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Abstract The cosmopolitan distribution of soil
microarthropods and their various degrees of adapta-
tion make them suitable tools for assessing soil
ecosystem health. In this study, the microarthropod
abundance of 25 home gardens in Kerala state located
in South West coast of India was studied during
summer and north east monsoon season of 2014. The
soil microarthropods were categorized into six groups:
collembola, coleoptera, hymenoptera, araeneae, acari
and diplopoda. Their numbers varied from 0 to 28 per
1000 cm? and were more abundant in the rainy season
than in summer. The occurrence of these microarthro-
pods was positively correlated to soil moisture and
organic carbon and had negative correlation to soil
temperature and soil pH. The presence of eu-edaphic
and epi-edaphic microarthropod fauna was used to
derive the soil quality index of each home garden and
soil quality classes were defined. Out of the 25 home
gardens, two were of good quality, 21 were of medium
quality and two were of poor quality. The study
supports the scope of applying the indicator value of
soil microarthropods in future studies related to soil
quality, management and conservation of tropical
home garden ecosystems, which are facing threats of
removal of canopy and unscientific land management
practices.
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Introduction

Out of the 23 % of the described soil organisms in the
world, soil arthropods comprise of 85 % in which soil
microarthropods coming under mesofauna are the
major groups helping in the maintenance of soil
quality contributing to ecosystem functioning, by
acting as litter transformers and ecosystem engineers
(Culliney 2013). The soil quality indication using
microarthropods has been much discussed in connec-
tion with the presence of eu-edaphic fauna like
collembola (Rusek 1998; Bandyopadhyaya et al.
2002; A’Bear et al. 2013). The cosmopolitan distri-
bution of microarthropods from equator to poles and
their various degrees of soil adaptations make them
suitable tools for linking the human interaction with
the environment, assessing the ecosystem health and
studying ecosystem changes as indicated by many
studies (Hodkinson et al. 1996; Andres 1999; Kautz
et al. 2006). These organisms are commonly used in
studying the perturbations of polluted or disturbed
ecosystems (Rusek and Marshall 2000; Cortet et al.
2006; Coulson et al. 2015), assessing the progress of
soil quality enhancement process (Hartley et al. 2008),
monitoring soil restoration (Tizado and Nunez-Perez
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2014) and evaluation of cropping systems (Olfert et al.
2002). In agro-ecosystem management studies, they
are used for the comparison of similar habitats with
different management practices or different habitats
within the same geographical area as the degree of
variation in nature-human interactions will reflect in
the soil microarthropod fauna in that area, in terms of
their presence, absence or change in number helping in
ecosystem risk assessment and management.

Tropical home gardens are considered to be valu-
able traditional agro-biodiversity systems (Kumar
et al. 1994; Sankar and Chandrashekara 2002; Soumya
et al. 2007; Galluzzi et al. 2010). They are man-made
terrestrial ecosystems, resembling a natural ecosystem
but with human influence and offer valuable ecosys-
tem functions (Fernandes and Nair 1986) like efficient
nutrient cycling, low use of external inputs and has soil
conservation potential (Torquebiau 1992; Jensen
1993a, b; Jose and Shanmugaratnam 1993).They are
highlighted in the conservation point of view, by
classifying them among in situ conservation sites in
accordance with the Convention of Biological Diver-
sity article 7, 8 and 10(c).

In India, a number of home gardens are present from
the traditional times which provided benefits like food
and medicine in addition to sociocultural and economic
values (Mendez et al. 2001; Kumar et al. 2004; Das and
Das 2005). An important property of tropical home
gardens is the rich biodiversity—both natural and agro-
biodiversity. The fauna of home gardens are also equally
varied. The home gardens of India are replete with
vegetables, ornamentals and medicinal plants (Soumya
et al. 2007) in addition to a number of invertebrate and
vertebrate fauna (Rahman et al. 2012). A few studies
have been carried out on the soil fauna of Indian home
gardens (Banerjee et al. 2009; Rahman et al. 2012).
Among the soil fauna the microarthropods form a
significant component playing a major role in soil
organic matter recycling and soil quality enhancement;
hence labelled as one of the most important factors
related to soil fertility (Vreeken-Buijs et al. 1998). The
soil microarthropods also contribute to complex soil
food webs thus creating a ‘soil ecological balance’
needed for a sustainable soil ecosystem. These organ-
isms can be used as indicators for assessing soil health
and soil quality because they are directly involved in the
soil functions and are sensitive to changes in land
management thereby offering a good scope for biomon-
itoring (Van Straleen and Verhoef 1997; Bongers 1999).
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The home gardens in Kerala, the South West coast of
India where this study is undertaken are rich in vegetation
which includes cultivated seasonal vegetables and natural
flora of herbs and grasses interspersed with trees. There is
little or scanty land management practices or input of
agrochemicals. Therefore in this study, it is hypothesized
that the home gardens are healthy ecosystems harboring
natural and domesticated vegetation. Hence the soil
microarthropod community in these home gardens can
relate to the natural ecological processes, and any
deviation of the community characteristics will indicate
alteration of soil condition which could be a land use
pattern or external input. The first part of this hypothesis,
the natural variation of the microarthropod community in
the home gardens of a rural locality and its probable
indicator value is reported in this study.

Materials and methods
The study area

The area selected for study was Chengamanad village in
the state of Kerala, India (10.1651°N-76.3623°E) which
is a tropical region. This region in South India experi-
ences typical monsoon climate with two monsoon
seasons—south west monsoon (June—September), north
east monsoon (October—-December) and summer (Jan-
uary—May) with an average annual rainfall of about
3341 mm. The region has a humidity ranging from 86 to
93 %. The soil is of tropical type, enriched with humus,
supporting lush vegetation. The village is one in
Ernakulam district with a considerable portion under
agricultural land use (Soil and Land Use Survey of India
2013). The total land area of the village is about 4335
acres (Department of Economics and Statistics 2013).
Twenty-five home gardens were selected from the
village based on a simple random sampling design. They
have an area ranging from 0.02 to 0.20 ha. Each home
garden has a dwelling located within it surrounded by
cultivated fruit trees, vegetables, shade trees and
flowering plants. The high rainfall and tropical temper-
ature favours the natural flora in between the planted
vegetation. The home gardens in the study area showed
clear vertical stratification of vegetation and did not
contain any associated features like ponds or sacred
groves. Three strata were identified based on canopy
structure in which the lowest stratum was within 70 cm
height represented by grasses and small herbs. The
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second strata which reached up to 3.5 m was repre-
sented by shrubs which included ornamental plants
(flowering and foliage plants). The third layer reaching
up to a height of 6 m was represented by fruit bearing
plants like Papaya, Banana and Cocoa. The fourth and
the topmost canopy was represented by tree species like
Coconut, Mango, Jackfruit and Teak reaching up to a
height of 28 m. Horizontally the land is even except for
the houses. The adjacent home gardens are separated by
bio-fence comprising of China rose, Jungle geranium,
Bamboo and Mexican lilac. The general features of the
selected home gardens are given in Table 1.

Soil sampling

The home gardens were given an identification
number (home garden ID) from 1 to 25. Soil monoliths
of volume 10 x 10 x 10 cm was made from each
home garden in triplicate according to the TSBF
protocol (Swift and Bignell 2001). Samples were
transferred into poly bags and immediately shifted to
lab. The sampling was done in the months of March
and April (summer) and in October and November
(north east monsoon) of the year 2014.

Physical and chemical analysis of soil

The different drivers like agriculture, urbanization and
seasonal fluctuation affect the soil moisture, temper-
ature, and organic carbon which can cause changes in
the soil microarthropod communities (Begum et al.
2014) and hence these physicochemical factors were
considered in the study. The soil analysis was done
using standard procedures (Radojevic and Bashkin
2006). The soil temperature was determined in situ
using digital soil thermometer (model TTX 110, Ebro
make). Soil pH and moisture were determined as soon
as the samples were collected. Soil pH was measured
using digital pH meter (HI 98107, Hanna make).
Moisture was determined by gravimetric analysis. For
the estimation of soil organic carbon, the analysis was
carried out using air dried and sieved soil samples by
Walkley—Black method.

Microarthropod extraction
For the study of soil microarthropods, large objects

like cobbles and pebbles were removed and each soil
sample was transferred to Berlese tullgren funnel

apparatus set up in the lab (Macfadyen 1961). The
samples were kept under 25 W bulbs and a mixture of
70 % ethanol and glycerol (in the ratio 1:2) was used
as the preservative into which the organisms were
trapped. The extraction time was standardized for 72 h
after which the extracted organisms were carefully
picked up using forceps and observed under a
stereomicroscope. The samples were identified and
counted. The population size of microarthropods in
each home garden was determined and the relative
composition of the different taxa computed.

Data analysis

The data analysis was divided into five parts namely
analysis of soil properties, microarthropod community
structure, calculation of EMI and QBS-ar scores,
correlation analysis and determination of soil class
values. The mean value of the soil properties like soil
temperature, soil moisture, soil pH and soil organic
carbon were determined for both summer and north
east monsoon period and compared. The abundance of
soil microarthropods in each home garden and the
relative composition of the different taxa in the study
area were represented graphically. The soil quality
was related to the microarthropod community by two
indices i.e., EMI and QBS-ar. The eco-morphological
index (EMI) is an index of soil quality given to the soil
microarthropods based on the morphotype of each
organism. EMI values ranging from 1 to 20 are
assigned to the soil microarthropods considering the
morphological features like body length and edaphic
adaptations like the absence of wings and visual
apparatus. The EMI score uses the presence of soil
microarthropod as the criterion for estimating soil
quality (Yan et al. 2012), rather than their abundance.
A higher EMI value refers to a higher level of
adaptation of soil microarthropods. Since eu-edaphic
soil microarthropods are highly adapted to soil habitat,
they usually have an EMI score closer to 20 compared
to the epi-edaphic and hemi-edaphic organisms having
a score closer to 1 (Parisi et al. 2005). After obtaining
the EMI index of all the groups, the biological soil
quality index of microarthropods (QBS-ar) was
calculated from the EMI scores of each location by
summing up the EMI scores. According to this, the
EMI and QBS-ar was calculated for both sampling
seasons and graphs were plotted using the software
Origin Pro version 9.0.
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Table 1 General features
of the home gardens
selected for the study in
Chengamanad village,
Kerala, India
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Home
garden ID

Area (ha)

Shannon
Weiner index

Diversity of trees Soil type

HG 1

HG 2

HG 3

HG 4

HG 5

HG 6

HG 7

HG 8

HG 9

HG 10

HG 11

0.16

0.12

0.07

0.08

0.06

0.06

0.02

0.04

0.05

0.06

0.02

2.07

1.68

1.09

0.95

1.08

0.90

0.64

0.96

1.1

0.91

Tectona grandis
Albizzia lebbeck
Emblica officinalis

Mimusops elengi

Inceptisols

Mangifera indica

Cocos nucifera
Artocarpus heterophyllus
Areca catechu
Nephelium lappaceum
Saraca asoka

Garcinia indica

Cassia fistula Inceptisols
Cocos nucifera

Garcinia indica
Mangifera indica

Areca catechu
Artocarpus heterophyllus
Alstonia scholaris
Emblica officinalis

Cocos nucifera

Inceptisols

Artocarpus heterophyllus
Mangifera indica

Cocos nucifera Inceptisols
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera Inceptisols
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera Inceptisols
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera Inceptisols
Cocos nucifera Inceptisols
Mangifera indica
Cocos nucifera Inceptisols
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera Inceptisols
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera Inceptisols
Mangifera indica

Artocarpus heterophyllus
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Table 1 continued

Home
garden ID

Area (ha)

Shannon
Weiner index

Diversity of trees

Soil type

HG 12

HG 13

HG 14

HG 15

HG 16

HG 17

HG 18

HG 19

HG 20

HG 21

HG 22

HG 23

HG 24

HG 25

0.02

0.02

0.04

0.04

0.20

0.03

0.05

0.20

0.10

0.04

0.07

0.09

0.11

0.13

0.93

1.00

0.61

1.03

1.30

0.69

0.50

0.53

1.2

1.0

1.0

1.28

0.86

1.37

Cocos nucifera
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica

Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Tectona grandis
Calophyllum inophyllum
Albizzia lebbeck

Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica

Cocos nucifera
Mangifera indica
Tectona grandis

Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Cocos nucifera
Mangifera indica

Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Areca catechu

Cocos nucifera
Mangifera indica

Aegle marmelos

Cocos nucifera
Mangifera indica
Artocarpus heterophyllus
Garciniaindica

Areca catechu

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols

Inceptisols
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Pearson correlation analysis was done between
various soil variables like soil temperature, soil
moisture, soil organic carbon, soil pH and QBS-ar
values of the home gardens during summer and north
east monsoon to verify whether there was any
significant relationship between soil properties and
biological soil quality. The analysis was done using
the software Ky Plot version 2.0. For each home
garden, the mean QBS-ar index obtained was con-
verted into the related soil quality classes, in which
each site was assigned a soil class value from 0 to 6.
According to this, the home gardens were classified as
poor, medium and good based on the soil quality
classes proposed by Parisi et al. (2003). This classi-
fication considers (1) the presence of eu-edaphic soil
microarthropods like Proturans and Onychiurids and
(2) the QBS-ar values as the determinants of soil
quality classes.

Results

The soil of the study area was lateritic. Of about 70 %
of the soils collected from home gardens, the top soil
was black due to the accumulation of organic matter
while the bottom soil was reddish in color. The soil
type in all the home gardens were fine, mixed
isohyperthermic typic udifluvent belonging to subor-
der udepts under inceptisols according to USDA
classification.

The soil temperature in the home gardens of the
village ranged from 27.3 to 32.3 °C in summer and
from 26.1 to 30.9 °C during monsoon. The corre-
sponding pH range was from 5.1 to 8.1 and 5.1 to 7.9.
The soil moisture ranged from 5.92 to 19.71 % during
summer and from 9.0 to 29.36 % in monsoon. The
content of organic carbon was 0.78-7.02 % during
summer and 0.78-5.46 % in monsoon sampling. The
range, mean and standard deviation of the soil
properties are given in Table 2.

The population size of the microarthropods was
observed to vary from 0 to 14 per 1000 cm? in the dry
season. The organisms were not detected in the
samples drawn from home gardens 5 and 6. The
highest abundance occurred in home garden 18. The
abundance of microarthropods was high in the wet
season reaching from 2 to 28 per 1000 cm®. The site
based occurrence of the total number of soil
microarthropods is given in Fig. 1. According to this,
the home garden ID 18 had the highest number of
microarthropods in summer while home garden ID 1
scored higher during monsoon.

By examining the community structure of soil
microarthropods, it was observed that the microarthro-
pod community was composed of the groups collem-
bola, coleoptera, hymenoptera, araeneae, acari and
diplopoda. The percentage composition of soil
microarthropods during the two sampling seasons is
given in Fig. 2.

Accordingly, the microarthropod community was
represented by six groups ranging from 33.67 % of
collembola to 4.08 % of diplopoda in summer. During
monsoon months, the soil fauna was represented by
five groups ranging from 34.91 % of hymenoptera to
2.83 % of araeneae. Collembola was reduced to
26.89 % in monsoon.

The EMI values obtained for each home garden
revealed that the average EMI ranged from 0.2 (for
diplopoda) to 3.32 (for collembola) in summer. The
monsoon range was from 1.24 to 4.56 for those groups
excepting diplopoda which were totally absent in the
collection (Fig. 3). A higher EMI value of 3.32 was
reported by collembola followed by hymenoptera
(2.8) and acari (2.4) during summer. The least EMI
values were for coleoptera and araeneae (1.2) followed
by diplopoda (0.2). During monsoon, acari had highest
average EMI score of 4.9 followed by collembola,
coleoptera and hymenoptera which had almost similar
average EMI scores of 4.6, 4.6 and 4.5 respectively.
Araeneae had least EMI score of 1.1. Diplopoda was

Table 2 Soil properties
observed in the home
gardens of Chengamanad

village, Kerala, India

Soil property Summer North east monsoon

Range Mean + SD Range Mean + SD
Soil temperature (°C) 27.3-323 29.01 £ (1.54) 26.1-30.9 26.93 + 0.98
Soil pH 5.1-8.1 6.2 + 0.79 5.1-7.9 6.8 = 0.50
Soil moisture (%) 5.92-19.71 12.46 £+ 3.26 9.0-29.36 16.49 + 4.44
Soil organic carbon (%) 0.78-7.02 3.48 £ 1.80 0.78-5.46 2.36 £ 1.13
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Fig. 1 Population size of
microarthropods during
summer (a) and north east
monsoon (b) in the home
gardens of Chengamanad
village, Kerala, India
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absent in monsoon samples. Corresponding to the EMI
scores, the QBS-ar was high in the monsoon in all
home gardens. In two of the home gardens (ID 5 and
ID 6) microarthropods were totally absent in the
summer samples (Fig. 4).

The Pearson correlation analysis between soil
temperature, soil moisture, soil organic carbon and
soil pH against QBS-ar revealed that there are
significant correlations existing between soil proper-
ties and QBS-ar during each sampling season. The
results of the analysis are shown (Table 3). It is
observed that the occurrence of microarthropods is

6 7 8

7

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Home garden ID

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Home garden ID

negatively correlated to temperature in summer, and
negatively correlated to pH in monsoon period.
Moisture and organic carbon exhibited strong positive
correlation with QBS-ar in both periods. The grading
of each home garden based on soil quality depending
on the calculated soil class value is given in Table 4.

According to the soil quality classes defined by
QBS-ar, two home gardens (HG 1 and HG 16) with
QBS-ar score of 51 and 55 with soil class value 4 were
classified as good quality home gardens, and 21 home
gardens with soil class value 2 were classified as
medium quality home gardens. Two home gardens
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(a) E= collembola
[EEH coleoptera
=] hymenoptera
[T diplopoda
B araeneae
29.59% V) acari

6.12%

11.22%

33.67%

E== collembola
(b) [ coleoptera

E—]hymenoptera

B araeneae

34.91% ] acari

2.83%

22.64% NGHEEES 12.74%

26.89%

Fig. 2 Relative composition of soil microarthropod fauna
during summer (a) and north east monsoon (b) in the home
gardens of Chengamanad village, Kerala, India

which were found to contain only epi-edaphic or hemi-
edaphic groups with soil class value 1 were classified
as ‘poor quality’ home gardens.

Discussion

The natural variation of microarthropods in the home
gardens was studied setting the hypothesis that they
are healthy ecosystems. From the studies, it was
understood that the soil type observed in the home
gardens of Chengamanad village, the inceptisols are
agricultural soils favouring the growth of crops and
natural vegetation. Based on the range of soil pH
values, these soils vary from strongly acidic to
moderately alkaline (Department of Agriculture and
Cooperation 2011) having silty loam to clayey loam
texture. Strongly acidic soils (pH ranging from 4.6 to

@ Springer

5.5) were found in six home gardens during summer
and five home gardens during north east monsoon.
Moderately acidic soils (pH ranging from 5.6 to 6.5)
were seen in 11 home gardens during summer and 12
home gardens during north east monsoon while
slightly acidic soils (pH range between 6.6 and 6.9)
were reported in three home gardens during summer
and two home gardens during north east monsoon
respectively. Moderately alkaline soils (pH ranging
from 7.1 to 8.5) were reported from five home gardens
during summer and six home gardens during north east
monsoon. From the soil pH values of the 25 home
gardens, it is observed that the dominant soils in the
home gardens was moderately acidic representing
44 % of the total home gardens sampled during
summer and 48 % of the total home gardens sampled
during monsoon. No home gardens were reported to
contain extremely acidic or extremely alkaline soils
which are unfavourable to the plants and edaphic
fauna. The level of soil organic carbon is such that
these gardens fit into the high fertility level soils
(Department of Agriculture and Cooperation 2011).
The soil temperature in the home gardens was higher
in summer while the moisture content was lower
compared to the north east monsoon period. This could
due to the reduced precipitation, increased soil evap-
oration and increased atmospheric temperature in
summer.

The abundance of microarthropods varied across
the home gardens as well as the sampling season.
Collembola dominated the population in summer
while hymenoptera was more important in the mon-
soon. The reduction in collembolan population during
monsoon as observed in this study may be probably due
to reduction of soil organic carbon, because other
factors determining the collembolan number like soil
moisture and soil temperature showed a favourable
change during monsoon in the home gardens. Studies
have proved that medium temperature and stable mois-
ture conditions favour increased collembolan popula-
tion by enhancing soil quality in addition to available
food in the form of organic matter (Verma et al. 2014).
This substantiates the importance of organic matter for
collembolan survival and therefore, the leaching of
organic matter from soil due to heavy rainfall may be a
reason for the reduction of collembolan population
during monsoon, as observed in this study. Since there
is a positive correlation of collembolan population to
increased availability of organic carbon as indicated by
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Fig. 3 EMI values of )
different microarthropod
groups during the two
seasons in the home gardens
of Chengamanad village,
Kerala, India

Average EMI scores

I Summer
[ ] North East Monsoon

e

Collembola

Fig. 4 QBS-ar values b
obtained during the two
seasons in the home gardens
of Chengamanad village,
Kerala, India

QBS-ar score

Coleoptera

T T T

Hymenoptera Araeneae Acari Diplopoda

Microarthropod groups

—— Summer
—@— North East monsoon

some studies (Verma and Paliwal 2010), organic
matter availability may be the limiting factor in the
reduction of collembolan population thereby reducing

T I T T I T T I T T I
8 10 12 13 15 17 18 20 22 23 25

Home garden ID

the soil quality during monsoon season. There are also
studies stating that increased soil moisture do not
significantly affect collembolan population (Mackay
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Table 3 Correlation analysis of soil physicochemical characteristics with QBS-ar index during summer and north east monsoon in

the home gardens of Chengamanad village, Kerala, India

Soil parameter

Correlation coefficients

Summer North east monsoon
Soil temperature v/s QBS- ar —-0.61* —0.08
Soil moisture v/s QBS-ar 0.42%* 0.44%*
Soil organic carbon v/s QBS-ar 0.63* 0.43*
Soil pH v/s QBS-ar —0.15 —0.50*

* Significant correlation at p < 0.05

Table 4 Mean QBS-ar and soil class values obtained for dif-
ferent home gardens in Chengamanad village, Kerala, India

Home garden = Mean QBS-ar Soil class Grading
ID score value

2 21 2 Medium
3 6 2 Medium
4 28 2 Medium
5 5 1 Poor

6 5 1 Poor

7 2 Medium
8 13 2 Medium
9 30 2 Medium
10 18 2 Medium
11 24 2 Medium
12 21 2 Medium
13 11 2 Medium
14 16 2 Medium
15 9 2 Medium
16 51 4 Good

17 24 2 Medium
18 35 2 Medium
19 24 2 Medium
20 14 2 Medium
21 23 2 Medium
22 11 2 Medium
23 23 2 Medium
24 13 2 Medium
25 13 2 Medium

et al. 1986) which proves that besides moisture, there
are certain other factors which determine soil habitat
quality and thereby collembolan survival. Itis also seen
that hymenopteran population increased by 5.32 %
and coleopteran population increased by 11.42 % in
monsoon. Araenae and acari population showed a
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decrease of 3.29 and 2.57 % respectively during
monsoon season compared to summer. Competition
found among different microarthropod groups like
collembola and mites during laboratory studies (Hag-
var 1990) supports that the population of one
microarthropod group in an ecosystem may be affected
by competition with other group. Competition as
reported in collembolans, areaeneae and -certain
hymenopterans may be a reason for reduction of
collembolan population during monsoon. Another
striking observation in this study is the disappearance
of the faunal group diplopoda during October—Novem-
ber sampling. For deriving the exact reason for the
disappearance of diplopods, continuous sampling and
close study of the diplopodan ecology is mandatory.

While examining the seasonal variation in soil
microarthropod numbers, the number of organisms in
the home gardens was found to be higher in October—
November than in April-May. The soil properties are
reported to control the survival of the microarthro-
pods. During summer, the increase in soil temperature
will lead to increased soil evaporation, resulting in soil
moisture deficit thereby reducing the number of less
tolerant soil organisms (Kardol et al. 2011). Increased
soil moisture during monsoon is found to have a
favourable effect on the soil microarthropod popula-
tion. An increasing soil pH in monsoon is unfavour-
able to the organisms, but the positive effects of
increased moisture and lower temperature supports
higher population. According to Kadrol et al. (2011)
soil moisture is a limiting factor for the survival of soil
microarthropods and many species of microarthropods
try to escape from extreme dryness by burrowing deep
into the soil during drought conditions. This substan-
tiates the reduction of number of organisms in summer
when compared to that of monsoon.
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During summer the average EMI value was higher
for the group collembolans followed by hymenoptera,
acari coleoptera, araeneae and diplopoda. Since
collembolans are euedaphic soil microarthropod fauna
found in about 95 % of the home gardens, a higher
EMI value was obtained. The hymenopteran group
which ranked next to collembola in EMI score was
epiedaphic fauna which did not show much special-
ization for a true soil life as compared to collembola.
Acari and coleoptera were not found in all home
gardens and their presence was smaller when com-
pared to collembolans. Since EMI score is a reflection
of the presence of euedaphic soil microarthropod
fauna in soil ecosystem, the home gardens with a
higher EMI score represented better quality soil
ecosystems containing soil microarthropods of the
groups collembolan and acari. There is a general
increase in EMI values during monsoon compared to
summer due to reduction in soil temperature and
increase in soil moisture favouring the survival of soil
microarthropods. The difference is highly prominent
in coleopteran population with a threefold increase in
average EMI values in monsoon than in summer.
Acari population also showed a twofold increase in the
average EMI value in monsoon when compared to
summer. Diplopodans, which are less abundant in
summer showed the least EMI score of 0.2. In general
by examining the EMI scores, it may be concluded that
the soils in the home gardens of Chengamanad village
favoured the presence of euedaphic fauna than
epiedaphic fauna during monsoon.

The highest QBS value as reported by home garden
1 during both sampling seasons followed by home
garden 16 indicates that home garden 1 was with the
best soil quality compared to other 24 home gardens.
Compared to summer, the QBS-ar values showed an
increase during monsoon in all the 25 home gardens
which indicates that the conditions required for the
survival soil microarthropods showed a favourable
change during monsoon. These observations point to
the direct influence of seasonal changes on the survival
of soil microarthropods and consequently on the QBS-
ar value.

It was observed that the home gardens grouped as
good quality were the oldest home gardens in the study
area without much human intervention and rigorous
management practices and favours the sustenance of
eu-edaphic fauna; while the home gardens grouped as
medium quality were subjected to management

practices like constant cleaning and removal of soil
litter. Those home gardens under soil class 1 and 2 also
had canopy cover of less than 50 % when compared
with the home gardens coming under soil class 4 in
which the canopy cover was about 90 %. The canopy
cover as well as soil litter may be having a shielding
effect on the microhabitat of the soil microarthropods,
enhancing the soil habitat quality by encouraging the
survival of the eu-edaphic fauna.

Conclusion

The use of soil microarthropods for the assessment of
soil quality is an easier approach when compared to
frequent chemical analysis. Our results prove that soil
microarthropods can be effectively used for the soil
quality assessment of the tropical home gardens of
smaller areas like villages.
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