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Abstract

Soil organisms are an integral part of agricultural ecosystems and are essential for the
maintenance of healthy productive soils. Little is known about soil arthropods assemblag-
es in shifting cultivation system. Therefore, we compared the diversity of soil macroarthro-
pods in shifting cultivation (EXPTL) system and its adjacent natural forest (CTRL) ecosys-
tem in Mizoram, northeast India and assessed the impact of shifting cultivation on the
diversity. The study was conducted from 2013 to 2015, and the period was divided as pre
-cultivation, cultivation and post-cultivation phases. Traditional shifting cultivation was
practised in EXPTL site in the year 2014. Sampling was done by handpicking and digging
from a quadrat (25%x25x30 cm) located at least 10 m apart at monthly intervals. Speci-
mens were preserved in 4% formalin and were identified up to the lowest possible taxa. A
total of 97 taxa of arthropods belonging to five classes were recorded. 88 taxa and 48
taxa were recorded in CTRL and EXPTL respectively. Order-wise Shannon diversity in-
dex was significantly higher (p < .001) in CTRL as compared to EXPTL site. There were
significant differences in both cultivation (p <.001) and post-cultivation (p <.001) phases
between CTRL and EXPTL sites. There was a significant effect of shifting cultivation on
the diversity of soil macroarthropods at the p <.05 level for the three cultivation phases in
EXPTL site. Therefore, it was concluded that shifting cultivation system negatively affect-
ed soil macroarthropod diversity at least for a short duration. This study provided the first
baseline data of soil macroarthropod diversity and its interaction with land-use system
from Mizoram, northeast India.
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a neglected field for a long time particularly in In-

dia but has gained popularity recently.

Soil is the most diverse and is probably one of the

most species-rich habitats of the terrestrial eco-
system (Decaéns et al., 2006). Soil organisms are
an integral part of agricultural ecosystems and
their presence is essential for the maintenance of
healthy productive soils. Soil macroarthropods are
those soil organisms that are large enough to be
sampled individually (Callaham et al., 2012). Alt-
hough several groups of soil macroarthropods are
considered as pests (Jackson and Klein, 2006;
Dogramaci and Tingey, 2009), they are also
known to positively influenced ecosystem func-
tions by causing important modifications in the soil
environment (Lavelle, 1997; Wolters, 2000). De-
spite their important roles and functions in the
ecosystem, soil communities are still poorly known
(Hunter, 2001). The study of soil animal has been

Soil macroarthropods play an important role in
various ecosystem functions. Ants, termites, milli-
pedes, centipedes, woodlice and beetles have a
vital role in macromixing, soil aggregate formation,
mineralization of inorganic nutrients through acti-
vation of microflora (Ruiz et al., 2008). They also
take part in formation of macropores which are
important for soil aeration and water flux (Edwards
and Bohlen, 1996). The crucial roles played by the
soil arthropods in soil ecosystem make them a
very important part of all ecosystems, including
agroecosystems. The reduction in the diversity of
soil arthropod is likely to cause improper function-
ing of the ecosystem. In addition, the potential use
of soil arthropods as biological indicators of habi-
tat destruction and land use has been gaining
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popularity (Andersen and Majer, 2004; Nakamura
et al., 2007). Previous study has shown that the
undisturbed forest provides the ideal environment
for the establishment of ecosystem engineers
(Brown et al., 2001).

Considerable amounts of literatures are available
from different parts of the world, but majority of
soil faunal studies are done in temperate habitats
(Okwakol and Sekamatte, 2007).

The earliest taxonomic records of soil fauna from
the Indian sub-continent dates back to the 19"
century; Pocock (1892) studied the ground-
dwelling myriapods of the then Ceylon (Sri Lanka)
and Southern India. Commendable work was
done by Bingham (1903) on ground dwelling ants
and Imms (1912) on collembolans. Review on soil
fauna was given thoroughly by Singh (1978). Ros-
si and Blanchart (2005) studied seasonal and land
use induced variations of soil macrofauna compo-
sition in the Western Ghats, southern India.

Many authors have shown soil arthropod popula-
tion structure in different cultivated lands of north-
east India (Reddy and Alfred, 1978; Vatsauliya
and Alfred, 1980; Vatsauliya, 1981; Darlong and
Alfred, 1982; Hattar and Alfred, 1984; Paul and
Alfred, 1995; Alfred et al, 1991; Hattar et al,
1992, 1998, 2008). However, there is no infor-
mation on this aspect from Mizoram. Traditional
shifting cultivation is believed to have an adverse
effect on soil arthropod community. Although data
exist on various aspects of soil macroarthropods,
information on their diversity and the effects of
shifting cultivation system on macroarthropods is
scarce. Moreover, very little is known about soil
arthropods assemblages in shifting cultivation
system. Keeping in mind their crucial roles as soil
ecosystem engineers, the scarcity of systematic
information on this aspect and to find an answer
to the hypothesized concept, the experiment was
designed to study the diversity of soil macroar-
thropods in shifting cultivation system and natural
forest ecosystem and to find out the impact of
shifting cultivation on the diversity of soil macroar-
thropods in in Mizoram, northeast India.

MATERIALS AND METHODS

Study area: Mizoram is located in northeast India,
between 21°56' N and 24°31' N latitude, 92°16' E
and 93°26' E longitude. It borders with Bangla-
desh in the west and Myanmar in the east and
south. In the north, it shares a border with three
Indian states viz. Tripura in the north-west, Assam
in north and Manipur in the northeast (Fig. 1). The
state is hilly, covered with tropical and subtropical
semi-evergreen forests, and is a part of Indo-
Myanmar Biodiversity Hotspot hence its location is
biologically significant. The average temperature
varies between 11 °C and 21 °C in winter and
climbs up to 20 °C and 33 °C in summer months.
The soil of Mizoram is slightly acidic; pH generally

ranges from 4.5 — 7. It receives an annual rainfall
of about 2500 mm.

Shifting cultivation is the ultimate source of nour-
ishment and subsistence for more than half of all
household in Mizoram. It involves slashing of veg-
etation in December or early January after which
the slashed vegetation is left to dry and the dried
vegetations are burnt in mid-March. Sowing of
seeds is generally done in April/May and the first
weeding is usually carried out in May/June. Multi-
ple cropping system is typically employed with
different kinds of crops such as bitter gourd, bitter
tomato, brinjal, cassava, chilly, cucumber, ginger,
honeydew melon, lady’s finger, maize, peas,
pumpkin, sesame, snake gourd, solanum, sor-
ghum, sorrel, soybean, sweet potato, taro, water-
melon and other vegetables for leaves and fruits
with rice (Oryza sativa L.) as the main crop.
Weeding using a hand hoe is usually carried out
three times a year, where weeds are dragged out
along with roots while upper fertile soil is semi-
tilled. This traditional shifting cultivation was per-
formed for one year, after which the land was left
for regeneration (fallow) in the subsequent years.
Experimental design: The study was carried out
at an experimental plot of natural tree forest at
Khawrihnim village (23°36'58” N and 92°38'04” E),
Mamit district, Mizoram at an altitude of about 950
m above sea level. The landscape is steep with a
slope ranging from 45% to 75%. The plot was de-
marcated into control (CTRL, natural forest) and
experimental (EXPTL, cultivation site) sites with
an area of one acre each. The study period was
divided in to three phases, viz. pre- cultivation
phase (2013), cultivation phase (2014) and post
cultivation phase (2015). Traditional shifting culti-
vation was practiced in EXPTL site in the year
2014.

Soil arthropods sampling and identification:
Soil macroarthropod samples were collected from
CTRL and EXPTL sites by hand picking and dig-
ging from a quadrat (25x25x30 cm) located at
least 10m apart at monthly intervals (Anderson
and Ingram, 1993; Swift and Bignell, 2001) during
January 2013 to October 2015. Large sized fauna
like centipede and millipede were hand-sorted at
the site, whereas a lump of soil block was taken to
laboratory and small sized fauna were thoroughly
extracted by hand sorting method (Dash and Pa-
tra, 1977; Dash and Senapati, 1980). Specimens
were preserved in 4% formalin. Morphological
based identification of arthropods using Motic Ste-
reo Zoom Microscope (SMZ-160) was done up to
the lowest possible taxa following Castner (2000),
Arnett and Jacques (1981), Gibb et al. (2006) and
also other literatures including online literatures
and pictorial guides. The identified specimens
were deposited to Pachhunga University College
Zoological Museum, Mizoram, India.

Statistical analysis: Soil macroarthropods diver-
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sity indices were calculated by using Palaeonto-
logical Statististics (PAST) following Hammer et
al. (2001). t-test and ANOVA were calculated by
SPSS software version 16.

RESULTS

This study recorded 97 species of arthropods be-
longing to five classes which are presented in ta-
bles 1 — 5. Of these, 88 taxa occurred in CTRL
site whereas only 48 taxa were recorded from
EXPTL site. Shannon diversity index at the level
of Order was significantly higher (t = 3.6661, p
< .001) in CTRL (& = 1.338) as compared to

EXPTL (¥ = 1.164) site. Larval forms were exclud-
ed from this study due to problems in
identification.

Class Arachnida: Arachnids are a class of joint-
ed eight-legged invertebrate animals. A total of 14
species from four orders of arachnids were identi-
fied up to family level from the study sites during
the course of study (Table 1). Out of the total 14
species, eight species were spiders, belonging to
order Araneae, which were identified up to family
level including one unidentified family. In addition,
four species of Harvestman/ Daddy long legs un-
der the order Opiliones and one species each
from order Scorpiones and order Pseudoscorpi-
onida were also identified. A total of eight species
were found in EXPTL whereas all the 14 species
were recorded from CTRL site. The order Arane-
ae has a statistically significant (t = 2.2722, p =
0.0254) higher species diversity in CTRL (& =
1.792) as compared to EXPTL ( #H = 1.468) site
(Table 6)

Shifting Cultivation
(EXPTL)

He

Fig. 1 Locat/on of study site in M/zoram northeast
India.

Class Crustacea: Five species of crustaceans
under two orders Isopoda and Amphipoda were
collected from the study sites (Table 2). All the five
species were found in CTRL whereas only three
species were recorded from EXPTL site. Shannon

diversity index of Isopoda in CTRL site (& = 1.208)
was significantly higher (t = 2.8524, p = 0.008)

than that of EXPTL site ( # = 0.682) (Table 6).
Class Insecta: Class Insecta constitutes the most
abundant class in terms of species composition; it
constitutes 67 species out of 97 species collected
from this study. The recorded 67 species belong to
ten orders and are presented in Table 3. Order
Diplura, Collembola and Homoptera were repre-
sented by only one species each.

Order Orthoptera was represented by three spe-
cies under three families. Also, Order Isoptera was
represented by three species belonging to family
Termitidae. Order Dermaptera was represented by
four species under four families including one
unidentified species under family Chelisochidae.
Order Blattaria was represented by five species
under three families. Order Hemiptera was repre-
sented by seven species under seven families.
Order Coleoptera was represented by 32 species
belonging to ten families and constituted the larg-
est order in terms of species composition under
the class Insecta. Order Hymenoptera was repre-
sented by nine species under family Formicidae
and one unidentified species belonging to family
Mutillidae.

Out of the total 67 soil insect species, 59 species
were recorded in CTRL whereas only 39 species
were recorded from EXPTL site. The Shannon
diversity index of various soil arthropod orders is
presented in table 6. The diversity indices of Blat-
taria, Isoptera, Orthoptera, Hemiptera, Coleoptera
and Hymenoptera were significantly (p < .05) high-
erin CTRL as compared to EXPTL site.

Class Chilopoda: Chilopods are elongated meta-
meric creatures with one pair of legs per body seg-
ment represented by Centipede. Five species of
centipedes from two orders and three families
were collected from the study sites (Table 4). The
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Fig. 2. Monthly variations in diversity ( H) of soil
macroarthropods in CTRL and EXPTL sites in Mizo-
ram, northeast India.
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Table 1. Species composition of soil arthropods (Arachnids) in Mizoram, northeast India

. Occurrence
Class/ Order Family Taxa CTRL EXPTL
Arachnida araneae Ctenidae Unidentified + +
Lycosidae Unidentified + +
Cybaeidae Unidentified + -
Theraphosidae Unidentified + -
Clubionidae Unidentified + +
Sparassidae Unidentified + +
Salticidae Unidentified + +
Unidentified Unidentified + -
Opiliones Pettalidae Pettalus thwaitesi, Sharma et al. + +
Sclerosomatidae Leiobunum sp.1 + -
Leiobunum sp.2 + +
Gagrella sp. + -
Scorpiones Scorpionidae Unidentified + -
Pseudoscorpionida Cheliferidae Dactylochelifer sp. + +
Table 2. Species composition of soil arthropods (Crustaceans) in Mizoram, northeast India.
. Occurrence
Class/ Order Family Taxa CTRL EXPTL
Crustacea Isopoda Armadillidiidae Armadillidium sp. + +
Philosicidae Philoscia sp. + -
Porcellionidae Porcellio sp. + -
Oniscidae Oniscus sp. + +
Amphipoda Talitridae Orchestia sp. + +

+ = present, - = absent

only species representing order Scolopendromor-
pha was collected from the EXPTL site during
November 2013. Majority of the collected centi-
pedes from both CTRL and EXPTL sites were
members of order Geophilomorpha. All five spe-
cies were recorded from EXPTL whereas CTRL
harbours four species only. Shannon diversity
index value for CTRL ( # =1.360) was though
slightly lower than EXPTL ( & = 1.460) site (Table
6).

Class Diplopoda: Diplopods are a group of ar-
thropods that are characterized by having two
pairs of jointed legs on most body segments rep-
resented by a millipede. Six species of millipedes
belonging to three orders and five families were
identified (Table 5). Order Polydesmida was rep-
resented by three species belonging to two fami-
lies and Order Spirostreptida was represented by
two species under two families while Order
Sphaerotheriida was represented by only one
species. Only three species were recorded from
EXPTL site whereas all the six species were
found in CTRL site. The Shannon diversity index
of CTRL ( # = 1.552) was significantly higher (t =
5.499, p < .001) than that of EXPTL (H = 0.885)
site (Table 6).

Effect of shifting cultivation on soil macroar-
thropod diversity: Three years data on monthly
variations in the diversity of soil arthropods in
CTRL and EXPTL sites is presented in Fig. 2 and
indices calculated to provide information on soil

macroarthropod diversity, richness and others are
presented in table 7. During the pre-cultivation
phase, i.e. before shifting cultivation was em-
ployed in EXPTL site Shannon’s diversity index (
#) value was 1.364. In the year 2014, traditional
shifting cultivation was employed in EXPTL site
during which Shannon’s diversity index ( & ) value
was reduced to 0.667. During post-cultivation
phase, EXPTL site was left fallow and throughout

the year 2015 Shannon’s diversity index ( & ) value
was increased to 1.148 (Table 7).

Independent samples t-test was conducted to de-
termine if there were significant variations in the
diversity of soil macro arthropods during the three
cultivation phases in CTRL and EXPTL sites.
There were no significant differences (p >. 05) in
diversity between CTRL and EXPTL sites in pre-
cultivation phase. However, there was significant
differences in diversity between CTRL and EXPTL
sites in both cultivation (t = 4.7522, p <. 001) and
post-cultivation (t = 3.8488, p < .001) phases.
Thus, there was a sharp decrease in diversity dur-
ing cultivation and a gradual restoration of popula-
tion diversity in the next year (post-cultivation).
One-way ANOVA was conducted to determine if
there were significant inter-annual variation
(cultivation phases in EXPTL site) in both CTRL
and EXPTL sites. While there was no significant
changes in the diversity of soil macroarthropods in
CTRL site at the p < .05 level for the three cultiva-
tion phases [Fp, 31y= 2.525, p = .096], there was
significant effect of shifting cultivation on the diver-
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Class/ Order Family Taxa CTRCI)-ccurrE)rzggrL
Insecta Diplura Japygidae Metajapyx sp. + +
Collembola Entomobryidae Unidentified - +
Blattaria Blattidae Blatta sp. + +
Ectobiidae Parcoblatta sp. + +
Blatella sp. + -
Blaberidae Pycnoscelus surinamensis, Linnaeus + -
Epilampra sp. + -
Isoptera Termitidae Odontotermes sp.1 + +
Odontotermes sp.2 + -
Odontotermes sp.3 + -
Dermaptera Forficulidae Forficula auricularia, Linnaeus + +
Labiduridae Labidura sp. + -
Anisolabididae Euborellia annulipes, Lucas - +
Chelisochidae Unidentified + -
Orthoptera Gryllacrididae Unidentified + -
Tetrigidae Unidentified + +
Gryllotalpidae Unidentified + -
Hemiptera Pyrrhocoridae Dysdercus sp. - +
Reduvidae Unidentified - +
Miridae Unidentified + -
Pentatomidae Unidentified - +
Scutelleridae Unidentified - +
Cydnidae Unidentified + -
Coreidae Unidentified - +
Homoptera Cicadidae Unidentified + -
Coleoptera Crabidae Platynus sp. + +
Badister sp. + -
Anisodactylus sp. + -
Notiobia sp. + +
Harpalus sp. + +
Histeridae Saprinus lugens, Erichson + +
Saprinus oregonensis, Le Conte + +
Staphylinidae Coproporus ventriculus, Say + +
Scaphisoma rubens, Casey + -
Borolinus curticollis, Bernhauer + +
Philonthus indubius, Luze + +
Oropus striatus, Le Conte + -
Pselaphus sp. + +
Pselaphus heisei, Herbst + +
Siagonium sp. + +
Platydracus sp. + +
Dermestidae Diplocoelus sp. + -
Attagenus sp. + -
Elateridae Agriotes insanus, Candeze + +
Agrypnus rectangularis, Say + -
Scarabaeidae Digitonthophagus gazella, Fabricius + -
Onthophagus sp.1 + +
Onthophagus sp.2 + -
Diplotaxis sp. + +
Serica sp. + -
Passalidae Odontotaenius disjunctus, llliger + -
Tenebrionidae Megeleates sequoiarum, Casey + +
Mordellina sp. + -
Curculionidae Sitophilus oryzae, Linnaeus - +
Dyslobus sp. + +
Cleridae Necrobia rufipes, De Geer + +
Necrobia sp. + -
Hymenoptera Formicidae Camponotus sp.1 + +
Camponotus sp.2 + +
Camponotus sp.3 + +
Leptogenys sp.1 + +
Leptogenys sp.2 + -
Leptogenys sp.3 + -
Phachycondyla sp. + +
Anoplolepis sp. + +
Tetramorium sp. + -
Mutillidae Unidentified + +

+ = present, - = absent
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Table 4. Species composition of soil arthropods (Centipedes) in Mizoram, northeast India.

. Occurrence
Class/ Order Family Taxa CTRL EXPTL
Chilopoda Geophilomorpha  Mecistocephalidae Mecistocephalus guildingii, Newport  + +
Geophilidae Geophilus carpophagus, Leach + +
Geophilus insculptus, Attems + +
Geophilus electricus, Linnaeus + +
Scolopendromorpha Scolopendridae Scolopendra sp. - +
+ = present, - = absent
Table 5. Species composition of soil arthropods (Millipedes) in Mizoram, northeast India.
. Occurrence
Class/ Order Family Taxa CTRL EXPTL
Diplopoda Spirostreptida Spirostreptidae Spirostreptus sp. + +
Cambalopsidae Glyphiulus sp. + -
Polydesmida Paradoxosomatidae Orthomorpha sp. + -
Oxidus sp. + +
Dalodesmidae Asphalidesmus sp. + +
Sphaerotheriida Zephroniidae Sphaeropoeus sp. + -

+ = present, - = absent

Table 6. Order/ Class level's Shannon diversity indices in CTRL and EXPTL sites. Values within the same taxon

with different descriptors differ significantly (p < 0.05).

Shannon diversity index( H)

Taxa Diversity t-test
CTRL EXPTL
Araneae 1.792 a 1.468 b t=2.2722, p =0.0254
Opiliones 1.369 0.693 t=1.976, p = 0.15026
Isopoda 1.208 a 0.682b t=2.8524, p = 0.0086
Blattaria 1.466 a 0.682b t=4.2997, p = 0.0002
Isoptera 0.828 a 0.000 b t=29.249, p < 0.0001
Dermaptera 0.829 0.603 t=1.4465, p = 0.1549
Orthoptera 1.011a 0.000 b t=3.6502, p =0.0107
Hemiptera 0.562 a 1.560 b t=-2.881,p=0.010
Coleoptera 3.385a 2.907b t = 3.3403, p = 0.0001
Hymenoptera 2221 a 1.881b t=21.614, p <0.0001
Chilopoda 1.360 1.460 t=-0.8349, p = 0.4073
Diplopoda 1.552 a 0.885b t=5.499, p <0.0001

Table 7. Various indices of CTRL and EXPTL sites in different cultivation phases (2013-2015).

Index Pre- Cultivation Cultivation Post- Cultivation
CTRL EXPTL CTRL EXPTL CTRL EXPTL
Taxa (S) 14 12 12 11 16 15
Dominance (D) 0.3623 0.3903 0.4459 0.7534 0.3822 0.5285
Shannon (H) 1.373 1.364 1.09 0.667 1.425 1.148
Simpson (1-D) 0.6377 0.6097 0.5541 0.2466 0.6178 0.4715
Evenness 0.282 0.3259 0.2477 0.1771 0.2599 0.2102
Menhinick 0.5833 0.6023 0.5044 0.6278 0.5685 0.5843
Margalef 2.045 1.838 1.735 1.746 2.247 2.157
Equitability (J) 0.5204 0.5488 0.4385 0.2781 0.5141 0.424
Fisher alpha 2.588 2.334 2.152 2.23 2.84 2.732
Berger- Parker 0.4844 0.5743 0.5883 0.8664 0.5644 0.7147

sity of soil macroarthropods at the p < .05 level for
the three cultivation phases [Fp 31y= 5.513, p
=.009] in EXPTL site.

DISCUSSION

Soil invertebrates are enormously diverse and
may represent as much as 23% of the total diver-
sity of living organisms that have been described
to date (Decaéns et al., 2006). The biological di-
versity in soils is several orders of magnitude

higher than above ground (Heywood and Watson,
1995). However, due to the absolute diversity of
soil-living organisms, soil biodiversity studies pose
many difficulties in sampling, identification, and
interpretation of results. According to Whitford
(1992), there are no examples where the soil biota
of a specific area of land has been completely
described at the species level. Identifying soil in-
vertebrate is a difficult task and required laborato-
ry expertise. Therefore, in order to avoid misidenti-
fication, the identification of arthropods is done
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mainly up to family level.

This study recorded 97 taxa of soil macro-
arthropods during three years of investigation at
shifting cultivation site, Khawrihnim, which is quite
high. Blower and Wallwork (1971) explained that
the phylum Arthropoda was a group of soil ani-
mals, which generally showed the highest domi-
nance among the organisms making up the com-
munity of soil animals. Brévault et al. (2007) also
found that Arthropods were predominant in the
invertebrate community in soils under convention-
al tillage and no-tillage systems.

Scorpiones and Pseudoscorpiones were observed
in low numbers which are in accordance with Col-
lins (1980) who stated that Pseudoscorpiones
were generally uncommon and Opiliones were
erratic in distribution. The higher diversity index of
arachnids in forest site as compared to cultivation
field may be attributed to the absence of habitat
disturbance. Whereas in the cultivation field, regu-
lar land management due to slashing, burning and
weeding practice was carried out to cause regular
soil disturbance. In line with our observation, Lo-
Man-Hung et al. (2011) pointed out that spider
species richness and density decreased with reg-
ular disturbance and/or high levels of grazing.
Several studies predicted that spider density and
diversity would be disproportionally impacted by a
reduction in plant species richness and habitat
complexity (Jeanneret et al., 2003; Perner and
Malt, 2003; Haddad et al., 2009). However, Jean-
neret et al. (2003) suggested that the most im-
portant local habitat factors are those directly in-
fluenced by management practices.

It is well known that spiders can exhibit short reac-
tion times to changes in land use (Jeanneret et
al., 2003; Perner and Malt, 2003) and subse-
quently to changes in microclimate (Nyffeler and
Sunderland, 2003; Perner and Malt, 2003), soil-
moisture (Perner and Malt, 2003), litter cover, litter
depth and twig cover (Oxbrough et al., 2005).
Since the establishment of crops, pastures and
plantations make a significant impact on soil prop-
erties, it is expected that the soil spiders would be
more significantly affected than what was ob-
served. In fact, most similar studies showed that
spider species richness decreased due to soil
management intensity (Downie et al., 1999;
Perner and Malt, 2003). Furthermore, the increase
in spider diversity in disturbed areas is often con-
strained, even when natural abiotic conditions
seem to be restored (Lo-Man-Hung et al., 2008).
Remarkably, both Isopoda and Amphipoda were
not recorded from the cultivation field during culti-
vation phase (2014) while they were recorded
from both uncultivated and cultivated sites during
Pre- cultivation (2013) and Post- cultivation (2015)
phases (Table 7). The disappearance of these two
groups during the cultivation phase could be at-
tributed to soil surface disturbance due to burning

and weeding practice. This kind of adverse effect
of the land use system on snails has been report-
ed by Jordan et al. (2015). This result paralleled
the previous studies showing agriculture as the
main threat to soil macrofauna communities in-
cluding macroarthropods like chilopods, diplopods
and insects (Muchane et al., 2012). Manetti et al.
(2010) found that Crustacea had a higher activity
under no-tillage than conventional tillage, con-
sistent with previous results (Wolters and
Ekschmitt, 1997; Holland, 2004; Errouissi et al.,
2011). According to Wolters and Ekschmitt (1997),
isopods are the taxa most affected by tillage prac-
tices due to the fact that they are the most sensi-
tive to drought.

This study demonstrated that insects were diverse
and observed high in numbers. This was in ac-
cordance with the revelation of Borror et al. (1989)
in America and Brévault et al. (2007) in Cotton
cropping systems of Cameroon, who observed
that the Insecta class was the most numerous and
diverse class within phylum arthropoda.

Diplurans were too small to be accurately sampled
by the present methods; therefore, only large-
sized diplurans were collected for this study. Fam-
ily Japygidae was the only species recorded dur-
ing the study indicating its abundance or it may
also be attributed to its versatility. This is in line
with Collins (1980) who found 85% of Japygidae
out of all Diplura found on the West Ridge of
Gunung (Mount) Mulu, Sarawak.

The diversity index of Isopterans was significantly
higher (Table 6) in CTRL as compared to EXPTL
site. Black and Okwakol (1997) stated that farming
practices can have a profound effect on termite
diversity and activity and these changes can be
linked to changes in ecological processes, in par-
ticular, soil nutrient cycling and water conductivity.
Agriculture intensification generally results in a
loss of soil biodiversity (Hawksworth, 1991; Swift
and Anderson, 1994). Moreover, Ayuke et al.
(2009) also observed decreased termite diversity
with land use intensification.

Order Coleoptera was observed to be the largest
order in terms of diversity. In line with our result,
Brown et al., (2001) reported a large number of
beetles especially scarab beetles and their larvae
(white grubs) in native Brazilian forests and grass-
lands as well as in agricultural land.

Hymenoptera (ants) were the most dominant
(61.39%) group of macrofauna in terms of abun-
dance, which is similar to the work of Frouz and
Ali (2004) where Formicidae were the dominant
soil macroarthropods found in Florida upland habi-
tats. This could be due to their habitual nature of
constant burrowing in the soil strata which im-
proves soil fertility by aeration at the surface of the
soil. Moreover, Gongalves et al. (2012) found that
Hymenoptera was the most representative group
followed by Coleoptera, while centipedes and ear-
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wig were recorded low in number in the Olive
grove ecosystem. Mwansat et al. (2012) found
that the most dominant group of soil macroarthro-
pod were Hymenoptera (61.88%), followed by
Coleoptera (22.32%), Diploda (3.26%) and Ho-
moptera (2.35%) in a study conducted in irrigated
vegetable plots in Nigeria. This result is also simi-
lar to the previous work presented by Liao et al.
(2002) where Hymenopterans and Coleopterans
were dominant in the tropical rainforest of China.
Higher coleopterans abundance, particularly in the
natural forest as obtained from this study is con-
sistent with that of Okwakol (2000), who reported
that, natural forest was found to be richer than the
agroecosystems and that forest clearance and
subsequent cultivations resulted in drastic reduc-
tion of the number of species compared to the
original diversity in forest soils. In most cases,
forest disturbance, clearance and cultivation cre-
ates a harsh environment intolerable to a number
of soil organisms. Meanwhile, Collembolans and
Hemipterans have a higher diversity index in culti-
vation field as compared to natural forest. This
higher diversity in cultivation field may be attribut-
ed to the fact that cultivation also often enhanced
the diversity of some organisms, which is in favor
of a theory predicting that increasing disturbance
can increase diversity up to a point (Connell,
1978). This is also in line with the results of earlier
studies indicating that tillage can either enhance
or reduce the diversity of soil macrofauna depend-
ing on its intensity and frequency (Wardle, 1999).
Allowing greater biomass of weeds by hand-hoed
or modifying weed community structure also
sometimes enhanced the diversity of some
macrofauna. Collembolans depend on freshly de-
composed plant litter for food and are mostly
available in litter layers. However, only large-sized
collembolans were sampled during the study peri-
od. This could be the reason for its presence only
in cultivation field where the local weeding prac-
tice brings about a favourable habitat.

No statistically significant differences in chilopod
diversity were observed between CTRL and
EXPTL sites (Table 6). Lower diversity of chilo-
pods in the natural forest may be attributed to the
occurrence of Scolopendra sp. in cultivation site
while there was no record in the natural forest.
The freshly semi-tilled soil in the cultivation site
may be a favourable habitat for this particular spe-
cies. Diplopod diversity index was significantly
higher in the natural forest as compared to the
cultivation site (Table 6). This may be attributed to
habitat disturbance in the cultivation field by way
of clearing weeds and litters. Bogyé et al. (2015)
also observed higher diversity and abundance of
diplopods in forest edge than adjacent grassland
in northeast Hungary.

Effects of cultivation on soil arthropods: The
diversity of soil arthropods is still largely unknown

in Mizoram and the effect of traditional shifting
cultivation on soil arthropods is not widely known
either. Shannon’s diversity index analysis showed
that soil arthropod diversity was significantly (¢ =

3.443, p = 0.001) higher in forest soil, CTRL ( & =

1.058) than that of cultivation field, EXPTL (&=
0.753). Our results corroborate the findings of
Ayuke et al. (2009) revealing that plantation forest
in Kenya had higher macroarthropod diversity
than agroecosystems. In addition, annual cropping
systems decrease the diversity and abundance of
soil organisms due to soil disturbance and the
absence of a permanent soil cover (Barros et al.,
2002). These observed variations in macroarthro-
pod diversity appear to be associated with man-
agement practices such as the use of fire and
hand hoe, consequent destruction of habitats,
modification of soil microclimate within these habi-
tats and removal of substrate, low diversity, and
availability of food sources for the associated
macrofauna groups.

Many authors (Dangerfield, 1993; Roper and Gup-
ta, 1995; Brown et al, 1996) have shown that
management practices such as mechanized land
clearing and burning, continuous tillage, monocul-
ture, crop rotation, organic residue inputs, reten-
tion and removal and use of agrochemicals were
among the causes of the alterations of soil organ-
ism’s population structure, disappearance or re-
duction of key species and in some cases ex-
tremely low abundances or biomass.

The observations from this study clearly illustrated
that soil arthropods were sensitive to cultivation
practices. Forest ecosystem had significantly (p
> .001) higher diversity than that of cultivation site.
The result of highest diversity in the natural forest
was also reported by Silva et al. (2006) in a study
in the Cerrado region, South America, indicating
that native forest, where low anthropogenic activi-
ty favours the occurrence, more diversified and
stable ecosystem of soil organisms.

The results of this study also agreed with other
studies that have shown that land use can exert a
strong influence on the overall abundance, diversi-
ty and community composition of soil organisms
(Barrios et al., 2005) as well as soil physical,
chemical and biological properties and processes
(Six et al., 2004; Barrios, 2007). In line with this
study, Ribeiro Filho et al. (2013) stated that soil
organism’s diversity decreases during the conver-
sion of natural forest to cultivation field, increases
during cultivation and recovered during the fallow
period. Brown et al. (1996) also observed lower
diversity indices in cultivated sites than natural
forest sites and associated it to the negative im-
pact of cultivation on the ecosystem functions
(comminution, decomposition) mediated by soll
organisms. Warren et al. (1987) observed that
microclimate, food resources and other land use
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were major factors affecting diversity and abun-
dance of soil organisms. Moreover, many authors
(Barros et al., 2002; Rossi et al., 2010; Fonte et
al., 2010) agreed that annual cropping systems
decrease the diversity and density of soil organ-
isms due to soil disturbance and the absence of a
permanent soil cover.

Conclusion

The observed decrease in species composition
and diversity of soil macroarthropods in shifting
cultivation site as compared to natural forest in
Khawrihnim, Mizoram and the negative impact of
shifting cultivation practice on soil arthropods
were mainly attributed to habitat disturbances and
changed in various physicochemical properties
like soil temperature, moisture content, pH, organ-
ic carbon, available potassium, available phos-
phorus and total nitrogen as a result of slashing of
trees, burning of dried, felled trees and traditional
weeding practices. Therefore, it was concluded
from this paper that shifting cultivation system
negatively affected soil macroarthropod diversity
at least for a short duration. The results obtained
from this study provided the first baseline data
from shifting cultivation site in Mizoram, northeast
India and is expected to provide important infor-
mation for future reference.
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