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Abstract
Organic matter decomposition is such a complex process that requires 

interdisciplinary research. Hence, natural grasslands have an abundant community of 
plants and soil organisms, studies on grassland organic matter decomposition must cross 
results from different branches of science and include, for example, chemistry, 
microbiology, climatology, geology, and ecology. The state of knowledge from 30 
scientific articles was reviewed with regard to the importance of grassland organic 
material decomposition as a major ecological process and to emphasize some of the most 
important groups of organisms responsible for this complex process of decomposition in 
natural ecosystems.
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INTRODUCTION

Soil organisms represent and 
form the diversity of life in the soil. 
This diverse community is 
responsible for performing and 
support vital functions 
simultaneously in the soil 
ecosystems worldwide (BENDER et 
al., 2016).

Decomposition is the most 
important natural process promoted 
by different soil communities. It is 
defined as the organic detritus 
breakdown into plant available 
mineral nutrients. Up to 90% of 
primary production from grasslands 

forms a decomposition subsystem 
(GIBSON, 2009). Compared with 
the other ecosystems, grasslands 
have a low rate of decomposition and 
store a high amount of organic 
matter. This quantity it primary 
comes from deeper, fibrous, grass 
root systems (HENKEL, 2015). 
Decomposition speed is determined 
by three major factors: soil 
organisms, the physical environment 
and the quality of the organic matter 
(BRUSSAARD, 1998).

Although of this important 
roles, soil biodiversity is the most 

Sandor Valentina et al.

Romanian Journal of Grassland and Forage Crops (2016)13                                      47



poorly understood component of 
terrestrial ecosystems (FAO, 2005).

The aim of this review is to 
highlight the state of knowledge 
from a number of 30 scientific 
articles. Therefore, it was evaluated 
the importance of grassland organic 

matter decomposition as a major 
ecological process. Further, the 
paper emphasized some of the most 
important groups of organisms 
responsible for this complex process 
of decomposition in natural 
ecosystems.

DECOMPOSERS DIVERSITY IN 
GRASSLANDS ECOSYSTEMS

Decomposition is more 
difficult to define than other 
processes. Broadly defined,
decomposition includes physical, 
chemical, and biological 
mechanisms that transform organic 
matter into increasingly stable forms. 
This broad definition includes 
physical fragmentation by wet–dry, 
shrink–swell, hot–cold, and other 
cycles. Animals, wind, and even 
other plants can also cause 
fragmentation.

Leaching and transport in 
water are another important physical 
mechanism. Chemical 
transformations include oxidation 
and condensation. Biological 
mechanisms involve ingestion and 
digestion, along with extracellular 
enzymatic activity. 
Soil community responsible for 
decomposition includes a diverse 
group of microorganisms (fungi and 
bacteria) and invertebrates classified 
by size (microfauna: nematode and 
protozoa; mesofauna: Collembola, 

Acari, Enchytraeidea, Isoptera, 
Diplura, Mollusca, Orthoptera, 
Dermaptera). These heterotrophic 
organisms obtain their energy from 
soil organic matter (GIBSON, 2009). 

High densities of 
microorganisms are located close to 
roots feeding off of the organic 
compounds released through root 
exudates into the soil. The chemical 
nature of root exudates varies among 
plant species. Both bacteria and 
fungi play a primary role in 
decomposition in grasslands with 
populations in temperate grasslands 
of the order of 10x106 bacteria g–1

soil and 3000 m fungal hyphae g–1

soil (GIBSON, 2009). 
Mean fungal biomass in the 

soils of natural grassland in North 
America ranged from 18 to 88 g m–2

in the top 10 cm of soil and up to 334 
g m–2 at depths down to 30 cm 
(ULEHLOVA, 1992).

In the North American short 
grass prairie, 95% of the energy flow 
through the detrital food chain is 
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mediated by these microbes (HUNT, 
1977). Bacteria were estimated to 
mineralize the largest amount of 
nitrogen in a short grass prairie (4.5 
g N m–2 yr–1) followed by the soil
fauna (2.9 g N m–2 yr–1) and fungi 
(0.3 g N m–2 yr–1) (HUNT et al.,
1987). Bacteria-feeding amoebae 
and nematodes were responsible for 
83% of the nitrogen mineralized by 
the fauna, and altogether the fauna 
were responsible for 37% of nitrogen 
mineralization (GIBSON, 2009).

Faunal population counts in 
temperate grasslands are of the order 
of 500x106 microfauna m–2, 37 000 
mesofauna m–2, and 1400 
macrofauna m–2 (SWIFT et al.,
1979). Earthworms are important in 
Eurasian grasslands, reaching a high 
biomass that can exceed that of the 
herbivores. Their activity promotes 
deep, non-stratified brown soils, 
whereas the North American prairies 
have a similar structure despite the 
absence of native burrowing 
earthworms.

The total biomass of soil 
microorganisms in the top 10 cm of 
soil among grasslands worldwide 

ranges from 27 to 940 g m–2, with 
that of grasslands exceeding 
croplands (ULEHLOVA, 1992). 
These soil biota feed on detritus, 
including the faeces and carcasses of 
herbivores and predators from both 
herbivore subsystem, and the 
decomposer subsystem itself.

The two important stages in 
decomposition are (1) physical 
breakdown, i.e. fragmentation and 
size reduction by macroarthropods, 
and (2) microbial oxidation of 
organic matter for energy and 
nutrients.

The latter proceeds in three 
stages:
1. rapid loss of readily 

decomposable organic substrates 
such as root exudates, lysates, 
proteins, starches, and celluloses 
by moulds and sporeforming 
bacteria

2. decomposition of organic 
intermediates by a variety of 
microorganisms

3. decomposition of resistant plant 
constituents such as lignin by 
actinomycetes and other fungi

DECOMPOSITION PROCESS 
All heterotrophic organisms 

are involved in the consumption and 
breakdown of organic materials. 
Decomposition of organic matter is 
an integral part of the global carbon 

cycle, where photosynthesis and 
respiration are dominant fluxes 
(CHAPIN et al., 2006). Soil 
mesofauna and macrofauna often 
fragment plant and animal residues, 
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which increases the surface area and 
exposes internal constituents to soil 
microfauna and microflora for 
further attack. 

Larger soil organisms 
(earthworms), therefore, stimulate 
soil microbial activity and also 
distribute smaller organisms within 
soil as a result of their generally 
greater range of mobility (EC, 2010).
In addition, larger soil organisms 
such as earthworms, ants, and beetles 
physically move organic substrates 
from the soil surface to within the 
soil, which can enhance 
decomposition by placement in a 
more favorable zone for microbial 
attack because of less extreme 
moisture and temperature variations. 

Moreover, analysis on 
earthworm gut, casts and bulk soil 
showed that during gut transit, 
organic materials and minerals are 
intimately mixed and become 
encrusted with mucus, therefore 
promote decomposition of organic 
matter (NEHER, 1999). 

Factors affecting 
decomposition in soil are 
environmental conditions like 
temperature, aeration, moisture, 
supply of nutrients, pH, and redox 

potential and chemistry of the 
substrate like distribution of easily 
decomposable and resistant 
fractions, particle size and surface 
area, presence of microbial 
inhibitors, and content of non-
carbonaceous nutrients such as 
nitrogen and phosphorus. In general, 
water and oxygen need to be in 
balance for most rapid 
decomposition. 

However, halogenated 
compounds such as vinyl chloride 
and various solvents decompose 
more rapidly when exposed to 
alternating aerobic and anaerobic 
environments. When inorganic 
nitrogen is low in soil and residues 
with high carbon-to-nitrogen ratio 
are incorporated in soil, microbial 
activity is limited by the availability 
of nitrogen for growth of soil 
organisms. Incomplete 
decomposition of organic matter can 
lead to accumulation of resistant 
compounds in soil, collectively 
termed humus. Rate of 
decomposition of primary plant 
constituents follows the order: water 
soluble components as cellulose, 
hemicellulose, and fats: lignin and 
waxes. 

PRIMARY DECOMPOSITION IN 
GRASSLANDS

Primary decomposition is 
initiated in part by organisms called 

primary saprotrophs, they release 
digestive enzymes into their 
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environment to solubilize a source of 
nutrient, or substrate (DIX, 2012).

Both bacteria and fungi play 
a primary role in decomposition in 
grasslands. Temperate grasslands 
contain a number of 10x106 bacteria 
g-1 soil and 3000m fungal hyphae g-1

soil (GIBSON, 2009). In North 
America, mean fungal biomass in the 
natural grasslands soils. 
Decomposition also requires 
fragmentation of organic matter. 

Bacteria, fungi, algae and 
protozoa are primary decomposers 
of organic matter. Nematodes, large 
protozoa, springtails and mites feed 
on microbes in contact with decaying 
organic matter, but not on the 
organic matter itself. Microbial 
grazing mesofauna affect growth and 
metabolic activities of microbes and 
alter community composition, thus 
regulating decomposition rate of 
organic matter (BRIONES et. al.,
2014). Protozoa alter the 
composition and activity of the 
microbial community by selectively 
grazing on small, slow-growing cells 
which act to maintain taxonomic and 
metabolic diversity of microflora. It 
is assumed that this type of grazing 
preference maintains a youthful 

bacterial population in and maintains 
decomposition activity (HODGE, 
2014). Amoebae apparently have a 
stimulatory effect when added to 
bacterial cultures based on evidence 
of increased respiration, 
ammonification and siderophore 
production (PEPPER and
BEZDICEK, 2012). Other fauna 
have indirect effects on 
decomposition. For example, 
microarthropods and Enchytraeidae 
fragment detritus and increase 
surface area for further microbial 
mineralization (SCHMIDT et al.,
2015).

Subsequently, protozoa re-
inoculate new substrates by transport 
or excretion of viable bacteria 
(FULTON, 2015). Examples of 
invertebrate microbe mutualisms are 
prevalent in soil. For instance, most 
soil invertebrates: termites and 
earthworms; do not seem to possess 
suitable enzymes to directly digest 
most resources in soil, such as 
cellulose, lignin, tannin and humic 
complexes. Instead, the enzymes 
seem to be produced by ingested 
microbes rather than by the 
invertebrate itself (LAVELLE, 
2012).

SECONDARY DECOMPOSITION 
IN GRASSLANDS

Secondary decomposition 
takes place in deeper horizons and 

involves the decomposition of 
organic matter that has already been 
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partly decomposed from fresh litter 
(ADL, 2003).

The deeper horizons also 
contain fresh litter from below-
ground sources, such as roots and 
dead organisms. In some 
ecosystems, such as forests, prairies 
and grasslands the predominant flow 
of carbon into the soil is from roots, 
particularly fine roots <2 mm in 
diameter (WELLS and
EISSENSTAT, 2001; BINKLEY
and FISHER, 2012).

It is more difficult to trace 
and study in situ secondary 
decomposition and cannot be studied 
from litter in mesh bags. The 
controlling roles of community 
structure and trophic interactions in 
secondary decomposition are best 
studied in the laboratory using intact 
soil cores and soil microcosms. The 
main sources of substrate in 
secondary decomposition are 
excreted pellets, microdetritus in 
varying stages of decay, colloids and 
amorphous organic matter. 

The faecal pellets can 
constitute >80% of the organic 
matter in the forest floor horizons 
(LAVELLE et al., 2006). The role of 
the food web in the decomposition of 
this fraction of organic matter has 
been detailed insufficiently. The 
effect of community structure in 
regulating the rate of secondary 
decomposition is poorly understood. 

There are reviews based on 
chemical extractions of the organic 
matter in secondary decomposition 
(KALBITZ et al., 2000). These 
analyses highlight the increasing
influence of clays on soil solution 
composition and dissolved organic 
matter in the solution. The 
adsorption of organic matter and ions 
to clays is greatly affected by the 
mineralogy and cation exchange 
capacity (BOHN et al., 2015).
However, almost none of the studies 
were conducted in situ or taking into 
consideration the biological species 
that release the organic matter into 
the soil solution.

DECOMPOSERS IMPACT IN 
GRASSLANDS

The organisms and their 
interactions enhance many soil 
ecosystem functions and make up the 
soil food web (WALL and MOORE, 
1999). The energy needed for all 
food webs comes from decomposers 

promoting decomposition process in 
grasslands. Therefore, this process 
has, in grasslands, a diverse impact 
as follows: 
1. Decompose organic matter 
towards humus;
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2. Stimulates beneficial soil life;
3. Retain N and other nutrients;
4. Glue soil particles together for 
best structure;
5. Make retained nutrients available 
to the plant;
6. Influence soil structure and 
nutrient mineralization
7. Managing salinity - humates 
“buffer” plants from excess sodium;
8. Organic humates are a catalyst 
for increasing soil C levels;
9. Gas exchange and carbon 
sequestration; Produces hormones 
that help plants grow;

10. Affect plant performance and 
plant competition
11. Retains water.

Soil life plays a major role 
in many natural processes that 
determine nutrient cycling, water 
availability and other soil food web 
services for grasslands productivity. 
However, grasslands decomposition 
process is dependent on organic 
matter quality and time.
This is the reason why researchers 
must concentrate to assess detailed 
decomposers impact.
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