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RAL INTRODUCTION

Soil is the natural resource on which the entire terrestrial life depends
w food, fiber and shelter. Most of the arable lands on the earth is under
mendous pressure of intensive agricultural practices and other
elopmental activities such as urbanization and industrialization. This has
used undesirable changes in various physico-chemical, biological and
ochemical characteristics leading to the problem of soil degradation
.ally. ‘This includes loss of structure and an increase in soil compaction
;a;r et al, 1993) commonly associated with soil organic matter
Juction and ash formation (Prieto-Fernandez et al., 1993). It has been
- orted that many of the world’s ecosystems are in various state of decline
s evident by erosion, low productivity and poor water quality caused by
rest clearing, intensive agricultural production and continuous use of soil
=sources that are not sustainable (Kennedy and Smith, 1995). Though the
oblems of soil degradation were serious in the past it was confined to small
reas of some countries only. But the condition has been changing because
¢ ever-increasing human population resulting in food deficit, environmental
ollution, decline in soil quality, lower fertility and global warming. At present,
> problem of soil degradation becomes the subject of environmental
oncern attracting attention of scientific communities of the world (Sehgal

. d Abrol, 1994) for successful restoration and rehabilitation of the degraded



The various causes of soil degradation include the over exploitation of
;resources for intensive agricultural practices, deforestation, wildfire
atural and man-made), salinization, discharge of industrial effluents, heavy
=tal contamination etc. Agricultural intensification and deforestation are the
'« ‘most important factors which are responsible for rapid decline in natural
areas and subsequent erosion of soil, accelerated loss of fertile
psoil, nutrient depletion, lower crop productivity, loss of rare flora and
suna including microorganisms and decrease in their activities. Such a
=graded land, at a consequent stage, turns into an unproductive land and
‘ may undergo desertification in extreme conditions. These lands are

yable to support good vegetation re-growth until restoration measures are

In India, the problem of soil degradation due to various causes has
2ached to an alarming rate affecting more than 50% of the total
=ographical area (Abrol and Sehgal, 1992). This has caused a significant
=cline in socio-economic status of the people and leading to ecological
abalance in various ecosystems including natural forests. The total dense
west cover area in ;the country was expected to be 11.48% and total forest
over including dense, open and mangrove forests is 19.39% of the total
sographical area of the country (Forest survey of India, 1999). Major
ortions of the forest cover are mostly confined in the states of Madhya
adesh (20.68%) followed by Arunachal Pradesh (10.80%), Orissa (7.35
‘:_*‘)‘ Maharastra (7.32 %) and Andhra Pradesh (6.94%). The extension of the

m

apid agricultural practices including shifting cultivation (Jhum) towards new



rest areas, deforestation and logging for timber extraction are the main
wses of forest depletion. A report has revealed that the total area under
fting cultivation practice in the country is about 4.36 mha of which 2.7 mha
nﬁned to the north-eastern region only (Venkataswarlu, 19995). It is
zause of the reason that shifting cultivation is a dominant agricultural
and logging for timber extraction from forests is the common practice
this hilly region. These two factors are responsible not only for rapid
stion of forest resources but also the root cause of soil degradation and
pid decline in biodiversity resource of the region.

Arunachal Pradesh is the largest state in terms of geographical area
forest cover distribution in the north-eastern region. The state has a
area of dense forests (Fig.1.1) inside the interior parts of hilly terrain
hich are inaccessible to the local people. According to Forest Survey of
ndia (1999), the total forest area was 82.21% (68,847 sq. km.) of the total
eographical area (83,743 sq. km.). But the vegetal cover distribution of the
tate has been thinned out in a number of places due to shifting cultivation
arough deforestation and logging to meet the increasing demand of timber
ind natural disaster etc. There was a nét increase of total forest cover
,601 sg. km) in 1999 mainly due to conversion of open, scurb and non-
orests to dense forests. This is despite the fact that there was a net
jecrease of 19 sq. km forest cover in 1997 against the total forest cover
vrded in 1995. Economic review of the state (1995) reported that about
% of the total geographical area constitutes broad and narrow valleys,

20% snow clad peaks and 10% constitutes foothills and flat areas. The areas
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: 1.1. Map of Arunachal Pradesh (India) showing distribution of forest cover
(Forest Survey of India, 1999)



2r agricultural operation is confined to only 5% of the geographical area
=ven within this about 62-65% continues to be under shifting cultivation
ices. It was estimated that the total area under shifting cultivation
tice is about 3.2% of the total geographical area (Singh, 1999). This is
the enormous effort of the state governmeht to replace traditional
ing cultivation practices with permanently settled agriculture systems.
» and Abrol (1994) have reported that about 26-50% of the total
graphical area, mostly in the arable peripheral foot hill slopes, was
=cted by moderate to severe loss of fertile top soil as a result of water
sion, nutrient deterioration and terrain deformation. This has caused the
blems of low crop productivity and sharp decline in soil fertility resulting in
! degradation in this state in particular and the region in general. Another
portant problem arisen out of the soil degradation is the wide spread
mage to microhabitats as forest fire spreads to the neighboring areas
siroying rare flora and fauna including microorganisms in the soil,
erefore, decline in biodiversity. The other physical factors responsible for
e enhanced loss of topsoil in the region are the steep hill slopes and heavy
nfall occurring in the region during monséon season (May to September).
s, nutrient loss is very fast in the region and management through
organic fertilizer does not go in the long term. These problems were
'igible in the past when the cycle of shifting cultivation (Jhum) was long
;:? to :30 years) and enough arable land was available. However, it has

)ecome serious at present due to shortening of the jhum cycle (1 to 5 years

anly) and increased human population imposing expansion of agricultural



3s. Moreover, short jhum cycle does not allow restoration of nutrients
ieted during the period of cultivation since the regenerating vegetation
. the available nutrients coupled with the fast runoff from the loose
In the meantime, the local farmers in the region are continuously
icticing this agricultural system without proper input of nutrients based on
%er organic or inorganic fertilizers. Therefore, the fertility problem has
come a serious concern in the state in particular and the region in general
quiring restoration and rehabilitation of the degraded lands through proper
aluation of soil resources utilization.

The successful restoration of the degraded lands requires an in-depth
tanding of the various processes occurring in the soil environment.
erefore, understanding of these processes and their responses to soil
)agement practices and disturbances caused by anthropogenic activities
=comes prerequisite. The major soil processes are the physical, chemical,
wlogical and biochemical, which are interlinked to each other, and take
simultaneously in the soil environment. Whenever there occurs any
isturbance in any of these processes, it will cause a series of changes in
ther processes leading to undesirable changes in soil characteristics.

Soil physical conditions play an important role in determining the
wvironment in which biological processes takes place (De Vos et al., 1994)
while chemical characteristic determines maximum quality of a particular soil
Hassink, 1997). Nowadays, much attention is paid to the study of biological
processes in soil (De Vos et al., 1994) because of the reason that nutrient

ansformation processes make soil a dynamic part of the biosphere with the



al role of soil microorganisms and invertebrates. For this particular reason
seek biological and biochemical indicators which can sensitively respond
ant ropogenic and environmental stresses on soil as dynamic system
P, 1998). Therefore, research studies in the last two decades have
ez led that soil quality may be assessed using selected indicators related
s0il microorganisms (Staddon et al., 1998). The important microbiological
ameters consist of population dynamics, diversity, soil respiration,
robial biomass C and N and enzyme activities. These parameters are
isidered as bioindicators of soil quality and use as group of indices as
sy are quickly responsive and sensitive to changes occurring in the soil
sronment and could illustrate the effects of anthropogenic activities and
: =r disturbances in\soil (Dick, 1994, Turco et al, 1994; Kennedy and
ipendick, 1995; Filip, 1998; Trasar-Cepeda et al., 1998; Bending et al.,
00 and Palma et al., 2000).
y Ivn the natural ecosystems, mature forest soils harbour higher number
f microbial populations (bacteria and fungi) and their activities. These
icrobial populations being one of the most important components of soil
id thus exert considerable influence on soil fertility and plant growth (Tiwari
fal, 1991). These communities are inherently stable but at the same time
e dynamic structures (Campbell, 1983). The changes in the microbial
opulation structures as a result of agricultural practices, ecosystem
nagement and global climatic change can have pronounced impact on
=cosystem dynamics (Bossio and Scow, 1995). Generally, microbial

opulations and their activities are reported to be higher in no tillage soils



conventional tillage soils and disturbance activities like clear-cutting of
st affect microbial populations and their activities.

Microorganisms exist in complex communities and are responsible for
mportant mineralization reactions that recycle important nutrients which
disturbed by alterations in the soil environment leading to ecosystem
Q.; flity. In fact, when a forest is clear-cut, the roots die and root
omposition accelerates and the debris from leaves and branches on the
surface of the disturbed soil serves as food for microbial growth (Coyne,
#9). Thus, there occurs an increase in microbial growth and their activity
2 short period. However, clear cutting of forests and subsequent tillage
following burning of dried slash, as in case of shifting cultivation, has
etrimental effect on these microorganisms and their activities in the long
n. Sharp decline in microbial populations and their activities occurs at the
soil layers immediately following burning of dry slash in the shifting
tivated soil systems. One advantage for burning of the slash prior to
tvation is the release of nutrients in the form of ashes, which may act as a
of fertilizer in the first year of cropping and because of this reason
ople continue to burn every time cropping is done. But it may be noted that
= microbial populations could be reduced drastically following burning of
= slash. Nutrient transformation processes, decomposition of litter and
ineralization, may be disturbed and may cause lowered soil fertility
osequently. The shifting cultivation and logging of timber along with other
stainable agricultural practices also have considerable impacts on

ological health of soil systems. Any type of agricultural system, which



nates beneficial soil microflora, are unlikely to be sustained in the long
At the same time, crop production in a subsistence cropping system
as shifting cultivation depends on the natural fertility of soils and
etion of nutrients during cultivation is the main reason for land
donment. This rapid decline in the nutrient flux of soils is the limiting
for agricultural sustainability in shifting cultivation systems (Brand and
d. 1998). The main reason for rapid nutrient depletion is due to
rations in nutrient transformation processes of the disturbed soil as a
it of disturbances in microbial activities. Since microbes complete their
2ycle in the soil, nutrients taken up by plants return again and the same
can be used over and over (Thompson and Troeh, 1979).

- Soil respiration is the evolution of CO, from the soil surface as a result
microbial and root respiration (Schlenther and Cleve, 1985) and its
asurement can be utilized to assess relative productivity and fertility of
l s (Upadhyaya et al,, 1997). The soil surface CO, flux is a major transfer
carbon from terrestrial ecosystems to the atmosphere and land use
s significantly affect this process. The microbial portion of the soil
ration has been reported to be significantly highest and most
tifiable component of the overall soil respiration (Kelting et al., 1998 and
wne, 1999). This is because of the reason that vegetation type influences
= microenvironment, microbial biomass and fine root biomass which

gether control soil surface CO» flux (Wagai et al, 1998) as a measure of

crobial activity. Therefore, soil disturbance activities like clear-cutting of
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. selective logging and shifting cultivation practices must have marked
on soil respiration.

Microbial biomass is an important parameter of soil microorganisms. It
dual role in soil, first as an agent of transformation through which
=s all natural organic matters that enters soil and also as a small, but
2. reservoir of C, N, P and S (Jenkinson and Ladd, 1981 and Singh et al.,
). Microbial biomass C is an important ecological parameter because it
| as a source-sink in nutrient cycling processes and regulates organic
er transformations (Jordan and Beare, 1991). Though, microbial biomass
slati ely small fraction of the total biomass in terrestrial ecosystem, the
obial activity is of paramount importance in the nutrient cycling and
flow (Diaz-Ravina et al., 1993ab). Usually, the microbial biomass of
ropical environments is sensitive to land use changes and even appears
be a sensitive indicator of both soil carbon content and background
'ﬁon. The conversion of the humid forests into other land uses results
=markable decline in the amounts of soil nutrients and microbial biomass
N and P (Srivastava, 1992 and Taylor et al., 1999). Following the removal
“etation and clear-cutting of forests, the changes in microbial biomass
-provide an early indication for a slower and less easily detectable soil
ganic matter and soil fertility as well (Henrot and Robertson, 1994 and
aithani et al., 1996). It has been revealed that a close relationship exists
tween the physico-chemical properties and other parameters related to soil
croorganisms which is altered when the soil ecosystem is subjected to

=riurbations.
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The physiology and metabolism of soil microorganisms are driven by
m and the microbial habitat in soil is affected by these soil enzymes.
' living organisms being the only source of enzymes, once these
usms die, some enzymes can persists and retain their activity in soil for
periods (Coyne, 1999). These soil enzymes are responsible for the
=sses that occur in the environment such as mineralization and
bilization of nutrients, nitrogen fixation, etc. It is well known that
=sses of organic matter transformation in soil are catalyzed by sail
(Khan, 1970). The activity of a particular enzyme in the soil is a
osite of activities associated with various biotic and abiotic components
ns, 1982). Measurement of enzymatic activities have been used as a
sure of total microbiological activity and soil fertility levels (Stevenson,
2. Tiwari et al., 1988ab and Chander and Brookes, 1991). These soil
yme assays have been considered as potential component of group of
ces to assess soil quality (Kennedy and Papendick, 1995). Thus, any
ion in the soil microbial activity as shown in the level of soil enzymes
. serve as an estimate of the ecosystem disruption (Tate, 1995). Another
artant aspect of soil enzyme activity is their ability to indicate potential of
to support biochemical processes, which are essential for maintaining
| fertility (Dkhar and Mishra, 1983). Existence of close relations between
yme activity and other microbial attributes like soil respiration, microbial
mass and microbial population numbers have been reported
ankenberger and Bhingham, 1982). Among the various types of soil

es dehydrogenase (Oxido-reductase), phosphatase and urease
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ases) are most widely studied due to their importance in soil
2gement and agricultural practices.

' ’TExtensive research data are available on the above parameters of soil
sorganisms from different ecosystems of the world and some parts of
untry including north-eastern region. However, no significant work has
\ done on these parameters with respect to various degree of
wbances due to shifting cultivation and selective logging in this hilly
ofe state of the north-eastern India despite its recognition as one of the
' rtant "Hot Spots” of World's biodiversity reserve. Therefore, the present
¥ aims to investigate the population, community structure and activities
il microorganisms coupled with few soil physico-chemical properties
n different study sites with varying degree of degradation status in humid
ical regions of Arunachal Pradesh, north-eastern India. This will help in
widing the required information for constructing an important strategy for a
sful restoration and rehabilitation measures of degraded soils in the
in particular and other soils in general.

The present study aims i) to analyze the activities and community
of microorganisms by measuring of the biological and biochemical
aracteristics along with few physico-chemical characteristics of soil under
regenerating jhum fallow and a selectively logged forest in comparison to
1 undisturbed forest, and ii) to identify a few soil characteristics which are
=nsitive and quickly responsive to soil degradation to use them as indices

r evaluation of fertility and degradation status of forest soils.



