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Executive Summary

In this whitepaper, we explore the
phenomenon of Black Layer in turfgrass, an
often invisible but highly damaging condition
caused by anaerobic soil processes. Common
on high-stress football pitches, Black Layer
results from compaction, poor drainage, and
excessive irrigation, leading to disrupted
water flow, toxic gas buildup, and root
damage. We break down the biological and
chemical processes behind its formation and
explain how to anticipate its development
through key indicators such as low oxygen
levels, high sulfate content, redox potential,
and soil compaction. Ultimately, the paper
underscores a simple truth: early detection
through data-driven monitoring is critical to
preventing long-term turf degradation. With
systems like Turfcoach, groundskeepers can
spot early warning signs and take action
before the problem surfaces.



Understanding Black Layer
and its implications:
Every turf expert knows: A healthy sports
turf is the result of intensive care and
optimally coordinated use. But especially
on highly stressed football pitches, an
unexpected problem always shows up -
black layer. The combination of frequent
games, mechanical stress due to
maintenance measures and intensive
irrigation can change the soil structure in
such a way that an anaerobic, black layer
gradually forms. This not only impairs the
water flow and gas exchange in the soil, but
also endangers the vitality of the sward in
the long term.

Although Black Layer often only becomes
visible when the damage is already
noticeable, there are ways to take
countermeasures at an early stage. But
before that, it should be clarified how
exactly this layer is formed. Which biological
and chemical processes play a role – and
above all: What preventive measures can
greenkeepers take to prevent the problem
from arising in the first place? A scientifically
sound analysis provides answers to these
crucial questions



Reduction of sulfates to hydrogen sulfide (H2S)
A healthy soil contains sulfates (SO₄²⁻) as naturally occurring components.
Under normal conditions, sulphates are not reduced because sufficient oxyge
(O₂) is available for the aerobic metabolism of soil bacteria. However, when
there is a lack of oxygen, anaerobic bacteria, especially sulfate-reducing
bacteria (e.g. Desulfovibrio spp.), sulfates as electron acceptors to generate
energy. (see Berndt, n.d.)
The reaction proceeds according to the following equation:

The resulting hydrogen sulfide gas (H₂S) is highly toxic to plant roots and so
microorganisms. It also reacts with metals such as iron (Fe), forming black
iron(II) sulfide deposits (FeS) – the characteristic feature of the black layer
(see Berndt, n.d.)
Formation of iron(II) sulfide (FeS) and iron sulphides (FeS2) (see Berndt, n.d.)
Iron (Fe) is present in soils in two main forms: as trivalent iron (Fe³⁺) under
oxidative conditions and as divalent iron (Fe²⁺) under reducing conditions.

From a chemical point of view, black layer is essentially the result of redox
reactions under the absence of oxygen (anaerobiosis). The most important
chemical processes that play a role in this are: 
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In the absence of oxygen, Fe³⁺ is reduced to Fe²⁺:

Reduction of nitrate and accumulation of organic matter: 
In addition to sulfates, nitrates (NO₃⁻) are also reduced in the absence of
oxygen, releasing gaseous nitrogen (N₂). As a result, an important source of
nitrogen for plant growth is lost. At the same time, the degradation of org
material slows down because aerobic microorganisms are no longer active.
This leads to an accumulation of dead plant material, which further intensifi
the lack of oxygen and makes the black layer layer even denser. (see USGA,
2022)

The resulting Fe²⁺ then reacts with the toxic hydrogen sulfide (H₂S) to form
black iron(II) sulfide (FeS): (see Berndt, n.d.)

In even more reduced conditions, FeS can be further converted to pyrite (FeS
further enhancing the black color and dense structure of the black layers.



 
A permanently saturated soil means that oxygen cannot flow in.

These reactions are favored or triggered by the following factors:

 
Water retention drastically reduces oxygen levels in the soil and promotes
anaerobic conditions.

 
Due to frequent exposure and the use of heavy machinery, the soil
structure can change in such a way that pore spaces are closed and gas
exchange is hindered.

 
Turf clippings and insufficiently degraded organic matter consume oxygen du
microbial degradation and amplify anaerobic conditions.

 
A lack of aerating measures, such as hollow spoons or slot drains, exacerbate
problem. (see Golf Club Hubbelrath, 2020)

 
Excessive sulphur applications in the form of sulphates (e.g. by ammonium
sulphate) provide substrate for the sulphate-reducing bacteria. (see Golfman
& Greenkeeper, n.d.)

Poor drainage:

Soilcompaction:

High organic load:

Excessive watering:

Insufficient ventilation:

High sulphur content in water or fertiliser:

Factors that lead to Black Layer
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Research Review

 
The Turf loses its resistance to diseases and mechanical stresses.

 
The dense black layer prevents water from seeping into deeper soil layers,
leading to waterlogging and increased disease pressure.

 
Plant roots cannot absorb O₂, which severely inhibits their growth.
Root damage caused by toxic H₂S – hydrogen sulfide inhibits their function.

 
Due to the reduction of nitrate and the binding of iron, important nutrient
no longer available in sufficient quantities.

The following chemical processes that lead to the formation of Black Layer ar
significant:

Nutrient imbalances:

Lack of oxygen for roots:

Restricted water drainage:

General weakening of the Turf:
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Effects of Black
Layer on the Soil



So Black Layer is a serious problem for the health of football turf that shou
specifically combated and, above all, prevented. The right strategy includes
mechanical measures, chemical adjustments, regular measurements and
modern digital management to detect and control not only black layers but a
other turf problems at an early stage. (see USGA, 2022; Golf Club Hubbelrath,
2020)

Prevention is key to avoiding black layer. Through regular monitoring and di
turf management, not only Black Layer, but also a variety of other turf prob
can be detected and prevented at an early stage.

Targeted fertiliser management can make a decisive contribution to avoiding
black layers. Berndt and Vargas (1996) showed that the use of nitrate-based
nitrogen fertilizers can effectively suppress the formation of black layers. 
contrast to ammonium nitrogen, which promotes reducing soil conditions un
anaerobic conditions, nitrate acts as an oxidizing agent and thus supports
aerobic soil conditions. Regular application of nitrate improves oxygen
availability in the root area and inhibits the activity of anaerobic microorga
that lead to sulfide formation. A balanced fertilisation strategy should ther
not only take into account the nutrient requirements of the grasses, sonder
auch die Redoxbedingungen im Boden aktiv steuern, um die Bildung der
charakteristischen schwarzen Schicht frühzeitig zu verhindern. (see Berndt
Vargas, 1996)
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Combating Black Layer



 
A sharp drop in pH can be an indicator of problematic microbial activity.
Regular soil samples help to detect deviations at an early stage.

 
Low oxygen levels (< 10%) indicate that anaerobic conditions are developing.
Measurements can be carried out with soil oxygen sensors or measuring lance

 
A strongly negative redox potential (< -100 mV) indicates anaerobic conditions
Measuring devices with platinum electrodes can help identify problematic area

 
Penetrometer measurements show whether the soil is compacted by mechanica
stress. (see Golfmanager & Greenkeeper, n.d.)
A high penetration resistance force (> 2 MPa) indicates a need for soil loosenin

Regular measurements are required to detect changes in the soil at an early s

 
High sulphate levels (> 500 mg/kg) in the soil may indicate an increased risk of 
layer.
Laboratory tests for H₂S can be performed in suspicious soil samples.
 
Measuring soil compaction:

pH value control:

Measure oxygen content in the soil:

Redox Potential Analysis: (see Berndt, n.d.)

Measure sulphate content and hydrogen sulfide:

Measurements for
early detection
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Digital monitoring and management
– turfcoach as a solution
A digital turf management system such as
turfcoach can help to evaluate the collected
data and continuously monitor the condition
of the pitch. By documenting all maintenance
measures for a long-term analysis as well as
visualizing soil changes over time, the
formation of unpleasant changes in the soil
such as black layers can be prevented. 
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