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Introduction

Soil organic matter quality is critical for soil structure, carbon sequestration, 
and pollutant immobilisation. Field experiments at ten experimental sites in 
Central Europe were conducted to investigate the effect of 16-23 years of 
fertilisation on the quality of soil organic matter. Following the harvest of barley 
in 2016, soil samples were collected. Six crops were rotated: peas, canolas, 
winter wheat, spring barley, beets, potatoes, and spring barley. Unfertilized 
control, mineral fertilisation (NPK), farmyard manure, farmyard manure + NPK, 
straw incorporation, and straw incorporation + NPK were the six treatments 
investigated. Although carbon input had no significant correlation with any of 
the soil organic carbon fractions, the C/N ratio of applied organic fertilisers 
had a significant correlation with the content of hemic acid carbon (C-HA), the 
C-HA/C-FA ratio, and the soil mummification index. The mixture of farmyard 
manure and NPK. Compared to NPK, straw return, and the combination of 
straw return + NPK, resulted in higher hemic acid carbon content in soil, 
mummification rate, and mummification index. Although straw return resulted 
in a lower E4/E6 (A400/A600, Q4/6) ratio than farmyard manure application, 
the C-HA/C-FA ratio remained constant between these treatments. When 
compared to straw return with and without NPK, the application of farmyard 
manure with and without NPK resulted in higher values of carbon sequestration 
efficiency in soil [1].

Organic manure additions increase the organic matter content of the soil. 
Many studies have found that this increases water holding capacity, porosity, 
infiltration capacity, hydraulic conductivity, and water stable aggregation while 
decreasing bulk density and surface crusting. The primary method of crop 
straw treatment is a straw return. However, the commonly used straw return 
method has many negative effects on the levels and improvement of soil 
fertility and crop yield. The use of mineral fertilisers also increases the amount 
of organic matter returned to the soil.

There are two ways to increase organic matter content in soils: increase 
organic matter gains or additions to the soil and decrease organic matter 
losses. Soil organic carbon storage is a balance of carbon additions from non-
harvested crop parts and organic amendments versus carbon losses, primarily 
from organic matter decomposition and the release of respired CO2 to the 
atmosphere. Many different organic compounds are present in organic matter 
returned to the soil, whether directly from crop residues or indirectly as manure. 
Some of these are quickly digested by soil microorganisms. As a result, 
microbial compounds and body structures form quickly, which is important for 
holding particles together to provide soil structure and limit erosion [2].

Description

The favourable humus quality influences the stabilisation of water-stable 
soil aggregates, which are the fundamental units of soil structure. As a result 
of soil cultivation, macroaggregates are broken down into micro aggregates 
that are primarily stabilised by humic acid carbon and highly condensed 
and stabilised macromolecules. Humic substances are a significant stable 
component of soil organic carbon and play an important role in soil carbon 
accumulation. Humification is affected by soil organic matter content and the 
C/N ratio of a specific fertiliser. Continuous application of farmyard manure to 
field soils generally results in a higher humic acid content than mineral fertiliser 
application alone. Furthermore, incorporating rotted or composted farmyard 
manure into the rotation can boost soil organic matter [3].

Both humic and fulvic acids have a high sorption capacity for many 
contaminants, including heavy metals, which can result in their immobilisation 
and, as a result, protection of food and groundwater. The increase in water-
soluble sugars, "unmatured" lignin, and fulvic acids indicates a labile system 
with a rapid course of change and a longer period of stabilisation or acquisition 
of dynamic equilibrium in the mineralization and humification process. 
Furthermore, the high humic acid to fulvic acid ratio may explain why plant 
metal concentrations are low. In their study on nanoparticles, they describe 
this phenomenon; fulvic acid molecules only form a salt with heavy metal ions, 
whereas the conformation of humic acid molecules is responsible for metal ion 
capture [4].

In humic acids, the E4/E6 ratio is inversely related to the degree of 
condensation of the aromatic network. A low E4/E6 ratio indicates a high 
degree of aromatic constituent condensation, whereas a high ratio indicates 
a low degree of aromatic condensation as well as the presence of relatively 
large proportions of aliphatic structures. As a result, the humic to fulvic acid 
ratio increases while the E4/E6 ratio decreases in the visible spectrum range.

Although the correlation was weak, the E4/E6 ratio correlated significantly 
with the humic to fulvic acid carbon (CHA/CFA) ratio. Although the E4/E6 ratio 
was moderately correlated with carbon input in organic fertilisers, the CHA/
CFA ratio was significantly correlated with the organic fertiliser C/N ratio (weak 
correlation). Both the CHA/CFA and the E4/E6 ratios were moderately correlated 
with the long-term annual average of precipitation amount and air temperature. 
Under conditions of lower precipitation and higher air temperature, the CHA/
CFA ratio increased while the E4/E6 ratio decreased. The CHA/CFA ratio was 
found to have a stronger correlation with CHA content than with CFA content.

Our research did not support the findings of, which claimed that mineral 
fertilisation increased CFA content in soil compared to organic fertilisation. 
However, after 13 years of experiments, there was no difference in CFA content 
between mineral fertilisation and straw return with the addition of mineral 
fertiliser, which is consistent with our findings. When we compared mineral 
fertilisation with deep incorporation of maize straw, we found no significant 
difference in CHA content between the NPK and the STRAW/BT treatments. 
The findings of lower CHA content in mineral treatment compared to straw 
return with the addition of mineral fertilisers were also not confirmed [5].

Conclusion

There was no significant correlation between the E4/E6 ratio and 
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soil organic carbon fractions, mummification rate, or humification index. 
Furthermore, no significant relationship was discovered between the carbon 
input used in fertilisers and the organic carbon fractions of the soil. The 
weighted average of the C/N ratio in organic fertilisers, on the other hand, was 
negatively correlated with the hemic acid carbon, humification index, and CHA/
CFA ratio. Although straw return resulted in a lower E4/E6 ratio than farmyard 
manure application, the CHA/CFA ratio remained constant among these 
treatments. When compared to the application of mineral fertilisers alone, only 
the combination of farmyard manure and mineral NPK resulted in a higher 
humification index, humification rate, hemic acid carbon content, and filmic 
acid carbon content. 
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