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Abstract
Aim: Toinvestigate the influence of soil physico-chemical properties on diversity and density of Collembola in an undisturbed fallow land ecosystem.

Methodology: Soil sampling was done at monthly intervals to explore the diversity, density and seasonal variation patterns of collembolan population in
a fallow land ecosystem during March, 2015 to February, 2016. Collembolans were sampled using Tullgren funnel and identified by standard taxonomic

keys. Finally, correlation studies were conducted fo assess The influence of soil physico-chemical properties on the seasonal variation

influence of different soil physico-chemical properties on diversity and BB T P P P PN e R T at
density of collembolans. during 2015-16

Results: Five species of Collembola (Cyphoderus sp., Entomobrya
sp. Isotoma sp., Folsomia sp. and Hypogastrura sp.) belonging to 4 using funnel (TFM). Correlation studies were conducted between the

families (Cyphoderidae, Entomobryidae, Isotomidae and I AN H R A e T T A TP
Hypogastruridae) were identified. Cyphoderus sp. was recorded to be ISR E ISRNNETY

the most abundant species contributing 44.29 percent of population. o

Analysis of different diversity indices revealed higher diversity of T

collembolans during summer, indicating the presence of relatively ¥
"

stable habitats as compared to other seasons. Summer season also : 2 - ¥ ¥ | g 3

recorded highest density of Collembola. During all the seasons studied, i A . A% - e

a strong significant positive correlation (P<0.05 and P<0.01) of Extraction of collembolans
collembolan population was registered with soil moisture and organic samples by TFM collembolans

carbon, respectively, however, remaining edaphic factors registered
non-significant relationship with the collembolan density and diversity.

Monthly soil sampling were carried out and collembolans were extracted

5 species of collembolans were identified of which Cyphoderus sp. was
most dominant. Summer season recorded highest density and diversity
Interpretation: The study clearly indicated that the soil moisture and IS CIEEUEI R ER A I C RIS CL

organic carbon content had a positive relationship with collembolan : . — - .
population and provides a relatively favourable ecological niche for Correlation studies revealed a significant positive correlation (p<0.05 and

p<0.01) of collembolan density and diversity with soil moisture and organic
carbon) during all the seasons. Other soil physicochemical properties like
sand, silt, clay, soil microbial biomass carbon, pH and bulk density did not
exhibited any distinct relationship with both the density and diversity of

the collembolans.

theirassemblages.
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Introduction

Collembola, also known as springtails are small
apterygote hexapods commonly occurring in large numbersin the
surface and subsurface layers of the soil. Collembola is
considered to be one of the most important groups of organisms
due to their contribution towards soil genesis, dynamics and
evolution. Collembola also acts as good bicindicator of soil health
due to their quick response to the environmental changes,
particularly towards anthropic modification (Stork and Eggleton,
1992; Van Straalen, 1997; Zeppelini et al., 2009). The world
collembolan fauna is represented by 8,143 species belonging to
764 genera and 19 families whereas in India, a total of 301
species under 109 genera belonging to 19 families have been
reported (Bhagawati et al., 2018). These groups of insects have
immense potential to act as “Ecosystem service provider” as
majority of the springtails feed on dead organic matter, decayed
plant materials and many plant parasitic fungus and nematodes
whereas some have been reported to increase the growth of
mycorrhizae (Cassagnau, 1972; Hopkin, 1997; Larink, 1997).

Despite having immense potential as “Ecosystem service
providers”, the information on collembolan fauna of North East
India is yet in infancy. Furthermore, being the “Biodiversity
hotspot” and “Organic hub” of India, the collembolan diversity of
this region cannot be overlooked. However, loss in the
collembolan diversity due to the gradient of different land uses
have already been well established (Cortet et al., 2002; Culik and
Filho, 2003; Sousa et al., 2004; Sousa et al., 2006). Moreover,
there are also reports in the reduction of collembolan diversity due
to the presence of pollutants like pesticides and excessive
nutrients as compared to natural ecosystem (Fiera, 2009).
Changes in the collembolan community structure due to
characterizing changes in the soil chemo-edaphic properties for
various anthropogenic activities has also been well established
(Filho et al., 2016). Hence, there is an urgent need to explore the
undisturbed virgin soils, devoid of any agricultural interventions
for proper documentation of collembolan fauna of this region.

Considering the above facts, the present study was
undertaken to analyze the diversity density and seasonal
variation of Collembola under undisturbed fallow land ecosystem
of Assam (India) and also to study the influence of soil physico-
chemical properties on the collembolan population.

Materials and Methods

Study area description: Soil samplings were carried out at a
fallow land ecosystems of Charaibahi village, Jorhat, Assam,
India (26°76'N and 94°19'E). The study sites are located in
subtropical zone characterized by hot and humid summer (30-
35°C) followed by dry and cool winter (10-15°C). The mean
average rainfall is more than 2000 mm per annum with a high
average humidity (approximately 85%). Monsoon normally starts

from June and continues up to September with pre-monsoon
shower starting from mid-March. The intensity of rainfall
decreases from October, reaching minimum during December /
January. Soil moisture generally ranges from 16.1 to 24.31 per
cent.

Collection of soil samples: Soil samples were collected from
the aforementioned ecosystems in four seasons (spring,
summer, autumn and winter) during March, 2015 to February,
2016. Rectangular soil sampler (30cm x 11cm x 8cm) was used at
a constant depth of 0-10 cm for collecting soil (Paul et al., 2011).
Ten samples were collected per sampling during each season.
Without disturbing the soil profile, the soil was taken out from the
sampler and then soil samples were properly sealed, tagged and
transported to the Laboratory of Soil Arthropod Pests,
Department of Entomology, Assam Agricultural University, Jorhat
for the extraction of Collembola.

Extraction of collembolans from collected soil samples:
Collembolans were extracted with the help of Tullgren funnel by
using Tungsten bulbs (40 Watt) kept at high light intensities
exposed continuously up to 72 hrs (Akoijam and Bhattacharyya,
2012). Soil microarthropods were collected in collection tubes
containing ethyl alcohol and then transferred into a clean petri-
dish for categorization of collembolans. The collembolans were
then counted and profiled species wise under a Stereozoom
Microscope (Model: Carl Zeiss Stemi 2000-C). Finally, the
population density of collembolans was worked out (Singh et al.,
1978).

Identification of collembolans: The preliminary basic
characters of collembolans were examined under Stereozoom
Microscope (Magnification: 5X and above) and identified by using
standard taxonomic keys proposed by Santeshwari et al. (2013).
The specimens were further confirmed by experts at the
Department of Entomology and Agricultural Zoology, Institute of
Agricultural Sciences, Banaras Hindu University, Varanasi, India.
Relative abundance of different species of collembolans recorded
from the fallow land ecosystem was also worked out and
expressed in percent.

Analysis of soil physico-chemical properties: Three soil
samples were also collected in each season for the analysis of
physico-chemical properties of soil. Mechanical analysis of the
collected soil samples was done according to the international
pipette method (Jackson, 1973). Moisture content of the samples
was determined by following the standard AOAC (2000). Bulk
density was determined from the soil cores (Chapman, 1965).
Organic carbon was determined by dichromate oxidation method
(Walkley and Black, 1934). Soil microbial biomass carbon was
determined by fumigation extraction method (Vance et al., 1987)

Statistical analyses: Shannon-Weiner Index and Simpson
Diversity were used to establish the diversity of Collembola in
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fallow land ecosystems by following the methodology of Clarke
and Warwick (2001) and Simpson (1949), respectively. Evenness
was calculated out by following the standard protocol of Leinster
and Cobbold (2012). Simple correlation and regression was
made between the population of collembola and different soil
physico-chemical parameters to know the effect of different
chemo-edaphic factors on collembolan population.

Results and Discussion

Seasonal soil samplings carried out at fallow land
ecosystem recorded 5 collembola species (Cyphoderus sp.,
Entomobrya sp., Isotoma sp., Folsomia sp. and Hypogastrura
sp.) under 4 different families (Cyphoderidae, Entomobryidae,
Isotomidae and Hypogastruridae). Approximately, 1825
individuals of collembolans were collected during the sampling
period which clearly reflects that the sampling sites were
completely devoid of anthropogenic activities and maintained
naturally by decomposition of crop residues and creating a
favourable ecological niche for the edaphic fauna (Bartz et al.,
2013).Among the 5 species, Cyphoderus sp. (44.29%) was the
most abundant followed by Isotoma sp. (24.29%) and
Entomobrya sp. (14.29%) (Fig.1). Per cent abundance
recorded in case of Hypogastrura sp. and Folsomia sp. was
10.00 and 7.14, respectively. Santeshwari et al. (2013) studied
the collembolan fauna at diverse habitats of Varanasi, India and
reported 13 genera under 8 families. Guru and Mohanty (1995)
inasimilarline of study reported Cyphoderus javanus (31.81%)
as the most abundant species followed by Isotoma sp.
(24.60%) and Hypogastrura sp. (15.65%) at the top 5-10 cm
layers of soil.

= Cyphoderus =Isotoma = Entomobrya wHypogastrura - Folsomia
sp. sp. sp. sp. sp.

\

Fig. 1: Relative abundance of collembolans (%) in fallow land ecosystem
during 2015-16.

During the study period, individuals of above mentioned
species were finely distributed which resulted in higher species
diversity during all the seasons in fallow land ecosystem.
Shannon-Wiener Index values were higher (H'=1.48) in summer
indicating relatively stable habitats as compared to autumn
(H'=1.43), spring (H'=1.40) and winter (H'=1.39) (Table 2).
Species richness calculated through Simpson Diversity Index
was recorded to be high during all the seasons and the values
ranged between 0.72-0.86. Individuals of recorded species were
also found to be equally distributed during all the seasons as the
evenness values registered were closer to 1 (E = 0.83-0.92).
Seasonal increasing trend of collembolan diversity from spring to
summer and autumn and then decreased rapidly during winter
has been reported earlier (Wiwatwitaya and Takeda, 2005; Muturi
et al., 2009; Paul et al., 2011). The increased rate of litter and
organic matter decomposition due to raised soil moisture and
temperature during summer accelerated the release of carbon in
soil, which influenced higher diversity of collembolans as
compared to other seasons (Liu et al., 2019). The increase in the
abundance of soil dwelling collembolans due to short term heat of
soil has also been reported earlier by Holmstrup et al. (2018).

Assessment of season wise density of collembola
revealed maximum density (266.36 nos. sq m™) during summer,
followed by autumn (167.27 nos. sq m”) and spring (126.36 nos.
sq m") whereas minimum was recorded during winter season
(61.82 nos. sq m") (Table 2). Month wise fluctuation of
collembolan density (nos. sq m”) registered maximum population
during the month of August (320.45) followed by July (248.48) and
June (212.12) (Fig. 2). The minimum population was registered
during February (39.09 sq m"). These results confirm the findings
of Mandal and Suman (2014) who observed the maximum
population of collembolans during July which coincided with the
maximum proportion of soil moisture and organic carbon content
and thereby resulted in acceleration of organic matter
decomposition process. The present findings corroborate with the
findings of Saikia (2016) who reported maximum population
during August (2989.81 sq m™") and minimum during April (525.21
sq m"') while observing the distribution pattern of soil
microarthropods in the forest, agricultural and fallow land
ecosystem of Assam.

Studies pertaining to correlation of collembolan density
and diversity with different physico-chemical properties of fallow
land soil (Table 2-4) revealed a strong significant (P<0.01 and
P<0.05) positive correlation of collembolan density with soil
moisture (r= 0.902, 0.973, 0.758 and 0.925) and organic carbon
(r= 0.968, 0.934, 0.891 and 0.924) content during spring,
summer, autumn and winter, respectively. The diversity of
collembolans also exhibited significant (P<0.01 and P<0.05)
positive correlation with soil moisture (r=0.821, 0.853, 0.771 and
0.862) and organic carbon (r= 0.648, 0.951, 0.789 and 0.766)
during all the seasons, respectively. The collembolan diversity as
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Table 1 : Seasonal fluctuation of collembolan diversity and density in a fallow land ecosystem during 2015-16

Season ShannonWiener(H’)  Simpsonindex (D) Simpson Index of Evenness (E) Density
Diversity(1-D) (Nos.sqm”)
Spring 1.40 0.27 0.73 0.86 126.36
Summer 1.48 0.14 0.86 0.92 266.36
Autumn 143 0.23 0.77 0.87 167.27
Winter 1.39 0.28 0.72 0.83 61.82
Table 2 : Details of soil physico-chemical properties of fallow land ecosystem during 2015-16
Season Density Diversity ~ Sand Silt Clay Soilmoisture  Organic SMBC pH(1:2.5) BD
(Nosqm”)  (1-D) (%) (%) (%) (%) carbon(%)  (ugg’) (gee’)
Spring 126.36 0.77 47.6 385 13.9 2215 0.61 118.90 54 1.36
Summer 266.36 0.73 49.1 376 13.3 26.25 0.67 137.72 54 1.39
Autumn 167.27 0.72 48.7 37.3 14.0 24.72 0.63 135.34 54 1.34
Winter 61.82 0.86 48.5 38.1 134 19.64 0.60 130.22 54 1.36
Data are mean of 3 samples
Table 3: Correlation of collembolan density with soil physico-chemical properties of fallow land ecosystem
Season Sand Silt Clay Soil moisture Organiccarbon ~ SMBC pH BD
Spring r 0.125 0.226 0.355 0.902* 0.968** 0.071 0.588 0.386
p 0.728 0.528 0.313 0.023 0.001 0.632 0.430 0.579
Summer r 0.607 0.358 0.471 0.973* 0.934* 0.469 0.286 0.188
p 0.062 0.308 0.168 0.011 0.031 0.128 0.558 0.995
Autumn r 0.264 0.214 0.248 0.758* 0.891* 0.191 0.627 0.303
p 0.460 0.551 0.488 0.042 0.025 0.481 0.320 0.572
Winter r 0.467 0.492 0.155 0.925* 0.924* 0.543 0.431 0.457
p 0.172 0.148 0.668 0.024 0.040 0.115 0.288 0.221
**Significantat 1 per cent probability level p <0.01; * Significant at 5 per cent probability level p < 0.05
Table 4: Correlation of collembolan diversity with soil physico-chemical properties of fallow land ecosystem
Season Sand Silt Clay Soilmoisture  Organiccarbon ~ SMBC pH BD
Spring r 0.247 0.049 0.668 0.821* 0.648* 0.463 0.613 0.316
p 0.490 0.891 0.340 0.022 0.028 0.218 0.480 0.648
Summer r 0.573 0.065 0.431 0.853* 0.951** 0.460 0.439 0.161
p 0.083 0.857 0.213 0.031 0.001 0.281 0.235 0.725
Autumn r 0.209 0.234 0.195 0.771* 0.789* 0.192 0.565 0.213
p 0.561 0.513 0.588 0.041 0.027 0.639 0.410 0.562
Winter r 0.340 0.388 0.168 0.862* 0.766* 0.611 0.346 0.497
p 0.335 0.266 0.640 0.023 0.032 0.029 0.524 0.293

**Significantat 1 per cent probability level p <0.01; * Significant at 5 per cent probability level p <0.05

well as density of fallow land ecosystem although showed
positive relationship but was found statistically non-significant
with the rest of the studied soil edaphic factors.

The present findings are in accordance with
Bhattacharya and Raychoudhuri (1979). Hazra (1978) also
reported that the soil moisture acted as pivotal factor for the
growth and development of collembolans and strongly correlated

with the population of collembolans and their seasonal
fluctuations. Numerous edaphic reactions including humification
of soil also requires direct involvement of moisture thereby
stimulating the growth and development of soil microbial flora and
fauna. Significant increase in the collembolan population due to
sudden increase of soil organic matter has also been studied
earlier (Hazra and Bhattacharyya, 2003; Ghosh and Roy, 2005;
Santos et al., 2018), which might be due to decomposition and
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Fig. 2: Monthly variation of collembolan density (no. m?)in fallow land ecosystems during 2015-16

conversion of available leaf or other litters to organic matter in the
top soil which served as a source of sufficient food and provide a
healthy ecological niche for many soil arthropods. Devi et al.
(2011) also observed a congregation of approximately 85-90 per
cent collembolans at the top 0-10 cm layer of soil due to sufficient
amount of organic matter and moisture content which favours the
growth and development of collembolans. In the present study,
bulk density of fallow land ecosystem soil ranged between 1.34-
1.39 g cc” with slight acidic pH (5.4) and found non- significant
relationship with the collembolan population which is in
conformity with the findings of Ghosh and Roy (2005). Bhagawati
et al. (2018) also reported that the pH and bulk density did not
show any significant positive correlation and did not exhibit any
directinfluence on collembola population.

Although the diversity of collembolans in the North
Eastern region of India is very scanty, the aforementioned study
provides at least an ideal base for future research on documenting
the species diversity of Collembola in different ecosystems to
understand the neoteric collembolan fauna of the region.
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