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ABSTRACT

An assessment was made on an impact of forest litter on soil physic-
chemical, microbial and enzyme activities. The experimental resultsindi-
cated that, most of the physicochemical properties of soil such assilt, clay,
and electrical conductivity, water holding capacity, organic matter and
total nitrogen contents, microbial populations including bacterial, fungal
Actinomycetes and soil enzymes activities such as protease and cellulase
activities were signiticantly improved in forest litter soil than the normal
soil. With increasing in soil incubation period the soil enzyme activities
such as protease and cellulases also improved up to 21% intervals there
after declined in both test and control soils. Nearly two fold bacterial (210
x 10*CFU/g soil) and threefold fungal (12 x 10*CFU/g soil) actinomycetes
(11 x 10*CFU/g soil) popul ationswere observed in forest litter soil than the
normal (113 x 10* 4 x 10* 2 x 10*CFU/g) Higher microbial population and
enzyme activitiesis an indication of improvement of soil health in forest
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INTRODUCTION

Forest ecosystem producesal ot of organic matter
intheform of leaves, twigs, branches, fruitsand repro-
ductive parts, such asflow-ers, seeds, spores!*2. Plant
residues added to the soil are transformed into CO,
microbid materia and relatively stable humus compo-
nents®. Cdluloseisthe abundant component of plant
bio-mass. It is found in nature almost exclusively in plant
cell walls and also produced by some bacterial spe-
cies, Perpetua renewa of plant biomassviathepro-
cessof photosynthes sensuresan inexhaustible supply
of such organic matter. Plant biomassrichincdluloseis
oneof theforeseeableand sus-tainable sources of fuel,

animal feed and feedstock for chemical synthesig®l.
Cdl-lulose has enormous potential as a renewable source
of energy'®. Therefore, the degradation of cellulosic
biomass repre-sents an important part of the carbon
cyclewithinthebiosphere™. Bioconverson of cellulo-
sic biomassto fermentable sugarsthrough biocatalyst
cdlu-lases derived from cellulolytic organisms has been
suggested asafeasible process and offers potentia to
reducethe use of fossi| fuelsand reduce environmental
pollution. Any processwhich could ef-ficiently and eco-
nomicaly convert cdlulosic materid to glucosewould
be of important in-dustrial significance. Cellulase pro-
videsakey opportunity for achieving tre-mendous ben-
efitsof biomassiutilization®. Bacteriaand fungi arewell
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known agents of decomposition of organic matter, in
general, and of cdllulosic substratein particular. Sail
organic matter content isafunction of organic matter
inputs (residuesand roots) and litter decomposition. It
isrelated to moi sture, temperature and aeration, physi-
cal and chemical properties of the soils as well as
bi oturbation (mixing by soil macro fauna), leaching by
water and humus stabilization (organo mineral com-
plexes and aggregates). Land use and management
practicesa so affect soil organic matter!®. Soil enzyme
activitiesare sengtiveto stresssuffered by the ecosys-
tems¥. Accumulationsand activities of soil enzymes
of different originsareintuenced by several factors (such
astemperature, moisture, soil organic matter, nutrient
content, pH)™. Theplant-soil interactions has revealed
that plant species can have signiticant impacts on soil
physicochemica properties(e.g., soil water content and
pH) and on the quality of substratefor soil microbes
(e.g., total carbon (C), nitrogen (N), and phosphorus
(P) concentrations, C/N ratio, and the phenolic con-
centrationsin soil) beneath the plant speciesthrough
their litter quaity and quantityt>*3, Soil physicochemi-
cal propertiesand substrate quality have been used to
explain differencesin decomposition processes (min-
erdization of soil organic matter) beneeth different plant
species. Soil microbia communitiesplay akey rolein
nutrient cycling and recent studies suggest that micro-
bia composition and function can fundamentally ater
s0il decomposition processesindependent of environ-
mental driverssuch aswater content or soil tempera-
ture419, Forest treelitter containing varying amounts
of Phosphoruscan criticaly induence the microbial ac-
tivitiesbecausethelow concentration of availablePin
soilsoften limitsnot only plant productivity® but also
microbial activities(e.g., soil respirationrate)!*’. The
soil enzymeactivity isan indicator of stress meeting
ecosystems™?. Extracdllular enzymesplay an outstand-
ingroleinlitter decomposition and nutrient cyclingwhose
processesaredirectly controlled by factors belonging
tothegiven stesuch astemperature, moisture, nutrient
availability and chemical propertiesof thelitter®. In
view of importance of vegetativetreewaste or forest
litter enzymes and the present work was carried out
withimpact of forest litter on soil microbid and enzyme
activities.
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MATERIALSAND METHODS

Collection of sample

Thelitter soil composed of dry leavesand barks of
thetreeswascollected from forest areaof Tirupati, Andhra
Pradesh, India Thesamplewasair dried and mixed thor-
oughly toincreasehomogeneity for further sudies.

Physico-chemical propertiesof soil

Thephysical and chemical properties of test and
control soilswere determined in accordancewith stan-
dard anaytical methods (APHA, 2000). TheMinera
mattersof soil samplessuchassand, silt, clay contents
were analyzed with use of different size of microbio-
logical sieves®¥. Theforest soil pH and éectrica con-
ductivity wasdetermined by pH meter (Elico) and con-
ductivity meter, respectively. Water holding capacity and
organic carbon content of forest litter soil was quanti-
fied by themethod®?. Phosphorus and potassium con-
tentswere determined by the methodg?!.

Enumer ation of soil microor ganisms

Forest soil microbia populations such asbacterid,
fungal and actinomyceteswere enumerated by serid
dilution technique. For thismethod one gram of both
forest and normd soil sampleswereseridly diluted and
0.1 ml of soil suspension was spreaded with asterile
spreader on nutrient agar (pH 7.2), potato dextrose
agar and starch casein agar medium for the growth of
bacteria, fungi and actinomycetesrespectively and plates
were incubated in an incubator at 37°0C bacteria,
actinomyetes and room temperature 264°C for fungi.
After incubation period, coloniesformed on the sur-
face of the medium were counted by Quebec colony
counter.

Soil enzymeactivities
(a) Assay of soil protease

Protease activitiesof both soil samplesweredeter-
mined by placing 5 gm of soil samplein each boiling
test-tubewith 60% water holding capecity at 28 + 40C.
Triplicates of both test and control soil sampleswere
drawn after 0, 7, 14 and 21days of incubation to deter-
mine protease activity by the method??. Samplesof 5
gm of soil wereplaced in 25ml of boiling test tubes; 10
ml of 2% casainin 0.1 M trisbuffer at pH7.5wasadded
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andwereincubated for 24 hr. After incubation, to these,
4 ml of 17.5% trichloroacetic acid wasadded and the
suspension wasfiltered by Whattman No. 1 filter pa-
per. Theamount of protein content was determined by
following the method® by Elico digita spectropho-
tometer. Findly, protesseactivity wasexpressedinterms
of microgram (ug) of tyros nereleased per gram of soil
per 24 h.

(b) Assay of soil celluase

For assay of soil cellulasefivegramsof test sample
forest litter soil and control sampleweretransferred to
test tubesand maintained at 60% water hol ding capac-
ity at room temperaturein thelaboratory (28+4°C) at
regular intervalsO, 7, 14, 21, days of incubation. Du-
plicate soil samplesof each test and control weredrawn
with at periodicintervalsto determinethe enzymeac-
tivities of cellulase studied by the method?. The soil
samplesweretransferred to 250 ml Erlenmeyer flasks
and 1 ml of toluene was added. After 15 min,6ml of
0.2M acetate buffer containing carboxy methyl cellu-
loseadded to soil samplescontaining conicd flaskswere
plugged with cotton and incubated for 30 min at 30°C
for cellulaseactivity. After desired incubation, soil ex-
tractswere passed through whattman filter paper and
thefiltrate was assessed by the method®!.

RESULTS

Soil samplesanalyzedfor physico-chemical prop-
ertiesand resultswere represented in the TABLE 1.
The soil texture of litter soil was 74% sand, 16% silt
and 9 % clay. When compared to control soil, higher
water holding capacity (1.44 ml/gm) and e ectrical con-
ductivity (1.42 p Mhos cm-1) were observed in litter
soil. It may be dueto theaccumul ation of organicwastes
intheform of organic manureinthesoil between the
pore spacesof soil particles. The parameterslikeor-
ganic matter percentage, total nitrogen, phosphorus, po-
tassum were higher inforest litter soil (test) soil than
theNonforest (control) soil.

Improved microbid populationsind uding bacterid,
funga and actinomycetes popul ation were observed test
soil than the control. For instance, 210 x 10*CFUg
soil, 12 x 10°*CFU/g soil 11 x 10* CFU/g soil 113 x
104, 4 x 10* 2 x 10*bacteria fungal and actinomycetes
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were observed in test and control soil respectively.
Nearly two fold bacterial and threefold funga and ac-
tinomycetes populations were recorded and listed
TABLE 2.

TABLE 1: Physico-chemical propertiesof forest and control
soil

Properties Forest Nor mal
P litter soil (Test) Soil (Control)

Colour Brown Reddish brown
Odour Normal Normal
pH 6.8 7.2
Water holding capacity (ml/gm) 1.44 04
Electrical conductivity
(1t Mhos cm-1) 1.42 0.13
Texture (%)
Sand 74 57
Silt 16 36
Clay 9.0 7.0
Organic matter 67 30
Phosphorous (K g/hec) 140 78
Potassium (Kg/hec) 165 123

*Values represented in the table are mean of triplicates of

TABLE 2: Microiological propertiesof forest and control
soil

Microorganisms Forest soil (Test) Non forest soil (Control)

Bacteria 210x 10* 113 x 10*
Fungi 12 x 10* 4x10°
Actinomycetes 11 x 10* 2 x 10*

Values represented in the table are mean of duplicates
*Microbial population was measured in the terms of colony
forming units CFU/g of soil
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*The activity measured in terms of tyrosine in pgm/gm of soil
*Values are mean of duplicates + S.D (Standard deviation)

Figure 1: Proteaseactivity in forest and contr ol sail

Inthe present study the higher activity of protease
wasrecorded inlitter soil samplethanin control soil
sample. For ingtance, a 21-day intervd, litter soil sample
exhibited 156.33+0.46 pgm/gm of soil as against
57.22+0.14 pgm/gm of soil in respect of control soil
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sample. Theproteaseactivity shown by litter soil sample
increased intherange of 2to 3 foldsover control soil
samplesat adl intervals. Thehigh protease activity is
mainly dueto anincreased growth of themicrobid com-
munity inforest litter soil (TABLE 2).

DISCUSSIONS

Intheforest litter soil withincreasinginsoil incuba:
tion period cellulase activity wasimproved up to 7
day interva and declined at further interva (Figure.2).
In contrast in control the activity was gradually de-
creasesfrom O" day. For instance, the enzyme activity
intest soil (litter) a Initia day interva was0.85£0.04ug
of glucoseliberated /g of soil whereas1.7+0.07ug of
glucose/g at 14" day interval and decreased to
0.05+0.005ug/g. Higher levels of enzyme activity were
observedinthetest soil than control at al incubations.
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Liberation of glucose (ugm/gm of soil)
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Incubation in days

*The activity measured in terms of liberation of glucose in
pgm/gm of soil; Values are mean of duplicates + S.D (Standard
deviation)

Figure2: Cellulaseactivity in forest and control soil

Litter aidsin soil moistureretention by coolingthe
ground surface and hol ding moisturein decaying or-
ganic matter. A litter layer of decomposing biomasspro-
videsacontinuous energy sourcefor macro- and mi-
cro-organismg?¥. Similarly Narasimhaet al (2012)29,
alsoreportedinthe IMO’s treated soil improved the
soil microbid populaions, Narasmhaet d.,2" observed
that soil microbia populationincreased with discharge
of effluentsfrom cotton ginning mill. Thehighmicrobio-
logicd activity inhigh-quality litter correspondsto ob-
servations®. Proteasssin soilsplay asignificant rolein
nitrogen mineraization, animportant processin regu-
lating theamount of plant availablenitrogen for plant
growth. TheN minerdizationin soil andlitter waschar-
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acterized by measuring extracellular protease activity.
Proteaseactivity seemsto bemainly controlled by litter
chemistry and rapid induction degradation cycleswhen
litterisinsertedin mineral soil®,

Cdluloseisthemost abundant biopolymer and typi-
caly congtitutes20-30% of the plant litter mass®?. Soil
cellulase activity was measured by disappearance of
substrates|ike cellulose powder, carboxy-methyl cel-
luloseand gppearanceof reducing sugarsquantitatively
measured by spectrophotometer. Disturbance of micro
florain soil syssem dueto pollution such asdischarge of
industrid effluentsor accumulation of vegetativewaste
(litter) may adversely affect recycling of nutrients®1.
AccordingtoJoshi et d.,* cdlulaseactivity wasgreetly
increased in soilstreated with celluloseasasubstrate.
Narasmhaet d.,'?" reported that discharge of effluents
(cdlulosicwaste, cotton seed lints) from cotton ginning
mill improved the soil cellulase activity and microbia
populetions.

CONCLUSIONS

Inthe present study, asignificant improvement was
observed inforest soil intermsof physico-chemical
microbiologicd (bacteriaand fungi Actinomycetes) and
soil enzyme activities such as protease than over the
normd soil (control). Thisimprovement wasnearly two
tothreefoldin microbia populations (bacteria fungal
actinomycetes) and soil proteaseand cellulose activi-
tiesinforest soil than thecontrol respectively. Increas-
ing of soil microbid population and enzymeactivitiesin
forest soil isanindication of improvement of soil quaity
andfertility.
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