids (HA/FA) reflects the mobility of soil organic 
carbon [1,15]. The HA/FA ratio near 1 the good quality of organic material that could en-
hance soil physical properties and improve plant growth. The HA/FA ratio > 1 indicates 
loss of the more labile FA fraction, a situation very common in sandy soils [1]. Such a 
relationship was observed in this study. Lower values of the HA/FA ratio were obtained 
in crop rotation A (overall mean 1.48). In crop rotation enriching the soil with organic 
matter the value of humic acids to fulvic acids carbon ratio was 1.61. In the depleting crop 
rotations, after the application of manure, the value of this ratio was higher compared to 
treatments without this fertilizer, equaling 1.52 for the dose of 20 t· ha−1 and 1.41 for the 
manure dose of 40 t ·ha−1—FYM = 0 t ha−1. In the enriching crop rotations, the ratio was 
higher compared to the treatment without manure only after the application of the dose 
of 20 t·ha−1 —it amounted to 1.78 and for the treatment FYM = 0 t· ha−1—1.58, respectively.. 
This could be explained by the higher input of fresh organic matter in the crop rotation 
with grass- clover mixture and mustard as green manure [5,34]. Crop rotation A in which 
cereal crops predominate, has less post-harvest residues in soil, which translated into a 
lower value of this ratio. Legumes in pure sowing or in mixtures increase organic matter 
content in soil [7,19]. This is a consequence of chemical composition of organic material. 
Cereals straw contains more lignin, while and legumes more cellulose and nitrogen. Thus, 
the mineralization process of legumes residues occurs faster and the C:N ratio is narrower 
as compared to other crops [43]. The HA:FA ratio indicates also the direction of organic 
matter transformation in soil [44]. It is widely described that fertile soils are characterized 
by higher humus content and HA:FA ratio is >1. The literature on the subject indicates 
that on the agricultural lands, soil humus properties are mostly determined by post- har-
vest residue left on the field after the harvest of crops [1,3,11,44]. The HA:FA index with 
values < 1 is typical for soils with a predominant process of mineralization. Intensive ag-
ricultural systems deteriorate soil quality and fertility by diminishing the levels of soil 
organic matter. In the described experiment, the selection of plant species for crop rotation 
was recognized as crucial for this parameter. The humus value under crop rotation B in-
cluded crops enriching the soil with organic matter—leading to a much higher HA:FA 
ratio—was different than in the soil from crop rotation A. (Figure 7). The results obtained 
indicate that mineralization prevailed in crop rotation B, which is related to the lower 

0.00

0.50

1.00

1.50

2.00

2.50

N0 N100 N150 N0 N100 N150 N0 N100 N150

M0 M20 M40

HA
/F

A 
ra

tio

Doses of mineral N (kg·ha‒1) and manure (t·ha‒1) fertilization 

Crop rotation A Crop rotation B

Figure 7. HA/FA ratio contents in in the topsoil layer (0–30 cm) as influenced by crop rotation (I),
manure application (II) and inorganic N rate (III) in the long-term field experiment at Grabow, Poland.
Error bars denote standard deviations (n = 3). LSD (p ≤ 0.05): for I = 0.051, II = 0.047, III = n.s.,
II/I = 0.067, I/II = 0.073,III/I = 0.055, I/III = 0.065, III/II = n.s., II/III = n.s.

The role of mineral nitrogen fertilization remains unclear. Several authors have
described that application of high amounts of mineral fertilizers might accelerate miner-
alization process and, therefore, reduce the amount of organic carbon [4,7,15,32]. Other
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authors [35,36] propose that prolonged application of mineral N fertilizers on loess and
brown soils may cause a decrease of carbon content in soil about 21% compared with
soils not supplied with mineral fertilizers. Numerous papers indicate that the combined
application of manure and mineral nitrogen fertilizers enhances the mineralization process
of humus [23,29,36]. However, there exists a strong consensus on the literature that mineral
nitrogen has a beneficial effect for humus stabilization [23]. According to Kaiser and Kalb-
itzb [39], deposit of manure fertilizer could enhance soil microbial biomass, which indicated
an increasing soil carbon output. It is noteworthy that microbial communities invest a
greater amount of carbon sources into biomass growth than on metabolic activities under
manure fertilization [5,38]. Microbial-derived smaller organic matter resulted in forming of
soil organo-mineral complexes, which further physically protected SOC from decomposing.
Probably, soil microbial organisms after manure fertilization would help to immobilize
more carbon into soil instead of mineralizing it and loss to the atmosphere [45]. In our
research the significant interaction of crop rotation and inorganic fertilizer on HA/FA ratio
was confirmed (Figure 1). It was a result of a lower FA/HA ratio in cereal crop rotations
A. More FA than HA indicates low humification rate (rotation B) so, HA/FA ratios can be
regarded as a determinant of the development of soil organic horizons and the abundance
and rate of humus accumulation [1].

3.4. The Degree of Humification (DH) Index

Several indexes can be used to describe the intensity of humic substances transforma-
tion in soils. The humification intensity of organic matter can also be determined by the
degree of humification (DH) index [46]. This parameter is a measure of the proportion of
humic components that form labile compounds with relatively rapid rate of transformation
in soil, which are easily used as substrates by soil microorganisms. A low DH level may
be related to a strong interaction between MOG and the mineral part of the soil, resulting
in high stability of soil organic matter in the more stable humic fractions [46]. According
to Liu [47] a high DH index indicates a relatively fertile soil with good capacity of water
infiltration, aggregate stability, microbial activity and abundance of nutrients [1]. All three
factors of crop rotation, manure application, and inorganic N fertilizer affected the value of
this ratio and the interactions between them were proven. (Figure 8). Lower values of the
DH were obtained in crop rotation A (overall mean 0.85) while in crop rotation B the degree
of humification reached the value −1.10). In crop rotation A, values of this parameter were
higher after manure fertilizer application compared with untreated plots. The DH values in
the case of plots without manure at crop rotation A ranged from 0.79 in the N-0 treatment
to 0.82 and 0.95 when 20 t·ha−1 and 40 t·ha−1 of FYM were applied, respectively. The DH
values in the unmanured plots of crop rotation B had lower values, which were 1.11 and
1.04 for FYM-20 and 40 t·ha−1, respectively (Figure 8). Manure application affected the
degree of humification regardless of crop rotation, but in crop rotation A the values of
this index were lower in the case of plots without manure. The DH values in the case of
plots with manure of crop rotation A ranged from 0.76 in the N-0 treatment to 0.78 and 8.3
when 100 kg·ha−1 and 150 kg·ha−1 of N were applied, respectively. The DH index in crop
rotation B indicates the potential higher mobility of carbon in the soil system compared
to soil under crop rotation A (the stable SOM as well as higher intensity of organic matter
humification associated with better transformation of fresh organic matter into stable soil
organic matter forms [1].
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Figure 8. The degree of humification (DH) index as influenced by crop rotation, manure application
and inorganic N rate in the long-term field experiment at Grabow, Poland. Error bars denote standard
deviations (n = 3). LSD (p ≤ 0.05): for I = 0.021, II = 0.023, III = 0.015, II/I = 0.032, I/II = 0.033,
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4. Conclusions

Research results showed that manure applied regularly to light soil has different
effects on the accumulation and composition of humus compounds depending on the
plant selected to cultivation in the crop rotation. The manure application together with
mineral fertilizers stabilizes the organic carbon content in the soil and creates favorable
conditions for more crop residues to remain in the soil. However, when large amounts
of fresh organic matter are added to the soil, the accumulation of stable forms of humus
is not promoted. Furthermore, lower soil pH in such crop rotation has a negative effect
on the percentage composition of humus compounds in the soil (i.e. in this condition,
the humic acids fraction decreases and the content of fulvic acids increases). Long-term
maintenance of light soils without liming treatments may consequently reduce the quality
of soil organic matter and lead to mineralization of the solid humus fraction. This study
shows that organic matter from manure is more difficult to decompose in soils with lower
pH, as well as with an inflow of post-harvest residues of legumes and mustard. This high
amount of organic matter from these plants may hinder its transformation into permanent
humus. These results, presented after almost 40 years of experimentation, confirm the
positive effect of organic fertilization and crop rotations, including legume—grass mixtures,
on SOM reproduction in light soils.
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