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ABSTRACT

Little is known about earthworms (Lumbricus terrestris) (Oligochaeta: Lumbricidae) in Duhok
Governorate/ North Irag. This study examines the effect of fire on earthworm abundance and biomass at
different times of burning forests compared with unburnt forests in Duhok Governorate. Wildfires have a
significant impact on shaping the structure and makeup of forests, especially in areas characterized by
extended periods of dry and hot summers. In the context of Northern Iraq and the Kurdistan Region, the
relatively brief wet seasons of autumn and winter lead to a higher incidence of wildfires during the
summer months. To test the post-fire effects on earthworm's abundance and biomass, soil cores were
collected from four different villages (Zawita, Bajlor, Bade) that have been burnt in different years (before
five, three and one year) respectively and a control site. Earthworm abundance and biomass, and some
physical and chemical soil properties (soil moisture, soil texture, organic matter (OM), pH, available
phosphorus P, exchangeable potassium K and total nitrogen N,) were measured. Based on the outcomes of
this study, the earthworm abundance and biomass showed significantly positive correlation (P < 0.01) with
the availability of measured physio-chemical properties. Furthermore, forest fire had a significant (P <
0.01) effect on the earthworm population by determining higher content of measured physio-chemical
properties (organic matter NPK). Data suggest that fire can alter the structure of earthworm communities
in soil by affecting the availability of food resources or the burning of waste and soil organic matter.
Furthermore, future studies will need to have replications of control in all burnt sites as long they have
different soil physio-chemical properties.
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1. INTODUCTION and structure of plants (Kittur et al., 2014),
destroy biomass and organic matter, and alter the
physio-chemical characteristics of soil, such as
by reducing soil porosity and increasing pH
(Jhariya and Raj, 2014).

The effects of wildfires are either hazardous
or beneficial to the ecosystem depending on the

severity of the fire (Datta, 2021). The magnitude

ne of the most dangerous hazards to the
Duhok forests is fire. The vast majority
of wildfires are started by both man and nature.
Duhok governorate including Duhok district is
highly disposed to forest fire, as the Iraqgi climate
is subtropical semi-arid type. According to the

Directorate of Forestry and Rangelands in
Duhok Province (2022) around 1,126 fire
incidents occurred between 2007 to 2022 in
Duhok governorate, as a result, causing of
burning 122,681 dunams of area. Wildfire has
numerous immediate and long-term impacts on
ecosystems (Datta, 2021); it affects both
vegetation and forest soil. The impact of fire on
the chemical, physical, and biological
characteristics of soil is crucial for ecosystem
sustainability and future productivity. (Neary et
al., 2005). Fire can alter the diversity, content,

and duration of the detrimental impacts of a fire
on soil properties are influenced by several
factors. These include the fire's intensity,
duration, and severity (Certini, 2005), the nature
of the fuel involved, the level of soil moisture
(Parson et al., 2010), and the frequency of fires
(Osman, 2008). The influence of the long-term
and the short-term will differ intensively (Datta,
2021). The fire intensity depends on the fire
duration and the temperature (dwell time) and
signifies the energy release of a fire (Neary,
2005). As a result, topography, weather, fuel
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quantity and flammability, and other factors all
have a significant role in fire intensity (Jordan et
al., 2011). The surface temperature of low-
intensity fires reaches up to 250 °C, while the
surface temperatures of medium-intensity and
high-intensity fires reach up to 450 °C and 650
°C, respectively (Araya et al., 2016). According
to Verma (2012), during low-intensity fires, the
burning of litter and soil organic matter increases
the nutrients available to plants, resulting in
rapid herbaceous plant growth and a significant
increase in plant nutrient stores. On the other
hand, high-intensity fires can lead to complete
loss of soil organic matter, volatilization of
nitrogen, phosphorus, sulfur, and potassium, and
death of microorganisms. Intense forest fires can
lead to the formation of some hydrophobic
organic compounds, resulting in highly water-
resistant soils. Low-intensity fires that deposit
ash on the soil surface can result changes in soil
chemistry, including increases in pH and
available nutrients. High-intensity fires are
characterized by comprehensive combustion of
natural organic matter and have extreme
negative impacts on forest soils. High-intensity
fires lead to nutrient volatilization, collapse of
soil aggregate stability, increased soil density,
and increased hydrophobicity of soil particles,
resulting in increased erosion and reduced water
infiltration and destruction of soil biota. Strong
soil warming (>120°C) caused by high-intensity
forest fires is harmful to soil ecosystems,
particularly their biological and physical
properties (Agbeshie et al., 2022).

Soil organisms play a vital role in a variety of
ecosystem functions that are necessary for
natural and managed ecosystems (Wardle,
2004). Soil invertebrates are involved in the
decomposition of litter, the mineralization of
carbon and nutrients, the turnover of soil, and
the formation of soil structure (Neary et al.,
1999). Earthworms perform a significant role in
a wide range of ecosystem processes and
functions. Earthworms conduct a vital function
in the creation and upkeep of soil structure, and
their actions have a significant impact on soil
functioning, such as the regulation of water and
the cycling of nutrients (Agbeshie et al., 2022).
Earthworms perform a major function in
improving soil fertility in different ways
(Thomas et al.,, 2004). Earthworms have a
beneficial effect on the physical and chemical
properties of soil. Soil, as an important
component of forest communities, is also

affected by fire in multiple ways. Soil micro-
organisms is one of the main components of soil
in response to fire, which is reflected in variable
species composition and proportion between
vegetative groups and reduced animal density
(Bezkorovaynaya et al., 2007; Jhariya and Raj,
2014). Fire enables the effect of invertebrates
and micro-organisms in a direct and indirect way
(Jhariya and Raj, 2014). Direct impact, including
the introduction of forest fauna to high
temperature, which changes the species
composition and declines the abundance of some
groups (Kudryasheva and Laskova, 2002), with
surface-dwelling animals being the most
vulnerable. Food resources are the biggest stress
factor for the species after the fire. High
intensity fires that destroy the food supply for
diverse soil biota representatives are most
damaging, especially in the early vyears
(Bezkorovainaya, 2007).

In this study we hypothesized that burnt
forests would have fewer earthworms than those
not burnt because 1) With less organic matter in
the soil and less leaf litter coming from trees and
plants, there would be less food for earthworms,
reducing their growth and fertility 2) Through
direct mortality of earthworms from fire.
Furthermore, a prolonged period following a
forest fire would likely lead to an increased
abundance and biomass of soil earthworms, as
the ecological soil structure becomes fully
restored or recovered.

2. MATERIAL AND METHODS

2.1 The Study Area

This study was carried out in the natural
forests of Duhok Governorate. Duhok
Governorate located in the north-west of Iraqg
and forms the western governorate in Iraqi
Kurdistan Region. Climatically the study sites
typically characterized by hot weather in
summer, where temperatures ranging 35 °C to
40 °C and sometimes up to 45°C, and extremely
cold during winter; while it has a moderate
climate in other seasons. Rainfall averages
619.49 mm yearly (Dohuk metrology stations
2012-2023). The study area was dominated by
mixed natural forests containing native tree
species of Quercus aegilops and Pinus brutia.
Three sites (Zawita, Bajlor and Bade) were
selected for this study, which were burnt in
different durations and a control site, map
showed below.
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Fig. (1): Map illustrating study sites (* study site and @ Village)

2.2 Experimental Design, Soil Sampling
And Analyses
2.2.1. Earthwormm Sampling

The forest fires experiment of different post
burnt duration were carried out in (Zawita after 5
years, Bajelor after 3 years and Bade after 1
year) and unburnt forests in Bade location
showing in figure (1). In May 2022, ten soil
samples were randomly taken from each burnt
and unburnt forest sites. Earthworms were
sampled using monoliths of soil measuring
25cm*25cm*25cm  (=0.0625m2) depth from
each of the sampling points. Litter layers were
removed before the soil was sampled and worms
were collected from the organic matter. Then
each soil sample was hand-searched for
earthworms and they were killed in 50% of
ethanol in the field and transported to the

laboratory, then preserved in 4% formaldehyde.
Hand-sorted lumbricids earthworms  were
grouped into two categories based on the
absence and presence of the clitellum; juveniles
and adults (fully developed clitellum). However,
the majority of earthworms (77 %) did not have
a clitellum, indicating immature individuals that
were either very hard or impossible to identify at
a species level. Consequently, collected
earthworms were pooled together for statistical
analyses. Due to the higher number of juveniles
and fewer adults, all earthworms were combined
and counted and weighed and then they were
oven dried at 60°C for 24 h. All the dried
earthworms were weighed to the nearest 0.0001
g to determine their biomass weight (Welke and
Parkinson 2003).
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Fig. (2): To smpIing sites (1) Bade forest one year after burnt (2) Zawita forest five years after burnt

2.2.2. Soil Physical And Chemical
Analysis

In addition to sampling earthworms at every
site, soil samples were collected to examine
some soil physical and chemical properties. As a
result, 40 soil samples were collected from all
four locations burnt and unburnt and sent to the
soil lab for analysis. All soil samples were air
dried and then passed through a 2 mm mesh. The
soil was analyzed for texture, pH, electrical
conductivity (EC), nitrogen (N) mg/kg,
phosphorus (P) mg/kg, potassium (K) mg/kg,
organic matter (OM) % and soil moisture %.

In the laboratory, the following soil
properties were determined: soil pH was
measured using the pH-meter model Hans
Herbert Mennerich (geotechnik) Hanover as
described by (Van Reeuwijk, 1995), soil texture
by hydrometer method (Bouyoucos 1962),
available nitrogen (N) using Kjeldahl -
distillation method according to (Bremner and
Mulvaney1982), available phosphorus by using
Olsen procedure as described in Ryan et al.,
(2001), exchangeable potassium is analyzed
after extraction with natural salt, 1M NH40AC
minus the water soluble potassium (Knudsen et
al., 1982) organic carbon (OC) was determined
by Walkley and Black method described by
(Nelson ad Sommers, 1982). While soil water
content was measured by oven drying method
(Rasheed et al., 2022).

2.2.3. Statistical

The obtained data were submitted to the one-

way analysis of variance (ANOVA) and mean

P : 2 3 5.
[ A < H )

values of the site effect on both earthworm
abundance and Biomass were compared by
Duncan’s multiple range test (p<0.05), when a
significant  difference was detected. The
statistical analysis was performed using SPSS
13.0 for Windows (SPSS, Chicago, IL, USA).
Linear regression analysis was used to detect the
relationships between the earthworm abundance
and Biomass with soil properties (pH, N, K, P,
Organic Matter, Soil Moisture, Soil Texture, and
EC).

3. RESULTS

3.1 Effect Of Post-Fire On The Number Of
Earthworms

Large differences in the number of
earthworms were found under burnt and unburnt
forests. From a total of 40 samples were
collected from all study locations, 191 individual
earthworms were collected. According to the
field observations, 83 and 87 % of the overall
number of earthworms was under burnt Zawita
and Bade forest locations, after 5 and 1 years of
Burnt, respectively. The abundance of
earthworms was significantly higher under all
burnt forests (Zawita, Bade, Bajlor) compared
with unburnt forests regardless of the duration of
the burn (8.3, 8.7, 1.6, 0.5) individual/ m?
respectively. Furthermore, comparisons of mean
earthworm catches at each three burnt forest
locations using one way ANOVA test for the
multiple comparisons of means detected the
following trends of soil earthworms’ abundance
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variations: (1) One year after the fire, the mean
abundance of earthworms was significantly
higher (with a value of 8.3 individual/m?) than
after 3 years of burn (1.6 individual/m®) (2)
Five years after burning, the mean abundance of
earthworms was significantly higher (with a
value of 8.7 individual/m?) than after 3 years of
burn(1.6 individual/m? ). Thus, the populations
of earthworms in the post-fire period of three
years were consistently lower compared to those
in the post-fire period of one and five years.

3.2 Effect Of Post-Fire On The Biomass Of
Earthworms

14
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Earthworm Abundance
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T
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Burning history had important effects on
earthworm abundance. Biomass was faithfully
linked to mean earthworm catch; therefore, as
for abundance, mean biomass was significantly
lower at the control site compared with all three
burnt forest locations. Analysis of the mean
earthworm biomass using one way ANOVA test
indicated a significant increase in forest burnt
after one year (mean £ SEM) (1.1933+ 0.4401)
compared to three and five years post-fire
periods(Figures 3).
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Fig. (3): Post-fire population dynamics of earthworms in experimental plots (mean + SEM).
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Fig. (4): Post-fire biomass dynamics of earthworms in experimental plots (mean + SEM).
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3.3: Correlation Of Physio-Chemical
Properties Of Soil And Earthworms
Abundance And Biomass

The measured physical and chemical analysis
of soils of all sampling sites is given in Table 1.
The texture of soil was found to be clay to loam
at all burnt forest locations, while loam in
unburnt forest pH from 8.26-8.59, EC from
0.533- 0.569, OM from 2.50%- 4.36%, 4.36%—
2.50%, Soil moisture from 18%-23%, N from
94.4 -144.62mg/Kg, P from 7.88 - 9.36mg/Kg,
and K from 24.22 -33.12 mg/Kg. The abundance

and biomass of earthworm and the range of
physical and chemical properties of soil at
different sampling sites is given in figure (5).
Positive but not significant correlations were
found between soil properties and abundance of
earthworms in all study sites indicating that
more worms were found with higher physio-
chemical in the soil. The results also showed a
positive but weak correlation of all measured
soil properties pH, soil texture, Organic Matter,
soil moisture, EC, N, K, and P with earthworm
biomass (Figure 4).

Table (1): Physical and chemical properties of soil samples collected from each sites.

Location Soil Properties
PH Organic Matter % EC Soil Texture  Soil moisture % N P mg/kg K mglkg
mg/kg
Zawita 8.59 4.36% 0.596 Clay loam 21 144.62 9.36 33.12
Bjelor 8.26 3.20% 0.533 Clay loam 20 116.8 8.09 29.19
Bade 8.51 3.07% 0.57 Clay loam 23 110.5 7.88 28.4
control 8.6 2.50% 0.562 Loam 18 94.4 6.14 24.22
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Fig. (5_: The relationship between earthworm abundance and biomass and measure ed soil properties.
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4. DISCUSSION

Earthworms play a vital role as soil taxon
engineers and are responsible for a wide range of
important ecosystem functions and services
(Phillips et al., 2021). A low sample size of
earthworms was collected and recorded during
May period of the year 2022.

The lack of soil-dwelling earthworms in our
samples during this timeframe is likely attributed
to their vertical movement into deeper soil layers
this behavior was observed specifically for
Lumbricidae; (based on personal observations).
Our hypothesis suggested that earthworms
would exhibit higher abundance and biomass in
the unburnt forest compared to the burnt forest.
Overall, the fire showed to have a positive effect
on soil earthworm abundance and biomass
compared to unburnt forest, as can be seen in
figure (3). A potential explanation for the decline
in earthworm abundance and biomass in the
unburnt forest is the lowest soil organic matter
as well as the content of nutrients (NPK) in this
site or because of soil texture of control plots
which is loamy compared to burnt plots which
are clay loam as it is shown in table (1). Thomas
et al. (2004) claim that the structure of the
earthworm cast is very important for the
dynamics of SOM in the intermediate range of
months to years. Similar effects have been
observed by Giraddi et al. (2014) indicating that
organic matter content of soil and soil moisture
has an influence on earthworm abundance in
soils. Moreover, the less abundance and biomass
of earthworms in unburnt forest might be due to
soil compaction (for example trampling by
animals and/or recreation forests), as this site
was quite close to Bade village and noticed
during digging samples process (personal
observation). Cropland, grassland, and forest soil
are all subject to soil compaction, which is a
growing global environmental issue (Beylich et
al., 2010). It is caused by the use of heavy
machinery (Horn et al., 2000), also by livestock
trampling (Chan and Barchia, 2007) and human
leisure activities (Kissling et al., 2009).
Furthermore, the moisture is also significant
factor for earthworm survival as earthworms
usually respire through their skin due to
cutaneous respiration mode and thus they always
prefer moist soil (Berry and Jordan, 2001). Thus,
the lower water content was recorded in unburnt
forest site compared to all burnt sites (Table 1).
Ivask et al. (2007) proved in their study in
Estonia that the soil moisture impacts the

abundance of earthworm communities more than
soil type.

Furthermore, fires that occurred in different
durations had significant effects on soil
abundance and biomass of earthworms. It shows
that fire had a significant influence on their
populations. This could be related to the
intensity of the fire and the more frequent fires
that occurred in Bajlor site (burnt after three
years) in comparison with one year after burnt
(Bade site) and five years after burnt (Zawita
site). The response of soil dwellers to fire shows
an enormous variability and depends on the
intensity, frequency, and period of burning
(Ahlgren, 1974). The high-intensity fires with
extended durations, for example in mixed
conifers forests with high fuel loads or where
slash is stacked, because the highest impact on
soil microorganisms (Neary et al. 1999). The
decline in microbial activity in soils is a
common observation following high-intensity
fires (Fernandez-Garcia ” et al., 2019). However,
these outcomes contrast with stated growths in
microbial resulting low to medium-intensity
burning (Goberna et al., 2012). Low-intensity
fires that leave ash on the surface of the soil
cause chemical changes in the soil, such as an
increase in pH and availability of nutrients.
(Agbeshie et al., 2022). In a study conducted by
Bezkorovainaya (2007) over a period of 4-5
years, the abundance, ecological and nutritional
structure of the sand podzol community was
nearly completely recovered after medium and
low intensity surface fires, while the recovery is
delayed afterward high-intensity fires. Research
shows that low-impact burning in different

terrains around the world can promote
herbaceous flora, which is important for
preserving underground soil  sustainability

(DeBano et al., 1998). The impact of fire can be
beneficial or harmful to the ecosystem,
depending on its severity (Datta, 2021). Such
intensification may be caused by incomplete
combustion of organic matter, releasing labile
forms of C, N and macronutrients, and thus
possibly causing microbial recolonization and
activity in the short-term. As it is mentioned
before due to not many adults of earthworms
found in this study, species were not identified
according to ecological groups. Soil-dwelling
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earthworms fall into three main niche groupings:
epigeic, endogeic and anecic, according to types
and depths of the various burrows. Epigenic
species living on the surface of the litter can be
killed by fire, whereas anecic and endogenic
species burrowing into the soil are less likely to
be killed by fire (Edwards, 2022). Additionally,
fire only raises the soil temperature a few
degrees near the surface and a few inches below,
the temperature remains unchanged (lkeda et al.,
2015). In this study, in Bade site (one year after
burnt) the direct effect of fire can be considered
less significant, since higher earthworm’s
abundance and biomass where found. Moreover,
the above ground vegetation cover and amount
of accumulated litter might be higher in this site
compared with Bajlor and Zawita locations
(burnt after three and five years respectively).
The impact of fire on earthworm abundance and
biomass can be direct, through the immediate
death of earthworms, or indirect, through
microhabitat and microclimate changes, mainly
is due to the destruction of aerial vegetation
cover and litter layer (Sgardelis et al., 1995).
Additionally, in this study apositive linear
relationship was found between measured soil
properties concentrations (N, P, K, EC, soil
moisture, organic matter and soil texture) and
the mean earthworm abundance and biomass.
This pattern of higher abundance and biomass of
earthworms with increasing physical and
chemical essential elements is in contract with
the results of a previous study on the influence
of soil physical and chemical properties on the
dissemination of earthworm populations across
diverse land use patterns in southern India by
Sankar and Patnaik (2018) and there was a
significant ~ positive  correlation  between
earthworm abundance and all the soil physical
and chemical parameters also observed as a
whole. The accumulation of large amounts of
detritus on the soil surface of agricultural and
forestry systems may provide sufficient space,
food, shelter, and protection from predation by
other animals for earthworm populations, which
will also contribute to improving earthworm
diversity (Ruan, Li, & Zou, 2005), especially
soil habitat conditions. In short, our results
suggest that forest fire of different duration has a
significant influence on the abundance and

biomass of earthworms. Nevertheless, the
available data show a positive correlation
between earthworm abundance and biomass with
physical-chemical properties. This effect of fire
on the soil earthworm population might be
depended on fire intensity and the duration of
combustion and these variations in soil
properties may be beneficial or harmful to the
complete soil ecosystem.

5. CONCLUSION

In conclusion, we assessed earthworm
abundance and biomass in burnt forests at
diverse times in addition to the influence of
some soil chemical and physical properties on
them. It is concluded that fire can change the
structure of soil earthworm communities through
its effect on the availability of food resources or
the combustion of litter and soil organic matter
that increases plant available nutrients (this is the
case of low intensity fires). Therefore, it is
important to determine the severity, intensity and
frequency of fire in study sites to establish the
linkage between fire effect and invertebrate
community structure. As well as, future studies
will need to have replications of control in all
burnt sites as long they have different soil
physio-chemical properties.
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