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ABSTRACT

Impact of different land uses on soil attrésitvere recorded from two depths
(0 to 15cm and 15 to 30cm) from seven differendlarse types/ecosystems,
namely wetlands, forests, grasslands, apple orshasjetable fields, as well as
maize and paddy fields. The mean values of TOGQifase and sub-surface soill
layers varied between 1.14 to 5.68 % and 0.92@8 %o respectively. Average
soil LOC in the surface soil layers was found tor&atively much higher under
wetland use (11202 mgKy followed by forests (4407 mgKyy and decreased
in the order of grasslands (2820 mg¥gapple orchards (2366 mgKy maize
fields(2209 mgKd), vegetable fields (2082 mgK}y and paddy fields (2012
mgKg?) respectively. The greatest mean POC in surface lags recorded in
wetland soil and least in paddy soil. The mean Mi®@Gtent in the surface soils
varied from 276 to 952 mgKyg The greatest CMI among the soils was recorded
in forest land use followed by grassland and des@an the order of apple,
maize, paddy and vegetable soils. The total SOCkstvaried from 20.41 to
61.97 Mg ha' in surface soils and from 17.%760.21 Mg ha' in subsurface soil.
Largest mean organic carbon stock was recordedimeral soils of wetlands
followed by forest system, grassland, apple, vdgjetanaize, and lowest in case
of paddy soils. Varying quantities of major soiltments were recorded in this
investigation and uncultivated soils exhibited lEgkialues for N, P, K, S, Ca and
Mg levels, indicating that these nutrients havenbesarkedly influenced by



cultivation. Soil enzyme activities, which represaricrobial activity, have been
also affected by land use in the study area. Contaaagro-ecosystem soils in
general, uncultivated soils exhibited higher saizyame activity. In surface soil
layer DHA activity varied from 10.4 to 22,8 TPF ¢" soil h', the Ac-P activity
ranged from 28% 519 pug PNP §soil b, Alk-P activity varied from 285 to 500
g PNP & soil h*, activity of Aryl-S was found to be in the ranigem 32 to 56
g PNP g soil h', whereas, mean FDA activity of the soils rangexht0.08
t017.47ug g-'soil hi'. Different indexing methods and scoring combinatised
in the investigation revealed the differences i goality among different land
uses. Driven by adverse physical, chemical andheimecal changes, the overall
SQ of paddy, maize, apple and vegetable fieldsdeateted. The SQ indices, in
general, have revealed the following soil qualianking among the land use
types: forests > apple orchards > vegetables >arguaddy soilBased on soill
carbon content, nutrient levels and enzyme aawijtit is obvious that continuous
disturbance has reduced soil quality in the crogasr Evaluation of different
indexing procedures reveals that regression baseéites are most sensitive,
followed by conceptual model based indices and P@ged (non-linear scoring)
index. The soil quality indices used in the preseméstigation can be effectively
used for different soils of the zone. However, lertvalidation of the approaches
used in indexing procedures is required.
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Chapter — 1
INTRODUCTION

Soil is a dynamic, living, non-renewable n@®e that plays many key roles in
terrestrial ecosystems (Doran and Parkin, 1994ye$gial ecosystems provide a
number of vital services for people and societghsas biodiversity, food, fibre,
water resources, carbon sequestration, and remmealihe future capability of
ecosystems to provide these services is deternfipethanges in socio-economic
characteristics, land use, biodiversity, atmosghe®mposition and climate
(Metzgeret al., 2006).Land use, may be defined as the arrangementsjtestiv
and inputs people undertake in a certain land coyse to produce, change or
maintain it (Sharifabadt al.,2014). It has been changing ever since humarts firs
began to change their environment. However, theges that have taken place
over the last 50 years have been especially impioaiad intense (Metzget al,
2006). Amongst the many aspects of global charayej use change has been
stressed as a key human-induced effect on ecosygimeret al.,1997).Land
use is one of the main drivers of many processemnwironmental change, as it
influences basic resources within the landscapeluding the soil resources
(Gonz’alez, 2014). It causes perturbation of thesgstem and can influence the
carbon stocks and fluxes. According to Lal (2008xrgging natural ecosystems
into agricultural ecosystems wastes about 30-56 tdrcarbon hain each year.
Soils are among the largest terrestrial resenafirsarbon and hold potential for
expanded C sequestration. Thus, they provide anpateway to reduce
atmospheric concentration of carbon dioxide (L&0Q4£a). At the same time, this
process provides other important benefits in terofisincreased soil and
environmental quality. Small changes in the sagamic carbon stock could result
in significant impacts on the atmospheric carbomceotration (Lal, 2004b;
Stockmanret al, 2013). The C balance of terrestrial ecosysteamsbe changed
markedly by the impact of various human activitiegluding land-use change,
which result in the release of trace gases thaara# the greenhouse effect



(Lorenz and Lal, 2005). About 120 Pg C has beerasdd to the atmosphere due
to change in land use throughout the world, mosiwvieich occurred after 1940
(Houghton, 1993)Different land uses have variable impacts on saibon pools
and dynamics. Agricultural land, forests and pa&stunake up the most land area
and these land uses have the potential to holé lgugntities of Carbon (Lan&t
al., 1999). Lal (2004b) documented a reduction of al6@36 in the levels of C in
temperate environment and 75% or more in soilsvai#d in the tropics after
different periods of deforestation of natural farde agricultural systems.
According to Lalet al, (1997) about 73.3% of all land use change is @ue
removal of forests and conversion of grasslandsfable land-useBesides, the
aforementioned land uses, wetlands are also majbon sinks. While vegetation
traps atmospheric GOn wetlands and other ecosystems alike, the mét-sf
wetlands is attributed to low decomposition ratesmaerobic conditions. Many
riverine, estuarine and coastal wetlands alsoltnaye quantities of sediment from
natural and anthropogenic watershed sources, addlitige carbon accumulation.
Estimates of carbon in global wetlands show a braagie from 202 to 535 Gt.
However, degradation on a massive scale has al@axlyred in global wetland
ecosystems (Mitrat al, 2005).The condition of wetlands on the wholethe
state of J&K and in particular the study area isdifferent. Bombay Natural
History Society (BNHS, 2014) reported that over i 30 years, nearly 50% of
the wetlands in the Kashmir valley have been emtr®d upon or severely
damaged beyond restoration due to reckless develaf@nactivities with no
regard for nature conservation.

Accurate knowledge of the terrestdamponent of the global carbon
cycle has become a policy imperative, both forvittial countries and globally.
The policies and scientific research concerned wétbon depend on accurate
and objective information about the state of, ananges in, various components
of the terrestrial carbon cycle. Specifically, aata estimation of soil organic
carbon (SOC) stocks is necessary in order to nmeetequirements of the Kyoto
Protocol (United Nations, 1998) which commits aifpes to determine its level



of SOC stocks in 1990, and to enable an estimabe tmade of changes in SOC
stocks in subsequent years (Krogihal, 2003). In addition to its environmental
impact, soil carbon is an important attribute oil sality and its productivity
(Patil et al., 2014). Land use changes, especially cultivationlefbrested land,
may rapidly diminish soil quality. As a result, se& degradation in soil quality
may lead to a permanent degradation of land prodyct(lslam and Well,
2000a). Globally, decline in soil quality (SQ) hassed a tremendous challenge to
increasing agricultural productivity, economic gtbyand healthy environment.
The underlying causes for SQ degradation are hargédted to inappropriate land
use and soil management, besides few other caGsenay et al, 2008).Thus,
land use, soil quality and SOC are the three wirgd factors that will continue
to be essential in future as they influence the thayland is managed with respect

to agricultural and environmental needs.

Soil quality may be defined as the capacityaosoil to function within
ecosystem boundaries to sustain biological prodiigtimaintain environmental
quality, and promote plant and animal health (Daad Parkin, 1994). Interest in
evaluating the quality and health of our soil resea has been stimulated by
increasing awareness that soil is a critically inigat component of the earth’s
biosphere, functioning not only in the productidrfand and fibre but also in the
maintenance of local, regional, and global envirental quality (Glanz, 1995). It
has been reported that soil land use influence®doal soil quality more than
soil type (Frommet al, 1993). Accurate, consistent assessment of saility
requires a systematic method for measuring andpirgeng soil properties that
adequately serve as soil quality indicators (Greteat and Bezdicek, 1992). A
suitable soil quality indicator must be: (a) sausitto as many degrading agents
as possible; (b) show a consistent directional ghaim response to a given
contaminant, and (c) be able to reflect differeaels of degradation (Elliott,
1997). Mandakt al, (2013) reported the superiority of forest larse $ystem in

terms of maintaining greater soil quality index (ptan other land-use systems.



Furthermore, the study indicates that soil quahtyerms of physical properties,
fertility status, and organic matter was highesfoirest land use system followed
by agroforestry, irrigated cropland and rainfedptaad. Marzaioliet al., (2010)
evaluated the impact of different land use typesaihand their results suggest
that the permanent crop management had generalisoag negative impact on
soil quality, while the moderate grazing activitydathe crop management that
leaves herb cover on the soil had a lower negativgact. Higher levels of
chemical and physical soil quality indicators weleserved in cultivated land use
system due to addition of fertilizers and farmyamdnure. SOC was the most
dominant measured soil attribute as a SQI for Gabd 10-20 cm depths.
Therefore, SOC could play an important role for itming soil quality (Shukla
et al., 2006). Armeniseet al. (2013) in their study on soil quality found that
physical indicators were less responsive to the agament practices in
comparison to the chemical parameters. Sincegsaility is affected by land use
type as well as management practices, therefor@ciumsive study may involve
its physical, chemical and biological propertieatthre able to readily change in

response to variations in these conditions.

Soil is a complex system where in chemichlsical and biological factors
are held in dynamic equilibrium. Studies of enzyewtvities provide information
on the biochemical processes occurring in soil.dénces suggest that soll
biological parameters may be potential and semsitidicators of soil ecological
stress and restoration (Kizilkaya and Bayrakli, 20@s well as management
induced changes in soil quality (Kennedy and Pajoknd995). Enzymes are
important in catalyzing several important reactioesessary for the life processes
of micro-organisms in soils and the stabilizatiom oil structure, the
decomposition of organic wastes, organic mattemé&tion and nutrient cycling
(Dick et al., 1999. The enzyme levels in soil systems vary in amopnisarily
due to the fact that each soil type has differembants of organic matter content,

composition and activity of its living organismsdamtensity of the biological



processes (Stevenson, 1986). These enzymes ararbndeing synthesized,
accumulated, inactivated and/or decomposed in the kence playing an
important role in agriculture and particularly inutrients cycling (Tabatabai,
1994).In practice, the biochemical reactions are broadpaut largely through the
catalytic contribution of enzymes and variable $w@#ies that serve as energy
sources for micro-organisms (Kigt al., 1978). These enzymes may include
amylase, arylsulphatase$-glucosidase, cellulose, chitinase, dehydrogenase,
phosphatase, protease and urease, having origifratadnostly microorganisms
and as well as plants and animals (Bandick and DR®9). The activities of
hydrolytic enzymes are frequently measured to etalthe effect of land use on
biological processes in soils related to carbon (@jogen (N), phosphate (P),
and sulfur (S) cycling (Kandeler and Murer, 1998judies indicate that high
enzyme activity signals mineral element limitationthe ecosystem (Ndakidemi,
2006). Enzyme activity generally increases with tise of soil organic matter
content. Higher enzyme activity indicates largercnobial communities and
greater stability of enzymes adsorbed on humic nadse(Marinari and Antisari,
2010). A better understanding of the role of these sodyemes activity in the
ecosystem will potentially provide a unique oppoity for an integrated
biological assessment of soils due to their crucsée in several soil biological
activities, their ease of measurement, and th@idreesponse to changes in soill

management practices (Bandick and Dick, 1999).

Soil organic carbon includes plant, aninrad anicrobial residues in all stages
of decomposition (Post and Kwon, 2000). Soils repn¢ the most important
long-term organic carbon reservoir in terrestriadsystems, as they contain more
C than plant biomass and the atmosphere (Schirfi@h;Irarnocaet al., 2009).
The large SOC reservoir is not permanent but redrdtn a dynamic equilibrium
between organic and inorganic material enteringlaading the soil. Therefore, C
stored in soils is affected by changes in vegetadiod plant growth, removal of

biomass by harvest, and mechanical soil disturlsansech as plowing. (Von



Lutzow and Kogel-Knabner, 2009; Janssestsal, 2010). Precise determination
of changes in organic carbon stocks is prerequisittnderstand the role of soils
in the cycling of carbon and to verify changes iacks due to management.
Changes in land use affect the cycling and stoodgarbon in ecosystems (Guo
and Giffard, 2002). The period of time needed f@CSstocks to change strongly
enough to be detectable depends on the spatiabiigi of soil properties, the
depth increment considered, and the rate of chadmptorically, approximately
78 Pg C has been lost from the global soil pool gutand-use conversion for
agriculture with approximately 26 Pg attributedetosion and 52 Pg attributed to
mineralization (Lal, 2004b). Conversion of natiwedst and pasture to cropland
has been found to reduce SOC stocks by an avefa@oand 59%, respectively
(Guo and Gifford 2002). Quasi-equilibrium value®C decreased from 1.78 to
0.68% in the first 30 cm depth, when the soilswmed for agriculture instead of
retaining them as forest. The highest thresholdievadf SOC was observed in
forest system, followed by horticultural and lowest agricultural system
(Chandran et al., 2009). Experimental results confirm the importancke
management practices and pasture in determinirgg fire steady-state SOC
concentrations that are characteristic of giveratroms and crop management
systems, and second the rates of change of SOE@mations as they approach
steady-state concentrations in agricultural s@lsanet al.,2011). SOC stock as
well as concentration was the highest (101.8 M§ihad-30cm, 227.97 Mg in
0-100 cm) in temperate and lowest in sub-tropitiatate (37 Mg in 0-30 cm,
107.04 Mg h# in 0-100 cm). Pattern of SOC stock build up actbssaltitude
was: temperate >lower alpine > upper alpine > sopital (Singhet al., 2011).
Contribution of SOC concentration, bulk densitigsfioe earth fraction to the
variance of SOC stocks varied with soil depth. WIGIC concentration was the
most important determinant of OC stock varianceumdisturbed forest and
grassland sites with low stone contents, bulk dessior fine earth fraction
became more important in topsoil layers of croptamehd in stone-rich soils
(Schrumpfet al., 2011). Highest SOC stocks were found in temperatalitions



which they attributed to the optimum soil moistaed low soil temperature
conditions of Himalayan Mountains of India. (Singtral, 2011)

The extent to which land use managementenites soil organic matter
(SOM) dynamics can be best evaluated by separ&@ig into fractions (Jamala
and Oke, 2013). The SOC is composed of diverséidrecvarying in their degree
of decomposition, recalcitrance, and turnover (eliganget al, 2008).Microbial
biomass typically comprises 1%-5% of the total orgamatter content
(Nsabimaneet al.,2004). Given its high turnover rate, soil micrdtbaomass can
be used as a potential early and sensitive indic#t&OC changes (Cooksan
al., 2007). Soil labile organic carbon is the most\etiraction of soil organic
carbon with rapid turnover rates, and it changéstsuntially after disturbance and
management (Colemant al., 1996). The particulate organic carbon (POC)
consists of partly decomposed plant and animativesi with a rapid turnover; it
IS more responsive to management factors and believed to make a greater
contribution to nutrient cycling (Janzexn al., 1992). POC and MBC (microbial
biomass carbon) are important C fractions thatectfkey processes such as
nutrient cycling and availability, soil aggregatjcend soil C accrual (Wander,
2004). To estimate the effect of land use chan@#()Lon the total SOC stocks, it
is crucial to quantify and understand the sensjtiaf the different functional
SOC pools to disruptions such as LUC (Masdiral., 1990). Results have shown
that the POC fraction had the greatest sensititatychanges in agricultural
management practices, proving its ability as aryeidicator of optimized
practices to sequester C in soil. (Plaza-Borglfaal, 2014). Caravacat al,
(2002) observed that there is a general declinetaf organic carbon, extractable
humic substances, water soluble carbon, water-Eolubarbohydrates,
Dehydrogenase, phosphatase @rglucosidase activities following the different
agricultural practices with respect to soil undeasg cover. Dehydrogenase,
urease and phosphatase activities were more senstnd responded more

frequently to land use than total organic carbah\aater soluble carbon.



Land use change is a main driver of carliorage in terrestrial ecosystems.
Just like the other parts of the state of Jammukéaashmir, the study area which
spans over two districts viz., Bandipore and Gamalehas witnessed changes in
land use, for instance, the conversion of forgsastures into cropland or a shift
from agriculture to horticulture use. Besides, tbhss of wetland area due to
draining, filling and leveling. The impact of chasgin land use and management
on soil quality and cycling/storage of carbon canm® overemphasized,
particularly in the context of climate change andtainability. With advances in
climate change mitigation in recent years, emphlagssbeen put on SOC stocks
particularly, as they vary with land use and changh forest loss. Thus, this
below ground carbon may play a significant rolelanal and national carbon
budgets and we may need more data on carbon sto¢ke state in future. The
present study is focused on assessment of carlmmksstnd soil quality in
agricultural and horticultural ecosystems, besi@3C stocks under forests,
pastures and wetlands in the area. The study edbas the premise that any shift
from the ecological equilibrium and land use chadge to human activities has
an impact on soil quality and SOC stocks acrosetosystems in this zone. The
study entitled “Impact of Different Land Uses onilSQuality and Organic
Carbon Stocks in Terrestrial Ecosystems of Nortbtéta Zone of Kashmir” was

conducted with the following overriding objectives:
. To Assess the Impact of Land Use on Soil Organib@aStocks
. To Study Effect of Different Land Uses on Soil Quyal

. To Develop Soil Quality Indices.



Chapter — 2
REVIEW OF LITERATURE

Overview

Agricultural use and management systems have beswergly adopted
without recognizing consequences on soil qualitQ)S9n the study area.
Moreover, land use change has impacted the owguality of soils as well the
SOC stocks with significant losses occurring thiodgsturbance and cultivation.
In this chapter perspective of soil quality and assessment, soil enzymes as
indicators of SQ, organic carbon stocks and var®O€ fractions under different
land uses and management systems, have been presader various heads
2.1 Impact of land use and management on soil quafi

Solomonet al. (2002) reported that a change in organic mattaterd of the
surface soil significantly influenced other key Isquality indicators. While
studying the impacts of land use change on soilitguadicators, Ayoubiet al.,
(2011) observed that clearing of the hardwood toaes tillage practices during
40 years led to a decrease in SOM by 71.5%. Theastfation of degraded land
with olive and cupressus increased SOM by about 48% 72%, respectively,
compared to the cultivated control soil. The stsihypwed that forest clearing
followed by cultivation of the loessial hilly slopeesulted in the decline of the
soil quality attributes, while reforestation impealthem in the study area.

Kizilkaya and Dengiz (2010) investigated the effettagricultural practices
on properties of soil taken from four adjacent laise types. The study indicates
that LUC and subsequent tillage practices resuitedignificant decrease in
organic matter, total porosity, total nitrogen awil aggregate stability. The data
shows that cultivation of natural forest soils te=uliin alteration of physical and
chemical properties of soils. In addition it wasirid that change of land use and
land cover associated with change in soil organatten levels can alter soil

enzymes activities within soil profile.



Current anthropogenic influence on soil qualityiggon was double-edged,
stakeholders must pay close attention to long-tsoit quality. The results
indicated that after 24 years of anthropogeniaigniice, soil organic matter, total
nitrogen, cation exchange capacity and availableosphorus increased
significantly and total phosphorus and availabléapsium decreased slightly.
Among the total selected indicators, SOM was theardaving factor and pH was
the limiting factor of soil quality based on patiadysis (Qiet al.,2011).

Su and Zhao, (2003) investigated the chawfe®il physical, chemical and
biological properties under different land use amahagement that lasted for 14
years. The results showed that among various lasel systems marked
differences exist in soil quality indicators, inding soil particle distribution,
composition, porosity, bulk density, water-holdimgpacity, organic matter,
nutrient contents, pH, and enzyme activities. Mafshese soil quality indicators
were the highest in the orchard intercropped witbps and perennial grass
(agroforestry systems), intermediate in the welkagement irrigated farmland,
and the lowest in the less-management dry farml@unpared to the primary
grassland soil, although some soil properties,uiglidg porosity, water-holding
capacity, phosphorus content, and enzyme activitvese improved in the well-
management systems, soil organic matter and nitrogatents were significantly
lower.

Dadhwakt al., (2011) evaluated soil quality on the bases of sagentified
soil attributes. With respect to the forest saillkbdensity increased by as much as
8.0% (1.6 to 8.0%) and organic carbon declined dynach as 39.5% (19.7 to
39.5%) in scrub and terraced agricultural landsfsantial losses of total N (6.25
to 87.5%), and available K (21 to 69.9%) were aftswserved. However,
extractable P exhibited the increasing trend (10i?&gricultural land. The study
further revealed that cultivation on the hill slepleas resulted in a significant
deterioration of soil quality as described by diigt physical and chemical soil

attributes.



A study on assessment of soil quality in Roktestern Himalayas reveals that
the forest had a higher fertility index and soilaksation factor followed by
grassland, horticulture, agriculture as comparedwssteland. Soil biological
properties were highest under surface soil of fof&86 mg kg, 31.24 mg kg,
6.55 mg kg, 29.6ug PNP gthtand 35.65.g TPF 24 H g* dry soil, respectively
for MBC, MBN, MBP, APHA and DHA) and least in subfface layers (45-60
cm) under wasteland.(Peat al, 2013).

The effects of land management practicesodrfunctions (water infiltration,
storage and supply; nutrient storage, supply amtingy; and sustained biological
activity) were evaluated. The index values indidatdhat the semi-direct
management system resulted in the highest oveaodll gsiality, i.e., the soil
functions considered performed better, followed the pre-germinated and
conventional systems. It was found that with legensive tillage, higher soil
guality values were obtained than with conventiotmahtments. The evidence
provided suggests that high yields are not comfgatilith high soil quality and,
therefore, are not sustainable (Lietaal.,2013).

Soil textural fractions varied with land uséjile silt, clay, and bulk density
differed with soil depths. Among soil chemical gtyalndicators SOC, available
K" and exchangeable bases varied significantly withd lause. Human
mismanagement land resources, excessive livestazing in the protected forest
areas, and intensive agricultural production inaeeipt farmland have caused
deterioration in soil quality indicators (Mogesal, 2013).

Nisar and Lone, (2013) observed that LUC he form of deforestation,
pasture land destruction and long-term cultivatansed decrease of soil organic
matter, water holding capacity, available nitrogand available potassium
content. This has resulted in the degradation bfgs@lity in Sindh catchment of
Kashmir Himalayas

Natural forest land systems have relativgdpd soil quality (SQ), whereas
uncultivated marginal land systems have a seriodslyraded soil. This study
concludes that a PCA based SQI would be the bestawdistinguish among land



use and soil management systems (LUSMS) sincepiap more sensitive to
disturbances and management practices and cousdhiép prevent further SQ
degradation (Tesfahunegn, 2014).

Adeyolanuet al, (2015) also observed higher soil quality undee tcrops
than the arable crops. Physical, chemical and tv&rd quality indices ranged
from moderate to high with the highest value odogrunder perennials and the
lowest under maize field. Both land use and s@kthave significant effect on
soil physical, chemical and overall quality. Araldeps especially maize will
degrade soil quality quickly if not well managed.

Xiaet al.,(2015) demonstrated the positive relationships betwcrop yields
and soil quality indicators for both surface antvssuface soils. The SOM, TN,
Av P, and Av K were regarded as key indicatorsoih guality and crop yields for
sustainability. The results of this study highligghtthe importance of soil K
content for soil quality improvement and crop yisldstainability, despite the fact
that the need for K continues to be underestimated.

2.2  Soil quality indices of different land ussystems

According to Saviozzet al.,(2001) the indices most sensitive to management
practices that may provide indications of the d@feaf soil cultivation, as well as
of the differently undisturbed ecosystems were:anig carbon, water soluble
carbohydrates, proteaggglucosidase, urease and Hydrolysing Coefficieoil S
enzymes activities are well related with, and natrensensitive than OC. The
results also indicate that long-term corn product an intensive level caused a
marked decline in all examined parameters. Howebetween undisturbed
ecosystems, native grasslands showed higher vkl @uality parameters than
forest.

Liebiget al., (2001) adopted an indexing procedure adoptedihateffective
at discriminating between alternative (half fer#hi dose) and conventional
treatments on continuous Maize and other sequendésn and across
agroecosystem functions. The alternative treatrhadtsignificantly lower levels
of residual and early spring soil NGsignificantly higher soil pH, and moderately



higher levels of soil organic C (5065 kgfacompared with the conventional
treatment.

Over a period of about 30 years maize-based use has had a negative
effect on soil quality. Change from continuous reaia orchard around did not
contribute significantly to an improvement in sgilality up to 5-7 years. Results
show that the naturally re-grown secondary forastthe highest SQI followed by
reforested areas. Orchards ranked third togethér maize-maize. The maize-
fallow use had the lowest SQI rank among all timel lases (Chet al.,2004).

Tiwariet al, (2006) documented that Himalayan region rairtéztaces were
found to have the highest nutrient reserves amioadgind uses. They also had the
highest soil quality index (SQI=0.59) followed bgréstlands (SQI= 0.45) and
irrigated paddy lands (SQI=0.23). The SQI showeddy lands to be in a
‘degraded’ condition and forest and rainfed tersalmnds ‘at risk’. Among the
Cropping Patterns maize-millet had a higher SQI I€8®2) than intensive
vegetable - vegetable (SQI=0.54). Of the soil priipe studied, SOC had the
highest weight in determining soil quality. The oba in pattern from maize-
millet to vegetable - vegetable decreased SOC nbritem 16 to 14.5 g K§
within seven years.

Marzaioli et al, (2010) established an SQI (without minimum da&
selection) using physical, chemical and biologicalicators such as aggregate
stability, WHC, bulk density, particle size, pH, ECEC, SOC, N, nutrients,
MBC, respiration and fungal mycelium. The authdrseyved a low soil quality in
almost all permanent crops; an intermediate sadlitjuin shrublands, grazing
lands, coniferous forest and middle-hill olive gepvand a high SQ in mixed
forests. While as Ruiet al (2011) elaborated an index of biological soil lgya
(IBSQ) and concluded that well-managed crops amstupes may have better SQ
than some forests.

Xie et al, (2011) studied the effects of land use typehensoil quality by the
method of soil quality index (SQI). It was obsentbdt comparing with natural
forest land, all the cultivated lands had somewdetreased soil organic matter



content and higher soil bulk density, and the baik density was significantly
higher in paddy field and plantation crops. In imalted lands, fertilization and
reclamation made the soil available potassium arbsphorus contents
maintained at a higher level, probably due to tipgui of mineral potassium and
phosphorus and the decomposition of soil organitenaThe SQI of the few
land use types was in the order of natural foresd I(0.532) > maize field (0.516)
> paddy field (0.416).The soils in higher altituge@duction demonstration areas
(1614 +/-115 m amsl) had significant higher SQinpared to the soils in lower
altitude buffer areas (908 +/- 98 m amsl) and jiomcareas (926 +/- 131 m amsl).

While comparing soil fitness for agricultutede under different managements
in the Mediterranean environment, it was observédt tcrop sequence
significantly affected soil pH and had a measuradffect on plant available P,
with lower pH and higher P availability for the lege-based annual rotation.
Stubble incorporation enhanced the labile N poapnng. The SQI indicated that
soil quality was most affected by NPK rate. (Arnseat al., 2013).

The index values computed by Lireaal., (2013) indicated that with less
intensive tillage, higher soil quality values weratained than with conventional
treatments. This study demonstrated that a fewcatdrs, i.e., a MDS of 8 out of
the 29 indicators or just 4 indicators as choserfdmgners, provided adequate
management information on soil quality differenca®ong the management
systems. Therefore, the soil quality index approectan appropriate way to
develop a quantitative procedure to evaluate tliecesf of land management
practices on soil functions. In this case, this mhahat higher soil quality was
associated with lower yield.

Armeniseet al., (2013) developed a SQI to evaluate the interadbiemveen
soil quality parameters. The fertilizer level apmehato drive SQI results. No
effects due to cropping sequence and stubble mar&agevere found. The water
extractable N was particularly sensitive to soilnagement . It was also observed

that SQI was not significantly correlated with aahgrain yield.



Kalu et al., (2015) computed soil quality index on the basistlué soil
management assessment framework for evaluationilbfjgality under different
land uses. It was observed that protected foresth®highest soil quality index
(0.95) followed by community forest (0.91), past@e88), paddy field (0.81),
and maize-vegetable (0.79). Available phosphorus sl organic carbon play
major roles in making significant differences i t8Ql among the different land
use types. Less anthropogenic impact and vegetatitorest land result in better
soil quality, whereas attempts to increase proditgtin cultivated land degrade
the soil quality. The proper application of fe##r and giving priority to organic
farming is recommended to improve soil quality.

2.3 Impact of land use and management systems omilssnzyme activities

All soils contain a group of enzymes thatedmine soil metabolic processes
(McLaren, 1975). The activities of these enzymessails undergo complex
biochemical processes consisting of integrated a&wologically-connected
synthetic processes, and in the immobilization endyme stability (Khaziyev
and Gulke, 1991). Together these findings indichte soil enzyme activities
have broad-scale spatial variability depending lom énvironmental conditions.
The activities of hydrolytic enzymes are frequenttyeasured to evaluate the
effect of land use on biological processes in salated to carbon (C), nitrogen
(N), phosphate (P), and sulfur (S) cycling (Kandeled Murer, 1993).

Enzymes are important in catalyzing severgartant reactions necessary for
the life processes of micro-organisms in soils dhd stabilization of soill
structure, the decomposition of organic wastesamig matter formation and
nutrient cycling (Dick et al, 1994). These enzymes are constantly being
synthesized, accumulated, inactivated and/or deoset in the soil, hence
playing an important role in agriculture and paraely in nutrients cycling (Dick,
1997).

Most soil physico-chemical properties chargjewly in response to the
environmental stress, with significant changes comlgn detected only after
many years. By contrast, soil biological properaes sensitive indicators for soil



quality, which rapidly respond to minor environmenthanges in the soil. Soll
enzyme activity is a potential indicator of soiladjty due to its high sensitivity to
external interference and the ease of measuremantlick and Dick, 1999).

The activities of extracellular enzymes inl s@iry significantly with seasons
and geographical locations (Paz-Ferreiro, 201@yedkas soil depth (Wittmanet
al., 2004). A variety of quantitative measures, idahg soil physico-chemical
properties indicative of the fundamental contextsoifl functions, have been
extensively used to assess soil quality ( Pugisal., 2006). Enzyme activity
generally increases with the rise of soil organiattear (OM) content. Higher
enzyme activity indicates larger microbial commigsitand greater stability of
enzymes adsorbed on humic materials (Marinari amiisAri, 2010).

2.3.1 Dehydrogenase

Dehydrogenase enzyme is often used as a meeafsany disruption caused by
pesticides, trace elements or management practwethe soil (Frank and
Malkomes,1993). Kucharsket al., (1996) have explained that high dose or
repeated use of fertilizers may restrict the mi@blgrowth and consequently
decrease the dehydrogenase activities in soil.

Many specific dehydrogenases transfer hyelogp either nicotinamide
adenine dinucleotide or nicotinamide adenine dientdlle phosphate .Throughout
mentioned co-enzymes hydrogen atoms are involvéldeimeductive processes of
biosynthesis. Due to this fact, the overall DHAao$oil depends on the activities
of various dehydrogenases, which are fundamentalgbahe enzyme system of
all living microorganisms, like enzymes of the rieafory metabolism, the citrate
cycle, and N metabolism (Subhaatial.,2001). Thus, DHA serves as an indicator
of the microbiological redox-systems and could kmnstdered a good and
adequate measure of microbial oxidative activitiesoil.

Study performed by Wiodarczgk al, (2002) indicated maximum DHA at
pH 7.1; similar results were obtained by Raisal, (2003), where optimum for
DHA was noted for pH 7.6-7.8. It was suggestedChyet al. (2007) and Xieet
al., (2009) that long-term balanced fertilization ghgancreased DHA level in



the soil environment, rather than nutrient-deficien fertilization. Soil
dehydrogenases (EC 1.1.) are the major represesgatif the Oxidoreductase
enzymes class (Get al.,2009).

Samuel (2009) determined the soil enzymevities (actual and potential
dehydrogenase, catalase, acid and alkaline ph@sg#)an the 0-10, 10-20, and
20-30 cm layers of a brown luvic soil submitted @aocomplex fertilization
experiment with different types of green manurewdis found that each activity
decreased with increasing sampling depth. There wignificant correlations of
soil enzyme activities with chemical properties.

It was shown in many studies that DHA is figantly influenced by water
content and dropped with the decrease of soil hilyniBtor example, Guet al.
(2009) observed higher DHA level (even by 90%)loodled soil, rather than in
non-flooded conditions. The higher DHA values wofiled conditions agreed also
with results presented by Zhabal.(2010) and Weavest al.,(2012)

Zhaoet al., (2010) indicated, that soils with higher fertilitye more capable
of maintaining the original biological functions.gi have a higher functional
stability). On the other hand, Moeskogs al., (2010) compared the effect of
organic and conventional farming practices on eaiymatic activities. On the
organic farms, soil fertility was maintained mainlyith composted OM, in
contrast to conventional farmers, who combined hfresanure and chemical
fertilizers, and typically applied large amountspefticides. As a consequence, a
strong negative impact of intensive fertilizer aaldo pesticide use on DHA was
demonstrated

Dehydrogenases occur intracellular in aihly microbial cells (Moeskopst
al., 2010; Zhaoet al., 2010; Yuan & Yue, 2012). Moreover, they are tightl
linked with microbial oxido-reduction processes @dkops et al, 2010).
Dehydrogenases do not accumulate extracellulathén soil and they play a
significant role in the biological oxidation of SObY transferring hydrogen from

organic substrates to inorganic acceptors (Zledrad., 2010).



A significant negative relationships betwd®HA and Eh was observed at
surface layers of Mollic Gleysols, Eutric FluvisolRendzina Leptosols and
Haplic haeozems, where determined correlation miefits equaled as follows:
r=-0.91*, r=-0.43*, r=-0.47** and r=-0.48** (Wolirks, 2010).

Several authors reported positive correlabetween DHA and OM content
(Zhaoet al., 2010; Yuan & Yue, 2012). Zhargt al, (2010) also indicated that
DHA, OM and CaC@were correlated with each other in their spatistrdbution.

Fernandez-Calvinet al. (2010) noted significantly positive correlatioma@ng
soil DHA and pH in the range of 4.1 (pHKCI) and 4p¥water), suggesting that
acidity suppressed potential enzyme activity.

Yuan & Yue (2012) stated the highest DHA lewmeautumn season and the
lowest value of DHA in winter time. Depth of theilgorofile is one of the most
known and popular environmental factor reducing &itA level. It is well
known that the highest microorganisms abundancae tke surface layer of the
soil profile (till to the depth of 30 cm), at theapest part of the soil the number of
microbial cells is limited, and consequently alseMlevel display diminishing
trend.

Kalembasa and Symanowicz (2012) noted thae lévels of enzymatic
activities of acid phosphatase and soil dehydraggshancreased due to mineral
fertilizers while the activity of alkaline phosphae decreased. Furthermore, organic
materials and ash significantly affected thevégtiof enzymes and the potential
growth of corn.

Tanet al.,(2014) evaluated the spatial distribution of gmikymatic properties
in agricultural land on a county-wide (567 km2galsc While studying various
enzyme activities it was observed that phosphatase,catalase activities were
moderately spatially correlated, whereas dehydragenactivity was weakly
spatially correlated. Dehydrogenase activity ranfyech 0.15 to 30.6:,gTPFg™*
h-', with a mean of 25.gTPFg ™ h™. Coefficient of variation was 25% for

phosphatase activity and 49% for dehydrogenaseitgctOM content was found



significantly correlated with invertase, ureasepgphatase, and dehydrogenase
activities.

Highest Dehydrogenase activity was recoraieddodar forest soil while the
fodder crop and apple plantation showed signifigalower values. Contrary to
inorganic fertilizer long term used agriculturalrrfes, organically maintained
agricultural farm exhibits higher DHA activity (Blug TPF g* soil h-). Agro-
ecosystems in an average were found to have 36.9ds% DHA activity in
comparison to forest ecosystems. In the studytbanic farm soil exhibits 40.5
% higher dehydrogenase activity as compared ta sthie(Singhet al.,2014).

According to Wangt al, (2015) biochemical variables- dehydrogenase and
phosphatase activities, were positively correlateith soil moisture, water
holding capacity, total N and SOC. Moreover, thegpal component analysis
indicates that dehydrogenase and phosphatasetiastiare the vital contributors
to the soil of the undisturbed natural wetland.

Mangalasseryaet al, (2015 ) observed that zero tilled soils contdil®86
more soil C, 30% higher microbial biomass C thdledisoil. The study found
that microbial biomass was 30% greater in zeredilkoils indicating a more
efficient functioning of the microbial community der zero tillage practice.
Furthermore, microbial enzyme activities of dehymnoase, cellulase, xylanase,
B-glucosidase, phenol oxidase and peroxidase weieehin zero tilled soils of
the temperate region.

2.3.2 Phosphatase

Phosphatase (EC 3.1.3.2) releases inorgapimsphate from organic
moiety, and are known to play a key role phosphorus cycle in soil
ecosystems (Speir and Ross, 1978). A negative laboe between acid
phosphatase and pH. has been documented by: GahterSchroder (1990);
Chhonkar and Tarafdar (1984): and Herbien and [{€#10).

The phosphomonoesterases (acid and alkalif@@r in their substrate

specificity and their pH optimum. They are excretag plant roots and by



microorganisms. In the soil, microbial phosphatasdeminate (Canaruttet
al.,1995).

In minimum tillage and reduced tillage higlpdrosphatase activity has been
noted compared with other tillage systems ( Piellaet al., 1998), and these
practices can induce positive effects on soil liemgical and chemical properties
(Canaruttoet al, 1995). A positive correlation between phospdegaand C and
N has been observed by Sarapatka and Krskova Y 1B&rnmatiet al., (1991)
and Chhonkar and Tarafdar (1984)

The activities of acid and alkaline phospkesa -glucosidase and urease
were determined in soils under different land-ugstesns: primary forests,
secondary forests, coffee plantations, and cuétvaands (upland fields and
paddy fields after deforestation in hilly areas Inflonesia. Enzyme analyses
showed that the activities of phosphatassglucosidase,and urease were
significantly higher in most cases in the primasyests or in the secondary forests
than in the other two land-use systems, indicativeg clearing the forests and
converting them to other land-use systems sigmiflgadisturbed the growth of
enzyme-producing organisms. There was no significdifference in the
enzymatic activities between cultivated upland déeland paddy fields. The
activity of alkaline phosphatase showed the mosistdr decrease after the
conversion to the other land uses (Saédral, 1998).

Phosphatase and arylsulfatase activities wezasured in three wetland soils
(bog, fen and swamp) over 12 months. The fen §%176 nmol g* min %
showed the highest phosphatase activity of theethwehilst there was little
difference between the arylsulphatase activitietheffen (4-14 nmol @ min ™)
and the swamp (5-16 nmolgmin ™). For both enzymes, the lowest activity was
observed in the bog site (20-61 nmot gin ™ for phosphatase; 1-3 nmol’gmin
"L for arylsulphatase). Hydrogen ion concentratiors veadominant controlling
factor for the phosphatase activities in all sitwaterlogging and low temperature
seem to restrict enzyme activities in the fen dreldwamp sites, as both factors
showed significant correlations with the enzyme ivéets. No temporal



relationships between the enzyme activities and therganic nutrient
concentrations were detected. However, a negat@@ationship between
phosphatase activity and phosphate content wasrdesole, when compared on a
spatial basis (Kang and Freeman, 1999).

The green manure species Iinfluenced soil rapzyactivity (urease,
arylsulfatase and phosphatase) and C and N mipatiain rates, both under the
tree canopy and in-between rows. Cultivation.eficaena leucocephal® fixer)
increased acid phosphatase and arylsulphataséyetid C and N mineralization
both under the tree canopy and in-between rowso(8and Chavez, 2010).

Phosphatase activity is sensitive to iremwnental perturbations such as
organic amendments, tillage, waterlogging, comipactfertilizer additions and
thus it is often used as an environmental indicafosoil quality (Opricaet al.,
2011).

Reduction of 21% of soil moisture reduced gumbsphatase activity by 31—
40% and no significant influences were found oralitle phosphatase activity
(Sardans and Penuelas 2005).

The soil acid phosphatase activity variedrfrd52 to 502ug g* soil. This
parameter was significantly influenced by soil deput was not affected by
manure applications or by tillage practices. Thi¢ a&aline phosphatase activity
ranged from 24 to7hg g* soil. Alkaline phosphatase activity was higher in
tillage treatments compared to no-till plots Farthore, it was observed that soil
alkaline phosphatase activity was always signifilygdower at a depth of 15 to 30
cm compared to surface soil (Kheyroéinal, 2012).

Nine different land use system of similarl dgpe at depth 0-15cm were
analyzed for soil enzymes (Dehydrogenase, Acid phetase, Alkaline
Phosphatase, Nitrate Reductase, Arylsulphatase, Rimgtase) and genetic
fingerprints (Randomly Amplified Polymorphic DNA)nalysis. The land use
systems investigated included Od&Bugrcus incanp Deodar Cedrus deodara
Pine Pinus roxburghi) trees, Apple orchards and crop based systemplamds
and valleys. All the soil enzymes (including phosalse) were significantly



higher in forest ecosystem followed by organic faamd conventional maize-
wheat farm soil. (Singbt al, 2014)

Enzyme activities of the soil are resulteoizyme producing activity of soil
microbes present in it. In rice crop, at zero dalkaline phosphatase activity in
rhizospheric soil samples taken from field condsiavas observed to be 32.8ug/g
soil/hour* at 33.5° C soil temperature.. At the time of hativey, alkaline
phosphatase activity in rhizospheric soil sampéd®n from field conditions was
observed to be 25.0ug/g soil/hour at soil tempegatfi 25.5°C. (Kauet al., 2014).

In comparison with natural forests the cuaited soil exhibits lesser acid
phosphatase activity: Fodder < Soybean—wheat <ridplze < Apple plantation
< Maize-wheat < Organic farm. Apple plantation ssiibws significantly lower
values of alkaline phosphatase (4ad PNP ¢ soil h') than acid phosphatase
(295 ug PNP g* soil h') values (Singtet al, 2014). Reducing pH reduces soil
alkaline phosphatase activity, arylsulphatase agtiwitrification potential, and
respiration( Wangt al.,2015).

2.3.3 Arylsulphatase

Arylsulphatases (EC 3.1.6.1) are typically wideggrén soils (Tabatabai and
Bremner, 1970; Ganeshamurthiyal., 1995). They are secreted by bacteria into the
external environment as a response to Sulphurdiioit (McGill and Colle, 1981).
Arylsulphatases are widespread in nature as weddgsonet al, 1982).
Occurrence of Arylsulphatases in different soilteyss is often correlated with
microbial biomass and rate of S immobilisation ¢$det al., 1999; Vonget al,
2003).

In a study of phosphatase and arylsulphaaseities in wetland soils (Kang
and Freeman, 1999), pH was found to be positivelyetated with phosphatase
activity. Martinez and Tabatabai (2000) also obsdra significant and positive
correlation between alkaline phosphatase and dpylatase activity with pH, the
correlation coefficient were 0.89 and 0.66, regpebt, and a negative correlation

of acid phosphatase and pH with a correlation aoefft 0.69.



A simplified assay was employed by Elsgagtrdl, (2002).) to determine the
depth distribution of arylsulphatase activity olufosoil types in Denmark. The
arylsulphatase activity ranged from 0.8-30.5 paitpphenol g* dry soil with
the lowest levels in sandy soil. Overall, thehast activity was found in the
plough layer (0-20cm), while the activity at sogplhs of 30-50cm was much
lower i.e., 8-26% of the highest activity. Thuse fotential for S cycling between
organic and inorganic S® was highest in the plough layer. There was a gtron
correlation between the arylsulphatase activity argénic C of the individual 10-

cm soil segments.

Arylsulphatases are responsible for the hHydi®e of sulphate esters in the soil
(Kertesz and Mirleau, 2004). Moscateéit al., (2005) recorded the greatest
activity of arylsulphatase in autumn and loweswinter, while for the rest of the
year slight fluctuations around 22 mg pNF b for the FACE (free air CO
enrichment) plots and 18 mg pNP*dr* for the control plots were recorded.
Arylsulphatase resembles MBC trend as indicated significant positive
correlation between them. Moreover, £&hrichment determined a positive effect

in all the seasons, with an overall annual efféctaz %..

The average arylsulfatase activity rangedhftdl.57ug PNP gt hr' in apple
plantation soil to 222.78g PNP gt hr-* in case of oak forest soil. Except oak and
deodar soils, all the other ecosystem soil showeghifeantly reduced
arylsulfatase activity followed in order: Uplandcei > Maize-wheat farm >
organic farm> Soybean-wheat>Fodder crops > Appéntation farm (Singtet
al., 2014).

Piuttiaet al., (2015) identified the dynamics of S in relationttwfunctional
microbial communities in soil amended with plardideies. Higher decomposition
rates and S-S@ release from soils amended with low C/S ratio weeprded.
Soil microbial biomass carbon increased more ferdiees with low C/S ratios.
Besides this, Plant residues with low C/S increased ratio bacteria: fungi

possessing arylsulphatase activity and the C/8 ddtplant residues incorporated



in soil did not influence the arylsulfatase acfivifmong the tested residues,
mustard was the most labile and the most rapidigenallized, leading to a
significant 67% increase in the soil microbial besa C compared with the
control.

Reducing pH reduces soil arylsulphataseviggtinitrification potential, and
respiration (Wangt al.,2015). The impact of sulphur and soil compactiarsoil
microbial biomass C and the activities of ureasal arylsulphatas was
investigated under greenhouse conditions Thetseshbwed that application of
different levels of sulphur decreased microbialniégs carbon but urease and
arylsulphatase activities decreased at the highestls of sulfur. Microbial
biomass carbon and arylsulphatase activity were mdéluenced by soll
compaction (Shekoofedt al.2015).

2.3.4 Fluorescein Diacetate

Fluorescein diacetate (FDA) is a non-polar estiftompound which can be
hydrolysed by non-specific esterases (Guilbaultlarainer, 1964). It is generally
assumed that FDA diffuses freely into intact c€fotman and Papermaster,
1966) where esterases hydrolyse it to the morer lolarescein ( Battin, 1997).
Fluorescein diacetate [3' ,6' —diacetyl fluorescgircan be used to measure
microbial activity in soils (Brunius, 1980; Lundgre 1981; Schnurer and
Rosswall, 1982).

Swisher and Carroll (1980) demonstrated that theus of fluorescein
produced by the hydrolysis of FDA was directly ppdpnal to the microbial
population growing on Douglas Fir foliage and andtxdised method was
developed. According to (Lundgren, 1981) the prodididhis enzymatic reaction
is fluorescein, which can be visualized within sdily fluorescence microscopy.
Schnurer and Rosswall (1982) documented that Fégere released in soil can
also be measured by spectrophotometry.

Schnurer and Rosswall (1982) observed that FRdrdiytic activities in
soil samples from different layers of an agricudtusoil were correlated with
microbial respiration. Furthermore, spectrophotoinetetermination of the



hydrolysis of fluorescein diacetate (FDA) was shawrbe a simple, sensitive,
and rapid method for determining microbial activitysoil and litter and acetone
was found to be suitable for terminating the remacti

Aseri and Tarafdar (2006) noted significant correlation between FDA
hydrolysable enzyme activity and the other enzywteviies (acid phosphatase,
alkaline phosphatase, phytase, dehydrogenase). r@ngstlinear regression
(R*=0.61;p<0.01) between the FDA hydrolysable enzyme agtivand
microbial biomass was observed. The results demairdtthat FDA hydrolysable
enzyme activity is a potential biological indicatof arid soils and is a better
indicator than dehydrogenase activity, already iclmmed as a biological
indicator.

Sonet al, (2006) investigated soil respiration and therblyis of FDA as a
measure of total microbial activity at three siteat had been changed from
abandoned agricultural lands to natural vegetatime: field conversion to forest
(RF), crop field conversion to shrub (CS), and gedious forest (IF). Mean
annual FDA hydrolysis (pg FDA mit g ' dry soil) was higher at RF (4.56)
followed by IF (4.61) and CS (3.65). At all threend-use change sites, soil
respiration was only very weakly correlated withA=Dydrolysis.

Greenet al, (2006) recorded mean FDA hydrolytic activity, asared on
three separate occasions for few soils. The agtiviinged from 66.1 mg
fluorescein kg soil 3 h! to 226.3 mg fluorescein Kgsoil 3 K*. The percent
standard deviation for the eight soils tested i method averaged 3.2% and
ranged from 2.2 to 4.4%.. Moreover according tos¢h@uthors Fluorescein
diacetate is hydrolyzed by a number of differentyemes, such as proteases,
lipases, and esterases.

Freitaset al., (2011) observed that Microbial carbon, £€nission, and FDA
activity were increased by 100 to 200% in the olgafneyards. Zhao (2012)
observed that across the growing season, micrtgahass C and N contents,
basal soil respiration, and fluorescein diacetaj@lrdiysis, dehydrogenase,

urease, and invertase activities in the compoatdécemaize and combination of



compost and NPK treatment were 7- 203% higher ten balanced NPK
treatment.

Application of diverse organic inputs sigo#ntly improved the microbial
biomass carbon (MBC), organic carbon, dehydrogeraadivity and FDA in
paddy soil. MBC showed significant correlation wisloil OC (r=0.883), DH
(r=0.922) activity and FDA (r=0.675) hydrolase epicgghosphomonoesterase
(PMEase) activity. Similarly, OC also displayedosty correlation with DH
(r=0.836) activity and FDA (r=0.842) hydrolase Ipatorly with PMEase (0.269)
activity (Nathet al.,2012).

Degradation, season and interactions lextwdegradation and season
significantly influenced all soil microbial and gmae response variables (FDA,
DHA, and Cellulase). These variables were signifilya higher under native
vegetation than in restored land. Moreover, the robi@l properties were
significantly higher in restored land than in defgd land (both moderately and
highly degraded land). FDA hydrolysis was sigrfidy higher in rainy season.
(Araujoet al.,2013).

2.4 Organic carbon stocks as influenced by land usand management
systems.

Jenny and Raychaudhuri (1960) conducted one offitee comprehensive
studies on the distribution of OC in Indian sol®wever, these authors did not
provide estimates of the total soil C reserveshblE (1984) and Burke (1989)
determined a strong relationship between clay agdrioc carbon concentration
(r*=0.86) in Southern Great Plains soils. That SOQesdrand clay concentration
were related, was also determined by Buekal, (1989). Dadhwal and Nayak
(1993) using ecosystem areas and representatiiealglaverage C density,
estimated organic C at 23.4-27.1 Pg in Indian soils

Three scenarios of conservation tillage u®é% (current usage), 57%
(Scenario 2), and 76% (Scenario 3) of field croglatanted, were considered in
the model based study. The SOC content for magta Grops to 30-cm depth was
5304 to 8654 Tg, with 1710 to 2831 Tg C at 0- ton8-depth, and 1383 to 2240



Tg C at 8- to 15-cm depth. Maintaining current leva conventional tillage until
2020 would result in 31 to 52 Tg SOC loss. Scena@rioonventional tillage
resulted in 18 to 30 Tg C SOC loss, and Scenayjiel@ed 9 to 16 Tg SOC loss,
which were C savings of 21 to 36 Tg C over maintajrcurrent levels of tillage.
Conversion of conventional tillage to no-till refad in 80 to 129 Tg C gain in soil
for Scenario 2, and 286 to 468 Tg C for ScenaridNG-till and conventional
tilage had similar SOC contents below the 15-cnptlle Minimum tillage
conserved current levels of SOC but did not coestt increase SOC above
levels of conventional tillage (Kern and Johnsd@93).

To sustain the quality and productivity ofis, the knowledge of OC in terms
of its amount and quality in soils is essentialdBacharyaet al.,2000). The great
capacity of wetland soils to store carbon (C) degifrom the slow rate at which
decomposition occurs under anaerobic conditionsoof drainage (Hobbiet al,
2000). Drainage of wetlands during conversion tacagiure or forestry generally
results in the loss of carbon, as soil organic emagtreviously stored under
anaerobic conditions is aerated and exposed tosaimeoic oxygen. In many
cases, the organic carbon stores that had accledusdwly over centuries to
millennia can be lost in days (in the case of mghior over decades (IPCC,
2001).

Guo and Gifford (2002) performed a meta-asialyof data from 74
publications indicating that soil C stocks decliaier land-use changes from
pasture to plantation (-10%), native forest to fA@#ion forest (-13%), native forest
to cropland (-42%), and pasture to cropland (-59Phey also found that soil C
stocks increase after land-use changes from ndtxest to pasture (+8%),
cropland to pasture (+19%), cropland to plantataest (+18%), and cropland to
secondary forest (+53%). The results varied, howalepending on factors such
as annual precipitation, plant species and, nat,|léangth of study periods.

Palmeet al, (2002) found that in terms of dry matter prodctthe harvest
index of modern production systems is between @57&nper cent. So most of the
carbon captured by the tree is transferred to ihi¢ &nd then exported from the



orchard as apples. Thus, there are reduced canpaitsito the soil through roots,
leaf drop, and prunings. Soil carbon inputs do aygtear to be matching topsoil
carbon losses in the alley in particular.

Chhabraet al, (2003) estimated organic C pool at 6.8 Pg Ghentop 1.0 m,
using estimated SOC density and remote sensingllmasa under forest. Gupta
and Rao (1994) reported SOC stock as 24.3 Pg éosdh ranging from surface to
an average subsurface depth of 44-186 cm. Theaehdatever, were based on
only 48 soil series. The present OC stock has begmated as 63 Pg in the first
150 cm depth of soils. Soils with their geographidstribution through the
country were used for computing SOC stock in ddfer depths in various
physiographic regions.

Wanget al., (2004) measured SOC at soil depths of 0-10, 08280, 0-50,
and 0-100 cm. It was observed that mean SOC demsitithe top 1 m ranged
from 4.65 kg/m for bare ground to 17.32 kgfrin grassland land cover. SOC in
the top 1 m of soil was estimated at 82.5 + 19.5CPgjhe total SOC pool held in
the top 10, 20, 30, 50, and 100 cm were 22%, 418%8),574%, and 100%,
respectively.

The carbon sink capacity of the world's agtigal and degraded soils is 50 to
66% of the historic carbon loss of 42 to 78 Gt afbon. The rate of soil organic
carbon sequestration with adoption of recommendekniblogies depends on soil
texture and structure, rainfall, temperature, fagmsystem, and soil management.
Strategies to increase the soil carbon pool inckmlerestoration and woodland
regeneration, no-till farming, cover crops, nuttignanagement, manuring and
sludge application, improved grazing, water consgown and harvesting, efficient
irrigation, agroforestry practices, and growing rgryecrops on spare lands (Lal,
2004)

Puget and Lal (2005) investigated five lanse and soil management
treatments in Ohio through™*C techniques. Significant differences in soil
properties were observed among land use treatnien®d to 5-cm depth. The
SOC concentration (g C Kpf soil) in the 0 to 5-cm layer was 44.0 in forext,0



in meadow, 26.1 in No-Till (NT) corn, 19.5 in NTreesoybean, and 11.1 in PT
(plow till) corn. The fraction of total C in corresidue converted to SOC was
11.9% for NT corn, 10.6% for NT corn-soybean, an8% for PT corn. The
proportion of SOC derived from corn residue was 96%NT corn in the O to 5-
cm layer, and it decreased gradually with depth wad 50% in PT corn. The
mean SOC sequestration rate on conversion from ®PNT was 280 kg C
ha'y™ The SOC had a long turnover time when locategelei@a the subsoil

Leifeld et al, (2005) investigated Swiss soils and noted Maan SOC
density in the layer 0-20 cm ranged between 40%#8a" for arable land and
50.7+122 t ha' for favourable permanent grassland, and in therl@-100 cm
from 62.9+15.2 t ha * for unfavourable grassland to 117 . 4 + 29.8 théor
temporary grasslands. Land-use type, clay contmd, altitude (serving as a
climate proxy for grassland soils at higher altgsidwere identified as main SOC
predictors in mineral soils. Clay content explaingdto 44% of the variability in
SOC concentrations in the fine earth of arablessdilt was not significantly
related to SOC in grassland soils at higher alisudSOC concentration under
permanent grassland increases linearly with akitumit because soil depth and
stone content limit carbon storage in alpine geasslsoils, no relationship was
found between altitude and SOC stock.

Wetlands only cover ~9 % of the land ared, dtare 35 % of the terrestrial
organic C stocks (Mitrat al.,2005) mostly due to their high plant productivity
combined with slow decomposition rates underwadturated conditions (Reddy
and DelLaune 2008).

Arrouayset al., (2006) detected a very strong correlation betws®&C and
clay content. Plantet al., (2006) examined soils in Ohio and Saskatchewan and
found a statistically significant relationshig<6.48, p<0.01) between clay and
SOC. According to this study, as the amount of dlayreased, the amount of
carbon retained in soil also increased The org&hicontents of most of the
wetland soils in Saskatchewan are consistentlydrnigpy a factor of two to five
times compared to adjacent well-drained soils. @ewesnd Smith, (2007) noted



that the level of SOC in a particular soil is detegred by many factors including
climatic factors (temperature and moisture regien®) soil related factors ( soil
parent material, clay content, cation exchangeagpa

Annual compost inputs at 5-10 t per yearttead 1.2 kg C per square metre
difference in carbon in the top 30cm compared \htt in a neighbouring apple
orchard that did not use compost (Deleeal, 2008). This change in soil carbon
stock also benefited orchard soil health (Deeteal.,2008; 2009).

Across bioregions, forested mineral soil wetls accumulate significantly
more SOC than upland forest soils from similar tmges, indicating that with
drying, these systems could lose large quantiti€s @issore, 2009).

Results of a long-term (30 year) experimenthe Indian Himalayas under
rainfed soybean Glycine max..)—wheat {riticum aestivuni.) rotation,
showed that addition of FYM with N or NPK fertilieincreased SOC and TSN
contents. The overall gain in SOC in the 0- to #5soil depth interval in the
plots under NPK + FYM treatment over NPK was 1Mg@ C ha'in 30 year.
The rate of conversion of input C to SOC was aldi®3b of each additional Mg C
input per hectare. SOC content in large size aggesgvas greater than in smaller
size aggregates, and declined with decreased aggrege (Bhattacharyy al.,
2010).

Changes in soil properties and plant commyuibiibmass were evaluated by
comparing sites with freshwater treatment versugreace sites following
freshwater addition to wetlands of the Yellow Rillta for 7 years. The results
indicated that SOC significantly increased in aéitland sites that were treated
with freshwater compared to the reference sitee Wrbeatment wetlands had
greater total nitrogen (TN), lower pH and electrioanductivity and higher water
content in the soil compared to the reference wdHda The SOC mean
concentration was 5.44 -0.57 g/kg for the freshwatmated wetlands and 3.45 -
0.24 g/kg for the reference wetlands for the er@#0 cm soil depth. (Wanet
al., 2011).



Singh et al, (2011) studied carbon stocks in the western diigan
Mountains of India , the investigation reveale@tttsOC stock as well as
concentration was the highest (101.8 M@ la 0—30cm, 227.97 Mg Hain 0—
100cm) in temperate and the lowest in sub-tropitiahate (37 Mg ha in 0-
30cm, 107.04 Mg Hain 0-100cm). Pattern of SOC stock build up actbes
altitude was: temperate>lower alpine>upper alpinbstsopical. SOC stocks in
all land uses across the climatic conditions, ekagpculture in lower alpine, was
higher (0.7 to 41.6%) in the deeper than upperdepith. SOC stocks in both the
depths showed quadratic relations with soil tentpeeaand soil moisture. Other
factors like fine soil particles, land-use factordaaltitude influenced positively
whereas slope and pH, negatively to the SOC stdokall climatic conditions,
other than temperate, SOC stocks were greaterturatacosystems like forests
and pastures (112.5 to 247.5 Mg'h#han agriculture (63 to 120.4 Mg Ha In
temperate climate, SOC stock in agriculture (2581¢ ha') on well formed
terraces was a little higher than forest (231.3H4d) on natural slope.

The period of time needed for soil OC stoickshange strongly enough to be
detectable depends on the spatial variability dfsoperties, the depth increment
considered, and the rate of change. Cropland $igesng small spatial variability,
had lower minimum detectable differences (MDD) wifd0 sampling points (105
+ 28 gC m? for the upper 10 cm of the soil) than grassland forest sites
(206464 and 246+64 gC Thfor 0-10 cm, respectively). Expected general tsend
in soil OC indicate that changes could be deteetafler 2—15 year with 100
samples if changes occurred in the upper 10 cntooespoor soils (Schrumjgit
al., 2011).

Sakin, (2012) noted a highly significant telaship between carbon and
nitrogen contents (R0.99; p<0.01).. Soil organic carbon (SOC) conceitn
was found to be directly related to soil textureadlt depths.. The strongest
relationship was detected between SOC and cldy0(B6) and silt (R=0.95).
The relationship between sand and SOC was detein@ing(R=0.65). Carbon
and N stocks were determined as 10.53 Tg C andTg3, respectively.



Yanet al, (2012) studied the land use change from cergdisfto greenhouse
vegetable production with intermediate and high ag@ment intensity. The
conversion led to increases in SOC and TN and dsegein C:N ratios in the top
soil. The accumulation rates of C and N in the aefsoil (0-30 cm) were
estimated to be 1.37 Mg C Hayr* and 0.21 Mg N ha& yr* over an average
period of 8 years after cereal fields to greenhouwsgetable production
conversion. Moreover, the addition of readily aablie C (manure) and N
(manure and inorganic N) leads to a temporary l&abon of C in relatively
labile SOM fractions, but to a preferential statation of N in organo-mineral
SOM fractions

Twongyirweet al., ( 2013) assessed paired sites of natural forestnaajor
land uses converted between 1973 and 2010 innadrdtane region. Within
forests was found a marked site to site variatiocBOC from 54.6 to 82.6 Mg/ha.
There was a tendency for higher SOC in convertad,lassociated with higher
bulk density suggesting quality based land usec8etewith forest left on inferior
soils. Cultivation, landscape position, slope aramgling depth were all
significantly (P < 0.05) related to variation in 6Cstocks following forest
conversion but time since conversion had no ddiketanpact. Interestingly,
there was no significant relationship between S@Cthe top and sub-soils.
Higher SOC stock is largely determined by highdk lolensity.

Venkanneet al., (2014) documented that like organic carbon comeénn,
forest system (87.29 Mg H shows the highest organic C stocks, followed by
fodder (60.03 Mg ha), paddy (57.12 Mg hd), maize (52.12 Mg hd), chilli
(49.50 Mg ha'), red gram (48.44 Mg h9, intercrop (45.69 Mg hd), cotton
(44.98Mg ha’), permanent fallow (44.81 Mg Hpand is lowest in case of castor
(36.86 Mg ha') system. The soil organic carbon (SOC) stock wighest in
Alfisols (52.84 Mg ha') followed by Inceptisols (51.26 Mg H and Vertisols
and associated soils (49.33 Mgha

Dorji et al., (2014) observed significant influence of land asel land cover
(LULC) categories on SOC concentration, SOC denStYC stocks and their



spatial distributions, although this influence aesed with increasing soil depth.
The estimated mean SOC densities in the top 1m higteest in fir forest soils
(41.4 kg m?) and lowest in paddy land (12.0 kg™ Allowing for LULC
relative areas, mixed conifer forest had the higB&C stocks in the upper meter
(12.4 Mt) with orchards the lowest (0.1Mt). Thealo8OC stocks for the whole
study area for the 0-5, 5-15, 15-30, 30—60 and @kt depths were 2.6, 5.0,
6.5, 7.5 and 5.4Mt, respectively. The relative S@&hsities indicate that the
conversion of even a fraction of forests to oth&/LC types could lead to
substantial loss of SOC stocks. This loss of SQCksis even greater when the
decrease in aboveground biomass is also takemamsideration.

Hoffmannet al, (2014) observed a large variability of estimaBC stocks,
and thus a low predictability of the stocks basedregional data sets in the
mountainous study area.

Alvaro-Fuentes, (2014) observed that diffeemnin SOC stocks were only
found in the upper 5 cm soil layer in which 4, 1Id&0 years under NT (no-
tilage) showed greater SOC stocks compared wigeat under NT and the CT
(conservation tillage) phase. Despite no signifiatifferences were found in the
total SOC stock (0—30 cm soil layer) there was @worthy difference of 5.7 Mg
ha ' between the phase with the longest NT duration #red phase under
conventional tillage. However, more than 75% of tihial SOC sequestered was
gained during the first 11 years after NT adoption.

The results indicate that grazing led toramre@ase in soil compaction and soil
surface salinity, which significantly lowered legseadf total N, P, and TOC in the
soil surface. Grazing decreased soil microbial l@issnC and N concentration in
the lower riparian floodplain wetland, whereas ign#icantly increased soil
microbial biomass C and N concentration in the arghiparian floodplain
wetland. Elevation differences in the riparian tlptain wetland increased spatial
heterogeneity in the soil and thus resulted inedéht influence of grazing on

wetland soils and ecosystem. Therefore, elevatidferdnces and grazing



intensity were the main factors controlling soilachcteristics in the riparian
floodplain wetland of this region (Wargg al, 2015).

Xionget al., (2014) have documented that SOC stocks significaliffered
among LULC classes — sugarcane and wetland contdine highest SOC,
followed by improved pasture, urban, mesic uplawodest, rangeland, and
pineland while crop, citrus and xeric upland forestnained the lowest. The
surface 20 cm soils acted as a net sink for C thighmedian SOC significantly
increasing from 2.69 to 3.40 kg frover the past decades. The SOC sequestration
rate was LULC dependent and controlled by climatetdrs interacting with
LULC. Remarkable site-specific SOC losses were lvaa in the conversions of
wetland to other LULC types, and vice versa. Atioagl scale, restoration of
wetlands contributed to the buildup of SOC stocks.

In temperate soils, low rate of OM decompositeads almost invariably to
the accumulation of organic material in soils tlaaé poorly drained. Under
prolonged rice (submerged) environment, there metaaddition of OM in soil,
whereas the balance is generally negative undéleaopping systems. Soils
under lowland rice system preferentially accumulatd and are important for
sequestering atmospheric C (Eahl.,2015).

Drewniak (2015) applied Community Land Mod@€LM) to investigate the
impacts of various management practices, inclu@@ngjizer use and differential
rates of crop residue removal on the SOC storageapiands in the continental
United States over approximately a 170-year peiRe&kults indicate that total US
SOC stocks have already lost over 8 Pg C (10 %)allend cultivation practices
(e.g., fertilizer application, cultivar choice, anesidue removal), compared to a
land surface composed of native vegetation . Afteg periods of cultivation,
individual sub-grids (the equivalent of a field Plgrowing maize and soybean
lost up to 65 % of the carbon stored compared ¢paasland site. Crop residue
management showed the greatest effect on soil gasbarage, with low and

medium residue returns resulting in additional dsssf 5 and 3.5 %, respectively,



in US carbon storage, while plots with high resideturns stored 2 % more
carbon.

Shi et al., (2015) observed that after farmland conversiompple orchard,
total SOC content and density and soil alkalinesphatase activity significantly
decreased. The LOC content, its proportion to TCOdhtent, and carbon
management index (CMI, changes in the total contard lability of SOC
significantly increased in the 0-40 cm soil lay&¥kith increasing age of apple
orchards, SOC stocks significantly increased dfeyears, being more than 10%
larger in mature and over mature orchards thardjacent farmlands. The LOC
content and CMI value also had an increasing trarde soil enzyme activities
showed different response patterns. There wergfisgm correlations between
soil enzyme activities, SOC fractions, and CMI wa(B < 0.05. Long-term apple
cultivation was effective to restore SOC stockthalgh it took over a decade to
rebuild a new increasing trend after farmland cosioa.

Rabbiet al., (2015) observed the stocks of soil carbon (0af).&djusted for
variation in bulk density) varied widely under @ifént land uses (2-241g C
ha ') across the 1482 sites surveyed. The SOC stod&dvrom 11 to 24Mg C
ha'under pasture, whereas the range was 1B}t ha'under irrigated
cotton. Among the crop-pasture rotations, the a@ominant rotations had lower
SOC stock (2-9¥g C ha') than pasture dominant rotations (6—M§ C ha®).
The mixed annual-perennial pasture (11-B80C ha') and perennial pastures
(8—241Mg C ha') generally had the widest range and maximum aee&QC
stock. The sites where residue was retained appearbave higher soil carbon
stock compared to other systems.

Zhanget al, (2015) found that the average retention of mdeeved carbon
plus manure-derived carbon during the early peabthe trial (up to 11 years)
was relatively high (10%) compared to the lateique(22 to 27 years, 5.1-6.3%).
About 11% of maize-derived carbon was convertesbiborganic carbon, which

was double the retention of manure-derived carb®d—5.1%). This result



emphasized that organic amendments were necessayvn-win strategy for
both SOC sequestration and maize production.

Bajgai et al.,(2015) observed that besides, scant crop resigud, itillage to
control weeds in vegetable systems reduces sodnargcarbon (SOC) levels.
Organic fertilizers increased TOC whilst simulatélage decreased it in
laboratory. In field residue incorporation in saiicreased TOC, but organic
fertilizers behaved inconsistently. However, in abdratory microcosm, both
residue and organic fertilizers individually mitigd tillage-induced loss of TOC.

Hombegowdaet al., (2016) noted that conversion of forest to adtice
resulted in a large loss to the original SOC stIk-61 %) in the top meter of
soil depending on the climate zone. The most ingpdrvariable regulating SOC
stocks and its changes was tree basal area, possilitative of organic matter
inputs. Furthermore, climatic variables such aspenature and precipitation, and
soil variables such as clay fraction and soil pHrevékewise all important
regulators of SOC and SOC stock changes.

2.5 Influence of different land uses on soil organic agaon fraction

For characterization and functional purposes, SGMaenerally subdivided
into different fractions or compartments. The apgiees for fractionation may
broadly be categorized as chemical, physical aradofical or biochemical.
Additionally, some morphological characteristice atso used to distinguish the
development of different humus forms in terrestaabsystems. Since SOM is a
continuum of complex heterogeneous material, nglsifractionation approach
may be expected to adequately characterize theuearrates of the whole soil.
The biological or functional pools, that are mostigdel-defined, may or may not
be related to some chemically or physically defifragtions (Nieder and Benbi.,
2008). The fractions of soil organic carbon incldde the present study are:
Microbial Biomass Carbon (MBC), Labile Organic Camnb(LOC) and Particulate
Organic Carbon (POC), besides, the total organaban under the
aforementioned land uses.

2.5.1 Microbial biomass carbon.



The microbial biomass accounts for only 243f soil organic C but it is the
eye of the needle through which all organic makehiat enters the soil must pass
(Jenkinson, 1977). Microbial biomass C and N poelwve as a source
(mineralization) or a sink (immobilization) of ldbinutrients. Studies have shown
that microbial biomass responded quickly to changsoil perturbation by tillage
(Carter, 1986) and soil moisture (Skaogipal., 1990).

Gupta and Germida (1988) and Anderson amahd2h (1989) investigated
the effects of cultivation on the nature, disttibn, and activity of microbial
biomass content in different microaggregate siassgs of a native and cultivated
soil. Microaggregates (<0.25mm) of both soils cored lower organic-C,
microbial biomass, enzymes and respiration comp#rethacroaggregates. The
negative effects of cultivation were more pronowhoa macroaggregates. These
results suggest that microbial biomass, espediatigi, play an important role in
the formation of macroaggregates and are the labganic matter that serves as
the primary source of C and nutrients releasedvofig cultivation.

Follett and Schimel, (1989) studied changesnicrobial biomass dynamics
and N cycling in soils formed under grassland vaty@t in western Nebraska,
and farmed under wheat-fallow since 1970. After yE&r of cultivation, soil
microbial biomass levels in top 10 cm soil wererdased to 57, 52, and 36% for
no-till, stubble mulch, and moldboard plow respeadiy, compared to grass. GO
respiration was proportional to microbial biomdsst N mineralization was not.
It appeared that C availability for microbial gréwdeclined with increased tillage
intensity, which also decreased the soil's abiladyimmobilize and conserve
mineral N.

Microbial biomass C (MBC) is recognized assensitive indicator of
cultivation-induced changes in both SOC and biaalgproperties of soil quality
and soil health (Anderson and Domesch, 1989; Ponatsal, 1987 ; Karleret
al., 1997). The ratio of microbial biomass carbon (MBE@)otal organic carbon
(TOC) was measured by Anderson and Domesch, (1888)ils from long-term

agricultural experiments located in the temperateatic zone of Central Europe.



This survey of MBC-to-TOC ratios indicated that &her concentration of
microbial carbon is characteristic of the crop tiota. Mean % MBC in TOC
amounted to 2.3 for permanent monocultures and.®0f@ continuous crop
rotations, respectively. The differences in C-tor@tios between the two
management systems is thought to be caused by itfegedce in cropping
management rather than by soil texture, i.e. claptent. These MBC-to-
TOC ratios rose to 4 or 3.7% in both plots undenaculture and plots under
rotation, when the plots had received organicliegti the year prior to sampling.
This rise in MBC over TOC is seen as a transiethar than an absolute
phenomenon and is believed to be due to the eagditable carbon fraction of
the introduced organic material.

The microbial biomass itself may represenalale pool of C and nutrient
elements. In agricultural soils 200-1000 pg biom@sg'soil is often found. This
cell mass fixes 100-600 kg N and 50-300 kg P petane in the upper 30 cm of
soil. These amounts often exceed the annual apiplicaf nutrients supplied as
fertilizer to soils in agricultural practice. Thébération or fixation of these
nutrients depends on the life dynamics of the naigganisms. Growth of biomass
and fixation of nutrients is promoted by rhizodgmosnd plant debris and the
liberation of nutrients is the consequence of nbb@bdeath (Martens, 1995).

The material added to soil are convertgdmicroorganisms in order to
generate energy and to produce new cellular metaboto support their
maintenance and growth. In the C-limited soil systavailable C in organic
materials entering the soil is the driving forcehibel these processes but other
essential nutrient elements (particularly N, P akg also involved. Under suitable
environmental conditions the extent of the turnowdr mainly be controlled by
the size and activity of the microbial biomass (das, 1995). Microbial biomass
C and N pools represent vital components of ecesystycling with a turnover
time from days to years (Hat al, 1997),

Data indicated that young soils such as ltisels and Entisols had lower

levels of microbial biomass carbon and labile orga@arbon than older soils such



as Ultisols and Oxisols. However, these young shidsnot differ from the older
soils in the proportion of microbial biomass carlbornotal organic carbon (Zaet
al., 2005).

While studying the impact of different land siséforest, pasture, and
agricultural lands) on soil microbial biomass carband nitrogen using the
chloroform fumigation extraction (CFE) method. Ténerage microbial biomass
C were found as 1028.29 ug,g898.47 pug g-1, and 485.10 pd, gespectively,
for forest, pasture, and agricultural soils. As hwinicrobial biomass C, the
average microbial biomass N was found as 129.9951¢100.90 ug 4, and
42.60 pg g, respectively, for forest, pasture, and agricaltsoils. Microbial
biomass C and N were shown to be significantly elated to the physico-
chemical properties of the soil, such as organitot@) N, clay, and pH. The study
shows that land use has a significant effect orrohial biomass C and N in soil
by altering natural soil characteristics underghme ecological conditions (Kara
and Bolat., 2008)

Zagalet al, (2010) used maize as a reference plant materéinaturac
for field assays of soil carbon dynamics. The lefgetechnique showed that a
very low amount was incorporated to the soil (neldGring the time period of
the experiment (4 years) and the ratio of remairihg added C was very low
suggesting that the high carbon content of the il therefore be considered as
due to a large amount of passive carbon, or toeah@arbon inputs, that have
saturated the sorption capacity.

Xu et al, (2013) estimated the concentrations, stoichioypnahd storage of
soil microbial biomass carbon (C), nitrogen (N) giebsphorus (P) at biome and
global scales. The results show that concentratéi@is N and P in soils and soil
microbial biomass vary substantially across bionties;fractions of soil elements
C, N and P in soil microbial biomass are 1.2, 226 &.0%, respectively. The best
estimates of C:N:P stoichiometry for soil elemeantsl soil microbial biomass are
287:17:1 and 42:6:1, respectively, at global scahel they vary in a wide range
among biomes. The vertical distribution of soil mlaial biomass follows the



distribution of roots up to th depth. The global storage of soil microbial bissma
C and N were estimated to be 16.7 Pg C and 2.6 iagine 0—-3@m soil profiles,
and 23.2 Pg C and 3.7 Pg N in the 0—@&0@0solil profiles. The spatial patterns of
soil microbial biomass C and N were consistent \lithse of soil organic C and
total N, i.e. high density in northern high latieycand low density in low latitudes
and the Southern Hemisphere.

2.5.2 Particulate organic carbon.

Cambardella and Elliott (1991) determined thatF@M C in the native sod
represented 39% of the total soil organic C. Tweyetgrs of bare-fallow, stubble-
mulch, and no-till management reduced the TOC cunitethis fraction by 18,
19, and 25%, respectively. Analysis of the POM tfaacfor lignin and cellulose
content indicated that this fraction was 47% ligaimd had a lingo-cellulose index
of 0.7. The stable C-isotope composition of the Pfoddtion suggests that wheat-
derived POM turns over faster than grass-derivetMPThe authors suggest that
the POM fraction closely matches the charactedastita SOM pool variously
described as slow, decomposable, or stabilizechargmaatter.

Most studies dealing with POC in soils extitae POC fraction from the bulk
soil on the basis of particle size separation, klyaetion, density flotation or
sieving (Oades and Waters, 1991; Nordeal, 1992; Chowet al.,2005). Due to
its greater lability, POC was a more sensitineicator of land use changes
and management than SOC (Cambardella andttEIi992, 1993).

Kapkiyaiet al., (1999) noted that addition of manure and retenttbmaize
stover reduced the soil carbon loss by 49%.. Carbalances suggest that
particulate organic matter is more efficiently toeked by manure than maize
stover. Particulate organic matter is a key fracfior understanding solil fertility
changes.

According to Adejuyigbest al., (2000), the particulate organic matter is a
more labile fraction of the soil organic matter wahiis the most readily formed

and when it decomposes, it serves as an importddtraite for mineralization



process in the soil. The level of this fractionrdfere, could be an essential
determinant of the fertility status of Savannassoll

Chan (2001) studied changes in particulatg@amic carbon (POC) relative to
total organic carbon (TOC) were measured in sailgedng a wide range of
different land use and management practices. POde mp 42—-74% of TOC and
tended to be greater under pasture and more catservmanagement than
traditional cropping regimes. It was the form ofjamic carbon preferentially lost
when soils under long-term pasture were brougheundiltivation. It was also the
dominant form of organic carbon accumulating undeore conservative
management practices (direct drilling, stubble inetd and organic farming).
Across all sites, changes in POC accounted for%81(ange 69-94%) of the
changes in total organic carbon caused by diffaenm land use and
management.

Yanget al., (2005) observed that in the combined applicatibrchemical
fertilizers and farmyard manure or wheat straw,tiomous waterlogging can
markedly increase total soil organic carbon, bgnificantly reduce the labile
paddy soil organic C fractions. In the alternatnegting and drying, incorporation
of farmyard manure or wheat straw can increasetbportions of EOC, LFOC,
POC, MBC, and MNC in TOC, but also improve soil @rastable aggregation,
compared to continuous waterlogging. The continuwaterlogging results in a
lack of clear relationship between soil water stalslggregation and clay
dispersion and soil organic C fractions

Fourty-four soils from under native vegetatiand a range of management
practices following clearing were analysed for flaborganic carbon using both
the particulate organic carbon (POC) and the 333 KMhO, (MnoxC) methods.
Although there was some correlation between theethaus, the POC method
was more sensitive by about a factor of 2 to rdpgb in OC as a result of
management or land-use change (Skjemstaud., 2006)

Bescansat al, (2006) stated that particulate organic carbamisccurate soil

guality indicator despite soil differences, andréiiere advocated that it should be



considered when assessing the quality of diffesmit management practices.
POC refers to the organic carbon which is combingtth soil sand fractions
(53~200um) and comprises primarily semi-decomposed plasitoes (Gengt
al., 2009). Soil aggregation is a process which isrotletl by SOC and POC
dynamics (Bouajila, 2010).

Figueiredcet al, (2010) studied the dynamics of systems of tdlagd crop
rotation, alternating in time and space. Changesganic C by land use occurred
mainly in the fraction of particulate organic matt¢> 53 mm). Proper
management of grazing promoted increased levgiamiculate organic matter by
association with larger aggregates (2-8 mm), detratirtgy the importance of the
formation of this aggregate class for C protectiopasture

Sreekanthet al., (2013) noted considerable differences in POC custe
between soils of different forest categories. Thdues varied between 1.57 to
3.99% with an average of 2.6% for the bulk soleTPOC content ranged in
the order: Shola Forest-SF(3.99%) > Deciduous $dD&(3.24%) > Riparian
Forest —RF (1.61%) > thorny forest-TF (1.57%). Tdeta showed extensive
difference in the POC content between soilsdifferent sub soil horizons in
the study. The value ranged between 0.6 to 4 WitPan average of 2.6 %. As a
general trend, the POC content increased with deptbwever, POC
concentration and stock has the same trendS@C as this parameter was
correlated with SOC. Since POC has been shtw be the labile fraction
of SOC, it can be expressed as a percentage @f FB@e POC/SOC ratio
represents the contribution of POC to SOC and Herhiulk soil the maximum
value was recorded under SF (86.92%) and the mmir(28.48%) in the TF.
Across all sites, POC made up to 20 to 93 % of SOC.

There was a significantly positive relatioipsbetween the content of heavy
fraction organic carbon, particulate organic carbod total soil organic carbon.
The ranges of soil light fraction organic carbotiocand content were 0.008% -
0.15% and 0.10-0.40 g Rgrespectively, and the range of particulate omani
carbon ratio was 8.83% - 30.58%, indicating thatrtbn-protection component of



soil organic carbon was low and the carbon pool vedatively stable in this
wetland (Donget al.,2013).

Liu et al, (2014) concluded that land- use strongly afiédtee amount of
biomass input into the soil. Specifically, the otence of aggregates, aggregate
SOC and aggregate easily oxidizable organic ca(B@C) under grassland and
forestland were normally higher than that undermfand. Furthermore,
conventional cultivation destroyed aggregates. Hoeninant aggregate size
fractions under farmland were < 0.5 mm, whereasdbminant aggregate size
fractions under grassland and forestland were »b In farmland, SOC and
EOC tended to concentrate in <1 mm macro-aggregateereas they tended to
concentrate in > 1 mm macro-aggregates under grassdind forestland. EOC
tended to concentrate in larger aggregates than. SME small fractions of
aggregates formed large fractions by combining Wikh organic matter, and the
fixed organic carbon in the smaller aggregates mage stable. So converting
slope farmland to forestland and grassland coufatawe the storage and quality
of SOC, and the tendency of SOC transfer. Wiesneiat.,(2014) observed that
forest soils were characterized by distinctly lowesportions of intermediate and
passive SOC and a high amount of active SOC in fafrhtter.

Kaori, et al, (2014) evaluated the changes in SOC under diftecropping
periods followed by short fallow through changestle composition and the
amount of vegetation as input returned to soil. Tésults showed that SOC
decreased significantly after 10-year cropping esponse to a low amount of
input. However, coarse organic matter carbon (COMi€creased after only 1-
year cropping, and COM-C and POC decreased grgdialing cropping for 2-5
years.

2.5.3 Labile organic carbon

Soil labile organic carbon is the most actiraction of soil organic carbon
with rapid turnover rates, and it changes substytiafter disturbance and
management (Colemaet al., 1996). Soil labile organic carbon has been

represented operationally by specific fractionsiveel using chemical and



physical separation techniques. Chemical fractionatelies on the solubility of
organic carbon in oxidizer, acid or base, produdolgible organic carbon (Tirol-
Padre and Ladha., 2004). The labile fraction is ensensitive to short-term
vegetation or land-use change (Sicatdal, 2004; Von-Lutzowet al.,2007). The
labile fraction of OC consists of micro-organismpknt and soil fauna at different
stages of degradation resulting in easily decompesaon-humic organic
substances like carbohydrates, proteins, organdsaamino acids, waxes, and
other non-specific compounds (Poiredral.,2005).

Zou et al, (2005) applied a modified fumigation—incubatitethnique to
study five mineral soils and a forest Oa horizonrdpresent a wide range of
organic carbon levels. The study noted that sbildaorganic carbon varied from
0.8 mg/g in an Entisol to 17.3 mg/g in the Oa maler Potential turnover time
ranged from 24 days in an Alfisol to 102 days inWtsol. Soil labile organic
carbon contributed from 4.8% in the Alfisol to 1%1in the Ultisol to the total
organic carbon.

Forest conversion from native broadleaf fotesplantation affects only the
soil MBC but not the other labile SOC fractions (Wgaand Wang 2007; Xet
al., 2008 and Wangt al.,2013). Results indicate that the response of |&D€
fractions to forest conversion depends on foregetation. Litter and root are the
primary source of SOC. Therefore, the differentrgii@s and qualities of organic
matter input through litter fall and root activife.g., turnover and exudates)
induced by the different tree species were resptméor the different responses
of labile SOC to forest conversion (Vesterdahl.,2008).

Genget al., (2009) noted that terms used to characterize o€ in global
soil science communities include, particulate orgaarbon (POC), light fraction
organic carbon (LFOC) readily oxidized carbon (ROSY)il microbial biomass
carbon (SMBC) and dissolved organic carbon (DOE€) et

The soil organic carbon (SOC) and labile oigaarbon (LOC) stores were
investigated at arable land (AL), artificial grassl (AG), artificial woodland
(AW), abandoned arable land (AAL) and desert stegf)f®) in a Loess Plateau.



The LOC stocks changed by a larger magnitude thenSOC stocks which
suggests that it is a more sensitive index of gardbgamics under a short-term
LUC. The LOC stocks increased at 0-20 cm and 0-€0Gdepths from DS to
AW, which is opposite to that observed for SOC. pheportion of LOC to SOC
ranged from 0.14 to 0.20 at the 0-20 cm depth fotha five land use types,
indicating low SOC dynamics. The allocation promrtof LOC increased for
four types of LUC conversion, and the change inmtage was largest for DS to
AW (40.91%). (Zhangt al.,2012).

Caoet al, (2013) elucidated the response of soil LOC unliéerent grazing
intensities. The results showed that the LOC inagdPOC, light fraction organic
carbon, and readily oxidizable carbon content aepth of 0-15 cm decreased
with the increasing grazing. The TOC and LOC contlecreased with increasing
depths of soil horizons. According to Wiesmeze¢ial., (2014) the high amount of
labile SOC in forest top-soils poses the risk aisiderable SOC losses caused by
mechanical or other disturbances.

Xiaet al., (2015) observed that microbial available carboAQY, microbial
biomass carbon (MBC), easily oxidizable carbon (EO&ater-soluble organic
carbon (WSOC), light fraction carbon (LFC) conterdreased along the elevation
gradient across the soil depths, whereas LFC wgieehin communities with low
elevations compared to others across all soil defositive correlations were
found among SOC pools (MAC, MBC, EOC, WSOC, and $(#30.001) across
communities, except for LFC. LFC was positivelyretated to other pools at low
elevations and high elevations, respectively. Qier®C pools decreased with
increasing soil depth across communities. The tesulggest that LOC content
principally depends on the amount of SOC, and L@&lgs are good indicators
for predicting minor changes of SOC in the C cycle.



Chapter — 3
MATERIALS AND METHODS

3.1 Description of the study area
3.1.1 Location

The study was carried out in north easternezof Kashmir in western
Himalayan region. The area includes district Gabaleand some parts of district
Bandipore of Jammu and Kashmir State, and liesdetvthe longitudes of 730
and 7830E and latitudes of 307 and 3430N. Ganderbal has an average
elevation of 1619 m amsl. It is bordered by distri8rinagar in the south,
Bandipore to the north, Kargil in the north eashaAtnag to the south east and
Baramulla in the south west. The sites in disB@ndipora that formed the part of
this study lie in the north of Ganderbal (Fig. 3.he area as a whole can be sub-
divided into three physio -graphic sub-divisiongains, foothills and upper-hills
3.1.2 Climate and Soll

The study area (Fig 3.1) falls under the terage to Mediterranean type of cli-
mate and is characterized by mild summers andrmipMinters. Due to altitudinal
variation there is a wide variation in climatic dimons in different parts, ranging
from a typical temperate climate in high altitudaielh experience snowfall and
severe cold in the winter and warmer climate at laltitude. The winter
commences from early November and lasts till endMafrch. Most of the
precipitation received during this period is in them of snow and the
temperature, at times falls as low as %13in December-January the minimum
temperature is generally below freezing point. Peeiod from March to June
constitutes warm summers with temperature risingtap3¥C. However, it
remains cold almost throughout the year in the uppst reaches. The average
precipitation is about 680 mm (CGWB, 2013).

The soils of the area are broadly dividea itwo types viz, Hapludalfs and
Ochraqualfs. Hapludalfs are found on Karewa topd aplands with a slope

variation of 1-3%. The soils are very deep, welbided with moderate
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permeability. These are medium to fine texturedssand the surface texture
varies from clay loam to silty clay loam. The calaf the soils varies from
Yellowish Brown to dark Brown. These soils are selyeeroded resulting in the
formation of gullies and ravines. Ochraqualfs ayend in plain to mid upland
topography. These soils are moderately fine tegtumdgth clay loam as the
predominant surface texture. The extent of erosionsuch soils is much less.
These are dark brown to dark yellowish brown inoogolwith low permeability
(CGWB, 2013). However, the study conducted on tbis sof north-western
Himalayan ecosystem by Sidhu and Surya (2014) iadicate the presence of
Entisols and Inceptisols in the study area.
3.1.3 Land use and vegetation

Paddy is the main field crop of the zondtiwated over 50% of the net sown
area. It is cultivated in plains, terraces on fdlsthas well on Karewas. Maize is
the second most important crop, comprising abob 25 the net sown area.
Maize is mostly cultivated at subsistence leveveny small family-owned fields
on hills, often adjacent to forests. Low yieldingrieties of maize are cultivated
for fodder and grain, largely for local consumptidegetables are cultivated in
small fields or kitchen gardens throughout the gtacka, although commercial
vegetable cultivation is practiced at few placearrtbke town. Apple is the major
fruit crop of the region which is cultivated on Nverained plains, foot hills and
even on hills up to the altitude, where local tenmapure and climate permits.
Together, fruit and vegetable cultivation coverswhl7% of the net sown area.
Chemical fertilizers like Urea, DAP and MOP are &hdused in apple orchards,
paddy and vegetables. Organic manure in the forroattfe dung or farmyard
manure is applied to all the crops. Sheep and dwag) as manure is mostly used
in maize fields on hills, although small quantitefschemical fertilizers viz., urea
and DAP, with no/ very little MOP are used at felages.

Temperate forests of the area are dominatecohifers including Pinus
wallichiana (Blue Pine/Kail) Cedrus deodar&{imalayan Cedar/Deodar)Abies

pindrow(Fir) and Picea smithiangSpruce). Additionally associations daxus



baccata (Himalayan Yew)and Juniperus recurvgJuniper) can also be found
(Waniet al, 2013; 2014). The dominant species of the gradsfpastures include
Cynodon dactylon L., Bothriochloa pertusa L, Medalupilina, Trifolium
repens, Plantago lanceolata L, Plantigo major Lyp€rus sps. etclhe problem
of grazing and degradation of pastures is morecatiand intense here, due to the
lifestyle of its rural people especially Gujjar aBdkerwal communities who
manage herds of cattle.( Ahmedal.,2013).

There are many water bodies and wetlands in thee &fallah Sindh, a major
tributary to the Jhelum river flows through Gandgrbfrom north to south.
Riverine wetlands in the area are located along #éd Sindh. One of the Asia’s
biggest freshwater lakes; Wular, lies in Bandipdrke lake with its associated
wetlands has been designated as a wetland sitgeshational importance under
the Ramsar Convention of 1990. The soils assocwitd the selected riverine
and lacustrine wetland sites of the area, were ezhdsr the present study.
Although thick organic layer, indicating the preserof Histic epipedon, was
observed in areas immediate to the peripheriegatér bodies, however, only the
mineral soils located farther away from these oigéayers of the wetlands were
sampled and studied in the present investigati@ntifently, these soils in the
vicinity of wetlands are often encroached upon asséd for cultivation, and
therefore, observing their SOC stock and quality @ more useful as far as the
impact of land use change is considered.

3.2 Design of survey and soil sampling

The ecosystems/land use types (Table 3.Bsiigated in the study include:
(A) Agricultural Ecosystem [(a) Paddy (b) Maize c) (Vegetables (d) Apple
orchards]. (B) Grassland Ecosystem. (C) Forestsygtem (D) Wetland
Ecosystem.



Table 3.1Ecosystems and land use types covered in the study

Ecosystem Land use type Locations

. Paddy 5
Agriculture Maize 5

: Apple 5

Horticulture Vegetable 5
Forest Forest 5
Grassland Grassland 5
Wetland Wetland 5

The geographic locations and altitudes (m amsl}jhef study sites are
presented in Table 3.2. Purposive sampling methas fellowed and samples
were collected in autumn 2014. The samples werentdfom two depths: 0-15
and 15-30 cm. Composite soil samples were colleitted five locations in each
land use type (Fig 3.2), with three replicates.nkrevery replicate sample was
composited from six subsamples randomly collegbed)ed and sieved. The field
moist soil samples were kept stored in refrigeratdemperature less thafCafor
preserving the enzyme activities till the analysese over. Soil moisture was
determined after drying at 105°C for 24 hours.

Table 3.2: Geographic location and altitude of thestudy sites.

Study site Location Altitude (m, am3l
Paddy

Baghurampora 34°13.214' N 74°45.358' E 1601
Gamroo 34°24.203' N 74°37.290' E 1608
Sumlar 34°24.653' N 74°42.797' E 1768
Margund 34°15.078' N 74°55.157' E 1830
Yarmugam 34°17.664' N 74°48.159' E 1880
Maize

Margund 34°15.218' N 74°55.177 E 1832
Athwot 34°27.949' N 74°40.785 E 1892
Yarmugam 34°17.787' N 74°48.147 E 1927
Gagangir 34°17.623' N 75°12.227' E 2287
Kudara 34°25.161' N 74°47.013'E 2370
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Apple

Nadihal 34°23.700' N 74°39.365' E 1640
Badampora 34°13.712' N 74°41.696' E 1662
Khalmulla 34°12.283' N 74°49.095 E 1680
Watlar 34°16.266' N 74°46.213' E 1690
Arin 34°25.164' N 74°41.052' E 1716
Vegetable

Aloosa 34°25.290' N 74°32.560' E 1585
Ahan 34°13.710' N 74°39.610'E 1598
Dab_Shalhara 34°11.622' N 74°40.759 E 1601
Barsoo 34°14.281' N 74°42.599' E 1619
Quilmugam 34°26.176' N 74°34.422'E 1646
Forest

Preng 34°16.756' N 74°51.562' E 1680
Athwotu 34°28.794' N 74°41.496' E 1881
Kudara 34°25.331' N 74°47.133' E 2430
Naranag 34°21.128' N 74°58.135' E 2507
Sonamarg 34°17.055' N 75°20.390"' E 2750
Grassland

Potshahi 34°25.008' N 74° 35.476' E 1530
Sonamarg 34°18.375' N 75°16.538' E 2588
Nagmarg 34°28.195' N 74°29.751' E 2887
Trundkhul 34°23.888' N 74°58.103' E 3330
Tragbal 34°32.425' N 74°38.221'E 3539
Wetland

Potshahi 34°24.989' N 74° 35.246' E 1520
Tulmulla 34°13.778' N 74°43.585 E 1570
Kehnoosa 34°23.151' N 74°31.858'E 1577
Saderkoot 34°21.397' N 74°39.518'E 1580
Shalabugh 34°09.671' N 74°44.581' E 1586




3.3  Estimation of Physico-chemical properties ahe soils
3.3.1 Bulk density
Bulk density of soil at each site was determingdhe core method (Blake and
Hartge, 1986)
3.3.2 Particle size analysis
Percent clay, sand and silt were determined by higdrometer method
(Bouyoucos, 1962)
3.3.3 Gravimetric water content
Soil moisture content was determined on oven-dsysbd herefore, the actual soil
moisture in the samples was considgig¢dsse, 1971).
3.3.4 Porosity

Percent pore space (total porosity) was caeapfrom bulk density (BD) and
average particle density (PD) of 2.65 g ¢ras {1-BD/PD} x100 (Brady and
Weil, 2002)
3.3.5 ECand pH
Electrical conductivity and reaction of the soihgades was determined in 1:2.5
soil :water ratio (w/v) with the help of combinebkctrode for EC and pH, as per
the procedure given by Jackson(1973).
3.3.6 Available Nitrogen
Available N was determined by Alkaline Permangandtethod (Subbiah and
Asija ,1956) involving distillation of the soil ¥ alkaline KMnQ in presence of
NaOH and determining the ammonia absorbed in avknmlume of boric acid ,
through titration with standard sulphuric acid.
3.3.7 Available Phosphorus
Olsen’s extractant 0.5 M NaHGQpH 8.5) was used for the extraction of
available phosphorus. Phosphate in the extracdetesmined colorimetrically by
the ammonium molybdate blue colour method usingextsophotometer at 760
nm (Olseret al 1954).



3.3.8 Available Potassium

Available K was determined in the neutral normalh@mium acetate extract of
soil with help of flame photometer (Jackson 1973).

3.3.9 Available Sulphur

Sulphur was determined with 0.15% Ca&blution and the S in the extract was
estimated turbidmetrically (Williams and Steinbel§@$9).

3.3.10 Exchangeable Calcium and Magnesium

Exchangeable calcium and magnesium was estimatdteimmmonium acetate
extract of soil by titration with EDTA (Jackson, 7%

3.3.11 Cation exchange capacity

Cation exchange capacity (CEC) was estimated fallgwnethod of Jackson
(1974).

3.4 Estimation of soil organic carbon and its fractions

3.4.1 Organic Carbon (Walkley and Black organic carbon).

Soil organic carbon was determined by the methedrgby Walkley and Black
(1934). In this method organic matter was firstdized with chromic acid
(potassium dichromate + concentrated sulphuric )aewd the unconsumed
potassium dichromate was back-titrated againsbd@srsulphate (redox titration).
3.4.2 Total soil organic carbon

Total organic carbon in the soil was determinedthoy wet oxidation method
(Snyder and Trofymow 1984). For this purpose 1.0ajmeoil (passed through 1
mm sieve) was pretreated with 3.0 ml of 2N HCleémove carbonates. Then soil
was oxidized with KCr,O; in presence of conc.,80, and HPQ, in a ratio of
3:2 by heating on digestion block for 2 hrs. The,GRus evolved was trapped in
2N NaOH and amount of GQtrapped) was measured by back titration with 0.5N
HCI using phenolphthalein indicator. Total orgac&bon content was computed
based on amount of G@volved.

3.4.3 Labile soil organic carbon

The amount of oxidizable carbon by 333 mM KMn(@bile carbon) in soil was
determined by following the procedure of Blatral (1995). For this purpose, 2.0



g of soil was taken in a centrifuge tube and oxadijzwith 25 ml of 333 mM
KMnO,4 by shaking on a mechanical shaker for 1 hr. The tuere centrifuged for
5 minute at 4000 r.p.m. and 1.0 ml of superannuatdation was diluted to 250
mL with double distilled water (DDW). The concetiitba of KMnO, was
measured at 565 nm wavelength using spectrophotomdhe change in
concentration of KMn@® was used to estimate the amount of carbon oxidized
assuming that 1.0 mL of MnO was utilized in the oxidation of 0.7 mM (9.0 mg)
of carbon.

3.4.4 Particulate organic carbon

Particulate organic carbon was determined by metieeh by Camberdella and
Elliot (1992). For this purpose 10 gm of 2 mm sak\a@r dry soil sample was
shaken with 0.5% sodium hexametaphosphate for .ZBh&n soil suspension was
passed through 0.053 mm sieve by spraying water the top of sieve. The solid
portion, retained on sieve was termed as partieubsjanic matter. The solid
portion was transferred to small pre-weighed ptalstat by washing with spray
of water. It contained both particulate organicteraand sand portion. The plastic
boats were kept inside the forced air oven aGQemperature for 72 hrs for
drying and finally the weight of boat recorded. uid material in the boat was
grounded in a pestle and mortar to make a fine powthe total organic carbon
content in particulate organic matter was deterohiog wet digestion method as
described in total organic carbon estimation (Snyael Trofymow 1984).

3.4.5 Microbial biomass carbon

The biomass in the soil was estimated by the futingaextraction method.
Moist sample was taken in duplicate (to given appnately 10 g oven-dry
weight) in 50 mL glass beaker. Another 10 g of sod was weighted into an
aluminium cane for moisture determination. One beatkith soil was kept inside
vacuum desiccator and fumigated with fresh ethéneal-chloroform for 24 hours
and the excess chloroform was removed by repeatekl fuction (Jenkinson and
Powelson 1976). The fumigated and non-fumigateldveas extracted with 25 mL
of 0.5M K,SQOy, carbon content in the extractant was determinefblbowing the



oxidation with KCr,O; and finally titration with ferrous ammonium sulpba

using ferroin as a indicator.

Microbial biomass carbon (MBC) was computed from fibllowing relationship
Microbial biomass carbon = (QOCyg)/Kec

where, OG and OQy are organic carbon extract from the fumigated and

unfumigated soil respectively, on oven dry basid &gc is the efficiency of

extraction ( 0.25) as per Bremner and Kessel (1990)

3.5 Computation of soil organic carbon stocks

SOC stock of each site was measured by the prad@®DC concentration , bulk

density and soil depthCarbon stocks related to various SOC fractionsewer

similarly computed.

3.6 Carbon management index

Soil Organic Matter promotes modification in cheahbighysical and biological

properties of soil, and its presence is of gredievéo soil quality. The magnitude

of OM influences is dependent on its quantity (t&a and quality (labile C)

factors. The labile fraction is more easily affecby changes in soil management

and, for this reason; it can be used as an indiaatananagement quality and

agriculture sustainability. The Carbon Managememek (CMI) proposed by

Blair et al (1995) has the advantage of involving both quramind quality factors

of OM in its estimation. The carbon managementxndas computed from the

following relationships:

)] Carbon pool index (CPI) = Sample total C (mg/qg)

Reference total C (mg/qg)
i) The loss of labile C is of greater importance thaloss of non-labile C.
To account for this, carbon lability index is cdated as follows:
a) Lability of Carbon = C in fraction oxidized byM& O,
C remiag un-oxidized by KMn

b) Lability index (LI) = Lability of C in sampleod

Lability of @ reference soil



ilii) Finally, the carbon management index (CMIxedculated as follows;

CMI = C pool index (CPI) x Lability index (LI) x 00
CMI was computed for all the land uses except fetland, furthermore surface
(0 to 15 cm) layer of grassland soil was used fserce for calculation
3.7  Estimation of soil enzyme activities
3.7.1 Dehydrogenase activity
Dehydrogenase activity was estimated by monitothng rate of production of
triphenyl formazan (TPF) from tri-phenyl tetrazatiichloride used as an electron
acceptor. The method of Kleiat al (1971) was followed for the assay of
dehydrogenase activity as outlined below.
One gram of air-dried soil was placed in 15 mL scoapped tube. To this 0.2
mL of 35% tri-phenyl tetrazolium chloride and 0.% wf 1% glucose were added
and the tubes were incubated at’28for a period of 24 hours. After incubation
10 mL of methanol was added and shaken exactlgrierminute. It was allowed
to stand in dark for six hours. The colour intensiéveloped was measured at 485
nm (blue filter). From the standard curve, drawrthe range of 0.004 to 0.4 mg
TPF per 10 mL of methanol, the TPF produced ingsaeple were computed.
Dehydrogenase activity was expressed as TPF fopeedram soil for one hour
on oven dry weight basis.
3.7.2 Phosphatase activity
To one gram of soil in a 50 mL conical flask, 4 mi_modified universal buffer
(pH 6.5 for acid phosphatase and pH 11 for alkghinesphatase), 1 mL pfnitro
phenyl phosphate were added and incubated for one dt 37°C. After that 4
mL of 0.5 M NaOH and 1 mL of 0.5M Caflere added and the contents were
filtered.
The amount ofp-nitro phenol (PNP) present in the filtrate was sead
colorimetrically at 410 nm. The phosphatase agtiwitas calculated after

deducting the PNP formed in the control (wherg#otro phenyl phosphate was



added), from the PNP produced in the samples. &dts were expressed as |ug
PNP g' h! (Tabatabai and Bremner 1969).
3.7.3 Fluorescien diacetate hydrolase
Fluorescein diacetate hydrolase was assayed angaaliGreeret al. (2006). One
gram of soil sample was incubated for 1 h at°@7with 9 mL of 50 mM
phosphate buffer pH 7.0 and 1 mL of 5 mM fluoresadincetate (FDA). The pH
buffer used was 7.0 instead of 7.6 recommended laycén-Gutierrezet al
(2008) to avoid the potential non-enzymatic intexfees. The reaction was
stopped by adding 2 mL of acetone, and immediatehtrifuged. The amount of
fluorescein released from FDA was measured in tipesmatant at 490 nm.
3.7.4 Arylsulphatase activity
Arysulphatase activity was assayed as per methedngby Tabatabai and
Bremner (1970). For measuring arylsulphatase agtiOil g of soil (<2 mm) of
soil was placed in a 1.5 mL Eppendorf flask andLl1ahacetate buffer, 0.25 mL
of toluene and 0.25 mL gi-nitrophenyl sulphatep(NPS) solution were added.
The contents were mixed and incubated af@7or 1 h. Then 0.1 mL of 0.5M
CaCh and 0.4 mL of 0.5M NaOH were added, swirled fdiea seconds, and
filtered (0.45 mm HA nitrocellulose, Millipore). Alorbance was measured at 405
nm against the reagent blank gnditrophenol content was computed by referring
to a calibration curve.
3.8 Soil Quality Assessment

As a first step in soil quality assessment .@R) critical parameters were
identified, through different approaches, to aretige minimum data set (MDS) .
The nature of the land use, land use requirementsree management goals were
considered while deriving the MDS. The possibld foictions namely, sustain
plant growth, nutrient cycling, resist biochemidalgradation, water transport and
storage, filtering and buffering etc. that accomiplthe recognized goals were
identified. The next step is the detection of gwibperties/ indicators that can
explain the soil functions. The contribution of thalividual soil properties to
accomplish the desired soil function was distridutey assigning weights to



identified soil property. Indicator weights wereriged by using statistical tools
like principal component analysis, regression aquatetc., as well as expert
opinion and relevant literature. Steps followedha development of SQI (Masto
et al.,2008) are shown in Fig 3.
3.8.1 Linear scoring function

After identifying the MDS indicators, every obsation of each MDS
indicators was transformed using a linear scorirghod as suggested by Andrew
et al. (2002). To assign the scores, indicators werengaa in order depending on
whether a higher value was considered “good” od*ba terms of soil functions.
In case of “more is better” indicators, each obagon was divided by the highest
observed value such that the highest score receaivedlue of 1. For “less is
better” indicators, the lowest observed value fia humerator) was divided by
each observation (in the denominator) such thaeshwbserved value received a
score of 1. In this study, almost all of the indaca in the MDS were considered
good from the view point of soil quality when thage in increasing order, and
hence the “more is better” approach was followea@gept in case of bulk density

where ‘lesser is better’ approach was consideredr{$tt al.,1996).
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Fig 3.3: Outline of soil quality indexing procedure

3.8.2 Non-Linear scoring function

The values of non-linear scores were computed byetjfuation ( Mastet al.,
2008)as follows;

NLSF =1/[1+ @]

Where, x is the soil property value, A the baselmesalue of the soil property

where the score equals 0.5 and b is the slope.gUbm equation, standardized



scores for ‘More is better’ and ‘Less is betterpegach were determined for the

indicators.
3.8.3 Indicator integration into indices
The following four soil quality indexing methods reedeveloped.

1. Un-screened additive index

N

. Principal component analysis based soil qualitgind
3. Regression equation based soil quality index
4. Conceptual framework for analyzing soil quality
3.8.3.1 Unscreened additive index

The additive index is the summation of scores bofha indicators studied, and the
sum was divided by the total number of indicat@sdi(Velmurgan, 2000), which

is according to the following formula:
Soil quality index (SQI) = X, Si/n

Where, S denotes linear or non linear score ofrekdgesoil quality indicator and
n is the number of indicators included in the indeatential SQ indicators were
selected based on their sensitivity to managemeattipes, ability to describe
major soil processes, ease and cost of samplinglamatatory analysis, and
significance of increasing productivity and protecting enviromte soll
functions. Using Expert Opinion (EO) approach MC&Biables were chosen from
the potential indicators based on researcher krinele and literature
recommendations (Tesfahunegn, 2014; Doran andirRat®94). POC was
dropped from MDS and instead LOC was retained, imxéhe former is obtained
through physical fractionation method which does always produce consistent
results (Sollinset al., 1999). Similarly WBC was dropped as it is essdytite
same as TOC, differing only in the method of analy§he variables pH and EC
were also excluded from the data set because twesgroperties do not limit the



soil function as they are always found in normaige (Nisar and Lone 2013;
Ramzaret al,2014) in soils of the study area.

3.8.3.2 Principal component analysis based soil quality inex

Principal component analysis (PCA) is the method feducing correlated
measurement variables to a smaller set of statisticindependent linear
combinations having certain unique properties wigigard to characterizing
individual differences. Principal component (PG®) & data set are defined as a
linear combinations of variables that account faximum variance within the set
by describing vectors of closets fit to n obsemadi in p-dimensional space,
subject to being orthogonal to one another (Duntert889). Standardized PCA
of all (untransformed) data was performed using $SR1.0. PCs that receive
high eigen values were assumed to best represenvatiation in the system.
Therefore only the PCs with eigen valael (Kaiser, 1960) were examined.
Additionally, PCs that explair 5% of the variability in the soil data (Wander and
Bollero, 1999) were included, when fewer than thRR€s had eigenvalues
>1.Under a particular PC, each variable is giveador loading that represents
contribution of that variable to the compositiontloé PC. Only the variables with
high factor loading were retained from each PCdoit quality indexing. High
factor loading were defined as having absolute ealwithin were defined as
having within 10% of the highest factor loading (Wdar and Bollero, 1999:
Andrewset al 2002). When more than one variable was retaimetfiua single
PC, multivariate correlations were employed to deiee if the variables could be
considered redundant and, therefore, eliminatech ftbe SQI (Andrewet al
2002). If the highly loaded factors were not catetl, then each was considered
important, and thus, retained in the SQIl. Amond wetrelated variables, the one
with the highest factor loading (absolute valueaywhosen for the SQI. Each PC
explained a certain amount of variation (%) in tb&al data set; this percentage
provided the weight for the variables chosen uralgiiven PC. The final PCA
based sol quality equation is as follows.



Soil quality index (SQI) =X, Wi x Si

where, W is the PCA weighting factor and S is th@idator score. The equation

was normalized to get a maximum SQI of one.
3.8.3.3 Regression equation based soil quality index

The results from the stepwise multiple regressignagon between the soil
quality indicators and total soil organic carbams used to develop the soll

quality index as per the following equation.
Soil quality index (SQI) = "1 S x (Beta)

Where, S denotes the linear or non linear scoreair@d by the soil quality
indicators, n is the number of indicators retainedthe stepwise multiple
regression equation and “Beta” is the standardreggession coefficients of the
retained soil quality parameters. The equation fwzaly normalized to get a

maximum SQI of one.
3.8.3.4 Conceptual framework for assessing soil quajit

The approach used here to determine soil quality pvamarily from Karlen and
Stott (1994). In this study the critical soil fuimects were modified according to
their importance in fulfilling the overall goals afaintaining soil quality under
specific soil conditions and land-use purposes. &hical weights (wt) to each
soil function was assigned after taking into accapecific research aims, local
factors and conditions of cropping and land usewel as the environmental
concerns (Gloveet al, 2000; Wymore, 1993).The modified model is given

under.
Soil quality index (SQIF Qspg (Wt) +Cn (W) + Gba (WE) + G (Wt) + Qua (W)

where, @yq is score (linear/non-linear) the for the soillslidy to sustain plant
growth, @nis the score (linear/non-linear) for soils’ alyiltb cycle nutrientSgg
is the score (linear/non-linear) for soil’ atylio resist biochemical degradatjon

Ow IS the score (linear/non-linear) for soils’éling and buffering ability and,g



is the score (linear/non-linear) for soil’s atyilto facilitate water absorption, wt
is the numerical weight for each soil function. Narmal weights for each soill
function were given according to the soil funct®mnportance in fulfilling the
overall goals of maintaining soil quality. Weightsr all soil functions sum to
1.00. An ideal soil would fulfill all the functionsonsidered important and, under
the proposed framework will receive SQI of 1.00.&soil fails to meet the ideal

criteria, the SQI would fall, with zero being tlwnest rating.
3.9 Evaluation of indexing procedures

In this study, soil quality indices were developeyl the combination of two

scoring functions and four indicator integratiorogedures. So, altogether, eight
soil quality indices were tried. Indexing procedureere evaluated by the
sensitivity of different procedures. The sensijivivas calculated using the

following formula
Sensitivity (Si) = SQhax)/ SQlmin

Where, Si is the sensitivity and S@Jx are the maximum and S@\, minimum

SQIl values.
3.10 Statistical procedures

Statistical analysis was carried out by using sheshdstatistical procedures
followed by Gomez and Gomez (1984). Data standatidiz was done before
data reduction. Principal component analysis wasd udsr computation of soll
guality indices. The PCA, descriptive statisticsl dinear regressions (step wise;
enter), were performed in SPSS version 21.0 (SPX®84) . Non-linear scoring

M

were analyzed in MS Excel¥ spreadsheet using SOLVER Tab for cyclic

iteration of 100, precision 0.000001, toleranced&?% convergence 0.0001.



Chapter - 4
EXPERIMENTAL FINDINGS
The results obtained in the present study “ImpdcDifferent Land

Uses on Soil Quality and Organic Carbon Stocks énrdstrial Ecosystems of
North Eastern Zone of Kashmir” are grouped undeirféfiowing headings.

4.1 Physico-chemical propertésoils
4.2 Soil organic carbon andrigstions.
4.3 Carbon management index
4.4 Soil organic carbon stocks
4.5 Soil enzyme activities undgferent land uses.
4.6 Soil quality assessment.
4.7 Sensitivity of indexing pestures.
4.8 Identification of limitingapameters.
4.1 Physico-chemical properties of soils.
4.1.1 Bulk density

The data on bulk density of soils are preseim Table 4.1. The BD of surface
(0-15cm) layer of soils ranged from 0.73 to 1.38 Mg. Highest mean value of
BD (1.47 Mg m®) was recorded in sub-surface (15-30cm) layer pfeaprchards,
whereas the lowest value (0.73Mg®mwas recorded in surface layers of
wetlands. The average bulk density of apple orchasdwell as arable lands was
generally higher than soils under native vegetatidoreover, the bulk density of
wetland soils was found to be markedly lower thaat bf average BD of other
land uses. The confidence interval (Cl) values iobth for different soils are
given in Appendix (Table A.1).The upper and lowdn@lues were also highest
for apple orchard soils and lowest in wetland soilsoth the layers.



4.1.2 Porosity

Mean values of porosity (fraction>fm’) is given under table 4.1 As indicated
by the data, porosity of the surface soil layerdanrdifferent land uses, varied
from 0.48 to 0.73 with the highest value relatedametland soiland lowest in

apple orchards.

Table 4.1: Physical properties of different soilsri the north eastern zone of Kashmir.

Land use type/  Bulk density (Mg ri) Porosity Void Ratio
Location Surface Sub-surface  SurfaceSub-surface Surface Sub-surface
Paddy
Baghurampora 1.24 1.30 0.53 0.51 1.14 1.04
Gamroo 1.23 1.27 0.53 0.52 1.15 1.09
Sumlar 1.24 1.25 0.53 0.53 1.13 1.11
Margund 1.08 1.17 0.59 0.56 1.45 1.26
Yarmugam 1.16 1.26 0.56 0.52 1.27 1.10
Mean 1.19 1.25 0.55 0.53 1.23 1.12
SE +/- 0.035 0.021 0.045 0.031 0.035 0.041
Maize
Margund 1.30 1.38 0.51 0.48 1.03 0.92
Athwot 1.13 1.20 0.57 0.55 1.34 1.21
Yarmugam 1.25 1.34 0.53 0.49 1.12 0.97
Gagangir 1.34 1.38 0.49 0.48 0.98 0.92
Kudara 1.22 1.25 0.54 0.53 1.17 1.11
Mean 1.26 1.30 0.53 0.51 1.13 1.03
SE +/- 0.043 0.028 0.044 0.027 0.046 0.032
Apple
Nadihal 1.32 1.46 0.50 0.45 1.00 0.82
Badampura 1.42 1.47 0.46 0.44 0.87 0.80
Khalmula 1.35 1.48 049 044 0.96 0.79
Watlar 1.43 1.46 0.46 0.45 0.85 0.81
Arin 1.36 1.48 0.49 0.44 0.94 0.79
Mean 1.38 1.47 0.48 0.44 0.92 0.80




SE +/- 0.026 0.012 0.036 0.015 0.037 0.045
Contd-Table 4.1
Vegetable
Aloosa 0.98 1.10 0.63 0.58 1.69 1.41
Ahan 1.09 1.20 0.59 0.54 1.42 1.20
Dab shalahar 0.91 0.99 0.66 0.63 1.90 1.67
Barsoo 0.97 1.06 0.63 0.60 1.72 1.50
Quilmugam 0.93 1.06 0.65 0.60 1.84 1.50
Mean 0.98 1.08 0.63 0.59 1.71 1.45
SE +/- 0.036 0.031 0.046 0.068 0.056 0.062
Forest
Preng 0.90 0.99 0.66 0.63 1.94 1.67
Athwot 0.91 0.97 0.65 0.63 1.89 1.72
Kudara 0.81 0.88 0.69 0.67 2.25 1.99
Naranag 0.90 0.98 0.66 0.63 1.92 1.69
Sonamarg 0.94 1.03 0.65 0.61 1.82 1.56
Mean 0.90 0.98 0.66 0.63 1.97 1.73
SE +/- 0.049 0.046 0.059 0.038 0.049 0.029
Bulk density Porosity Void Ratio
Grassland
Potushai 1.16 1.24 0.56 0.53 1.28 1.13
Sonamarg 1.06 1.17 0.60 0.56 1.49 1.26
Nagmarg 1.14 1.27 0.57 0.52 1.32 1.08
Trundkhul 1.20 1.26 0.54 0.52 1.20 1.10
Tragbal 1.20 1.26 0.54 0.52 1.20 1.10
Mean 1.16 1.24 0.56 0.53 1.30 1.13
SE +/- 0.029 0.025 0.029 0.046 0.039 0.048
Wetland
Potushai 0.74 0.85 0.72 0.68 2.58 2.12
Tulmulla 0.60 0.73 0.77 0.72 3.37 2.62
Kehnoosa 0.77 0.80 0.71 0.70 2.44 2.31
Saderkoot 0.76 0.81 0.71 0.69 2.46 2.26
Shalabugh 0.75 0.79 0.72 0.70 2.52 2.34
Mean 0.73 0.80 0.73 0.70 2.67 2.33
SE +/- 0.039 0.018 0.049 0.036 0.051 0.039

SE-standard error of mean, Surface- 0-15cm laydy;sBirface- 15-30cm layer



In general the porosity in the sub-surface lageali the soils was lesser than the
surface layer and varied in a manner opposite doBfd. The 95% confidence
interval values for porosity obtained under diffirdand uses are given in
Appendix (Table A.2)CI values were highest (0.69 and 0.76) under wettails
and lowest (0.44 and 0.51) under apple orchar@sl&cm depth. Similar trend in
Cl values was also observed in sub-surface s@rfay

4.1.3 Void ratio

Void ratios of soils are given in Table 4l ieTmean values ranged from 0.92
to 2.67in the surface layers and from 0.80 to 2.33 in ghb-surface layers of
soils. Highest mean values of void ratio, in badtle layers were observed in
wetland soils followed by forest soils. Apple orathaoils exhibited the lowest
values among the soils. The void ratio in the wetlaoils was nearly three times
greater than the soils of apple orchards. Dataamrfidence intervals (lower and
upper) are presented under Table A.3 in appendigutface soil 95% CI values
were found to be highest (2.62 and 2.70) underandd and lowest (0.91 and
0.93) under apple orchards

4.1.4 Clay content

The data on clay content of different soite @resented in Table 4.2. In
general higher clay content was observed in wettaild as compared to all other
soils. The mean values of clay in surface and sufase layer of wetland soils
were 42.75 and 43.73 % respectively. Soils undgetable cultivation exhibited
the lowest mean values of clay content that is243 25.46 at surface and sub-
surface layer, respectively. Only a slight variatio clay content was observed
between 0-15cm and 15-30 cm depths at every lotatiche study area. The
values of 95 % C.I are presented in Table A.4 & Asler appendix. ClI (lower
and upper) were estimated to be 42.27 to 43.23%R8¥ to 30.55% in surface
layers of wetland and vegetable soils, respectivélye 95% C.|I varied in a

manner, similar to mean clay content in soils.



415 Silt content

The mean values of silt content in the s@fand sub-surface layers of soils
are presented in Table 4.2. The data revealshbailt content of the soils ranged
from 32.77 to 46.79 % in surface and 32.74 to %18 sub-surface layers.
Highest mean silt content at 0-15cm depth was ebsdeaunder forest land use and
least under vegetable land use. Similarly, at 1580 depth, highest % silt
content was observed under maize and lowest uredggtable land use. The data
on 95% C.I values of soil silt content are presgnte Table A.4 & A.5 under

appendix.
4.1.6 Sand content

The mean sand content in the soils undeerdifft land uses varied from 16.21
to 42.87% in surface soil layers and from 17.2%41079% in the sub-surface
layers (Table 4.2). However, at both the soil deptighest sand content was
observed in soils under vegetables and lowest itlame soils. The data on
confidence interval presented in Table A.4 & A.pgandix) reveal that, in the
surface layer the highest values for confidencerwat (38.17 to 52.45%) were
estimated for vegetable soils and lowest(16.04687%) were recorded under
wetland soils. The confidence interval values \diie a similar fashion in sub-

surface soil layers.



Table 4.2: Percent sand, silt and clay in differensoils of the north eastern zone of Kashmir.

Land use type Sand Silt Clay Textural Sand Silt Clay TexturalClass
/Location Class
Surface---------------emeeee s Sub-surface

Paddy
Baghurampora 19.50 47.60 32.90 SiCL 20.60 47.13 32.26 SiCL
Gamroo 31.50 39.16 29.33 CL 31.33 38.26 30.40 CL
Sumlar 31.10 40.13 28.76 CL 32.40 36.16 31.43 CL
Margund 22.73 45.00 32.26 CL 23.56 44.20 32.23 CL
Yarmugam 43.20 22.03 34.76 CL 42.23 22.50 35.26 CL

Mean 29.61 38.78 31.60 30.02 37.65 32.32

SE +/- 1.12 4.40 1.12 3.78 0.81 0.81

Maize
Margund 25.13 44.76 30.10 CL 20.30 47.73 31.96 CL
Athwot 20.23 50.33 29.43 CL 17.80 48.57 33.64 CL
Yarmugam 20.00 48.02 32.00 CL 19.13 47.93 32.93 CL
Gagangir 26.33 43.90 29.76 CL 24.93 44.00 31.06 CL
Kudara 24.10 46.60 29.30 CL 24.36 47.36 28.27 CL

Mean 23.16 46.73 30.17 21.30 47.12 31.57

SE +/- 1.29 1.15 0.54 1.42 0.80 0.93
Apple
Nadihal 43.33 22.66 34.00 CL 41.43 23.13 35.43 CL
Badampura 13.00 52.23 34.76 SiCL 12.50 51.83 35.66 SiCL
Khalmula 21.10 48.96 29.93 CL 21.33 48.27 30.40 CL
Watlar 16.33 50.33 33.33 SiCL 16.00 49.43 34.56 SiCL
Arin 41.70 23.00 35.30 CL 41.50 22.30 36.20 CL

Mean 27.09 39.44 33.46 26.55 38.99 34.45

SE +/- 6.40 6.79 0.94 6.24 6.17 1.64




Contd-Table 4.2 Sand Silt Clay Textural Sand Silt Clay Textural Class
Class
Vegetable
Aloosa 34.53 34.23 31.23 CL 34.50 34.00 31.50 CL
Ahan 48.33 30.63 21.03 L 47.59 31.20 21.21 L
Dab shalahar 31.77 40.11 28.16 CL 32.22 36.35 31.42 CL
Barsoo 49.83 29.81 20.36 L 47.23 31.22 21.55 L
Quilmugam 49.96 29.10 20.93 L 47.43 30.93 21.64 L
Mean 42.87 32.77 24.32 41.79 32.74 25.46
SE +/- 3.11 2.06 1.11 0.85 1.99 2.79
Forest
Preng 14.23 56.86 28.90 SiCL 13.70 57.00 29.30 SiCL
Athwot 19.33 51.50 29.16 SiCL 19.33 50.50 30.16 SiCL
Kudara 23.43 47.53 29.03 CL 23.43 47.6 28.96 CL
Naranag 10.93 56.70 32.36 SiCL 10.66 57.30 32.03 SiCL
Sonamarg 40.86 21.36 37.76 CL 40.50 21.00 38.50 CL
Mean 21.76 46.79 31.44 21.52 46.68 31.79
SE +/- 5.23 6.09 1.70 5.23 6.68 1.75
Grassland
Potushai 23.06 49.76 27.16 SiL 20.66 49.76 29.56 SiL
Sonamarg 40.20 21.83  37.96 CL 39.73 21.70 38.56 CL
Nagmarg 21.20 47.03 31.76 CL 22.33 46.06 31.60 CL
Trundkhul 19.06 48.00 32.93 SCL 18.20 47.73 33.73 SiCL
Tragbal 18.66 48.83 32.50 SiCL 17.66 48.16 34.16 SiCL
SE +/- 4.01 5.33 1.71 4.09 5.27 1.50
Mean 24.43 43.09 32.46 SiCL 23.76 42.68 33.54
Wetland
Potushai 19.03 39.13 41.83 C 18.16 38.53 43.32 C
Tulmulla 13.50 45.16 41.33 SiC 15.53 40.96 43.51 SiC
Kehnoosa 14.70 41.23  44.06 SiC 18.03 39.23 42.73 C
Saderkoot 15.50 43.60  40.90 SiC 17.30 40.60 42.11 SiC
Shalabugh 18.33 36.03  45.63 C 17.23 35.70 47.06 C
Mean 16.21 41.03 42.75 17.25 39.00 43.73
SE +/- 1.06 1.61 0.90 0.46 0.93 0.86

CL-clay loam, SiCL-silty clay loam, L-loam, Silt-gham, SiC-silty clay, C-clay



4.1.7 Soil pH

The pH of soils at most of the sites was tbtmbe in neutral range. The mean
values of soil pH are presented in Table 4.3 add k. surface soil layers the
lowest pH (6.42) was recorded in wetland soils igthest pH (7.30) was related
to vegetable soils(Table 4.3). In sub-surface lagirs mean pH varied from 6.74
to 7.26 (Table 4.4). The mean pH of wetland so#és \generally lower than other
soils at both the depths in the study area. Thédmmce interval values related to
different soils are given in Table A.6 under append.owest values for
confidence interval (lower and upper) were fountde¢d.31 to 6.54 in surface soil
layer and 6.66 to 6.84 in sub-surface layer of avetlin the study area. Whereas,
the highest values for confidence interval (lowed aipper) were found to be 7.2
to 7.41 in surface layer and 7.10 to 7.42 in sutlase layer of vegetable and
grassland soils, respectively.
4.1.8 Electrical conductivity

The mean EC of the soils in this study varfiemn 0.11 to 0.60 dSthin
surface soils and from 0.09 to 0.65 dSim sub-surface soils (Table 4.3 and 4.4)
Highest and lowest mean EC in surface and subidail layer was observed
under wetland and grassland soil, respectively. Tean EC of forest and
wetland soils increased with depth, whereas, ierddnd uses, it slightly declined
with depth. The data on 95% C.| presented in Tébleunder appendix, reveal
that highest (lower and upper) value (0.48 to (d®dri') were observed under
wetland and lowest (0.09 to 0.16) were recordedstoface layer of grassland
soil. Similarly, for sub-surface layers the grea(@ss5 to 0.74) and lowest values
(0.018 to 0.095) for CI (lower and upper) were rasted in wetland and forest
soils, respectively.
4.1.9 Available N

Generally, the average available N declingith woil depth in all land uses.
Mean available N content in surface layer(Table %8s relatively much higher
in wetland soil (202.57 mgKY followed by forest soil (178.70 mg Ky and
decreased in the order of vegetable so0il(145.32 gyK grassland



s0il(143.93mgKd), apple (140.20 mgK}, maize(103.49 mgKg) and paddy
soils (98.12 mgKd) respectively. In 15-30cm soil layers, mean avadahl
(Table 4.4) decreased in almost similar order, pitieat the value recorded under
grassland soil (124.49 mg Kpywas higher than that of vegetable soil (122.68
mgKg?). The data on 95% C.| are given in Table A.8 urajgsendix.In surface
soil layer highest values for C.I (lower and upp®®y.22 and 208.54 mg Kg
were recorded in wetland and lowest values 94.22 ¥36.33 mg Kg were
estimated in paddy soils. Wetland and paddy sdsls exhibited the highest and
least values for Cls in the sub-surface layers.
4.1.10 Available P

The average available P content of the saitied from 11 to 19 mg Kyin
the surface soil layers.(Table 4.3). In sub-surfeger it ranged from 8.01 to
13.26 mg K@ (Table 4.4). Decline in available P content witapth was
observed under all the land use types. In the GrlBger the least quantity of
available Rvas observed in paddy soil and the maximum wagdedan wetland
soil. In the 15-30 cm layer highest mean quantitgvailable P was observed in
forest soil and least in vegetable soil. Amongsbdace soils of agricultural and
horticultural ecosystems the values of mean avi@l® were found to be highest
in soils of apple orchards (12.89 mgKdollowed by maize fields (11.83 mgKg
Yy and further decreased in the order of vegetaile(11.72 mgKg) and paddy
soil (11.01 mgKg), respectively. The data on 95% C.| are preseittebable
A.9 under appendix.
4.1.11 Available K

Among the surface soils in agricultural amdrticultural ecosystems the
average value of available K (Table 4.3) was fotmde highest under apple
orchards (178 mgKY and least in paddy fields (149 mgRgand similar trend
was recorded at lower depth (Table 4.4). Among th#é# land use types/
ecosystems, however, highest mean available K ih borface and sub-surface
layers were recorded in wetland soils followed gt tof forest soils. The data on
95% C.I are provided in Table A.10 under appenthxsurface soil layer highest



values for C.I (lower and upper) that is 255.6@ 870.34 mgKg were recorded
in wetland and lowest values138.56 and 154.56 rifgkeye estimated in paddy
soils.
4.1.12 Available S

The average available S content varied frori(.18 to14.74 mgKy(Table
4.3) in surface soil layers, whereas in sub-surfagers it ranged from 8.48 to
14.72 mg Kg (Table 4.4). Highest available S content in bottfame and sub-
surface soil was observed in wetland soils and $buevegetable soils. The data
on 95% C.I are presented in Table A.11 under apremte CI (lower and upper)
related to surface layer of wetland soils were tbtmbe13.67 and 16.45 mgKg
and for vegetable soils the lower and upper bouwnele found to be 6.76 and
10.88 mgKd', respectively.
4.1.13 Exchangeable Ca

Average exchangeable Ca (cm#lg™) in the surface soil layers (Table 4.3)
was found to be highest (12.40) under wetlandfeif®ved by grassland (11.55)
and decreased in the order of maize (10.85), t®1@9.71) , paddy fields (8.91),
apple orchards (8.10)and vegetable fields (7.9), respectively. Howevke
highest and lowest values in sub-surface soils |ETdb1) were recorded under
wetland (12.29) and forest (6.94) land use, resgegt The data on 95% C.| are
presented in Table A.12 under appendix. Highestesfor C.I (lower and upper)
in surface layer were recorded in wetland soil34Gnd 14.05) and lowest values
(5.26 and 9.77) were estimated in vegetable stilssub-surface layers the
estimated values were 9.30 and 14.79 in wetlantl ssal 6.01 and 7.28 in
vegetable soil.
4.1.14 Exchangeable Mg

The mean values of exchangeable Mg (cmol(#)Kin the soils under
different land uses varied from 1.57 to 3.03 irfaxe soils and from 2.02 to 3.19
in sub-surface soils(Table 4.3 and 4.4). In surfao@ layer the highest
exchangeable Mg was observed under wetland andstoweler vegetable land
use, while the highest and lowest mean valueshrnssuface layer were observed



in wetland and paddy soil, respectively. In thefare soil layer, highest values
for 95% C.I (Table A.13 under appendix) were obsdrunder wetland (2.43 and
3.25) and lowest(1.18 to



Table 4.3: Chemical properties of the surface (0-I'n) layer of different soils in the study area

Land use type/ pH EC Av. N Av. P Av. K Av. S Ex. Ca Ex. Mg
Location dsnit mgKg® Cmol(+)Kg -
Paddy
Baghurampora 7.55 0.15 78.01 8.54 130.07 8.48 6.72 0.96
Gamroo 6.70 0.28 105.76 11.70 158.02 9.60 7.99 1.58
Sumlar 6.33 0.15 112.49 12.18 177.82 11.52 11.05 1.72
Margund 6.27 0.16 88.56 10.52 135.57 10.19 10.61 2.11
Yarmugam 6.31 0.20 105.80 12.14 148.05 11.13 8.18 1.65
Mean 6.63 0.19 98.12 11.01 149.91 10.18 8.91 1.60
SE +/- 0.04 0.01 3.24 0.17 1.61 0.11 0.03 0.02
Maize
Margund 7.60 0.08 82.29 10.15 143.12 10.77 10.79 1.90
Athwot 7.02 0.26 144.22 12.58 140.99 12.87 11.52 2.33
Yarmugam 6.46 0.07 64.68 10.01 139.25 10.44 8.35 1.69
Gagangir 7.37 0.10 105.79 11.75 152.98 11.66 11.01 2.00
Kudara 6.75 0.19 120.45 14.68 142.18 12.05 12.57 2.13
Mean 7.04 0.14 103.49 11.83 143.70 11.56 10.85 2.01
SE +/- 0.08 0.01 4.56 0.18 1.12 0.16 0.02 0.02
Apple
Nadihal 7.18 0.24 165.52 13.48 229.01 13.37 9.47 2.88
Badampura 7.05 0.12 104.66 11.44 142.43 14.87 8.23 1.86
Khalmula 6.56 0.33 145.43 12.65 202.53 11.98 5.12 1.97
Watlar 6.76 0.12 101.91 12.35 146.75 14.13 6.50 1.94
Arin 7.44 0.26 183.50 14.54 173.50 11.95 11.21 3.15
Mean 6.99 0.21 140.20 12.89 178.84 13.26 8.10 2.36
SE +/- 0.03 0.01 4.05 0.15 1.81 0.17 0.04 0.03
Vegetable
Aloosa 7.00 0.26 129.25 9.61 201.83 10.47 8.86 1.41

Ahan 7.64 0.21 144.76 12.84 155.12 8.62 7.80 1.37



Contd.Table 4.3

pH EC Av. N Av. P Av. K Av. S Ex. Ca Ex. Mg
Dab shalahar 7.86 0.09 165.92 11.52 139.63 8.72 7.93 1.24
Barsoo 7.74 0.09 127.76 10.61 165.8 8.89 4.85 1.37
Quilmugam 6.28 0.19 158.92 14.02 203.31 11.81 9.95 2.44
Mean 7.30 0.17 145.32 11.72 173.13 9.70 7.90 1.57
SE +/- 0.04 0.01 3.71 0.18 1.88 0.18 0.06 0.03
Forest
Preng 7.12 0.22 127.15 13.80 200.09 12.05 9.42 3.05
Athwot 6.41 0.08 189.73 17.33 234.25 12.75 10.87 2.88
Kudara 6.66 0.06 210.24 19.14 240.07 13.76 14.82 2.67
Naranag 6.88 0.16 167.25 17.20 228.86 14.19 10.33 2.65
Sonamarg 6.46 0.07 199.13 18.94 237.57 14.59 8.10 3.21
Mean 6.70 0.12 178.70 17.28 228.17 13.47 10.71 2.89
SE +/- 0.06 0.02 3.63 0.21 2.19 0.16 0.01 0.02
Grassland
Potushai 7.27 0.11 98.36 12.36 185.23 12.49 10.87 2.89
Sonamarg 6.75 0.14 186.73 16.58 252.66 14.31 12.32 1.44
Nagmarg 7.04 0.14 141.31 15.42 189.02 11.76 12.26 2.96
Trundkhul 7.22 0.11 164.91 14.55 255.54 13.29 10.69 2.86
Tragbal 7.48 0.08 128.34 11.9 184.80 12.34 11.62 2.31
Mean 7.15 0.11 143.93 14.16 213.45 12.84 11.55 2.49
SE +/- 0.05 0.02 2.05 0.20 2.23 0.13 0.03 0.02
Wetland
Potushai 6.61 0.47 235.35 18.87 218.85 14.98 10.40 2.98
Tulmulla 6.10 0.76 284.11 17.91 372.75 16.63 13.91 2.83
Kehnoosa 6.77 0.54 184.17 17.85 220.38 12.46 9.71 3.18
Saderkoot 6.36 0.68 164.99 19.46 223.68 14.08 12.20 3.05
Shalabugh 6.30 0.52 144.24 21.52 273.36 15.57 15.80 3.10
Mean 6.42 0.60 202.57 19.12 261.81 14.74 12.40 3.03

SE +/- 0.050 0.04 2.65 0.56 1.69 0.18 0.04 0.03




Table 4.4: Chemical properties of the sub-surfag¢@5-30cm) layer of different soils in the study ara.

Land use type pH EC Av. N Av. P Av. K Av. S Ex. Ca Ex. Mg
/ Location e —— 1 Cmol(+)Kg"----------
Paddy
Baghurampora 7.74 0.06 71.81 8.39 131.32 7.24 9.07 2.01
Gamroo 6.84 0.09 73.21 7.87 160.62 7.36 8.19 1.85
Margund 6.68 0.16 64.62 6.91 137.77 8.41 9.89 2.34
Sumlar 6.69 0.07 100.37 8.84 179.32 11.75 13.21 021
Yarmugam 6.60 0.21 92.52 8.10 150.60 9.15 8.39 1.83
Mean 6.91 0.12 80.50 8.02 151.93 8.78 9.75 2.02
SE +/- 0.06 0.01 2.15 0.08 1.01 0.10 0.02 0.01
Maize
Margund 7.54 0.08 79.61 6.85 145.90 8.18 10.40 2.20
Athwot 7.03 0.22 103.94 9.01 144.09 9.92 12.17 2.84
Yarmugam 6.72 0.07 57.71 6.79 142.25 7.91 8.99 2.33
Gagangir 7.80 0.10 91.77 7.94 156.18 9.13 10.43 029
Kudara 6.88 0.17 108.08 9.95 144.96 9.42 11.82 2.71
Mean 7.19 0.13 88.22 8.10 146.68 8.91 10.76 2.59
SE +/- 0.08 0.01 1.24 0.07 1.02 0.09 0.03 0.01
Apple
Nadihal 7.42 0.13 147.56 8.61 233.01 10.34 9.19 528
Badampura 7.11 0.15 89.54 7.64 144.43 12.05 7.74 21 2.
Khalmula 7.06 0.24 117.23 8.39 205.53 9.84 4.97 821
Watlar 7.01 0.15 88.67 7.95 148.50 10.82 6.25 2.57
Arin 7.67 0.17 165.17 9.52 | 175.00 8.78 11.10 3.17
Mean 7.25 0.17 121.64 8.42 181.29 10.36 7.85 2.60
SE +/- 0.04 0.01 1.52 0.05 1.07 0.08 0.04 0.02
Vegetable
Aloosa 7.15 0.34 102.26 6.67 165.33 7.66 8.07 2.61
Ahan 7.51 0.15 125.96 8.74 128.42 5.73 5.59 1.86
Dab shalahar 7.34 0.12 141.44 7.85 137.83 6.26 5.89 1.65
Barsoo 7.31 0.11 107.42 7.44 120.80 6.10 6.28 2.62
Quilmugam 6.66 0.10 136.35 9.37 201.81 8.04 10.93 3.14
Mean 7.12 0.16 122.68 8.01 150.84 6.76 7.35 2.38
SE +/- 0.06 0.01 1.36 0.07 1.00 0.09 0.03 0.02




Contd.Table 4.4 pH EC Av. N Av. P Av. K Av. S Ex. Ca Ex. Mg
Forest
Preng 7.27 0.26 123.56 10.32 205.09 9.19 6.11 3.09
Athwot 6.60 0.10 180.18 13.09 238.45 10.11 6.78 2.92
Kudara 6.82 0.07 204.51 14.35 244.07 11.14 10.88 3.20
Naranag 7.42 0.19 165.82 13.96 233.66 11.31 6.13 2.01
Sonamarg 6.59 0.08 193.69 14.58 241.97 11.97 4.80 3.45
Mean 6.94 0.14 173.55 13.26 232.65 10.74 6.94 2.93
SE +/- 0.05 0.02 2.23 0.13 1.19 0.12 0.01 0.01
Grassland
Potushai 7.28 0.10 70.09 9.81 193.23 9.86 10.29 2.01
Sonamarg 7.05 0.09 172.44 11.25 258.66 11.37 11.76 3.44
Nagmarg 7.17 0.07 119.15 10.84 195.02 9.33 11.94 2.91
Trundkhul 7.29 0.08 147.07 10.1 262.54 10.51 10.37 3.08
Tragbal 7.52 0.09 113.71 8.65 191.80 9.76 12.17 3.19
Mean 7.26 0.09 124.49 10.13 220.25 10.16 11.31 2.92
SE +/- 0.07 0.02 1.91 0.07 1.20 0.11 0.04 0.02
Wetland
Potushai 6.90 0.52 199.03 10.66 223.85 12.25 10.14 3.66
Tulmulla 6.49 0.80 256.65 17.71 380.75 11.93 14.14 2.68
Kehnoosa 7.03 0.61 183.24 11.76 226.88 9.73 8.60 3.22
Saderkoot 6.66 0.72 176.15 11.91 228.68 11.21 12.46 3.16
Shalabugh 6.65 0.60 145.79 12.88 280.96 13.46 16.09 3.22
Mean 6.74 0.65 192.17 12.98 268.22 11.72 12.29 3.19
SE +/- 0.04 0.05 2.47 0.10 1.09 0.14 0.07 0.02




4.2  Soil organic carbon and its fractions.
4.2.1 Total organic carbon

TOC in surface soil layer was found to beamably higher than the sub-
surface layer under all the land uses. The meamesabf TOC in surface (Table
4.5) and sub-surface (Table 4.6) soil layers vabetiveen 1.14 to 5.68 and 0.88
to 5.03 %, respectively. The greatest mean TOQifase layer was observed in
wetland soil and least in paddy soil, whereas in-swrface layer, highest and
lowest values were recorded in wetland and maidersspectively. The average
TOC in soils (0-30 cm depth) of native ecosystenas wstimated as 3.06%,
whereas, the value for all other land uses wasddarbe 1.16 %. Data on 95%
C.l (Table A.14 in appendix) reveal that Cl valdedowed the similar trend as
mean, with the highest values viz., 5 to 6.34%nestied for wetland and lowest
(1.02 to 1.26%) for paddy in surface layer .In sufece layer, the values for 95%
Cl were found to be 4.46 to 5.58% in wetland soill .79 to 1.04% in maize

soil.
4.2.2 Walkley and Black organic carbon

In surface soil layers the average WBC vafreth to 0.85 to 4.26 % (Table
4.5) whereas in sub-surface layers the WBC ranged 0.68 to 3.54 % (Table
4.6).The values of WBC at both depths were fountiadighest under wetland
soil followed by forest soil at both surface and-surface level. In the surface
layer of cultivated lands, the highest mean WBC reasrded in vegetable fields,
followed by apple, maize and least in paddy fieldssub-surface layers of arable
lands the WBC varied in similar manner. The highvedties (3.74 to 4.78 % ) for
95% C.I of WBC in surface soil layer were observedder wetland and
lowest(0.75 to 0.94%) were recorded under paddysubtsurface the highest and
lowest values for Cl were found to be 3.13 to 3.94%etland and 0.60 to 0.75%
in paddy soil (Table A.15 under appendix). By aadjé the variations recorded in

WBC content were similar to TOC, however, with diffnces in magnitude.



4.2.3 Labile organic carbon

Average LOC (mgKJ in the surface soil layers (Table 4.5) was fbtmbe
relatively much higher under wetland use (1120&Jo¥ved by forests (4407) and
decreased in the order of grasslands (2820), appleards (2366), maize fields (
2209), vegetable fields (2082), and paddy field¥l@) respectively. Similarly, in
the sub-surface soil layers (Table 4.6) highesamLOC was recorded under
wetland use (9409) followed by forests (2873) amdhier decreased in the order
of grasslands (1831), paddy fields (132pple orchards (1100), vegetable fields
(1079) and maize fields ( 1006 ), respectively. Ta¢a on 95% C.| related to
LOC (mgKg") of soils at two depths are given in Table A.1fp@ndix). The
highest values (9576 to 12827) for C.I of surfaagel were observed under
wetland and lowest (1866 to 2156) were recordedeu paddy. In the sub-
surface the lowest and highest values for Cl wertend to be 824 to 1345 in
maize and 6547 to 9763 in wetland soils.

4.2.4 Particulate organic carbon (POC)

In natural ecosystems as well as in disturbeasystems, average POC in
surface soil layers was found to be considerabghér than the sub-surface
layers. Moreover, on an average POC content wasdfea be higher than mean
LOC at both the depths under all the land uses. mkan values of POC in
surface(Table 4.5) and sub-surface (Table 4.6)lapdrs varied between 2495 to
13420 (mgKgd) and 1043 to 11148 (mgKy respectively. The greatest mean
POC in surface layer was recorded in wetland sulllaast in paddy soil, whereas
in sub-surface layer, highest and lowest valuesewecorded in wetland and
vegetable soil, respectively. Mean POC (mgKgn the surface soil layers
exhibited the 95% C.| (Table A.17) of 2085.06 &02.88, 2884.26 to 4504.73,
2606.01 to 3618.65, 2406.12 to 3179.47, 595.547#48, 3493.29 to 5303.50
and 11554.31 to 15286.14, for paddy , maize ,eap@getable, forest, grassland

and wetland soil, respectively . Whereas, POC in



Table 4.6: Organic Carbon and its fractions in subsurface layer of different soils.

Land use type/ TOC WBC LOC POC MBC
Location 7 — mgKg™
Paddy
Baghurampora 0.77 0.64 1355 1429 95.3
Gamroo 0.89 0.62 1274 1294 133.6
Sumlar 1.18 0.82 1209 1424 245.1
Margund 0.76 0.55 1421 1519 173.4
Yarmugam 1.01 0.75 1362 1415 2145
Mean 0.92 0.68 1324 1416 1724
SE +/- 0.06 0.34 36.55 125.22 10.22
Maize
Margund 0.67 0.57 732 959 121.9
Athwot 1.23 0.91 1338 1465 264
Yarmugam 0.51 0.48 624 799 132.7
Gagangir 0.97 0.80 1031 1144 157.6
Kudara 1.02 0.94 1305 1481 209.1
Mean 0.88 0.74 1006 1170 177.1
SE +/- 0.08 0.05 87.00 227.55 26.45
Apple
Nadihal 1.25 0.92 1172 1539 340.8
Badampura 0.63 0.43 570 798 100.8
Khalmula 0.89 0.67 1350 1607 189.0
Watlar 0.69 0.49 891 1253 97.71
Arin 1.37 1.06 1517 2133 354.7
Mean 0.97 0.71 1100 1466 216.6
SE +/- 0.08 0.07 75.44 215.40 31.00
Vegetable
Aloosa 1.18 0.96 1086 1105 285.7

Ahan 1.30 1.12 1123 1183 400.5



Contd —-Table 4.6 TOC WBC LOC POC MBC
Dab shalahar 1.51 1.26 1372 1434 372.7
Barsoo 1.10 1.02 808 826 225.0
Quilmugam 1.49 1.29 1008 666 304.8
Mean 1.32 1.13 1079 1043 317.7
SE +/- 0.05 0.05 87.54 143.22 27.33
Forest
Preng 1.73 1.25 1961 2220 371.8
Athwot 2.13 1.62 2873 3297 584.2
Kudara 2.13 1.79 4386 5096 394.5
Naranag 1.84 1.30 2333 2888 561.6
Sonamarg 2.23 1.87 2812 3143 492.8
Mean 2.02 1.57 2873 3329 480.9
SE +/- 0.09 0.09 165.45 31.23 36.34
Grassland
Potushai 0.88 0.63 1252 1612 156.1
Sonamarg 1.95 1.58 2305 2802 446.2
Nagmarg 1.52 1.11 1743 2175 567.8
Trundkhul 1.77 1.39 2071 2800 480.8
Tragbal 1.45 1.07 1783 2148 466.2
Mean 1.52 1.16 1831 2308 423.4
SE +/- 0.11 0.09 165.32 279.55 38.21
Wetland
Potushai 5.16 3.43 8876 9729 777.6
Tulmulla 6.20 4.42 11253 13951 1011.2
Kehnoosa 4,78 3.45 10091 12180 751.2
Saderkoot 4.77 3.35 10245 12479 637.7
Shalabugh 4.23 3.05 6580 7402 592.3
Mean 5.03 3.54 9409 11148 754.0
SE +/- 0.26 0.18 145.56 674.30 47.55




4.3 Carbon management index

The data on Carbon management index (@wgn in Table 4.7, reveals
that greatest CMI among the soils of terrestrialsgstems, was recorded in forest
land use 162.9, followed by grassland (100) and decreased irotder of apple
(87.5, maize (81.0), paddy (72.8) and vegetable s@ix7(), respectively. The
carbon pool index and lability index decreasedhe same order as CMI. For

calculation of CMI the surface soil layer of grasal was used as reference.

Table 4.7: Carbon management index as affected byffierent land uses

Land use SOC LOC CPI UNOX-C Lab C LI CMI

Paddy 11400 2012  0.64 9388 021 1.1R8
Maize ~ 11800 2209  0.67 9591 0.23  1.281.0
Apple 12200 2366  0.69 9834 024  1.287.5
Vegetable 17100 2082  0.97 15018 0.14  0.730.7
Forest ~ 23000 4407  1.30 18593 0.24  1.2825

Grassland 17700 2820 1.00 14880 0.19 1.200.0

CPI-Carbon pool Index, UNOX-C —unoxidized(@igKg?), Lab C—-Lability of C,

LI-Lability Index, SOC-mgkd, LOC-mgKg*

4.4  Soil organic carbon stocks

Soil organic carbon stocks of different soils areespnted in Table 4.8.
The SOC stocks varied from 20.41 to 61.97 Mg'ha surface soils and

17.22 to 60.21 Mg ha in subsurface soils. Largest mean organic carbon

stock was recorded in mineral soils of wetlandsloféd by forest

system, grassland, apple, vegetable, maize, andstown case of paddy
soils. In the sub-surface soil layers largest meaganic carbon stock was
recorded in mineral soils of wetlands followed byreist, grassland

,vegetable, apple, paddy and lowest in case okenabils. The total SOC



Table 4.& Soil organic carbon stocks (Miha) in surface and sul-surface layers of different soil.

Surface---------------------- Sub-surface

Land use type SOC BD Depth SOC stock SOC BD Depth SOC stock
Paddy 1.14 1.19 0.15 20.41 1.05 1.25 0.15

17.27
Maize 1.18 1.26 0.15 22.29 1.04 1.30 0.15

17.22
Apple 1.22 1.38 0.15 25.23 0.98 1.47 0.15

21.42
Vegetable 1.71 0.98 0.15 25.17 1.53 1.08 0.15

21.46
Forest 234 0.90 0.15 31.45 2.32 0.98 0.15

29.55
Grassland 1.77 1.16 0.15 30.71 1.54 1.24 0.15

28.33
Wetland 568 0.73 0.15 61.97 5.03 0.80 0.15 60.21

SOC-soil organic carbon (%), BD- bulk density(Mg)rDepth-m

™
(s}



stock (Mg ha') in 0-30cm depth (Table 4.13) was estimated a83739.51,
46.65, 46.63,61 and 59.04 for paddy, maize, appmgetable, forest, grassland

and wetland solil, respectively.
4.4.1 Walkley and Black carbon stocks

Walkley and Black carbon (WBC) stocks ofls are presented in Table
4.9.The WBC stocks varied from 15.20 to 46.52 Mghesurface soils and 12.73
to 42.38 Mg ha in sub-surface soils. The highest and lowest \safoe WBC
stocks, at both the depths were observed undeandetind paddy respectively. In
WBC stocks similar trend as total SOC stocks webseoved, although the
estimated SOC stocks were found to be comparativelyer than the

aforementioned total SOC stocks.

Table 4.9: Walkley and Black carbon stocks (Mg hd) in surface and subsurface
layers of different soils

---------- Surface----------- ----------h-surface-----------
Land use WBC WBC stock WBC WBC stock
Paddy 0.85 15.20 0.68 12.73
Maize 0.89 16.80 0.74 14.51
Apple 0.94 19.52 0.71 15.78
Vegetable 1.25 18.45 1.13 18.41
Forest 1.77 23.74 1.57 22.92
Grassland 1.33 23.02 1.16 21.60
Wetland 4.26 46.52 3.54 42.38

WBC- Walkley and Black carbon (%)

4.4.2 Labile organic carbon stocks

The LOC stocks (Table 4.10) varied from ®.8.2.22 Mgh&in surface soils
and 2.49 to 11.26Mghain sub-surface soil of different land uses. The LOC
stocks under all the land uses were observed todher in surface layers than in
the sub-surface layers. Largest mean value of L@i€kswas recorded in

wetlands followed by forest , grassland, apple,zegpaddy and lowest in case of



vegetable soils. The total LOC stocks (Mghat 30cm depth were recorded as
6.09, 6.14, 7.32, 4.81,10.12, 8.28 and 23.48 faildpamaize, apple, vegetable,

forest, grassland and wetland soil, respectivegb(@ 4.13).

Table 4.10: Labile organic carbon stocks (Mgha) in surface and sub-surface
layers of different soils

---------- Surface --------- --------- Suburface --------

Land use LOC LOC stock LOC LOCcéto
Paddy 2012 3.60 1324 2.49
Maize 2209 4.17 1006 1.97
Apple 2366 4.89 1100 2.43
Vegetable 2082 3.06 1079 1.75
Forest 4407 5.92 2873 4.20
Grassland 2807 4.87 1831 3.41
Wetland 11202 12.22 9409 11.26

LOC-Labile organic carbon (mgKy
4.4.3 Particulate organic carbon stocks

The data on POC stocks in surface adssirface layers is presented in
Table 4.11.The data reveal that the carbon stoeksiping to particulate fraction
varied from 4.11 (vegetable soil) to 14.64 Mghaetland soil) in surface layers
and 1.81 to 13.24 MgHin sub-surface soils In the sub-surface soil layemgest
POC stock was recorded in wetlands(13.24 NMiyhfollowed by forest(4.67
Mgha?) , grassland(4.30 MgHa , apple(3.24 Mghd), paddy(2.66 Mghd),
maize soils, (2.29 Mgh3 and lowest in case of vegetable(1.81 Mbhdn the
surface soil layer the greatest POC stock wagdedan wetland (14.64 MgH,
followed by forest land use(7.63 Mghaand decreased in the order of grassland
(7.62 Mghd), maize (6.98 Mgh9, apple (6.44 Mghd), paddy (4.47 Mghd)
and vegetable soils (4.11 MgharespectivelyTotal POC stocks at 30 cm depth
are presented in Table 4.13.



Table 4.11: Particulate organic Carbon stocks (Mgha) in surface and
sub-surface layers of differemsils.

—————————— Surface --------- --------- Sub-surface --------
Land use POC POC stock POC POC sto
Paddy 2495 4.47 1416 2.66
Maize 3695 6.98 1170 2.29
Apple 3112 6.44 1466 3.24
Vegetable 2793 4.11 1116 1.81
Forest 5675 7.63 3329 4.87
Grassland 4398 7.62 2308 4.30
Wetland 13420 14.64 11148 13.24

POC-Particulate organic carbon (mgKg

Table 4.12: Microbial biomass carbon stocks (Mgh#) in surface and
sub-surface layers of differésoils.

---------- Surface --------- ---------- Sub-surface ---------
Land use type MBC MBC stock MBC MBC stock
Paddy 276.3 0.49 172.4 0.32
Maize 357.5 0.68 177.1 0.35
Apple 367.3 0.76 216.6 0.48
Vegetable 524.9 0.77 317.7 0.52
Forest 685 0.92 480.9 0.70
Grassland 592.3 1.03 423.4 0.79
Wetland 952.4 1.04 754.0 0.90

MBC-Microbial biomass carbon (mgky,

Table 4.13: Total Organic carbon stocks (Mghd) and fractions in different

soils
Land use type TOC stock  WBC stock LOC stock POCksto MBC stock
Paddy 37.68 27.93 6.09 7.13 0.81
Maize 39.51 31.31 6.14 9.27 1.03
Apple 46.65 35.3 7.32 9.68 1.24
Vegetable 46.63 36.86 4.81 5.92 1.29
Forest 61.00 46.66 10.12 12.5 1.62
Grassland 59.04 44.62 8.28 11.92 1.82
Wetland 122.18 88.9 23.48 27.88 1.94




4.4.4 Microbial biomass carbon stocks

Mean MBC stocks in surface layer were foundbéomuch higher that of the
sub-surface layers under all land uses. The mea@ Fthtent in the soils under
different land uses varied from 0.49 to 1.04 Mgha surface soil layers and
from 0.32 to 90 Mgha in sub-surface soils(Table 4.12). Among the adpical
and horticultural ecosystems the average valu@#dBE stocks were found to be
highest under vegetable land use (0.77 MyHallowed by apple orchards (0.76
Mgha-1), maize (0.68 MgHa and lowest in paddy soils in 0-15 cm depth. In
sub-surface layers the MBC stocks decreased inasimider across these land
uses. The total MBC stocks (Mgh# at 30cm depth were recorded as 0.81, 1.03,
1.24, 1.29, 1.62, 1.82 and 1.94 for paddy, maizmlea vegetable, forest,

grassland and wetland soil, respectively (Tabl&8}¥.1
4.5 Soil enzyme activities under different land uses
4.5.1 Dehydrogenase

The data (Table 4.14 and 4.15) reveal thathighest DHA activity was
recorded in wetland soils. Under all the land ubesDHA activity declined with
depth. Contrary to agro-ecosystem soils, forest grassland soils exhibited
higher DHA activity. The DHA activity varied from0140 to 22.28.g TPF ¢
soil htin surface soils and 5.90 to 17.16 TPF g soil hi*in sub-surface soil of
the studied land uses. The average soil DHA agtivitsurface layer of native
ecosystems was observed to 2Qu87TPF ¢ soil i whereas, the overall average
activity was observed as 11.8§ TPF ¢ soil hi* in all other soils.

Mean DHA activity g TPF ¢" soil h%) in the surface soil layer exhibited the
95% C.I (Table A.19 -appendix) of 10.39 t010.80510to 10.94,13.22 t013.88,
10.10 to 10.96, 20.51 to 21.52, 17.42 t018.06 &@31 to 22.96 for paddy ,
maize , apple, vegetable, forest, grassland anldmeesoil respectively . Whereas,
the activity in the sub-surface soil layer recordieel C.l (Table A.19) of 6.14 to
6.58, 7.05 to 7.43, 7.82 to 8.32, 5.72 to 6.100220 14.81, 6.87 to 8.53 and



16.88 to 17.45 for paddy , maize , apple, vegejdblest, grassland and wetland
soil, respectively.
4.5.2 Acid phosphatase

The mean values of Ac-P activity (g PNPspil h?) are presented in Table
4.14 and 4.15. The lowest activity (282.72) in aocef layers was recorded in
vegetable soils and highest activity (503.75) welated to wetland. The mean
Ac-P activity of wetland soils was generally muulgher than other soils in the
study area. In the sub-surface layer soil laydrs,lowest (130.29) and highest
activity (436.43) were found to be associated widlgetable and wetland soils
respectively.

The 95% C.I values related to the soils aesgnted in Table A.20 under
appendix. The 95% CI values (lower and upper) diase soils were also lowest
(264.30 to 293.59) and highest (488.01 to 519.48Jeu vegetable soils and
wetland soils, respectively.

4.5.3 Alkaline phosphatase.

Average values of alkaline phosphatase (Alk#&ttivity in cultivated lands
were observed to be lesser than the natural e@sgstystems in the study area.
The data on mean Alk-P activity in surface soils given in Table 4.14. In the
surface soil layers highest Alk-P activity in pg PN+ soil H* was recorded in
wetlands (500.29) followed by grassland (441.9est (425.25), paddy (316.67)
maize soils (297.85), apple (289.74) and lowesiaise of vegetable (285.05). In
the sub-surface soil layer (Table 4.15) the greaiesvity was also recorded in
wetlands (426.33) followed by grassland (351.1dnest (338.70), paddy (227.96)
maize soils (209.83), vegetable (177.60) and lowesase of apple (166.84).

The data on confidence intervals pertaining tfedgint land uses at two different
depths are given in Table A.21. The highest vafoe®5% C.I of surface layer (
498.65 to 512.40) were computed for wetland ameebt (278.39 to 291.70 ) for
vegetable soil . In the sub-surface the highestiawdst values for ClI (upper and
lower) were found to be 418.08 to 434.58 in wetlamd 176.02 to 179.18 in
vegetable soils, respectively.



Table 4.14: Activities of enzymes in surface layesf different soils in the study area.

Land use type DHA Ac-P Alk-P Aryl-S FDA
/ Location
Paddy
Baghurampora 8.713 345.51 278.65 30.94 10.24
Gamroo 11.90 246.70 315.07 34.94 14.85
Sumlar 12.87 335.49 308.32 34.24 14.16
Margund 8.83 275.80 348.49 38.38 10.56
Yarmugam 10.66 325.84 332.84 36.5 12.72
Mean 10.59 305.87 316.67 35.00 12.50
SE +/- 0.087 3.17 1.17 0.14 0.09
Maize
Margund 8.26 214.94 296.24 32.95 8.87
Athwot 12.62 311.25 296.5 32.76 10.75
Yarmugam 8.59 320.24 268.57 29.93 11.58
Gagangir 12.74 259.78 308.26 34.35 8.85
Kudara 114 307.41 319.72 35.41 10.34
Mean 10.72 282.72 297.85 33.08 10.07
SE +/- 0.090 3.93 1.08 0.12 0.09
Apple
Nadihal 15.07 306.41 341.79 39.82 10.56
Badampura 11.49 285.69 264.69 31.40 13.96
Khalmula 17.48 280.81 287.27 34.08 14.31
Watlar 11.45 309.97 266.1 31.53 15.72
Arin 12.28 309.99 288.85 37.14 17.62
Mean 13.55 298.57 289.74 37.19 14.43
SE +/- 0.142 2.58 1.43 0.12 0.10
Vegetable
Aloosa 10.45 229.83 252.55 29.18 16.77
Ahan 11.75 288.18 306.42 35.07 17.03
Dab shalahar 8.87 400.21 382.19 43.55 15.82



Contd-Table 4.14 DHA Ac-P Alk-P Aryl-S FDA
Barsoo 9.67 270.56 277.74 315 16.42
Quilmugam 11.26 230.96 206.33 24.53 12.94
Mean 10.40 283.95 285.05 32.77 15.79
SE +/- 0.102 6.88 2.88 0.34 0.07
Forest
Preng 16.12 451.23 380.86 41.28 16.81
Athwot 18.66 500.73 459.33 51.00 18.51
Kudara 18.43 505.45 466.74 51.91 16.58
Naranag 19.79 402.63 369.55 41.12 18.74
Sonamarg 21.07 491.18 450.79 50.4 16.69
Mean 20.81 470.24 425.45 47.14 17.47
SE +/- 0.132 9.37 1.86 0.25 0.05
Grassland
Potushai 19.9 361.7 396.92 44.06 10.18
Sonamarg 16.58 542.41 506.25 56.53 16.77
Nagmarg 21.34 390.76 439.80 49.08 13.47
Trundkhul 17.91 525.22 502.51 56.24 15.56
Tragbal 12.97 352.73 364.02 40.38 11.76
Mean 17.74 434.56 441.9 49.25 13.54
SE +/- 0.139 3.70 2.83 0.32 0.14
Wetland
Potushai 19.58 560.65 537.50 60.13 17.94
Tulmulla 25.19 622.46 589.33 68.04 17.48
Kehnoosa 23.89 403.13 455.31 51.46 16.33
Saderkoot 20.91 500.33 453.11 49.69 16.44
Shalabugh 21.85 432.2 466.22 51.74 14.55
Mean 22.28 503.75 500.29 56.21 16.54
SE +/- 0.142 6.80 2.98 0.35 0.05

DHA -Activity of dehydrogenaseuy TPF ¢ soil h?), Ac-P -activity of acid phosphatagg(PNP ¢ soil HY), Alk-P —Activity of alkaline phosphatasef PNP ¢
soil h%), Aryl-S —activity of arylsulfatasaify PNP ¢ soil i*) and FDA —activity of fluorescein diacetate hydse (FDAug g'soil H')



4.5.4 Arylsulphatase

In surface solil layers the average arylsube (Aryl-S) activity varied from
32.77 to 56.21ug PNP ¢ soil h* (Table 4.14) whereas in sub-surface layers it
ranged from 10.63 to 20.6& PNP ¢ soil h'(Table 4.15).The mean values of
Aryl-S activity in 0-15 cm depth were found to highrest under wetland followed
by forest, and similar observation was recordetbatio 30 cm depth. The data on
95% CI are given in Table A.22 (appendix). The kjhvalues for C.I (55.40 to
57.01) at surface layer were estimated for wetland lowest values (30.82 to
32.32) were observed in vegetable soils, whereasitihest and lowest values of
ClI for sub-surface layers were found to be 20.380®0 and 11.31 to 11.96 for
the same land uses
4.5.5 Fluorescein diacetate hydrolase activity

The mearFluorescein diacetate (FDA) hydrolase activitg (@-'soil h') of
the soils ranged from 10.07 to17.47 in surfacerl@able 4.14) and from 5.20 to
8.14 in sub-surface layer (Table 4.15) with highesd least activity related to
forest and maize land use, respectively. The dat@5% C.I are presented in
Table A.23 (appendix). Mean FDA activity in thefsge soil layer exhibited the
C.l of 12.30 to 12.72, 9.87 t010.29,14.19 t014.68,62 to 16.00, 17.34 to
17.60,13.22 to 13.90 and 16.42 to 16¢5g-'soil h* for paddy , maize , apple,
vegetable, forest, grassland and wetland soil esedy . Whereas, the activity in
the sub-surface soil layer recorded the 95% C.6.90 to 6.82, 5.08 to 5.34, 6.45
to 9.69, 8.05 to 8.23, 7.06 to 7.39, 6.06 to 6.A@ 6.66 to 6.87 for paddy ,

maize , apple, vegetable, forest, grassland anldmeesoil, respectively.



Table 4.15: Activities of enzymes in sub-surfac@yer of different soils in the study area.

Land use type

/ . DHA Ac- P Alk-P Aryl-S FDA
Location
Paddy
Baghurampora 491 128.89 189.11 11.24 4.89
Gamroo 8.26 134.33 274.9 11.80 9.01
Sumlar 8.70 147.66 225.77 13.33 7.10
Margund 4.28 126.67 218.99 9.42 5.68
Yarmugam 5.63 143.30 231.07 12.4 6.57
Mean 6.35 136.17 227.96 11.63 6.65
SE +/- 0.06 2.22 1.38 0.14 0.06
Maize
Margund 4.97 162.11 188.24 10.60 412
Athwot 8.36 125.52 185.63 10.76 5.02
Yarmugam 5.42 137.89 177.48 9.99 7.66
Gagangir 8.51 104.37 274.37 12.61 4.02
Kudara 8.95 149.57 223.43 11.86 5.22
Mean 7.24 135.89 209.83 11.16 5.20
SE +/- 0.05 2.96 1.61 0.05 0.05
Apple
Nadihal 11.73 174.25 232.93 12.55 8.16
Badampura 8.74 143.39 136.6 9.53 6.48
Khalmula 6.36 157.24 135.81 11.51 5.77
Watlar 6.37 183.06 125.98 9.89 7.26
Arin 7.14 130.00 202.88 10.61 7.65
Mean 8.07 157.58 166.84 10.81 7.06
SE +/- 0.22 2.86 2.21 0.03 0.22
Vegetable
Aloosa 6.24 129.28 156.05 9.27 7.75
Ahan 7.13 117.38 171.67 11.61 8.77



Contd-Table 4.15 DHA Ac- P Alk-P Aryl-S FDA
Dab shalahar 411 121.88 191.85 14.25 8.31
Barsoo 5.02 122.33 176.90 10.44 7.87
Quilmugam 7.02 160.59 191.54 7.58 7.99
Mean 5.90 130.29 177.60 10.63 8.14
SE +/- 0.03 3.83 1.08 0.12 0.03
Forest
Preng 10.04 389.08 290.89 14.01 5.64
Athwot 13.32 402.01 402.51 16.67 7.06
Kudara 16.14 443.8 346.64 17.73 7.72
Naranag 11.25 356.07 284.91 13.78 7.86
Sonamarg 11.18 421.91 368.55 16.99 7.80
Mean 12.38 402.57 338.7 15.83 7.21
SE +/- 0.06 11.29 2.05 0.09 0.06
Grassland
Potushai 7.24 159.22 237.62 15.51 4.6
Sonamarg 8.47 286.54 397.82 18.95 7.64
Nagmarg 7.29 205.77 373.79 16.31 6.40
Trundkhul 8.43 338.54 462.9 18.68 7.20
Tragbal 9.37 193.30 283.58 13.41 5.45
Mean 8.16 236.67 351.14 16.57 6.25
SE +/- 0.08 9.67 3.83 0.13 0.08
Wetland
Potushai 15.32 501.86 412.61 21.62 7.07
Tulmulla 22.53 562.79 567.39 23.19 6.89
Kehnoosa 16.33 324.74 409.96 21.79 7.90
Saderkoot 17.13 403.46 395.47 17.53 6.42
Shalabugh 14.5 389.15 346.23 18.97 5.65
Mean 17.16 436.40 426.33 20.62 6.78
SE +/- 0.03 11.02 3.57 0.11 0.03




4.6 Soil Quality Assessment
4.6.1 Unscreened additive index

The unscreened additive indg&QI-un)computed through lineaSQI-un.)
and non-linear scoringSQI-un.2) function are presented in Table 4.16. The
maximum value forSQI-un.1was observed to be 0.997 for forest soil, folldwe
by apple orchard soils( 0.762) and further decraséhe order of vegetable soil
(0.730), maize so0il(0.711), and the lowest values watimated for paddy soil
(0.680). Similarly, the soil quality index valuedtained through non-linear
scoring were estimated as 0.645, 0.676, 0.720,10a68@ 0.998 for paddy, maize,
apple, vegetable and forest solil, respectively. liesar and non-linear scores of

the indicators are the same as used for computatiother indices in this study.

Table 4.16: Unscreened additive index of differergoils

Land use type SQI-un.1 SQI-un.2
Paddy 0.680 0.645
Maize 0.711 0.676
Apple 0.762 0.720
Vegetable 0.730 0.691
Forest 0.997 0.998

SQI-un.lunscreened SQI (linear scorin®QI-un.2-unscreened SQI
(non-linear scoring).

4.6.2 Principal component analysis based soil quality inelx

The 23 SQ indicators analyzed to evaluate variaunsl luses were put through
PCA. As a result five principal component (PC) grewvere obtained that best

explained variability in the data (Table 4.17). Gounalities of the SQ indicators



show that individual indicators accounted for 6®D&3% of the variance. The first

three PCs

Table 4.17: Principal component analysis results usg 23 potential soil quality
indicators to evaluate different land use types/esystems

Eigenvector

Principal Component (PC)

Communalities

1 2 3 4 5
BD -085 034 018 026 0.9 0.78
Water (w)  0.52 037 -009 017 -0.20 0.68
Sand 041  -048 -039 040 -0.12 0.96
Silt 0.13 048 050 -0.61 -0.17 0.88
Clay 0.69 012 063 040 016 0.79
pH -0.38 001 043 -002 005 0.46
EC 0.59 051 -018 -0.05 018 0.82
Av.N 094  -019 005 006 0.0 0.96
Av.P 0.54 042 030 002 071 0.82
Av.K 056  0.62 018 019 -0.32 0.73
AV.S 063 065 012 016 0.1 0.83
Ex.Ca 050 068 -001 027 004 0.75
Ex.Mg 048 070 001 014  0.06 0.74
DHA 0.83 008 053 -015 -0.10 0.87
Ac-P 0.82 028 017 -003 0.0 0.85
Alk-P 0.43 -0.06 -011 009  -0.07 0.88
Aryl-S 0.84 024 012 -002 021 0.88
FDA 0.53 0.02 062 032 0.5 0.79
TOC 085 040 -0.17 007 -0.04 0.96
WBC 083 042 -0.18 006  -0.04 0.96
POC 0.71 034 010 -005 0.8 0.93
MBC 081 034 -021 003 0.4 0.89
LOC 092 016 -010 009 007 0.74
Eigen Value 11.3 3.92 2.11 1.14 1.04 -
Variance % 4849 1636 881 478  4.34 .
cumulative  4q 49 64.86 7368 78.46 828 -
Variance

Boldface eigenvector values correspond to the Pi@klyh weighted variables /the eigen
vectors within 10% of the highest factor loadingareined for the index.
Bold-underlined factors correspond to the indicatetained in the SQ index

accounted for about 74% of the variance, indicatthgt these potential
components would be most important to assess S@nWwbmbined, the first five

PCs with eigen values >1 explained about 83% ofsthikvariability among the



land uses. As indicated in the Table 4.17, Soil BDC, WBC, MBC, LOC,
Av.N , DHA, Ac-P, and Aryl-S were the highly loadéattors attributed to PC1.
Bulk density was not well correlated with other ightes (Table 4.18) and
therefore, it was retained. Av.N had a very higbtda loading, and thus, was
retained for the MDS . Significant correlation wasserved among the variables
like TOC, WBC, MBC, LOC and DHA, besides, the sigant correlation of
these with highly weighted Av.N, and therefore,sinevere not included in the
MDS. The other variables retained for soil indexinglude Ac-P, and Aryl-S,
with factor loadings of 0.82 and 0.84 respectivdllge highly loaded variables in
PC2 were Av.K, Av.S, Ex.Ca and

Table 4.18: Inter-correlations between highly weigted variables under different PCs

PC1 BD TOC WBC MBC LOC AvN DHA Ac-P Aml-S
variables

BD 1

TOC 0.66% 1

WBC 0.65* 0.99** 1

MBC 0.56 091 0.93* 1

LOC 049 0.87** 0.91* 0.76* 1

Av.N 0.56 0.86** 0.84* 0.77* 0.81* 1

DHA 0.55 0.73* 0.76* 0.72* 0.57 0.61 1

Ac-P 0.45 0.65* 0.68* 0.58 0.66* 0.41 044 1

Aryl-S 0.29 0.58 0.54 0.62 0.43 0.29 0.63* 0.53 1

PC2 AvK AvS ExCa ExMg
variables

Av.K 1

AV.S 044 1

Ex.Ca 0.49 0.61 1
Ex.Mg 0.29 0.58 0.57 1

PC3

variables Clay — FDA
Clay 1
FDA 0.18 1

**significant at P<0.01 * significant at P<0.05

Ex.Mg. All of these variables were not significanttorrelated (r<0.6) and
therefore, retained in PC2 for integration into S@I PC3 the highest loaded

factors were clay and FDA and these variables vimrad to be not correlated,



and therefore included in MDS for index developmé@ifte inclusion of clay in
MDS is justifiable not only by virtue of its highévading in PC3, but as well as
for being frequently associated with higher SOQt \8as the only highly loaded
factor in PC4 and thus retained for indexing. Théy dnighly loaded variable in
PC5 was Av.P. Soil Av.P is often a limiting facfor both horticultural and field
crop production in the study area, therefore, midusion in assessment of SQ

seems rational.

The linear scores, non-linear scores, as aglweights used for PCA based
soil quality indices $Ql-pca) are given in Table 4.19 and 4.20. Finally, the
following equation was used for computation of iteex.

SQl-pca 0.586 (BD +Av.N+ Ac-P + Aryl-S) + 0.198 ( Av.K + A8 + Ex.Ca +
Ex. Mg) + 0.106 (clay+ FDA) + 0.058(silt) + (0.03&.P)

The data orSQIl-pca(Table 4.19 and 4.20) which includes indices cotagu
through linear scoringSQI-pca.} and non-linear scoringsQI-pca.2 reveal that
the lowest value foBQIl-pca.lwas recorded for paddy soil (0.692) and increased
in the order of maize soil (0.701), vegetable(0)7 &®ple (0.767) and forest soil
(0.996). TheSQI-pca.2varied in the similar order; however, the valussneated

for the indices were generally lesser than thos&@f-pca.1 The SQIl-pca.2
decreased in the order forest (0.995) > apple {).69egetable (0.669) > maize
(0.650) > paddy (0.641).



Table 4.19: Minimum data set of indicators, weiglg and linear scores used in PCA based SQI for diffent soils.

Principal 1 5 3 4 5

component

Weightage | ________ 57/ P— T M— ~--0.106----- 0.058 | 0.052 |SQi-pca.l
Indicator | BD | Av.N [ Ac-P | Aryl-S| AvK | Av.S | Ex.Ca| Ex.Mg| Clay | FDA| Silt | Av.P

Land use | =-----s-smsosmeeseemeeeeeme oo eeeeeee Linear SCOre------=-=--mmmmmmmmm oo

Paddy 0.75| 055| 0.65 074 066 076 082 055 0/9a72] 0.83 | 0.64 0.692
Maize 071 | 058 | 0.60| 0.70| 063 086 1.00 070 0.52.58 | 1.00 | 0.68 0.701
Apple 065 | 078 | 0.63| 0.79] 078/ 098 075 082 1.00.83|0.84 | 0.75 0.767
Vegetable | 0.91| 0.81| 0.62 0.71077 [0.72 [0.74 054 [0.73 | 0.90| 0.71 | 0.68 0.718
Forest 1.00 | 1.00| 1.00[ 1.000 1.00 1.00 098 1.00 0/%00| 1.00 | 1.00 0.996




Table 4.20: Minimum data set of indicators, weiglg and non-linear scores used in PCA based SQI foiffiérent soils.

Principal 5 3 4 5
component

ightage | ----------------0.586-------------- l-pca.2
Weightage o [ — 0.198-—--enemeemes 0106 | 0088 | 0052 |PQ"Pe2
Indicator |BD [Av.N | Ac-P | Aryl-S|Av.K |Av.S | Ex.Ca| Ex.Mg| Clay | FDA|Silt |Av.P
Land USe | =-=-=s=esememseeeeeeee oo oo eee Non-Linear SCOre--------=-=-=====nmmmmmmm oo
Paddy 045| 056| 0.64 074 065 074 078 055 0[9B872|0.83 | 064 |0641
Maize 0.41] 058 | 0.60/ 0.71] 0.63 0.84 1.00 0.64 09056 | 1.00 | 0.68 |0.650
Apple 034 | 075 | 0.63] 0.78] 0.760 0.98 0.70 075 1)0.83| 0.84 | 0.68 |0.697
Vegetable | 0.69| 0.78|0.60 | 0.69 |0.71 0.68 | 0.68 0.51 |0.73 | 0.88| 0.70 0.75 | 0.669
Forest 1.00| 1.00| 1.00 100 1.00 100 098 100 0/9400 | 1.00 | 1.00 |0.995




4.6.3 Regression equation based soil quality index

Multiple linear regression (Table 4.21) wagdiso compute this index from
soil physical, chemical and biological quality paeters and SOC (dependent
variable). As result of stepwise multiple lineagmession the parameters retained
for indexing include BD, Clay, Av.N, Ex.Mg, LOC, BC, and DHA.From the
standardized regression coefficients of retainedabkes, the following SQI
equation was developed.
SQIl-reg= 0.091 x S(Clay ) + 0.140 x S(BP+ 0.155 x S(Av.N ) + 0.114 x S
(Ex.Mg) + 0.64 x S(LOC ) + 0.217 x S(MBC) + + B0lx S(DHA) .
where, S is the score for the individual variabéewl the coefficients are the
weighing factors obtained from the regression @qnafThe soil quality indices
developed through lineagQI-reg.1)and non-linear scoring functiorSQI-reg.2)
are presented in Table 4.22. Forest soil (1.0 9rosad the highest value f&QI-
reg.1lfollowed by vegetable soil(0.62) and apple@).&d further decreased in
the order of maize (0.57) and paddy(0.53). Bl-reg.2for paddy, maize,
apple, vegetable and forest soil were recorded 4 0.51, 0.55, 0.57 and 1.00,
respectively.

Table 4.21: Stepwise regression of soil organic ren with soil physical,
chemical and biochemical properties

Parameter B Std. error Beta Significance
Constant 0.711 0.412 0.088

Clay 0.189 0.091 0.091 0.003

Bulk density -0.914 0.217 -0.140 0.000
Available N 0.575 0.124 0.155 0.001
Exchangeable Mg -0.220 0.045 -0.114 0.000
Labile organic carbon 0.031 0.008 0.642 0.000
Microbial biomass carbon  0.019 0.003 0.217 0.000
Dehydrogenase activity -0.440 0.011 -0.150 0.000

R?=0.960, B-Unstandardized coefficients, Beta-Statidad coefficients.
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Table 4.22: Regression based soil quality indice$ different land use types.

Land use type SQI-reg.1 SQI-reg.2 Indicators

Paddy 0.530 0.486 Clay, Bulk density, Available
N, Exchangeable Mg, Labile

Maize 0.574 0.514 organic carbon, Microbial
biomass carbon, Dehydro-

Apple 0.620 0.551 genase activity

Vegetable 0.622 0.572

Forest 1.000 1.000

SQI-reg.1 Regression based SQI developed through LineamgcoLS)
SQI-reg.2 Regression based SQI developed through Non-Liseaing (NLS)

4.6.4 Conceptual SQI
The details regarding conceptual frameworkdehdor assessment of soil

guality are presented in Table 4.23 and Table 4A24depicted in the tables, the
critical functions identified for the assessmentsofl quality were; (1) Sustain
plant growth (2) nutrient cycling (3) resist bioameal degradation (4) filtering
and buffering and (5) facilitate water transporithwithe assigned weights as 0.4,
0.2, 0.2, 0.1 and 0.1 respectively. Moreover, tinedr scores and non-linear
scores (Table 25 and 26) were used to computedadicrough two different
ways, as done with other indexing methods.The nemtiihodel is given under;

SQI-con = 0.4/3(gN+gP+gK) + 0.2(gDHA)+ 0.2 (gSOC) + 0.1(CE€)
0.1(qBD)
Comparison of linear and non-linear scores of feWcuality indicators is given
in Fig 4.1. The conceptual soil quality indices eleped through linear scoring
(SQI-con.1)and non-linear scoringQI-con.2 were found to be highest in forest
soil (1.00) and least in paddy soils of the studgaa TheSQI-con.1for paddy,
maize, apple, vegetable and forest soil was redoade0.589, 0.601, 0.731, 0.687
and 1.00,
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Table 4.23: Conceptual framework model for assessmieof soil quality using linear scoring function

Function Weight  Indicator )
addy Maize Apple Vegetable Forest
------------------------- Linear score----------—-------
1. Sustain olant 0.4/3 N 0.55 0.58 0.78 0.81 1.00
' growth P 0.4 0.4/3 P 0.64 0.68 0.75 0.68 1.00
0.4/3 K 0.66 0.63 0.78 0.77 1.00
2. Nutrient cycling 0.2 DHA 0.51 0.52 0.85 0.50 1.00
3. Resist biochemical 0.2 SOC 0.49 0.50 0.52 0.73 1.00
degradation
4. Filtering & 0.1 CEC 0.68 0.75 0.85 0.65 1.00
buffering
5. Facilitate water 0.1 BD 0.75 0.71 0.65 0.91 1.00
transport
SQI-con.1:  0.589 0601 0.731 0.687 1.000
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Table 4.24: Conceptual framework model for assessmeof soil quality using non-linear scoring

function

Function

Weight

Indicator

Paddy Maize Apple Vegetable Forest
------ Non-linear score---------------------
1. Sustain olant 0.4/3 N 0.56 0.58 0.75 0.78 1.00
' growth P 0.4 0.4/3 P 0.64 0.68 0.75 0.68 1.00
0.4/3 K 0.65 0.71 0.76 0.71 1.00
2. Nutrient cycling 0.2 DHA 0.51 0.52 0.66 0.51 1.00
3. Resist biochemical
degradation 0.2 SOC 0.51 0.53 0.66 0.80 1.00
4. Filtering &
buffering 0.1 CEC 0.68 0.74 0.84 0.66 1.00
5. Facilitate water 0.1 BD 0.45 0.41 0.34 0.69 1.00
transport
SQI-con.2: 0563 0577 0.683 0.677 1.000
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Fig.4.1. Comparison of non-linear and linear ssarefew SQ indicators
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Table 4.25: Overall soil quality indices for variaus land use types.

Land use type

Soil Quality Index

Paddy
Maize
Apple
Vegetable

Forest

UnscreenedSQI-un)

Regression(SQl-reg) PCA (SQl-pca) Conceptual (SQI-con)

LSF NLSF LSF NLSF LSF NLSF LSF NLSF
0.680 0.645 0.530 0.486 0.692  0.640 0.589 0.563
0.711 0.676 0.574 0.512 0.701 0.651 0.601 0.577
0.762 0.720 0.620 0.551 0.767  0.697 0.731 0.683
0.730 0.691 0.622 0.572 0.718  0.669 0.687 0.677
0.997 0.998 1.000 1.000 0.996  0.995 1.000 1.000

LSF-Linear scoring functidti, SF-Non-linear scorinfunction,
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SQl-un.l SQlun.2 SQl-reg.l SQl-reg.2 SQl-pca.l SQl-pca.2 SQl-con.l SQl-con.2

Fig.4.2: Soil quality indices of different landeuypes.
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respectively. Similarly, S@ton.2for paddy, maize, apple, vegetable and forest
soil were estimated as: 0.563, 0.577, 0.683, O0aid71.00, respectively

4.7 Sensitivity of indexing procedures

The evaluation of various soil quality indeximethods (Table 4.26) used in
assessing SQI under different land use types wagedaut by estimating their
sensitivity. The sensitivity of indexing procedur€Bable 4.26) decreased as
follows: SQI-reg.2(2.05), SQI-reg.1(1.88), SQI-con.2(1.77), SQI-con.11.69),
SQI- pca.2 (1.55), SQI-un.Z1.54), SQI-un.11.46), and least in case 8QI-
pca.l1.43). Thus, the regression equation based in@eeldped through non-
linear scoring of indicators is the most sensitwethod. Conceptual framework
based indicesSQI-con.1land SQI-con.2 and PCA basedSQI-pca2)have also

scored well in terms of sensitivity.
4.8 ldentification of limiting parameters

Comparison of indicator scores (non-lineaiween the reference(forest) soil
and soils under other land use types is showngiR. In the radar diagram the

areas enclosed by lines of different colors represeerall scores of different



Table 4.26: Evaluation of indexing and scoring methds applied for developing soil
quality indices

Indexing procedure Linear Scoring Function Non-linear scoring function
Range Sensitivity Range Sensitivity
Unscreened additive index 0.680 - 0.995 1.466 0-6%998 1.547
Principal component analysis  0.692- 0.996 1.439 4®-60.995 1.554
Regression equation 0.530 -1.000 1.886 0.486 -01.00 2.057
Conceptual framework 0.589 - 1.000 1.697 0.563000.. 1.776
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Fig. 4.3: Radar graph showing the average scorksyoindicators as influenced
by different land use types



indicators under different land use types/ecosystend the lines radiating from
centre represent scores of different indicatdree figure indicates that the
reference soil has almost no limiting parameter reag other soils have many
limiting parameters. Paddy soil has many shortcgsignd maximum number of
limiting parameters, which influence and degradeoierall quality by different

magnitudes.



Chapter -5

DISCUSSION

The present study was conducted to asdesgmpact of land use on soill
organic carbon stocks as well as to study the impidifferent land uses on soil
quality and develop soil quality indices. To fdlfihese objectives different soil
physical, chemical and biochemical properties, ab & organic carbon fractions
were determined and presented in the precedingopahts dissertation. In this
chapter the results obtained during the investigatire elucidated and discussed
in light of the relevant research conducted locallyinternationally by different
workers.

5.1 Physico-chemical properties of soils wunder differen land
uses/ecosystems
5.1.1 Bulk density

The soil bulk density varied from 0.73 to 1.Mgha' in surface and sub-
surface layers, under different land use types.l&ppchard soils were observed
to have highest bulk density in both the layersardiwvaj et al., (2013) also
recorded the maximum bulk density in the hortic@tland use system and least
in forest soils of temperate north western Himasaya general, higher soil bulk
density was observed in cultivated land than natisesystems. This may be due
to continuous tillage. Similar results were obtditg Girma (1998), Celik (2005)
and also by Islam and Weil (2000.b) who observedeiase in soil bulk density
from 1.22 to 1.38 Mgha as a result of tillage. Moreover, bulk density of
grassland soil was observed to be higher thantfsagsin this study. This can be
attributed to the fact that surface soils in pasguasre subject to overgrazing and
compaction (Deuchamst al., 1999; Carteet al, 1998) and also due to lower OC

content in these soils than those of the foress.soi
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5.1.2 Soil texture

On the basis of texture, the studied soilsewdassified as clay loam, silty
clay, silty clay loam, silty loam, loam and clayajdrity of the sites in the study
area exhibited clay loam texture followed by sittpy loam. The average clay
content of the cultivated surface soils includimghard soils varied from 24.38
33.46 % with an average of about 30 %. This isamiony with the results of
Ramzaret al, (2014) who have also classified the soils ag ldam and silty clay
loam at some study sites in the area. The textuselmsurface soil layers did not
differ from that of the surface layers in all landes. Therefore, it can be
concluded that land use has not had marked impaatleerent soil property like
texture of surface soils in the studied ecosystdvimeover, the wetland soils
exhibited the highest average clay content of ab#8% indicating some
deposition of clay in the lower topographic posismf the watersheds (Coopsdr
al., 1987). Thus, texture of the soils in the areaentfl the nature of the parent
material from which the soils where developed amel drainage pattern of the
area. This is in accordance with the conclusiorswdr by Ahukaemereet
al.,(2012) in their study on soil quality in differesgricultural land use types.

5.1.3 Soil pH
The Soil pH in the surface and subsurfacessakied from 6.42 to 7.30 and

from 6.74 to 7.26 respectively. Therefore, only thaface mineral soils of
wetlands in the area can be termed as moderately samls as per the
classification of soil reaction suggested by Brd@i996) and rest of the soils
under all the ecosystems fall in the neutral rafi¢e. mean pH of forest soils was
however, observed to be lower than cultivated sthlis could be due to slower
decomposition and higher organic matter in soiltabated by the coniferous
vegetation. According to De Hann (1977) the redurcin pH of forest soils can
be attributed to accumulation and subsequent sleaorposition of organic
matter, which releases acids. The subsurface ldars higher pH than surface
layers which may be due to differences in OM confétodges, 1996), use of
inorganic fertilizers in arable soils and some teag of bases from the surface

layer. Average soil pH of maize fields was found&higher than the adjacent
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forest soils, as well the paddy soils elsewherthéstudy area. Adams and Sidle
(1987) have also recorded low pH in undisturbedinghtforests as compared to
disturbed ecosystems. The higher pH of maize swoitsomparison to forest soil
may be due to impact of tillage practices leadimdoss of OM in maize soils.
However, the lower pH of paddy soil, in comparisormaize soil, may be due to
the fact that larger quantities of inorganic Nifexér are used in paddy fields than
in the maize fields of the study area. The infeeeiscsupported by the findings of
Kizilkaya and Dengiz (2010).
5.1.4 Electrical conductivity
Electrical conductivity (EC) of surface Isaianged from 0.11 to 0.60 dSm

The results of EC in the present investigation weoad to be within the reported
range of values for different land use types. Alé tsoils in the study area
including those of the wetlands have EC values telbw 1dSrit indicating that
there is no salinity hazard. However, EC of padugjze, vegetable fields and
apple orchard soils was observed to be slightlyénghan forest and grassland
soils. Kizilkaya and Dengiz (2010) explain that wgimg forest to cultivated land
have increased EC values in their studied areaarapfly due to fertilizer and
management practices. On the other hand, highemB€ recorded in apple
orchard soils compared to arable land. Sharma anptaG(1989) have also
recorded higher values of EC under tree-based Usedsystem, as compared to
arable land. Higher EC in mineral soils of wetlanasy be attributed to
deposition of fine sediments, nutrients and sajtsumoff from elevated adjacent
lands.
5.1.5 Auvailable nutrients

The values of available N varied in differéantd use types of the study area,
indicating the alteration of N dynamics in soilsass a range of habitats (Garcia-
Oliva, et al, 2006; Monkiedjeet al, 2006). Quantity of available N in wetland
and forest ecosystems was recorded to be higher ttiet of agriculture and
horticulture ecosystems. This may be attributedht® effect of higher organic

matter levels as well as enhanced enzymatic aeByitmineralization and
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mobilization of available nutrients including N. &hnference is supported by

findings of Marinariet al.(2006). Yu and Ehrenfeld (2009) also reported large
pools of mineralizable N under both constant andtflating moisture regimes in

some wetland areas. Furthermore, in wetlands migriean easily be transferred
from upland mineral soils to downstream wetlandaararough the movement of

water. Higher available N in forest soil as compaie grassland, agriculture and
horticulture land use has also been reported betal, (2013). This may be due

to higher water holding capacity that reduces tatleaching as well as higher

humus content in surface soil layer of forests. idEs the reason that the

availability of N depends to a large extent on @ngount as well as properties of
organic matter (De Hann, 1977).

Besides, available N, available P, K and $evadso observed to be higher in
forest and wetland soils. Pat al., (2013) reported higher P and K as well as
higher fertility index of forest soils followed bgrassland, horticulture and
agriculture soil in north-western Himalaya. In theesent study forest soil was
found to have higher OC and available P. The OC been reported to be
positively correlated with available P in numerstisdies. According to Tisdakt
al., (1997) nearly 50% soil phosphorus is present gawic form which explains
presence of higher quantities of available P ieggrgrassland and wetland soils.

The mean available K in wetland, forest anasgland soils were found to be
higher than cultivated lands. However, the valueavailable K obtained in the
present study are in accord with those recordesbiye other investigators (Nisar
and Lone, 2013) in similar areas of the Kashmir &laga. It is known that
exchangeable K in soil largely depends on the caitipa of parent rock
material, therefore, the differences in availabldétween native and cultivated
ecosystems, as observed in the present study, e@sdigned to its differential
removal from soil as well as leaching and lessivagen cultivated lands.
Moreover, the higher organic matter in soil has apparently improved the
retention of K in undisturbed soils. The conclusiensupported by findings of
Boruah and Nath (1992) and other workers who hédgemwved that OC, N, P and
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K were positively correlated chiefly because abdh attributes were intimately
linked with soil humus. Furthermore, in this studyean available K in maize
soils was found to be lower than that of paddyssadilis may be due to the reason
that higher quantities of fertilizer K are addedoeddy soils and also because of

the fact that maize crop removes more K per unirgfmatter produced.

In this study higher available S levels weleserved in natural ecosystems,
than disturbed ecosystem soils. Highest availabt®r@ent in both surface and
sub-surface soil was observed in wetland soils lamgst in vegetable soils.
Higher SQ? content in wetland soils has also been reportedkbgg and
Freeman(1999). As stated earlier the transfer afienis from upland mineral
soils to topographically low lying wetlands, as hast contribution from organic
matter may be the underlying reasons. Comparativibly low available S in
vegetable soil can be explained by its removalangdr amounts by cruciferous

crops.

Exchangeable Ca and Mg in surface soilsabive ecosystems were higher
than agriculture and horticulture ecosystems. &his accord with the findings of
different investigators which indicate that contins cultivation and use of acid
forming inorganic fertilizers deplete exchangeale and Mg (Aitkenet al,
1999; Heet al., 1999). Moreover, the value for mean exchangeablendorest
soil obtained in the present study is in accordamitie the range (0.13 to 0.97%)
reported by Siddiquiet al., (2014) from coniferous forests of temperate
Himalayan region. Higher exchangeable Ca and Mgaize fields could be due
to the reason that their removal from soil is corapeely lower due to
subsistence level cultivation, and also becaussetla@e basically the recently
(few decades) cultivated virgin lands where vettfelior no inorganic fertilizers
are used. Exchangeable Ca was observed to deevghsepth in all soils except

that of paddy, whereas, exchangeable Mg increaseddurface to subsurface



layer in all land use types. Depletion of exchabiedg from surface soils is
also supported by findings of Saikékal, (1998).
5.2 Soil organic carbon and its fractions
5.2.1 Total soil organic carbon

Organic carbon of the soils was foundthe order wetland > forest >
grassland> vegetable > apple > maize > paddy. genaeral trend, OC decreased
with the increase in the soil depth. The higherac#ty of wetland soils to store
carbon is due to the slow rate at which decompmositiccurs under conditions of
poor drainage. Similar observation was made by &urlf1991) and Hobbiet
al., (2000). Higher OC in surface layer of forest lars# followed by grassland
and least in agriculture land-use is supporteditgirigs of Palet al.,(2013)and
Johnson and Curtis(2001). Higher OC in surfacessoil native ecosystems
/natural forests have also been recorded by vambier workers, for instance.,
Jamala and Oke (2013); Venkaretaal.,(2014); Hamkalo and Bedernichek(2014)
etc. Nisar and Lone (2013) also observed higheri©€rests and pastures of
north-eastern Kashmir. This may be attributed torreof higher quantity and
quality of plant litter, high altitude, low tempéuee and slow rate of
mineralization. However, contrary to the findingstleese workers, the average
OC content of forest soils was found to be higlantthat of grasslands in the
present study. The plausible explanation for thauld be that incessant
overgrazing, as prevalent in the area, would redRroeary Productivity from the
ecosystem and ultimately the addition of organictengo soil, notwithstanding,
the fact that some organic matter is returned iidls@ugh animal excreta.

Lowest OC, both in surface and subsurfacerlaas recorded in paddy soils.
This is due to long-term cultivation under submergenditions and application
of mineral fertilizers, resulting in degradationsaiil quality such as breakdown of
stable aggregation and deterioration of SOM (Yeingl.,2005).

5.2.2 Labile organic carbon

LOC in the soils followed the order wetlandorest > grassland > apple >

maize> vegetable > paddy which is almost similah&trend in SOC, except that



LOC of vegetable soil is lesser than that of maind orchard soil. The higher
guantity of LOC/active SOC as well as high OC dgnsi wetland ecosystems
have been reported by Waepal, (2012) and Fissoret al.,(2009). Similarity in
trend of SOC and LOC could be due the reason fhataf the LOC pool was
mainly determined by the SOC pool (Roagal., 2011). Positive correlations
among SOC and LOC pools have also been revealethanfindings of
McLauchlan and Hobbie (2004).

Differences in LOC under different land ugpess indicates that vegetation
may affect soil C pools by influencing the qualiéymd quantity of detritus
supplied, soil physical and chemical propertiesy@Let al., 2004). Surface soil
layers invariably contained more LOC compared & th sub-surface soil layers.
Similar, finding was reported by Xiet al, (2010). The degree of C and nitrogen
limitation to C mineralization increased with saiépth (Fiereret al., 2003).
Therefore, the amount of LOC was much higher instiméace soil layer.

As indicated above LOC of forest and grass$lanils was observed to be
higher than that of arable lands. This is consisteith the results of Bayer
(2002) who observed decrease of OC in soils undamventional land
preparing/tillage, when compared to forest and dhsd the no-tillage system
resulted in a biologically less oxidative enviromtydavorable to preservation of
the organic matter labile fractions. This also akp the lower quantity of LOC
as well as low LOC:TOC ratio in vegetable soilgh# study area.

5.2.3 Particulate organic carbon

In the present investigation attempt was nmadascertain the impact of land
use type on size of POC fraction in soil for thas@n that it is often considered to
be more sensitive to management or land-use-indcttadges than the TOC. The
results indicate that soils under paddy, maizeleagpd vegetable cultivation have
lower POC levels than that of wetland, grassland fomests. Higher POC or
aggregate SOC in no tilled/conservative systeme lzdso been reported by Liu
et al, (2014); Figueiredet al, (2010) and Chan (2001). Presence of largedfize
POC fraction in wetland is supported by Fisseral.,(2009) who have reported
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high quantities of active SOC from mineral wetlasails of China. The trend of
higher quantity of POC fractions in pastures coragato croplands was
consistent with many other studies (e.g., Davyl&aen, 2013; Chaet al,2011).
Moreover, the smaller size of POC fraction in padlyd, as revealed by the
present investigation, could be due to deterionabtf soil aggregates by tillage
which also increases the rate of organic carboordgosition.
5.2.4 Microbial biomass carbon

MBC of soils under different land use typelowed the same order as that
of SOC. There are numerous evidences and it is kmellvn that SOC strongly
affects the amount and activity of soil microbiabrbhass (Diaz-Ravinat al.,
1988). MBC values obtained in the present invasibg coincide well with the
range (219 to 864ig g*) reported by Sharmet al., (2004) for different land
uses, the range (166 to 1589 g ) for pasture land reported by Tracy and Frank
(1998) and the mean value of 248 g* for agricultural soil by Heet al., (1997).
Higher MBC as well as SOC in forest soils than tbatcropland soils, as
observed in the present investigation, is suppotig results reported by
Xiangminet al, (2014) and Het al.,(1997). Higher MBC in forest and grassland
soil as compared to agriculture soil is also suggabiby findings of Kara and
Bolat (2008). The high values for soil microbialbimass found under native
vegetation may be attributed to the relatively hegglantity and quality of plant
litter supporting a larger microbial biomass antivaty due to the availability of
above- and below ground carbon sources (Nsabimtala 2004).

In the present study MBC represented 1.68.8% % of SOC in various
ecosystems which is within the 0.3 to 7% range nasxb by Wardle (1992). In
forest ecosystems the MBC comprised 2.92 and 23 SOC in surface and
sub-surface layer, whereas in surface agricultscgk it averaged around 3%.
These results are consistent with 1.6—3.6% rangffest A-horizon and 0.3—4%
for agricultural topsoil documented by Bunrelt al, (2001). Higher MBC and
SOC contents in clayey mineral wetland soils asntesl in this study could be
attributed to the protection of microorganisms agapredation as well as to the



protection of SOM against decomposition due to woganineral interactions in
finer textured soils (Juma, 1993; Von Lutzewal, 2002)
5.3 Soil organic carbon stocks

SOC stocks as determined in this study i@nad to be markedly different,
with agricultural/horticultural ecosystems on oramth and native ecosystems on
the other. Of the land-use types investigated, amed, forests, as well as
grassland exhibited the highest average SOC sitadkg 30 cm layer (61 to122
Mg ha?) in contrast with the cereals viz., paddy, maiai 87 to 39 Mg h# ),
with apple orchard and vegetable soils representingintermediate situation
(46Mgha®). Singhet al, (2011) estimated the mean SOC stock value a8 Mg
ha' in 0-30cm under various land uses in the tempenasstern Himalaya.
Wetlands were found to store highest terrestrighoic C stocks in this study.
This could be due to their high plant productivitgmbined with slow de-
composition rates under water-saturated condit{®eldy and DelLaune 2008).
The higher clay content in wetlands could also Hfavered the greater storage of
organic carbon. This has also been noted by P&trae, (2006) and Dawson and
Smith, (2007). Average SOC stocks in wetlands waseved to be higher than
upland forests in the study area. This findinguisported by the results of Fissore
et al, (2009).

Presence of higher carbon stocks in forestsomparison with paddy and
maize, as revealed in this study, is also corrdbdrhy the results of Venkanea
al., (2014) and Dorjet al., (2014). Pugeet al., (2005) also reported higher SOC
concentration in forests, in contrast to pasturexl aagricultural lands.
Furthermore, higher SOC stock in vegetable soflomparison with cereals could
be attributed to the fact that vegetables arevaikd in small home scale fields
with heavy inputs of manure. Higher SOC stock igetable soil is supported by
Yanet al, (2012) who studied the land use change fromatdéiedds to vegetable
production.

LOC stocks in different soils varies in theler wetland> forest> grassland>
apple> maize> paddy> vegetable. The trend is althessame as LOC content as
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stated earlier, except that LOC stock in paddyisdiligher than that of vegetable
soil. This is due to the fact that LOC:TOC ratiovagetable soils is lesser and
also the bulk density of paddy soil is higher imirast to vegetable soil.

The soil POC and MBC stocks showed consideradriation ranging from 7
to 28 Mgh& and 0.80 to 1.94 MgHa respectively, indicating the differences in
carbon dynamics under different land use systentBeofrea under study. This is
supported by large number of studies that have shtvat both POC and MBC
are sensitive to changes in land use, tillage, rcavepping and management
(Cambardella and Elliott, 1992; Wander and Bid2000; Grandy and Robertson,
2007).POC stocks have been found to be in the lgxacthe same order as LOC
stocks. However, the MBC stocks followed the tremdtland > grassland > forest
> vegetable > apple > maize > paddy. Thus, MBCksiacvegetable soils is
greater than that of apple, maize and paddy. Tdnsbe attributed to proliferation
of microbes in the vegetable soils, where high iapaf organic manures are
applied. As most microorganisms are heterotrophineir distribution and
biological activity often depend on supply of orgamatter (Moscatellet al.,
2007; Yanget al.,2010).

5.4 Carbon Management Index

Carbon management index (CMI) was measurdti@basis of changes in the
total C in the soil and its lability as determingd KMnO, oxidation. As stated in
the previous part of this study, grassland soil wsed as reference. The greatest
CMI among the soils was recorded in forest land (82.5), followed by
grassland (100) and decreased in the order of dB@l&), maize (81.0), paddy
(72.8) and vegetable soils (70.7) respectively. drger exhibits the outcome of
both the total SOC pool size and the lability (stireate of turnover rate) that
have been taken into account. Higher CMI in foessl grassland soil in contrast
with agriculture/horticulture land indicates thabgping has resulted in a marked
decline in both labile and non-labile C and henbe CMI has declined.
Moreover, CMI is higher in the land use system wh@sidue inputs and lability
are higher. Indeed, these findings are supporte®lay et al.(1995). Besides



this, another conclusion that may be drawn from @\l measurement in this
study is that due to low lability index, vegetaldeil exhibited lowest value
despite higher SOC pool size.

5.5 Enzyme activities of soils under different lad use types

5.5.1 Dehydrogenase

Dehydrogenase (DHA) activity in soils disgdya trend, more or less similar
to SOC. With wetland, forest and grassland soilitakihg higher DHA activity
than apple, vegetable, maize and paddy soil. Thig lbe attributed to tillage and
management practices, and most importantly theehi@®OC, as several authors
have reported positive correlation between DHA @i content (Zhacet al.,
2010; Yuan & Yue, 2012 and Zhaeg al, 2010). Decline in DHA activity with
soil depth was noted in this study. It is well kmoand can explained by the fact
that the highest microorganisms abundance is instiréace layer of the soill
profile (till to the depth of 30 cm), at the deeppart of the soil the number of
microbial cells is limited, and consequently alsiMlevel display diminishing
trend (Yuan & Yue, 2012).

Highest DHA activity in wetland soil as reded in this investigation could
be attributed to the reason that it is influencgdvater content and drops with the
decrease of soil humidity. The results of &ual. (2009) who observed higher
DHA level in flooded soil rather than in non-floadeonditions support the
inference. A significant negative relationshipswesn DHA and redox potential
as reported by Wolinska(2010) in various soilsp aspports higher values for
DHA activity in wetland soil.

Agriculture and horticulture ecosystemsam average were found to have
less DHA activity in comparison to forest ecosystenSimilar, result was
obtained by Singhet al., (2014).These workers also recorded highest DHA
activity in deodar forest soil while the fodder grand apple plantation showed
significantly lower values. These results are cstesit with the findings of this
study. Moreover, the average DHA activities of paddaize and vegetable soils
as recorded in this study were not marked dissimilaerefore, it may be inferred
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that these land use systems, with their assocratathgement practices have had
a similar impact/end -result as far as soil DHA\at is concerned.
5.5.2 Acid phosphatase

The lowest acid phosphatase activity (282462PNP dsoil h') in surface
layer of different soils was recorded in maizesaihd highest (503.75 pgPNP g-
soil h') was related to wetland. Higher activity in wetlasoil may be due to
presence of adequate OM as well as ample moistusetland soils. The positive
correlation of acid phosphatase activity with maistis corroborated by findings
of Sardans and Penuelas (2005) who recorded tllaictien of 21% of soil
moisture reduced acid phosphatase activity by 320%. In arable lands the
activity varied from 282.72 to 305.87 pg PNP geil h* .These values are
consistent with the range (152 to 50@ g'soil) observed by Kheyrodiat al.,
(2012) in agriculture soils. Forest soils exhibitegher acid phosphatase activity
in contrast to grasslands, apple orchards andeafabt. This result is supported
partly by Singhet al, (2014) as well as by Wargt al., (2015) who observed
higher acid phosphatase activity in forest ecosystas compared with organic
farms, apple orchards and conventional crop baseterss. This may be
attributed to sensitivity of phosphatase activayperturbations such as tillage,
compaction, fertilizer additions and organic ameadts (Opricat al, 2011).
5.5.3 Alkaline phosphatase

Soil alkaline phosphatase activity was alwayger at a depth of 15 to 30 cm
compared to surface soil and the same observatam een recorded by
Kheyrodin et al, (2012). Average values of alkaline phosphataseuitivated
lands were observed to be lesser than the nattwalystems systems in the study
area. Higher alkaline phosphatase activity in firegs also reported by Singh
al., (2014) and Salarat al, (1998).In the present study, however, grasslaid s
were found to have higher alkaline phosphataseigcthan forests. This could
be due to higher and more suitable soil pH in daasssoils (Canaruttet al,

1995). Moreover, apple plantation soil showed lowalues of alkaline



phosphatase than acid phosphatase. This resalascord with findings reported
by Singhet al, (2014).

5.5.4 Aryl sulphatase
In surface soil layers the average aryl safigbe activity in native ecosystems

varied from 47.14 to 56.2jtg PNP ¢ soil H* whereas in sub-surface layers it
ranged from 15.83 to 20.625 PNP & soil h'. In agriculture and horticulture
lands it varied from 32.77 to 37.19 PNP ¢ soil i* and 10.63 to 11.68g PNP
g™ soil H'in surface and sub-surfaleg/ers, respectively. A resemblance between
OC content and arylsulfatase activity was obsemvét natural ecosystems on
one hand and farmland ecosystems on another, éctge of other soil physico-
chemical properties. Strong correlation between ahgsulphatase activity and
organic C of top soil as observed by Elsgaatdal, (2002) supports this
inference. Moreover, arylsulphatase resembles MBfDdt as for as natural
ecosystem soils are concerned which may be expldipehe significant positive
correlation between them as reported by Moscatdllial.,, (2005). Higher
arylsulfatase in forests in comparison with apginfation, maize and paddy, as
revealed in the present study is consistent wislulte obtained by Singét al.,
(2014). Moreover, higher activity of this enzymelwe 0-15cm layer as compared
with deeper layer as observed in this study is reddy the results obtained by
Elsgaarcet al, (2002).
5.5.5 Fluorescein diacetate hydrolase

The mean Fluorescein diacetate (FDA) hydrolas&igcof the soils ranged
from10.08 to17.47ug g-'soil h* in surface layer and from 5.20 to 6.8 g-soil
h™ in sub-surface layer, with highest and least #gtielated to forest and maize
land use, respectively. Decline in FDA with deptlaymbe due difference in
organic matter, since positive correlation betwe@C and FDA has been
reported by many workers (for example, Schnurer Roslswall, 1982; Gaspet
al., 2001). Higher FDA in native forests in contrastamgriculture land has also
been reported by Chaet al., (2009) and Araujcet al., (2013). Higher FDA in
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wetland and forest soils coincides with their higl#C and higher enzyme
activities in comparison with other soils. Contrdoythis, vegetable and apple
orchard soils have shown higher FDA activity thaasgland soil which otherwise
has higher SOC. It is speculated that it might be t addition ofliverse organic
inputs in the soil. The same inference has beewrdtay Nathet al, (2012) in
paddy soils.
5.6 Soil quality indices of different ecosystemshd use types

The mean value of all the soil physical, mieal and biological properties
across the different ecosystems were evaluatedeeelopment of four types of
indices viz, unscreened additive index, PCA baseéeéx, regression based index
and Conceptual framework model based index. Theabors that formed the
TDS and subsequently the MDS for indexing have iséd by various workers
(For example Diack and Stott, 2001; Arshad andtiMar2002; Kizilkaya and
Dengiz (2010); Patt al.,2013; Cherubiret al, 2016.

The unscreened additive indices developedititoLSF and NLSFSQI-un.1
and SQI-un.3 revealed the following order for soil quality different soils:
forest(0.99, 0.99) >apple(0.76, 0.71) vegetabl&0d.69) > maize(0.71, 0.67)
>paddy(0.68, 0.64). The meamun-SQI.1 and un-SQIl.2 for native
ecosystem(forest) and cropland ecosystem were 0.99 and 0.70 and 0.66,
respectively. The maximum SQI for forest is dudétter physical, chemical and
biological properties as observed in this studydebd, higher soil quality of
forests/uncropped lands in contrast with croplaad heen reported in various
studies (Su and Zhao, 2003; Ayoubt al., (2011; Dadhwaét al., 2011:
Tesfahunegn, 2014). Soil quality of apple orcteoils was observed to be higher
than agriculture soils which is supported by theuhls obtained by Su and
Zhao,(2003); Patt al, (2013); Adeyolanet al, (2015) and Lowest SQI value of
agriculture soil among different land use types &las been observed by Tiwari
et al, (2006)

The PCA based SQEQI-pcg estimated through LSF and NLSEQI-pca.l
andSQI-pca.2 were found to be maximum for forest soil (0.99895) followed
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by apple orchard soils (0.767, 0.697), vegetable (60708, 0.649), maize soll
(0.705, 0.643) and least in paddy soil (0.692, 0)6&hus, PCA based indexing
reveals that forest and orchard soil quality iediebetter (as revealed in tB&)I-
un) and the quality of other anthropogenic ecosystmifs is lower and not
distinctly different from one another. Least SQIlueafor paddy soil is supported
by findings of Tiwariet al, (2006).

Regression based soil quality indices compubtedugh LSF and NLSFSQI-
reg.1andSQIl-reg.2 were found in the order: forest soil (1.00, 1.@fowed by
almost equal values for vegetable soil (0.62, 0&Y) apple orchard soil (0.62,
0.55) and further decreased in the order of maiz&7( 0.51) and paddy (0.53,
0.48). As stated in the previous part of this studwltiple linear regression was
used to develop this index from soil physical, cleaihand biological quality
attributes (independent variables) and SOC (depegndeiable). Maintenance of
SOC was hypothesized as the single managementagoads all the land uses.
Thus, the index has apparently varied as per gretsimilar to SOC content in
different land uses. Interestingly, in vegetablé despite the higher SQ index, the
carbon management index is lower than that of paddymaize soil.

The attributes that are degrading the soil quatitpaddy and maize soils in
contrast to vegetable soil are BD, available N, M&@ DHA. Whereas, in case
of apple orchard and vegetable soils lower sconeBD, Av.N, Ex.Mg, LOC,
MBC and DHA are responsible for decline in the spiblity in comparison to
that of forest soil. Furthermore, the large diffese in index values of forest and
maize soils reveals the impact of cultivation oreft soils, because in the study
area, currently most maize soils, particularly he tforest fringes have been
converted from natural forests in the past(few desa Thus, a considerable
degradation of quality has already taken placeamzesoils at various study sites.
This conclusion is favored by findings of Cabal.,2004; Xie et al, (2011) and
Kalu et al., (2015).

The conceptual framework model based qualigices developed through
linear scoring $QI-con.) for paddy, maize, vegetable, apple and forestvesie



recorded as 0.58, 0.60, 0.68, 0.73 and 1.00, reégpgc The same model based
guality indices developed through non-linear sapri®Ql-con.2 for paddy,
maize, vegetable, apple, and forest soil were estichas 0.56, 0.57, 0.67, 0.68,
and 1.00, respectivel\{5Ql-condisplayed the same soil quality ranking among
land uses aSQIl-pcaandSQI-un This indicates that conceptual model based on
potential indicators and assigning weights accaiginwas also effective and
suitable for detecting the differences betweenssofl under various land use
types/ecosystems. This is consistent with the cmmhs drawn by Diack and
Stott (2001). Thus, it may be concluded that saibldy of anthropogenic
ecosystems in general, has declined in terms ofskdyfunctions like ability to
sustain plant growth, ability to cycle nutrientdjilidy to resist biochemical
degradation, filtering and buffering ability andethability to facilitate water
absorption.

To interpret the overall results of differesoil quality indices of soils, it may
be concluded that the native vegetation (foresi) lsad the highest SQI scores
(0.99-1.00) suggesting they are functioning at 89100% of their potential
capacity. The apple orchard soils are functionin§mto 76% of their potential
capacity, vegetable soils are functioning at 53366 level, whereas maize and
paddy soils are functioning at 57 to 71% and 488% of their potential capacity,
respectively. Moreover, it could be concluded thia¢ indexing procedures
involving different MDS strategies were effectiver fdetecting soil quality
differences using a reduced number of indicatomsil&, results were reported
by Andrewset al., (2002) and Limeet al., (2013), who both concluded that a
reduced number of carefully chosen indicators coulbvide adequate
information needed for soil quality assessmentdewaision making.

The identification of limiting parameters foiffdrent soils reveals that low
Av.N, Av.P, MBC, and SOC are degrading the soilliqpaf paddy, whereas, in
maize mostly low SOC, MBC and Av.P are the respgaasiactors. In case of

apple orchard soil low SOC, Ex,Ca, Av.P and MBC raastly affecting the soil



guality and in vegetable soil low Ex.Ca, Ex.Mg, 8yv.Ary-S and DHA are
responsible for degrading the soil quality, in cast to that of the forest.
Evaluation of different indexing proceduresderiaken by estimation of their
sensitivity, reveals that regression based indazesmost sensitive, followed by
conceptual model based indices and PCA based (nearlscoring) index. The
higher sensitivity of regression equation and PG&dd indexing procedures is
vindicated by the results reported by Mastal., (2008). The indices computed
through non linear scoring function have bettersgesity than their respective
linear scoring methods. Thus, the indices develogd be effectively used to
assess quality of soils under different land uatepugh further validation may
be required, particularly in case of regressionatiqu based index as used in this

study.
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Chapter — 6
SUMMARY AND CONCLUSIONS

Land use change is a main driver ofbear storage in terrestrial
ecosystems, particularly under the resource cansttaand temperate mountain
settings of Kashmir. Just like the other partshef state of Jammu and Kashmir,
the study area which spans over two districts Bandipore and Ganderbal, has
witnessed changes in land use, for instance, theetsion of forests/ pastures
into cropland or a shift from agriculture to hodiitire use. Besides, the loss of
wetland area due to draining, filling, leveling andltivation. The impact of
changes in land use and management on soil qaalitycycling/storage of carbon
cannot be overemphasized, particularly in the cdnté climate change and
sustainability. With advances in climate changeigation in recent years,
emphasis has been put on SOC stocks particularthey vary with management,
land use and change with forest loss. Thus, tHmaAbground carbon may play a
significant role in local and national carbon budgend we may need more data
on carbon stocks in the state in future. The ptestndy has focused on
assessment of soil quality and changes in SOC stiockroplands, besides SOC
stocks under forests, pastures and wetlands iardee The study is based on the
premise that any shift from the ecological equilibr and land use change due to
human activities has an impact on soil quality &@QC stocks across the
ecosystems in this zone. The study entitled “ImpdcDifferent Land Uses on
Soil Quality and Organic Carbon Stocks in TerrastiEcosystems of North

Eastern Zone of Kashmir” was conducted, primarilythwthe following

objectives:

. To assess the impact of land uses on soil orgamtmon stocks
. To study effect of different land uses on soihlify

. To develop soil quality indices.

6.1 Physico-chemical properties of soils under dérent land use types.



Impact of different land uses on soil attributesewecorded from two depths
viz., 0 to 15 and 15 to 30cm from seven differamid use types/ecosystems,
namely wetlands, forests, grasslands, apple orshaegetable fields, as well as
maize and paddy fields.

Highest mean value of BQ2.47 Mg m®) was recorded in sub-surface layer of
apple orchards, whereas, the lowest value (0.73rMgwas recorded in surface
layers of wetlands.. On the basis of texture thdistl soils were classified as clay
loam, silty clay, silty clay loam, silty loam, loaamd clay. Majority of the sites in
the study area exhibited clay loam texture followmd silty clay loam. The
reaction of soils ranged from moderately acidinéatral. The mean pH of forest
soils was however, always observed to be lower thidtivated soils. All the soils
in the study area including those of the wetlandsehEC values well below
1dSnitindicating that there is no salinity hazard.

Varying quantities of available N were obsehin different soils. Quantity of
available N in wetland and forest ecosystems wasrded to be higher than that
of agriculture and horticulture ecosystems. Meaailalile N content in surface
layer decreased in the order as follows: wetlaritl (802 mgKg") followed by
forest soil (178 mg Kg) , vegetable soil ( 145mgKy, grassland soil (144 mgKg
Y, apple (140 mgKg), maize (103 mgKd) and paddy soils (98 mgKi
Besides, Available N, available P, K and S wer® abserved to be higher in
forest and wetland soils. Exchangeable Ca and Mgurface soils of native
ecosystems were higher than agriculture and hdtdieu ecosystems.
Exchangeable Ca was observed to decrease with depthsoils except that of
paddy, whereas, exchangeable Mg increased fromacgutb subsurface layer in
all land use types.

6.2 Soil organic carbon and its fractions.

TOC in surface layer were found to be inafaly higher than the sub-surface
layer under all land uses in the study area. Themvalues of TOC in surface and
sub-surface soil layers under different land usased between 1.14 to 5.68 %
and 0.88 to 5.03 % respectively. SOC obtained diroMWalkley and Black
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method (WBC) varied similarly as TOC. The greatasain TOC in surface layer
was observed in wetland soil and least in paddy stiereas in sub-surface layer,
highest and lowest values were recorded in wetkardl maize soil respectively.
Average soil LOC in the surface soil layers wasnfibuo be relatively much
higher under wetland use (11202mg¥dollowed by forests (4407 mgKYy and
decreas-ed in the order of grasslands (2820 rijkapple orchards (2366 mgKg
Y, maize fields(2209 mgKd, vegetable fields (2082 mgKy and paddy fields
(2012 mgKg') respectively. On an average POC content was fouite thigher
than mean LOC at both the depths under all the lsed. The greatest mean POC
in surface layer was recorded in wetland soil aast in paddy soil. The mean
MBC content in the surface soils varied from 276962 mgKg'. Among the
agricultural and horticultural ecosystems the ayerzalues of MBC were found
to be highest under vegetable land use followethhy of paddy fields in 0-15
cm depth and similar trend was recorded in 130tor8 depth.
6.3 Carbon management Index

The greatest CMI among the soils was recoidefrest land use (162.5),
followed by grassland (100) and decreased in tkeroof apple (87.5), maize
(81.0), paddy (72.8) and vegetable soils (70.7peesvely. The grassland soil
was used as reference in the calculation of CMI.
6.4  Soil organic carbon stocks

The total SOC stocks varied from 20.41 t®81n surface soils and 17.8Y
60.21(Mg ha') in subsurface soil. Largest mean organic carbmtkswas
recorded in mineral soils of wetlands followed byelst system, grassland, apple,
vegetable, maize, and lowest in case of paddy.skile WBC stocks varied from
15.20 to 46.52 (Mg hd in surface soils and 12.73 to 42.38 in subsurfsaie
layers. The LOC stocks under all the land uses wbserved to be higher in
surface layers than in the sub-surface layers. dsirgmean value of LOC stock
was recorded in wetlands followed by forest, gaass) apple, maize, paddy and
lowest in case of vegetable, soils. The carbonkstgertaining to particulate
fraction varied from 4.11 (vegetable soil) to ¥4.Bigha'(wetland soil) in



surface layers and 1.81 to 13.24 Mgha sub-surface soil of the studied land
uses. Among the agricultural and horticultural gstsms the average values of
MBC stocks were found to be highest under vegetkinid use (0.77 Mgha
followed by apple orchards (0.76 Mgha maize (0.68 Mghg) and lowest in
paddy soils.

6.5 Soil enzyme activities under different land use tygps.

Soil enzyme activities, which represent mixab activity, have been affected
by land use in the study area. Contrary to agreystem soils , forest and
grassland soils exhibited higher DHA activity. TD&A activity varied from
10.40 to 22.28ig TPF ¢ soil h*in surface soils and 5.90--to 17..§ TPF ¢
soil h'in sub-surface of different soils. The lowest apidosphatase (Ac-P)
activity (282.72 ug PNPsoil hY) in surface layers was recorded in maize soils
and highest (503.75 pg PNP goil hi') was related to wetland . The mean Ac-P
activity of wetland soils was generally much highiegan other soils in the study
area. Average values of alkaline phosphatase (Aladfvity in cultivated lands
were also observed to be lesser than that of Hatamsystems. Vegetable soils
exhibited the least Alk-P activity (285.05 pg PNP gpil H') and the maximum
activity was recorded in wetland soils (500.29 |NPRj*soil h?). Regarding the
activity of arylsulphatase (Aryl-S), the mean vaue 0-15 cm layer were found
to be highest under wetland followed by forest,ilsinobservation was recorded
at 15 to 30 cm depth. The least activity of AryWw&s recorded in vegetable soils.
The mean Fluorescein diacetate (FDA) hydrolasevigictof the soils ranged
from10.08 to17.47ug g-'soil h* in surface layer and from 5.20 to 6.8 g-soil
h™ in sub-surface layer, with highest and least #gtielated to forest and maize

land use, respectively.

6.6 Soil Quality Assessment

The physical, chemical and biochemical attels of soils were evaluated for
development of four types of indices viz., unsceseadditive index, PCA based
index, regression equation based index and Coraeframework model based
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index. The unscreened additive indic€QI-un.1 and SQI-un.2 revealed the
following order for soil quality of different soildorest(0.99, 0.99) >apple(0.76,
0.71) > vegetable(0.73, 0.69) > maize(0.71, 0.6¥9dely(0.68, 0.64)> The mean
un-SQl.1landun-SQI.2for native ecosystem(forest) and cropland ecosystere
0.99, 0.99 and 0.70 and 0.66, respectively. The P@ged soil quality indices
SQI-pca.land SQI-pca.2were also found to be maximum for forest soil 90.9
0.99) followed by apple orchard soils (0.76, 0.68)getable soil (0.70. 0.64),
maize soil (0.70, 0.64) and least in paddy so8900.64).

Regression based soil quality indic8QI-reg.1andSQI-reg.2) presented a
slightly different ranking of soil quality amongfi#irent land uses than other
methods SQI-reg.1landSQI-reg.2were found in the order: forest soil (1.00, 1.00)
followed by almost equal values for vegetable §0i62, 0.57) and apple orchard
soil (0.62, 0.55) and further decreased in the romdfemaize (0.57, 0.51) and
paddy (0.53, 0.48).

The conceptual framework model based qualifyces developed LSFSQI-
con.)) for paddy, maize, vegetable, apple and foredtvgeie recorded as 0.58,
0.60, 0.68, 0.73 and 1.00, respectively. The sarmdel based quality indices
developed through non-linear scoring{l-con.2 for paddy, maize, vegetable,
apple, and forest soil were estimated as 0.56,,0®87, 0.68, and 1.00,
respectively. Thus th&Ql-condisplayed the same soil quality ranking among
land uses aSQIl-pcaandSQI-un This indicates that conceptual model based on
potential indicators and assigning weights accaiginwas also effective and
suitable for detecting the differences betweenssaihder various land use
types/ecosystems. To sum up all the indexing methuseéd for different soils, it
may be concluded that the forest soil had the Isig8€)1 scores, suggesting they
are functioning at 99 to 100% of their potentigb@eity, whereas paddy soils with
the lowest SQI scores are functioning at 48 to @8%eir potential capacity.

6.7  Sensitivity of indexing methods

Soil quality indexing methods were evaluabgdestimating their sensitivity.

The sensitivity of indexing procedures decreasedoldsws: SQI-reg.2(2.05),



SQI-reg.11.88), SQI-con.21.77), SQI-con.11.69), SQIl-pca.21.55), SQI-
un.X1.54), SQI-un.11.46), and least in case &QIl-pca.{1.43). Thus, the

regression equation based index developed throug-limear scoring of

indicators is the most sensitive method. Conceptreahework based indices
(SQI-con.1land SQI-con.2 and PCA base&QI-pca2)have also scored well in

terms of sensitivity.

Conclusions

Natural ecosystems were found to accumulate hig€®C than
anthropogenic ecosystems. Wetlands have high S@temowhereas, cereal
based crop cultivation has lead to decline in @& OC in this zone.

Land use has influenced the sizes of various fyastof SOC in agriculture
and horticulture land uses. Negative impact ofppieg on LOC level is
particularly important, since it is a main componém the flux of CQ
between the terrestrial ecosystems and atmosphere.

Carbon management index of different soils was dounthe order; Forest >
grassland >apple orchard>maize>paddy> vegetalle soi

Higher SOC stocks in native ecosystems in contmastoplands imply that
further intensification and extension of agricuifunto native ecosystems
will lead to higher loss of stored carbon from soil

Marked variations in soil chemical and physicatibtites as well as enzyme
activities were observed among different land ugeed. The undisturbed
soils clearly exhibited better condition signifyitigat prolonged agricultural
land use has altered the magnitude, diversity, spadial variability of soll
properties.

Driven by adverse physical, chemical and biochehusbanges, the overall
SQ of paddy, maize, apple and vegetable fieldslepketed. The SQ indices,
in general, have revealed the following soil qyati&nking among the land

use types: forests > apple orchards > vegetahiesize >paddy soil.
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Different indexing methods and scoring combinatiged in the investigation
revealed the differences in soil quality amongetdéht land uses. However,
non-linear scoring exhibited higher sensitivitythe respective indices.
Evaluation of different indexing procedures revetilat regression based
indices are most sensitive, followed by conceptnaltlel based indices and
PCA based (non-linear scoring) index.

The soil quality indices used in the present ingasibn can be effectively
used for different soils of the zone. However, Hert validation of the
approaches used in indexing procedures is required.

Overall, forest, grassland and wetland ecosystepeaa to be most
conducive for higher accumulation of SOC, thus imgjpn maintaining the
soil quality. The results substantiate the hypathem which this study was
based, that any shift from the ecological equilibriand land use change due
to human activities has an impact on soil quality &OC stocks across the

ecosystems in this zone.
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APPENDIX

Table A.1: 95% Confidence interval and mean bulk desity (Mg m™) of surface and sub-surface layer of different

soils.
Surface------------- Sub-suface---------------
95% C.I 95% C.I

Land use/ Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Ecosystem

Paddy 1.19 0.035 111 1.27 1.25 0.021 1.20 1.30
Maize 1.26 0043 113 1.37 1.30 0oo2s  l21 1.39
Apple 1.38 0026 131 1.43 1.47 0012  l44 1.50
Vegetable 0.98 0.036 0.89 1.06 1.08 0.031 1.01 1.15
Forest 0.89 0.049 0.78 1.00 0.97 0.046 0.86 1.08
Wetland 0.73 0.039 0.63 0.82 0.80 0.018 0.74 0.85

+/- S.E(M) - standard error mean, -@dénfidence interval,

LB - lower bound, UB -pgv bound.



Table A.2: 95% Confidence interval and mean valuesf porosity in surface and sub-surface layer of dfierent soils.

Surface Sub-surfae------------------
95% C.I 95% C.I

Land use/ Mean +/- S.E(M) LB uB Mean +/- S.E(M) LB
Ecosystem
Paddy 0.55 0.045 0.50 0.57 0.53 0.031 0.48 0.54
Maize 0.53 0.044 0.51 0.58 0.51 0.027 0.47 0.52
Apple 0.48 0.036 0.44 0.51 0.44 0.015 0.41 0.48
Vegetable 0.63 0.046 0.55 0.67 0.59 0.068 0.51 0.61
Forest 0.66 0.059 0.59 0.68 0.63 0.038 0.57 0.67
Grassland 0.56 0.029 0.53 0.60 0.53 0.046 0.51 0.57
Wetland 0.73 0.049 0.69 0.76 0.70 0.036 0.67 0.72




Table A.3: 95% Confidence interval and mean valuesf void ratios in surface and sub-surface layer afhe soils.

Surface---------------- Sub-suface------------------
95% C.I 95%IC.

Land use/ Mean +/- S.E(M) LB uB Mean +/- S.E(M) LB UB
Ecosystem
Paddy 1.23 0035  1.19 1.27 1.12 0.041 110 116
Maize 1.13 0.046 1.10 1.17 1.03 0.032 1.00 1.06
Apple 0.92 0.037 0.91 0.93 0.80 0.045 0.77 0.85
Vegetable 1.71 0.056 1.68 1.73 1.45 0.062 1.41 1.49
Forest 1.77 0.049 1.75 1.81 1.73 0.029 1.71 1.76
Grassland 1.30 0.039 1.28 1.33 1.13 0.048 1.10 1.15
Wetland 2.67 0.051 2.62 2.70 2.33 0.039 2.26 2.39




Table A.4: 95% Confidence interval and mean valuesf % clay, silt and sand of surface layer of diffeent soils

Clay Silt Sand

Land use/ 95% C.I 95% C.I 95% C.I
Ecosystem Mean  +/-S.E(M) LB UB | Mean +-S.EM) LB UB | Mean +-S.E(M) LB UB
Paddy 31.6 1.12 28.48 34.'7338'78 4.40 26.38 51.18 29.60 4.12 18.15 41.05
Maize 30.17 0.54 28.67 31.6746.70 1.15 43.5249.93| 23.16 1.29 19.57 26.74
Apple 33.46 0.94 30.84 36.08 39.44 6.79 20.5658.31| 27.09 6.4 9.23  44.97
Vegetable 24.32 1.11 23.09 30.3032.77 2.06 27.2538.71| 42.87 3.11 38.17 52.45
Forest 31.44 1.70 26.70 36.1846.79 6.09 28.4965.09| 21.76 5.23 7.23 36.28
Grassland  32.46 1.71 27.69 3723%43.09 5.33 28.2857.90| 24.44 4.01 13.28 35.59
Wetland 42.75 0.90 42.27 43.2341.03 1.61 40.6941.36| 16.21 1.06 16.04 16.37




Table A.5:95% Confidence interval and mean valugof % clay, silt and sand of sub-surface layer dfifferent soils

Clay Silt Sand
Land use/ 95% C.| 95% C.I 95% C.I
Ecosystem \ean +/-S.E(M) LB UB Mean +/-S.E(M) LB UB Mean +/-S.E(M) LB UB
37.65 30.02

Paddy 32.32 0..81 30.0684.57 0.81 30.06 34.57 3.78 19.51 40.54
Maize 31.57 0.93 28.9834.64 | 47.12 0.80 44.88 49.35 21.30 1.42 17.35.26
Apple 34.45 1.04 31.5437.36 | 38.99 6.17 20.47 57.51 26.55 6.24 9.20 43.90
Vegetable 25.46 0.85 23.780.55 | 32.74 1.99 28.72 36.79 41.79 2.79 37.82.31
Forest 31.79 1.75 26.9(86.67 | 46.68 6.68 28.11 65.24 21.52 5.23 7.01 36.05
Grassland 33.52 1.50 29.337.70 | 42.68 5.27 28.02 57.34 23.72 4.09 12.36.07
Wetland  43.74 0.86 41.33%46.14 | 39.00 0.93 36.40 41.61 17.25 0.46 15.98.55




Table A.6: 95% Confidence interval and mean pH o$urface and sub-surface layer of different soils.

Surface---------=-=-=-msemnmeoeeun Sub-suface
95% C.I 95% C.I
Land use/
Ecosystem Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
6.91
Paddy 6.63 0.048 6.52 6.75 0.066 6.76 7.06
Maize 7.04 0.078 6.86 7.22 7.19 0.086 6.99 7.39
Apple 7.00 0.030 6.93 7.06 7.25 0.044 7.15 7.35
Vegetable 7.30 0.045 7.20 7.41 7.19 0.066 7.04 7.35
Forest 6.70 0.058 6.57 6.84 6.94 0.057 6.81 7.07
Grassland 7.15 0.054 7.03 7.28 7.26 0.071 7.10 7.42
Wetland 6.43 0.050 6.31 6.54 6.75 0.039 6.66 6.84




Table A.7: 95% Confidence interval and mean \iaes of electrical conductivity (dSnt) in surface and sub-
surface layer of differergoils.

Surface------------- Sub-suréce
95% C.I 95% C.I
Land use/
Ecosystem Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Paddy 0.19 0.012 0.171 0.226 0.12 0.015 0.101 0.187
Mai ) A 161 .004 127 14
aize 0.14 0.005 0.136 0.16 0.13 0.00 0 0.149

Apple 0.21 0.008 0.192 0.225 0.17 0.009 0.163 0.225
Vegetable 0.17 0.006 0.164 0.195 0.16 0.017 0.155 0.247
Forest 0.012 0.118 0.173 0.012 0.018 0.095

0.12 0.14
Grassland 0.015 0.093 0.162 0.003 0.076 0.102

0.11 0.09
Wetland 0.60 0.048 0.489 0.700 0.65 0.051 0.55 0.74




Table A.8: 95% Confidence interval and mean valuesf available soil Nitrogen (mgKg") in surface and sub-surface

layer of different soils.

95%IC. 95% C.|
Land use/ 0 +- S.E(M) LB UB Mean  +/-S.E(M) LB UB
Ecosystem
Paddy 98.12 3.246 94.22 105.33 80.50 215 5677  83.23
Maize 103.49 4.566 94.34 110.34 88.22 1.24  .88B5  92.34
Apple 140.20 4.053 132.00  154.36 121.64 152 8.34 126.45
Vegetable  145.32 3.711 139.45  153.23 122.68 51.36 116.55 125.76
Forest 178.70 3.635 170.31  187.07 173.55 2.23 166.45 178.56
Grassland  143.93 2.058 14055  147.34 124.49 71.91 121.34 130.34
Wetland ~ 202.57 2.650 197.22  208.54 192,17 2.47 186.74 198.32




Table A.9: 95% Confidence interval and mean valugof available Phosphorus (mgKdg) in surface and sub-surface
layer of different soils.

----------------------------- Surface-------=-=-=-=meosmsesmemeas | cmcmcmcmceceeecececeeeee—----SUD-sUfACE----
95% C.| 95% C.|

Land use/ o +/- S.E(M) LB UB Mean  +-S.E(M) B UB
Ecosystem
Paddy 11.01 0.177 10.84 11.91 8.02 0.082 783 218
Maize 11.83 0.184 10.64 12.12 8.11 0.071 7.94 278
Apple 12.89 0.155 12.66 13.92 8.42 0.047 8.31 .538
Vegetable  11.72 0.183 11.53 11.91 8.01 0.072 578 8.8
Forest 17.28 0.216 17.02 18.15 13.26 0.130 12.96 13.56
Grassland  14.16 0.201 11.75 14.91 10.13 0071  029. 935
Wetland 19.12 0.562 15.75 16.49 12.98 0.101 427 13.22




Table A.10: 95% Confidence interval and mean valuesf available Potassium (mgKd) in surface and sub-surface
layer of different soils.

----------------------------- Surface m=mmmmmes | memememeeeceeeeeeeeee oo e SUD-SUIRE- -5 - - - - = e m e oo me e
95% C.| 95% C.|

Land use/ — \ioan 4 S.E(M) LB UB Mean +-S.E(M) LB UB

Ecosystem

Paddy 149.91 1.614 138.56 154.56 151.93 0.746 248.6154.67

Maize 1.129 140.33 146.42 146.68 0.819 141.96 149.55
143.70

Apple 1.811 164.81 186.46 181.29 1.076 17595  187.68
178.84

Vegetable 1.881 158.32 187.56 150.84 1.00 138.61  153.96
173.13

Forest 2.198 210.66 246.76 232.65 1.198 127.65  241.57
228.17

Grassland 2.230 206.22 224.33 220.35 1.201 214.88 6.58
213.45

Wetland 261.81 1.691 255.67 270.34 268.22 1.090 256.54  274.22




Table A.11: 95% Confidence interval and mean valueof available Sulphur (mgKg®) in surface and sub-surface

layer of different soils.

----------------------------- Surface------------—--=-=em-mes | cooeoeeeeeeeeeeeeeeeeee—--Sub-surfae-------------- oo e oo
95% C.I 95% C.I

Landuse/ — \oon 4-SEM) LB UB Mean  +-S.E(M) LB UB
Ecosystem
Paddy 10.18 0.116 8.54 11.12 8.78 0.109 7.65 10.90
Maize 11.56 0.161 10.11 13.03. 8.91 0.092 8.10 9.21
Apple 13.26 0.171 11.01 15.24 10.36 0.086 9.54 1n1.0
Vegetable 9.70 0.189 6.76 10.88 6.76 0.087 6.26 6 8.6
Forest 13.47 0.163 11.01 14.43 10.74 0.120 8.76 3111.
Grassland 12.84 0.138 11.53 14.25 10.16 0.110 9.17 11.48
Wetland 14.74 0.183 13.67 16.45 11.72 0.141 9.79 442




Table A.12: 95% Confidence interval and mean valugof exchangeable Calcium (cmol (+)K9) in surface and sub-surface
layer of different soils.

----------------------------- Surface-----=-=-=s=—=smemememeceas | cemeeeeeeeeeeeeeeeeeeeeee--SUD-SUfACE----= === m e m oo
95% C.| 95% C.|
'éa”d Use/  Mean  +/- S.E(M) LB UB Mean  +/- S.E(M) LB UB
cosystem
Paddy 8.91 0.033 7.32 9.22 9.75 0.028 8.67 10.98
Maize 0.028 9.10 11.01 0.035 9.33 12.22
10.85 10.76
Apple 8.10 0.039 7.32 9.35 2 85 0.042 6.36 8.88
Vegetable 290 0.063 5.26 9.77 - 0.033 6.33 8.87
Forest 1071 0.012 8.55 12.08 6.94 0.014 6.01 7.28
Grassland 1155 0.038 10.19 13.26 1131 0.046 9.55 14.01
Wetland 12 40 0.049 10.54 14.05 12 29 0.070 9.30 14.79




Table A.13: 95 % Confidence interval and mean vales of exchangeable Magnesium (cmol (+)Kyin surface and sub-
surface layer of differeniods.
----------------------------- Surface------------—--=cmsmememes | commemeeeeee oo oo ee———--SUb-suface----
95% C.I 95% C.

Land use/

Ecosystem Mean +/- S.E(M) LB uB Mean +/- S.E(M) LB uB
Paddy 1.60 0.023 1.55 1.65 2.02 0.013 2.00 2.16
Maize 2.01 0.021 2.00 2.41 2.59 0.010 251 2 65
Apple 2.36 0.031 2.12 2.76 2.60 0.021 250 2 65
Vegetable 1.57 0.027 1.18 2.49 2.38 0.023 1.91 276
Forest 2.89 0.020 2.00 3.10 2.93 0.015 255 322
Grassland 2.49 0.019 2.12 2.92 2.92 0.025 277 208
Wetland 3.03 0.027 2.43 3.25 3.19 0.026 253 3.32




Table A.14: 95% Confidence interval and mean vales of % TOC in surface and sub-surface layer of diérent soils.

Surface------------- Sub-surfae------------=-----------
95% C.I 95% C.|

Land use/ — \1oan +/- S.E(M) LB UB Mean +-S.E(M) LB UB
Ecosystem
Paddy 1.14 0.056 1.02 1.26 0.92 0.058 0.79 1.04
Maize 1.18 0.095 0.97 1.04 0.88 0.078 0.71 1.04
Apple 1.22 0.083 1.03 1.39 0.96 0.088 0.77 1.15
Vegetable 1.71 0.110 1.47 1.95 1.31 0.058 1.19 1.44
Forest 2.34 0.121 2.06 2.58 2.02 0.099 1.80 2.23
Grassland 1.77 0.080 1.59 1.94 1.52 0.111 1.27 1.75
Wetland 5.68 0.313 5.00 6.34 5.02 0.26 4.46 5.58




Table A.15: 95% Confidence interval and mean valweof % WBC in surface and sub-surface layer of difrent soils.

----------------------------- Surface---------=s-—=smemememes | cemmcmcccecececeeceeeeeee--SUD-SUIfRE--- === - - oo s e e e eeee
95% C.I 95% C.I

Land use/
Ecosystem Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Paddy 0.85 0.044 0.75 0.94 0.68 0.034 0.60 0.75
Maize 0.89 0.072 0.73 1.04 0.74 0.057 0.67 0.86
Apple 0.94 0.066 0.80 1.08 0.71 0.071 0.56 0.86
Vegetable 1.25 0.082 1.07 1.42 1.13 0.053 1.01 1.24
Forest 1.76 0.091 1.53 1.99 1.57 0.095 1.36 1.77
Grassland 1.33 0.059 1.19 1.45 1.16 0.097 0.94 1.36
Wetland 4.26 0.220 3.78 4.74 3.54 0.187 3.13 3.94




Table A.16: 95% Confidence interval and mean valueof LOC (mgKg’ ) in surface and sub-surface layer of different

soils.
----------------------------- Surface------=--=s-——=smemememes | cmmmcmeececececeecneeeeee--SUD-SUIfBE--- === -m o s e e e ee
95% C.I 95% C.I

Land use/
Ecosystem Mean +/- S.E(M) LB UB Mean +/- B(M) LB UB
Paddy 67.46 1866.90 2156.30 1324 36.55

2012 1198.03 1487.04
Maize 144.32 1899.75 2518.86 1006 87.00

2209 824.45 1345.76
Apple 125.60 2096.21 2636.14 1100 75.44

2366 985.75 1301.45
Vegetable 206.04 1640.12 2523.95 1079 87.54

2082 815.97 1340.55
Forest 393.95 3562.12 5252.10 2873 165.45

4407 2534.66 3124.34
Grassland 185.49 2422.13 3217.83 1831 165.32

2820 1434.55 1756.90
Wetland 11202 757.86 9576.22 12827.60 9409 145.56 547.43 9763.91




Table A.17: 95% Confidence interval and mean valieof POC (mgKg') in surface and sub-surface layer of different

soils.
----------------------------- Surface----------------emsoeoeme | oo oo oo Sub-surface-------- oo oo oo oeee-
95% C.I 95% C.I
'ésggy‘;ts:é] Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Paddy 2495 191.12 2085.06 2904.88 1416 125.22 2024.1646.36
Maize 3695 377.76 2884.26  4504.73 1170 227.55 224.3 1575.34
Apple 3112 236.07 2606.01 3618.65 1466 215.40 265.4 1734.25
Vegetable 2793 180.10 2406.12 3179.47 1043 143.22 86.5% 1324.36
Forest 5675 41.71 595.54 774.48 3329 31.23 2986.33986.12
Grassland 4398 422.00 3493.29 5303.50 2308 279.55 839.88 2677.41
Wetland 13420 870.01 11554.315286.14 11148 674.30 9254.32 12014.25




Table A.18: 95% Confidence interval and mean valueof MBC (mgKg™) in surface and sub-surface layer of different

soils.
----------------------------- Surface------==-=s-——=smcmememes | comcmemceeecmeecececeeeeeo--SUD-SUIfACE - == m o m e e e e e
95% C.| 95% C.I

Landuse/ — \1oon +-SEM) LB UB Mean +-S.E(M) LB UB
Ecosystem
Paddy 276.30 11.67 251.22 301.29 172.4 10.22 145.75 197.32
Maize 357.50 32.36 288.06 426.29 177.1 26.45 139.48 225.12
Apple 367.30 33.94 294.45 440.46 216.6 31.00 187.44 227.21
Vegetable 524.90 44.61 429.20 620.56 317.7 27.33 7.325 358.11
Forest 655.01 41.71 575.54 774.48 480.9 36.34 374.9 544.80
Grassland 592.30 34.36 518.61 666.01 423.4 38.21 7.582 547.53
Wetland 952.40 57.21 829.67 1075.10 754.0 47.55 AG21 843.70




Table A.19: 95% Confidence interval and mean valueof Dehydrogenase activity (ug TPF Y soil hi') in surface and
sub-surface layer of differérsoils.
----------------------------- Surface-------------==-=emeoeoes | cmemememeeeeeeeeeeeeeeee-.-Sub-surface------------ oo oo oeeeo-
95% C.I 95% C.I
Land use/
Ecosystem Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Paddy 10.59 0.087 10.39 10.80 6.36 0.095 6.14 6.58
Maize 10.72 0.090 10.51 10.94 7.24 0.082 7.05 7.43
Apple 13.55 0.142 13.22 13.88 8.07 0.108 7.82 8.32
Vegetable 10.40 0.102 10.10 10.96 5.90 0.079 5.72 6.10
Forest 20.81 0.132 20.51 21.52 12.38 0.109 12.02 14.81
Grassland 17.74 0.139 17.42 18.06 8.16 0.055 6.87 8.53
Wetland 22.28 0.142 20.31 22.96 17.16 0.120 16.88 17.45




Table A.20: 95% Confidence interval and mean valueof Acid phosphatase activity (g PNP §-soil h-') in surface

and sub-surface layer of défent soils.

----------------------------- Surface-----=-=-=-=cmmemsmsceoes | cmmeeemeeeeeeeeeeeeeeeeee-SUD-SUIfACE - - -- - o e e e e e e
95% C.I 95% C.I
'éiggy“;:n Mean  +-S.E(M) LB UB Mean +-SEM) LB UB
Paddy 305.06 3.173  284.97 319.38 136.17 2.724 229.939.26
Maize 282.72 3.936  278.26 287.19 135.89 2.963 730.6.38.11
Apple 298.57 2586  287.22 299.93 157.59 2.861 750.262.8
Vegetable  283.94 6.890  264.30 293.59 130.29 3.83  3.762 136.83
Forest 470.24 9.370  448.62 491.87 402.57 11.29 2967.437.85
Grassland  434.58 3701  426.01 443.11 236.67 9.67  6.082 261.30
Wetland 503.75 6.803  488.01 519.48 436.43 11.02 4899 463.35




Table A.21: 95% Confidence interval and mean valueof Alkaline phosphatase activity (ug PNP §-soil h-) in surface
and sub-surface layer of défent soils.

----------------------------- Surface-------------==--somceoees | cmemememeeeeemeeeeeeeeeo—--SuUb-surfae----
95% C.| 95% C.|
Ié?:gcsjyu;zn Mean +/- S.E(M) LB UB Mean +/- S.E(M) LB UB
Paddy 316.67 1.173 313.97 319.38 227.96 1.380 7824  231.17
Maize 297.85 1.08 293.13 333.35 209.83 1.612 1206. 213.54
Apple 289.74 1.436 286.43 293.05 166.84 2.211 .ABl  172.00
Vegetable 285.05 2.880 278.39 291.70 177.60 1.086 172.02 179.18
Forest 425.25 1.869 421.14 429.76 338.70 2.05 9833 343.45
Grassland 441.90 2.83 435.35 448.35 351.14 3.830 342..30 359.98
Wetland 500.53 2.980 498.65 512.40 426.33 3.57 8.081 434.58




Table A.22: 95% Confidence interval and mean vales of Aryl sulphatase activity (ug gsoil h) in surface and sub-
surface layer of differentods.

----------------------------- Surface---------=-=-=me-sescsoeas | cmecemececeeeseoeceoeeeee—--SUb-surfae----
95% C.I 95% C.I

Land use/

Ecosystem Mean +/- S.E(M) LB uB Mean +/- S.E(M) LB uB
Paddy 35.00 0.144 34.67 35.40 11.63 0.142 11.31 9611
Maize 33.08 0.118 32.81 33.40 11.16 0.055 11.00 .3511
Apple 37.19 0.121 34.91 38.50 10.82 0.035 10.74  .9QL0
Vegetable 32.77 0.344 30.42 33.82 10.63 0.128 410.3 10.92
Forest 47.14 0.250 46.57 47.73 15.84 0.094 15.62 6.051
Grassland 49.26 0.326 48.51 50.01 16.57 0.136 616.2 16.89
Wetland 56.21 0.346 55.40 57.01 20.62 0.112 20.36 20.90




Table A.23: 95% Confidence interval and mean valuesf Fluorescein Diacetate (FDA) hydrolytic activity(ug g'soil
H) in surface and sub-surface layer of different st..

----------------------------- Surface-------------m--emseemeen | oo e--SUDb-sUIfaE----
95%IC. 95% C.|
'éa”d use/  \rean +/- S.E(M) LB UB Mean +-S.E(M) LB UB
cosystem
Paddy 12.51 0.090 1230  12.72 6.65 0.063 6.50 6.82
Maize 10.08 0.090 9.87 10.29 5.20 0056 o 534
Apple 14.43 0.107 1419  14.68 7.06 0.22 6.45 9.69
Vegetable 15.80 0.076 15.62 16.00 8.14 0.037 8.05 823
Forest 747 0.053 17.34  17.60 7.21 0069 o -
Grassland ., ¢ 0.142 1322  13.90 6.26 0085 6.47
Wetland 16.55 0.055 16.42  16.68 6.78 0.036 6.66 6.87
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