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Chapter — 1
INTRODUCTION

Atmospheric concentration of Gas increased from ~280 ppm in pre-
industrial era to ~385 ppm (Pachauri, 2007) amatésently increasing at the rate
of ~2 ppm/yr. Over the past 150 years, the amob@imadoon in the atmosphere
has increased by 30 per cent. The increase ine@@ssion by human activity is
attributed to industrialization, urbanization andreasing vehicular traffic. As the
atmospheric concentration of @@rows, there is increasing interest in restraining
this growth in order to minimize potential impaots the global climate by global
warming, which is the most dreaded problem acrbssworld. Thus several
options of CQ sequestration being considered are soils, annuganic additives
etc. (Lal, 2004). One of the main options for carloitigation identified by the

IPCC is the sequestration of carbon in soils.

There is a growing concern that increasing levélsagbon dioxide in the
atmosphere will change the climate, making thelEadrmer and increasing the
frequency of extreme weather events. Organic mattesoils acts as a large
carbon sink and plays an important role in the, ®@ance. However, there is
little information on how different nutrient managent strategies could influence
soil carbon sequestration in the short term duciregpping cycles. Earlier studies
considered soil carbon sequestration in the lomgn tend mostly in temperate
climates (Logahet al., 2011).

Soil organic matter is of central importance in maining soil quality and
is also now receiving attention due to potential darbon sequestration in soils.
Soil quality is an integrated characteristic detesd by biological, chemical and
physical soil properties defining a soil's capacity function. Maintaining or
increasing soil organic matter is critical to aeimg optimum soil function. In
many parts of the world, organic wastes represanhaxpensive and plentiful
resource for the treatment of soil quality (Sundsiemet al., 1996). Soil organic



carbon is the most frequently reported soil atteband is commonly selected as
the key indicator of soil quality and agronomictairgbility because of its impact

on other physical, chemical and biological elemeifitsus organic amendments
play an important role in maintaining soil qualeypd carbon sequestration and
thereby green house gas mitigation Maintainingianckasing soil organic matter

(SOM) adds to soil fertility, water retention aneje production. Recently, many

soil scientists have suggested that the sequestratiatmospheric carbon dioxide
in SOM could also contribute significantly to atigt® to adhere to the Kyoto

Protocol (Schlesinger, 1999).

Terrestrial carbon sequestration in this contextened as the enhanced
removal of carbon-dioxide from the atmosphere tghothe accelerated carbon
storage in soils. In addition to applying carbachrsoil amendment it provides a
high content of carbon to low carbon soils therahyimproved environment for
plant growth. The underlying premise of buildingl wganic matter is a climate
change mitigation strategy. Healthy soils storédbcarand support plant growth
which can remove more carbon-dioxide from the aphese than existing poor.
In any biological system, carbon is present in svienown forms in pools and
compartments. In terrestrial systems, it is cormeinio divide these reserves into
aboveground and belowground pools (Xu and Juma2)19Roots play an
important role in the carbon cycle as they trans@ersiderable amounts of carbon
to the ground where it may be stored for a relétiveng period of time. The
plant uses part of the carbon in the roots to emxethe total biomass through
photosynthesis. Some roots can extend to greatpthsle but the greatest
proportion of the total root mass is within thesfiBO cm of the soil surface. Root
biomass is an important carbon pool because ihaofpresents 10-40 per cent of

total biomass.

In agricultural systems, optimization of carbon androgen cycling
through soil organic matter can improve soil fastiand yields while reducing

negative environmental impact. A basic tenet tteet uided the management of



soil organic matter for decades has been thatibguih levels of carbon and
nitrogen are controlled by their net input and thaalitative differences in these
inputs are relatively unimportant. This contrasthhwatural ecosystems in which
there are significant effects of species compasidind litter quality on carbon and
nitrogen cycling. Quantitative differences in natmary productivity and nitrogen
balance across agroecosystems do not accountdooliberved changes in soll
carbon and nitrogen (Drinkwatet al., 1998). We suggest that the use of low
carbon-to-nitrogen organic residues to maintain $eitility, combined with
greater temporal diversity in cropping sequencégnificantly increases the
retention of soil carbon and nitrogen, which hagontant implications for
regional and global carbon and nitrogen budgetstasied production and

environmental quality.

Annuals and herbaceous plants like sorghums, amgagtass, Egyptian
clover etc. reach physiological maturity much sgotiean woody plants and
therefore can sequester maximum amounts of carbas little as sixty days from
germination. Perennial grassy and herbaceous planesrally take 1 to 2 growing
seasons to reach physiological maturity before sgtging maximum amounts of
CO,. Actively managed annual and perennial grassy lartaceous plants, by
providing optimal levels of fertilizer and with optal defoliation, stimulate the
plant to photosynthesize at maximum levels, remmaagimum amounts of GO

from the atmosphere and perpetuate the plant imickij.

With the adoption of improved technology for obtagmhigher yields per
unit area. Requirement of the nutrients has ine@as many folds. Continuous
use of inorganic fertilizers resulted in deficienmfymicronutrients, imbalance in
soil physicochemical properties and unsustainalotg groduction. With the
increased cost of inorganic fertilizers, applicatiof recommended dose is
difficult to be afforded by the small and margif@tmers. Hence renewable and
low cost sources of plant nutrients for supplemrmgntand complementing

chemical fertilizers should be substituted which ba affordable to the majority



of farming community. In this context, integrategtnient management would be
a viable strategy for advocating judicious andoggfit use of chemical fertilizers
with matching addition of organic manures (Jayaltelet al., 2006). Farmyard
manure iS a conspicuous organic component of agghated nutrient supply
system, which improves soil health, increases tbdyztivity and releases macro
and micronutrients. The compost produced by usamthezorms commonly called
vermicompost is a rich source of macro and micrtrients, vitamins, growth
hormones etc. Vermicompost plays a significant molenproving the fertility of

topsoil and in boosting the productivity of the gr@nsari and Sukhraj, 2010).

The nutrient use efficiency of plants grown withentical Nitrogen
fertilizer is approximately 60 per cent. The prpuadiloss results from leaching of
nutrients and denitrification. During Nitrogen férer production for every Kg of
NH; produced, there is 10 Kg of carbon-dioxide emissleegume crops can fix
upto 100 Kg of N/ha annually. For each legume auogwn, approximately 1ton
of carbon-dioxide carbon emission is avoided. Ttheye is clearly a carbon
emission benefit in using legume crops. In additionincreased plant residue
input and increased soil organic carbon contenttemmportantly the carbon
emission savings by using legume plants is perntamnkare soil carbon content

increase resulting from increased inputs must bataiaed continuously.

Generally, excessive amounts of inorganic fertiSzeare applied to
vegetables in order to achieve a higher yield arakimum value of growth.
However, the use of inorganic fertilizers alone nuayise problems for human
health and the environment (Ouda and Mahadeen,)28068inorganic fertilizer is
considered a major source of plant nutrients. Qogananure can serve as
alternative practice to mineral fertilizers for imping soil structure and
microbial biomass. Therefore, utilization of logalproduced manures by
vegetable production operations may increase crapdsy with less use of

chemical fertilizer.



Thus, sequestration of carbon in soils be achievgdeither reduced
decomposition or increased carbon input. Incorpamadf legumes for Nitrogen
fixation in the crop rotation is a strategy thahdaad to long term, permanent
savings in green house gas emissions. Additionafure and composts in soils
can results in significant carbon accumulationailss Reducing tillage can result

in soil organic carbon increase.

The primary way that carbon is stored in the ®#&$ soil organic matter.
Soil organic matter is a complex mixture of carbmmpounds, consisting of
decomposing plant and animal tissue and microbagdd can remain stored in
soils for millenia, or be quickly released backoirthe atmosphere. Climatic
condition, natural vegetation, soil texture andirtage all affect the amount and
length of time for which carbon is stored. Soil migial population drives the soil
organic carbon and nutrient cycles. As the plasides or other organic materials
are attacked by the soil microbial population, atipo is assimilated by soil
microbes becoming part of soil microbial biomasse Fecond fraction is released
into the atmosphere as carbon-dioxide. The remaisdmartially transformed and
may be attacked later by the microbial populatidihe continued cycle of
microbial residues in a soil is thus the most intgoatr process affecting long-term

changes in soil organic carbon.

With the recent interest in the potential for agiiere to capture
atmospheric carbon-dioxide, through the accumulatswil organic carbon,
measurements in this area have been viewed assgnegty important promoting
soil health and encouraging the development of @génic matter have always
been central tenets of the organic approach andctméribution of organic
systems to this area has therefore been of coasigeimportance. The potential
of agricultural systems to sequester atmospherizocadioxide through building
levels of soil carbon, has been an area of coraieinterest in recent years in
view of green house gas reduction targets set gifwrgoolicy measures like

Annexure ‘B’ of the Kyoto Protocol.



Organic fertilizers and soil additives such as costpand manure are
derived from waste outputs generated by other syst&hese inputs are assumed
to enter the farming systems without any environtaerburden. Organic
amendments have the great potential to improveasgdnic carbon which helps
to sustain soil fertility and conserve soil and evatjuality. Therefore organic
amendments not only help to mitigate global warntiggarbon sequestration but
to establish a sustainable food system. Organicndments also restore soil
guality by balancing pH, adding organic mattery@asing water holding capacity
and re-establishing microbial communities. Soitiliéy is noticeably affected by
microbial activity. Changes in the size and acyivif the biomass can affect
Carbon mineralization, turnover of organic matted éhe cycling of N and P as
well as their availability for plants as the biomas a dynamic pool containing
considerable reserves of these elements (Luna ageérD2010). The microbial
biomass itself can be an important indicator ofl spiality and the ratio of
microbial carbon to soil organic carbon can provate early warning of the
improvement or deterioration of soil quality. Thalgnicrobial biomass carbon
(MBC) is an important component of soil organic teatand comprises 1-3per
cent of total organic carbon in soil, but it hagpid turnover rate and represents a
labile reservoir of nutrients. Due to its dynamitaacter, microbial biomass
responds to agricultural management practicesiyatitin, crop rotation, residue
management and amendments application) and otheroemental variables

often before effects are measurable in organicoradontent.

The organic matter content is a significant compoad a key indicator
of the quality of the soil. In fact, this parametsrdirectly related to different
physical soil properties like, bulk density, potgsiwater infiltration and water
holding capacity. Of particular interest, manurd anmposts have received much
interest and their positive impact on soil struefwstability, nitrogen and carbon
content have been reported. Organic additives hkanure, composts, sludge etc.

decrease soil bulk density and reduces elementitpxThese amendments also

=]



increase soil aggregate stability, improve watelding capacity, enhance total
and water soluble organic carbon, improve nutriawailability to plants and
increase biomass production (Bouajila and Sanaal)2®oils are the largest
terrestrial sinks for carbon on the planet. Thditgoaof agriculture lands to store
or sequester carbon depends on several factorglingl climate, soil type, type of
crop or vegetation cover and management practideseg¢no and Montemurro,
2010).

Soil microbes function as a transient nutrient sankl are responsible for
releasing nutrients (N, P and S) from organic mafte use by plants. An
understanding of microbial processes is importanttie management of farming
systems, particularly those that rely on organiputs of nutrients. The soil
microbial community is involved in numerous ecosystfunctions, such as
nutrient cycling and organic matter decompositiod alays a crucial role in the
terrestrial carbon cycle. The microbial commungyai more reactive component
of a terrestrial ecosystem to external stress fants and animals. Recognition
of the importance of soil microorganisms has lediroreased interest in
measuring the nutrients held in their biomass. dssiliving plant roots and
organisms, soil microbial biomass is a living pamtiof soil organic matter. Soll
microbial biomass is considered to act both astent of biochemical changes in
soil and as a repository of plant nutrients suchitegen (N) and phosphorus (P)
in agricultural ecosystems. The changes in soilamig carbon contents are
directly associated with changes in microbial biesmaarbon and biological
activity in the soil. The response to changes puta of organic material is much
quicker in soil microbial biomass than in soil angamatter as a whole. Microbial
biomass contains labile fraction of organic carbemd nitrogen, which are
mineralized rapidly after the death of microbiall&eSoil microbes are typically
carbon limited. Lower microbial biomass in soilsorfr conventional

agroecosystems is often caused by reduced orgarbort content in the soil. The



guantity and quality of organic inputs are the miogportant factors affecting

microbial biomass and community structure (Nakhrd Bkhar, 2010).

This study was specifically conducted in a temgedimate to evaluate
soil carbon sequestration under different nutrreahagement strategies. In an era
when global warming is increasingly becoming animmental threat to human
existence, there is a need for studies of thisreamnich can provide information
on the best soil amendments and cropping systenthwihll enhance soil carbon
sequestration in the short term with increased greld. An understanding of the
dynamics of carbon stock in soils, as impacted nagement strategies, is
necessary to identify the pathways of carbon serpies in soils and for
maintaining soil organic carbon (SOC) at a levélaal for up keeping soil health

and also for restraining global warming.

In view of the fact that the annuals and organiditaces are helpful in
increasing soil carbon pool the present investgaton “Impact of organic
amendments on soil carbon sequestration and biocaalssn allocation of crops”
was carried out with the following objectives:

1) To estimate the soil carbon pool.

2) To estimate the carbon stock of aboveground l@dwground

biomass of crops, and

3) To estimate the potential of crops in sequasgecarbon.



Chapter — 2
REVIEW OF LITERATURE

Total organic matter accumulated in soils consgud major portion of
the world’s fixed carbon reserves. Bohn (1976)nested that the soil contains
approximately 30x1§ Kg organic carbon. Distribution of this organic teat
among soil type is highly variable and generallyt easily predictable from
aboveground vegetation type. The quantity of orgamaterial retained within the

soil matrix is the difference between total biompisduction and decomposition.

Studies on carbon sequestration and managementilofjgality with
application of organic additives showed significaimcrease in nutrient
availability. Application of Farmyard manure (7/8a), paddy straw (10 t/ha) and
green manure (8 t/ha) alongwith inorganic fertilizexhibited increase in
microbial biomass carbon and mineralizable carfidrvere was also a significant

increase in non-labile carbon fraction (Gheshl., 1986).

Soil from a long-term crop rotation study conducad ethbridge, Alberta
was analyzed to determine the influence of varigpisng wheat rotations with
and without perennial forages on total and mineadlie soil organic matter
contents. Effects of crop rotation on carbon miliestion were similar to those
observed for N. Differences in amounts of mineedie organic matter among
treatments were attributed to varying frequencied patterns of crop residue
additions. The pronounced effects of crop rotabonthe distribution of organic
matter among labile and humified organic mattet mave a strong impact on soil
fertility and may need to be taken into consideratin the development of

fertilizer recommendations (Janzen, 1987).

Campbellet al. (1991) worked on the effect of crop rotations anttural
practices on soil organic matter, microbial biomasd respiration in a thin black
chernozem and concluded that fertilizer increased srganic carbon and

microbial biomass, soil organic carbon, C minesdlan and microbial biomass
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carbon and N increased with increasing frequencyropping and with the
inclusion of legumes as green manure in the rotafitne influence of treatments
on soil microbial biomass carbon was less pronoditicean on microbial biomass
N. Carbon mineralization was a good index for dediing treatment effects.
Changes in amount and quality of the soil organatten were associated with
estimated amount and C and N content of plant wesideturned to the soil.
Organic carbon content of soils of Kinnaur and Ldh& Spiti district ranged

from 0.11 to 4.05 per cent as stated by Sharm&argh (1991).

The soil organic carbon pool in the top 1m depthwofld soils ranges
between 1462 to 1576 Pg. It is nearly three tirhasin the aboveground biomass
and approximately double that in the atmospherge8Zent of this is contributed
by soils in the tropics (Eswaranal., 1993).

Biomass estimation by Jensen (1993) in Java shadkatdl6 MgC/halyr
could be stored if rice fields were transformediame-garden. Kern and Johnson
(1993) reviewed data from 17 fields comparing ritage plots in USA and
observed that soil organic carbon gains were 27404 cm layer, 16% for 8-15

cm layer and no gains for depth > 15cm.

Gupta and Harsh (1994) stated that the presenk sibcarbon in the
Indian soils (24.3 Pg) could be increased to 349TPwus, there is a potential of

10.6 Pg for sequestrating additional carbon.

Quantifying changes in soil microbial biomass anidaralizable carbon
and nitrogen is important in understanding the dyica of the active soil C and N
pools. The objectives were to quantify long-ternd am@asonal changes in soil
organic C (SOC), soil microbial biomass C (SMBC)daN (SMBN) and
mineralizable C and N in continuous sorghutorfhum bicolor (L.) Moench]
and sorghum-wheatT(iticum aestivum L.)/soybean Glycine max (L.) Merr.]
sequences under conventional tillage (CT) andllagé (NT) with and without N
fertilization. Mineralizable C and SMBC averaged®d §reater in rotation than in



monoculture, probably due to greater C input viapcroots and residues in
rotation and a shorter fallow. Mineralizable N wibh fertilization was 36%
greater in continuous sorghum but not different #atated sorghum.
(Franzluebberst al., 1995).

Ghoshal and Singh (1995) worked on changes in thk msicrobial
biomass following applications of farmyard manunel &norganic fertilizer, alone
and in combination, for two annual cycles in a leatil crop sequence. During
the two annual cycles the microbial biomass caraoge (ig ') was 146-241 (x
= 204), 191-301 (245), 244-382 (305) and 294-44856)3n control, fertilizer,
manure and manure + fertilizer plots, respectivélye maximum increase in the
microbial biomass, due to these inputs was obseameér the manure + fertilizer
treatment followed, in decreasing order, by maraloae and fertilizer alone. The
maximum levels of microbial biomass C and P wergeobed during the summer
fallow. The maximum accumulation of microbial biossaN occurred in the early
rainy season, immediately after the soil amendm&hisrobial biomass C, N and
P were positively related to each other througlioeitannual cycle.

Microbial biomass determinations may indicate clesng soil organic
matter before they can be detected by measuriag gotl carbon (Jenkinson and
Ladd, 1981; Powlsost al., 1987) making possible its use as an indicatcaofy

changes in soil organic matter content (Costastial., 1996).

To quantify the masses of soil C, N and P storedsails from the
agricultural regions of Ontario and to assess tin@acts of agriculture by
comparing soils under cropland and adjacent forestsvoodlots. Ellert and
Gregorich (1996) compared the forest soil withghdace layers of the cultivated
soils (averaged for the 15 sites) and reportede34£ent less C, 19 per cent less N
and 24 per cent more P. Decreases in carbon starage attributed to reduced
carbon inputs and enhanced rates of plant litteayleChanges in N storage were
dependent on management of N fertility and culiorainduced narrowing of

C/N ratios indicated preferential maintenance atMtive to C storage. Increases



in P storage were attributed to fertilization. Téeguantitative comparisons
indicated that decreases in carbon storage were desere than frequently
suspected and that the increases in P storage may dn equally important

influence on ecosystem function.

Cooper and Warman (1997) worked on the effects hoéet fertility
amendments on soil dehydrogenase activity, orgaarbon (OC) and pHAn
Acadia silty clay and a Pugwash sandy loam weré &atilized with three rates
of either composted chicken manure, fresh chickanure, or synthetic fertilizer.
The effects of these amendments on soil microbdivity (dehydrogenase
enzyme activity, DHA), organic C and pH were moreth There was no
treatment effect on soil organic C in the sandympavhile organic treatments
increased organic C in the silty clay soil. Soil plds affected by treatments to
both soils with compost amendments producing theatgst increases in this
parameter. The results emphasize the importanceonsidering initial soll
organic C and soil texture when planning studiesthed effect of organic

amendments on soil microbial activity.

In a long-term field experiment started in 1956 arctlay loam soil at
Uppsala, Sweden, changes of organic carbon indpsotils receiving various
organic amendments at the rate of 200 kg C/halyees studied to determine soil
organic matter characteristics, variations3biC in the soil and to estimate a
carbon balance. Fallow and mineral fertilizer withdN led to a significant
decrease of soil organic matter (SOM) in the spiéen manure maintained the
SOM content and animal manure and peat increased S®M content
significantly. Mineralization of microbially avaitde organic substances led to an
increase in the degree of humification on plotsreoeiving organic amendments.
Adding peat and animal manure resulted in a deereshe humification index

due to the continuous input of poorly humified mnigtie(Gerzabelet al., 1997).

As the amount of crop residue returned to theisailcreased, soil organic

carbon sequestration is expected to increase ifdbielue carbon is not lost as



CO, to the atmosphere because of tillage induced deesition (Larneyet al.,
1997; Reicosky, 1997a,b).

Potteret al. (1997) determined crop rotation, tillage andiliedr effects
on SOC distribution and mass in the semiarid sooti@eat Plains. Total SOC
content in the surface 20 cm was increased 5.64a @/ the CW no-till treatment
and 2.8 t C/ha in the CS no-till treatment compangth the stubble mulch
treatment. Differences were not significantly diéfiet between tillage treatments
in the wheat/fallow (WF) and wheat/fallow/sorghuatibw (WSF) systems. No-
till management with continuous crops sequester@don in comparison to
stubblemulch management on the southern GreatsPl&alow limits carbon

accumulation.

Ritz et al. (1997) worked on temporal behaviour of microliemass C,
N and respiration measured under barley crops mexperiments on successive
years in a recently converted organic producticstesy in Scotland. Soils were
fertilised with farmyard manure or poultry manuf@ontrol soils received no
manure at the start of the growing season. C-flisdhes approximately doubled
over the growing season in both years of the tshbwing a decline to pre-
sowing values between the two seasons. Manureddondeacrease the C-flush in
the 2¢ year only. N-flush in the 2nd year showed noéase in planted control
plots but did increase in fallow soils. C-flush alshowed a consistent and
persistent increase in incubated soils. This sugg#®t the fundamental C-
supplying characteristics of these soils was sheth the biomass was moving
towards a new equilibrium value fuelled by the tigkly recent introduction of

the organic farming regime.

Smith et al. (1997) studied the potential for carbon sequtstrain
European soils and reported only limited potertaincrease soil carbon stocks
over the next century by addition of animal manseyage sludge or straw (< 15
Tg Clyr) but greater potential through intensifioatis estimated to increase the

total soil carbon, stock of European Union by 17 qant.



Zueng Sargy al. (1997) tested 172 soil pedons of cultivated |azls
forest of Taiwan for estimation of organic carbaols. They found total organic
carbon of 347 Tg from the soil surface to a dedtlh@ cm. As estimated the
organic carbon in soils was 196 Tg in the uppenb@om the surface. They also
reported that the mean soil organic carbon stonaghe upper 30 cm depth of
different cultivated soils ranged from 2.8 kd/in oxisols to 18.3 kg/fin
Andisols and in forest soils ranged from 383 kgimEntisols to 36.9 kg/fmin
Histosols.

Bronsonet al. (1998) observed that despite straw removed inlakae
producing rainfed regions and straw burning ingheductive and irrigated areas,
carbon levels are constant in tropical and subiteb@sia. In clayed acid upland
soils, carbon levels are usually higher than inrtbe-rice, rice-wheat soils of the
south and south eastern regions. In both regigrsf@estry appears effective in

sequestering in soil organic carbon.

A study carried out by Drinkwatet al. (1998) on legume based cropping
systems revealed that even in the intensely managgdecosystems, plant
species composition and litter quality influencel sarganic matter (SOM)
turnover markedly. Increase in SOM in the MNR (i nitrogen source for
maize) and LEG (legume system) were highly sigaificin terms of ecosystem
function and soil quality. Greater retention of lb@arbon and nitrogen suggests
that use of low carbon-to-nitrogen residues to ma@nsoil fertility combined
with increased temporal diversity restores thedgmal linkage between carbon
and nitrogen cycling in these systems and could teamproved global carbon

and nitrogen balance.

Haynes and Naidu (1998) worked on the effects dfliimr and manure
applications on soil organic matter status and gdil/sical properties and
concluded that fertilizers are applied to soil®rder to maintain or improve crop
yields. In the long-term, increased crop yields anganic matter returns with

regular fertilizer applications result in a highsoil organic matter content and



biological activity being attained than where ndifigers are applied. Additions

of organic manures result in increased soil orgamitter content. Many reports
have shown that this results in increased watedihglcapacity and decreased
bulk density.

A field study was conducted to evaluate the eftdatlifferent composts,
spring-applied alone or in combination with ammaniwnitrate (AN), on
microbial biomass carbon (MBC) and alkaline phosaba activity (APA) in two
soils cropped with spring wheaflr{ticum aestivum L.) in eastern Quebec,
Canada. Generally, larger MBC and APA values wertasd at wheat harvest in
soils treated with composts alone than with AN ala@r unfertilized. These
effects were related to soil C content and climatnditions. Compost type
affected soil biochemical properties which could dté&ributed to the total C
supply and material maturation state. Compost maditonstitutes an efficient
short-term way to promote soil microbial biomassl @mzyme activity in cold
climates (Lalandest al., 1998). The benefit of increasing soil organicboa is
not only improved soil structure and water nutrisglaaitionship, but includes the
ability to store carbon in the soil to reduce atpiesic CQ (Lal et al., 1998;
1999).

Rochette and Gregorich (1998) reported that appdiceof manure and
fertilizer affects the rate and extent of mineratiian and sequestration of C in
soil. The objective of this study was to deternng of application of N fertilizer
and different manure amendments on,G®olution and the dynamics of soll
microbial biomass and soluble C in the field. Manamendments increased soil
respiration and levels of soluble organic C andrafial biomass C by a factor of
2 to 3 compared with the control, whereas the Nlitasr had little effect on any
parameter. The total manure-derived ZDwas equivalent to 52 per cent of the
applied stockpiled-manure C and 67 per cent ofapplied rotted-manure C.
Estimates of average turnover rates of microbiaimaiss ranged between 0.72/yr

and 1.22/yr and were lowest in manured soils. Mediusoils also had large



guantities of soluble C with a slower turnover rtitan that in either fertilized or

unamended soils.

Ball et al. (1999) concluded that low or zero €fluxes under no tillage
are associated with reduced gas diffusivity andilked porosity, while increased

CO, emission with plough is due to degassing of smibon-dioxide.

Bruceet al. (1999) worked on carbon sequestration in soit$ rported
that application of nutritive amendments, includiogmmercial fertilizers and
organic amendments, favors soil carbon by incrgagields and, consequently,
the amount of residues returned to the soil. Additf organic amendments like
livestock manure also promotes soil carbon by agldarbon directly, although
this carbon is merely a recycling of crop carbod does not necessarily represent
a new input. Other agronomic options that may &hnhigher yields include
improved crop varieties, better pest control, meffecient fertilizer practices and
improved water management (including irrigationhe$e higher yields will
translate into higher soil carbon contents, prodittee higher residue amounts are
returned to the soil.

The effects of tillage and crop rotation on soilcrobial biomass and
activity were studied in 1995-1997 in the wheat sghaf different cropping
rotations that had been established in 1992 under tillage or conventional
tillage in northern Alberta. Soil microbial biomasgas often significantly K
<0.05) higher, but never significantly lower, undezero tillage than under
conventional tillage. The higher additions but lowssses of labile C under zero
tillage mean that more C is sequestered in the inothe zero-tillage system
(Lupwayiet al., 1999).

Zebarth et al. (1999) worked on the influence of organic waste
amendments on selected soil physical and chemiogkepties and concluded that
annual applications of organic wastes for as losigl &r increased soil organic
matter content, decreased soil bulk density anceased soil water retention of a



coarse-textured soil. However, soil water-holdirapacity was not necessarily

increased and there was a limited effect on stiboaxchange capacity.

Dalal and Carter (2000) reported that the soil oigaarbon in the 10cm
layer decreased with cultivation duration from 2251 to 4.4-10.2 Mg C/ha. The

rate of loss was lower in coarse textured soilsustralia.

Manjaiah et al. (2000) investigated the soil organic C and N lstpc
storage profiles and microbial biomass as infludndey different crop
management systems in a tropical agricultural estegy. The different crop
management systems significantly affected the C ldnstocks and microbial
biomass C and N at different soil depths. Amonigstsystems evaluated, the rice-
wheat system maintained a higher soil organic QGesaninclusion of legumes in
the system improved the soil organic matter lewel also soil microbial biomass
activity, vital for the nutrient turnover and lomgrm productivity of the soil.
Irrespective of the cropping system, approxima$éyt, 25.7 and 15.9 per cent of
the C was distributed in 0-15, 15-30 and 3080depths, respectively.

A study was carried out by Muller (2000) on sequasin potential of
organic agriculture and found that organic cropations with deep rooting
legumes increased the carbon content in deep a@l by rhizodeposition and

dead root mass.

Witt et al. (2000) carried out studies on rapid chloroforrigation
extraction method for measuring soil microbial bas® carbon and nitrogen in
flooded rice soils and reported that chloroform-fgation extraction method with
fumigation at atmospheric pressure (CFAP, withcatuum) was developed for
measuring microbial biomass C (CBIO) and N (NBl@)water saturated rice
soils. The method was tested in a series of laboratxperiments and compared
with the standard chloroform-fumigation extractiéior both methods, there was
little interference from living rice roots or chang soil water content (0.44-0.55/

kg wet soil). A comparison of the two techniqueswéd a highly significant



correlation for both CBIO and NBIO (R 0.001) suggesting that the simple and
rapid CFAP is a reliable alternative to the CFE.

Carloset al. (2001) studied the carbon sequestration ratesaftlage
chronosequence and concluded that the carbon desjiees rates for no tillage
was 80.6 g/crifyr for the 0-20cm depth. The no tillage carbonusstration

potential for South Brazil was estimated as 9.3C/Vg

Follet (2001) reported that crop rotations andtenmcover crops have the
potential to sequester 14-29MMTC/yr in zinc croplawils. Biomass production
was increased by efficient use of production inpand optimum fertility levels
and water availability in soils was found to afféoe quantity of crop residues and

carbon sequestration.

Gregorichet al. (2001) reported that legume-based cropping systzmld
help to increase crop productivity and soil orgammatter levels, thereby
enhancing soil quality, as well as having the add#l benefit of sequestering
atmospheric C. Cropping sequence (i.e., rotatiomonoculture) had a greater
effect on soil C levels than application of ferdr. The difference in soil C levels
between rotation and monoculture maize systemsabkasit 20 Mg C/ha. The
effects of fertilization on soil C were small (~6gMC/ha) and differences were

observed only in the monoculture system.

Biomass serves as a carbon sink absorbing carloom tihe atmosphere
and storing it in the form of living plants mat@nd decomposed plant matter in
the soils. Vast amount of carbon are continuallingpeexchanged between this
biosphere sink and the atmosphere. Approximatelydition tonnes of carbon is
absorbed annually through photosynthesis and cabhfgaramount is released

through respiration and decomposition (Kartha, 2001

In addition to nutrient cycling, residue retentialso enhances numerous

ecosystem services including improvement in sodlity) increase in agronomic



productivity and profitability and decrease in gs&f soil erosion, water runoff,

loss of fertilizers, amendments and soil organibea (Lal, 2001).

Organic amendments increase soil organic matteel Isignificantly.
Carbon sequestration in agricultural soils is cated by the balance of added
organic residues and microbial oxidation of botkidees and native organic

matter as moderated by management and tillage ifRickt al., 2001).

Singh (2001) worked on soil quality parameters eaxdbon sequestration
as influenced by the management practices in riceatvmaize-wheat cropping
systems. The treatments consisted of two tillaigeset water regimes and twelve
nutrient levels. The results indicated that orgazadoon and microbial biomass
carbon increased in the treatments receiving agphic of organic manure
(particularly FYM), green manure and biofertilizeémsconjunction with inorganic

fertilizers.

The Carbon sequestration potential of any soil dépeon its capacity to
store resistant plant components in the medium tamd to protect and
accumulate the humic substances (HS) formed froen ttansformations or
organic materials in the soil environment. The sstpation potential of a soil
depends on the vegetation it supports, its mingredb composition, the depth of
the solum, soil drainage, the availability of waséed air and the temperature of
the soil environment. The sequestration potenisd aepends on the chemical
characteristics of the soil organic matter and atslity to resist microbial
decomposition. It is encouraging to know that inyew soil and crop
management systems now allow field yields to bentamed and soil C reserves
to be increased, even for soils with depleted Ewébkoil C (Swift, 2001).

Chellem and Lazarovits (2002) reported that appboaof 560 N, 110 P,
440 K (kg/ha) resulted in an increase in soil pld aounts of total soil fungi but
not total soil bacteria. A second location that hmn previously cropped to
vegetables under certified organic production dinds and had moderate levels



of soil fertility, was used to test the effect cantaloupe yields. An application
rate of 110 N, 22 P, 88 K (kg/ha) of Nature Safereased early yields as
compared to a formulation of dried poultry manupeleed at 112 N, 90 P, 112 K
(kg/ha) or an unfertilized control. This study demawated that organic fertilizers
can provide multiple benefits for Florida vegetapteduction systems including

improving fertility and increasing soil microbiabpulations.

The goal of long-term agroecological research (LYAdtes in four
distinct agroecological zones in lowa was to exanme short-and long-term
physical, biological and socioeconomic effects @fjamic and conventional
farming systems. By establishing long-term expenitseDelate (2012) tested the
hypothesis that longer crop rotations, typical ofjamic farms, provide yield
stability, improve plant protection and enhancé kealth and economic benefits
compared to conventional systems with shorter imptatand greater off-farm
inputs. Examples of research results from two LTédperiments in lowa include
pepper Capsicum annuum) and soybean@lycine max) yields in the conventional
and organic systems. Organic systems used mecharged control and locally

produced compost in place of synthetic fertilizers.

Halvorsonet al. (2002) worked on the tillage system and croptiata
effects on dryland crop yields and Soil Carbon. healy was conducted from
1990 through 1994 and evaluated the effect ofg#llaystem with the varying
degrees of soil disturbance and crop rotationsrop gield and SOC and found
that reduced tillage and intensified cropping iased SOC and reduced soil
erosion potential.

Incorporation of legumes in nitrogen fixation inetlcrop rotation is a
strategy that can lead to long term permanent gauimgreen house gas emission.
Addition of the manure and composts in the soil msult in significant carbon
accumulation in soils and reduced tillage can tesal increase carbon

sequestration (Feng and Xiaomei, 2002).



Lal (2002b) reported that the most soils in the ivedstern USA have lost
30-50per cent of their original pool or 25-40 Mgh&/upon conversion from
natural to agricultural ecosystems. About 60-70%hefcarbon thus depleted can
be resequestered through adoption of recommendédusb crop management
practices. The gross rate of soil organic carbguestration ranges from 500-800
kg/halyr in cold and humid regions and 100-300 &&/hin dry warm regions and
there is also a large potential to sequester smiban in arid and semi-arid

regions.

Stopping erosion by surface mulching was founde@ib effective way to
keep soil carbon intact in Thailand (Limtong anériv, 2002). Returning 15-
30% of the crop residues lead to stabilization @f sarbon content. In India,
Rastogiet al. (2002) reported the amount of carbon stored ensthil is 23.4-27.1

Gt which is 1.6 to 1.8% of carbon stored in theld/srsoils.

Tristram (2002) reported an increase in gross carBequestration of
approx. 168 kg/ha/yr conventional to no till praes and the potential to
sequester carbon varies considerably between ¢qug trop rotation and the
amount of fertilizer necessary for crop growth. Thewer gross carbon
sequestration value obtained using all crop typas found to be lower for cereal

grains than from continous corn crops.

Soil microbial biomass is a living pool containihgh% of the soil organic
matter (Jenkinson and Ladd, 1981; Sparling, 19882¢luding root, meso and
macro fauna. Its activity and often fast turnoverpact soil characteristics
affecting its quality by conduction of biochemicetbnsformation of organic
matter being a source or a sink of plant nutrie(fsanzluebbers, 2002;
Haubensalet al., 2002; Hargreavest al., 2003).

To monitor the impact of crop rotations and compeysplications on C
sequestration, soil organic matter (SOM) decomjuosi@nd the turnover time of
Cs-derived C in the soil via changes in the C contémrtunaet al. (2003)



conducted studies on management practices thaemde the quantity of C inputs
returned to the soil from cropping systems and amshpapplications alter
subsequent biotic activity broadly, contribute &msonal fluctuations in nutrient
dynamics and may increase carbon sequestratiory. fgpwrted POM-C in the
soil 45 per cent higher and SOC 16 per cent gredtere compost was applied in

place of N fertilizer.

Adoption of recommended management practices (Risenhance the
soil organic carbon (SOC) pool to fill the larges@hk capacity on the world's
agricultural soils. This article collates, reviewad synthesizes the available
information on SOC sequestration by RMPs, with Bmeceferences to crop
rotations and tillage practices, cover crops, kyning and agroforestry, use of
manure and biosolids, N fertilizationand precisfarming and irrigation. There
is a strong interaction among RMPs with regardstheir effect on SOC

concentration and soil quality (Jarecki and LaD20

Sherrodet al. (2003) evaluated the effect of no-till systems wieat
(Triticum aestivum)-fallow (WF), wheat-corn 4ea mays)-fallow (WCF), wheat-
corn-millet Panicum miliaceum)-fallow, continuous cropping (CC) without
monocultureand perennial grass (G) on SOC and kot@IN) levels at three
eastern Colorado locations. Soil organic C and hbldased 20% in the CC
system compared with WF in the 0-to 10-cm depthe Gheatest impact was
found in the 0 to 2.5-cm layerand decreased wéptld Annualized stover
biomass explained 80% of the variation in SOC ahiff the 0 to 10-cm soil
profile. Cropping systems that eliminate summelof@ing are maximizing the
amount of SOC and TN sequestered.

Smith (2003) worked on carbon sequestration iplarcds and concluded
that the biological potential for carbon storageBuropean cropland is of the
order of 90-120 MtC per year with a range of omi@vailable including use of
organic amendments (animal manure, sewage sludgealcstraw, compost)

improved rotations, reduced and zero tillage arepdeoting crop.



Foereid (2004) reported an increase in soil orgamatter of about 10-40
g/cnflyr in Northern Europe , the use of grass clomethe rotation and as cover

crops was particularly important for the increaserganic matter.

Cropping systems that included wheat containedgtieatest amount of
CT and NT. Continuous wheat contained 2910 g°GImil 287 g N/ compared
to 2225 g/C rhand 222 g N/th(0-15 cm) for continuous soybean. No-tillage
contained 1128 g C/and 109 g N/at 0-5 cm compared to 918 g G/emd 87
g N/nf for CT. Sorghum contained 51% more @an soybean and NT
accounted for 59% more,Ghan CT. More crop residue was produced and
retained in rotations that included sorghum. Niag# increased C 2440 kg/ha,
while CT increased C 340 kg/ha across all soybeagiisim rotations. The
highest sequestration rate (122 kg C/haly) wasreedewith NT sorghum and
was equivalent to ~3.2% of the plant material (raotl shoot, less gain harvest)

remaining in the soil annually (Doyé&t al., 2004).

Total, particulate organic matter (POM)and soilcrobial biomass
(SMB)-C and-N pools were assessed for each expetihe (Griffin and Porter,
2004). Total C and N stocks were not affected ldyalever {rifolium pratense
L.) cover crop or legume GM, but were increased 2%53% via a single
application of annual manure and/or compost amentnvéith the exception of
continuous potato production which dramaticallyuest the SMB-C and SMB-N
concentration, SMB-C and-N were minimally affecteg changes in cropping
sequence, but were quite sensitive to amendmerds,those that were primarily
C. POM-C and-N, associated with the coarse mingeation (53-2,000 pum),
were more responsive to management factors comparedal C and N in soil.
The change in soil C fractions was a linear functdincreasing C supply, across
all experiments and treatments. Within these invehg tilled, 2-year crop
rotations, substantial C and N inputs from amendmare needed to significantly
alter soil C and N pools, although cropping segaeesitanges can influence more

labile pools responsible for nutrient cycling.



Lal (2004) worked on the potential of carbon setraéien in soils and
concluded that soil carbon sequestration increasesagricultural soils with

manuring and cover cropping, mulch farming and eoretion tillage.

Panet al. (2004) worked on estimation of the topsoil satganic carbon
(SOC) pool and the sequestration potential of pagtdlg in China was made by
using the data from the 2nd State Soil Survey edraut during 1979-1982 and
from the nationwide arable soil monitoring systestablished since then. Results
showed that the SOC density ranged from 12 to Z2/& with an area-weighted
mean density of 44 t C/ha, which is comparablén&d of the US grasslands and is
higher than that of the cultivated dryland soil<imina and the US. The estimated
total topsoil SOC pool is 1.3 Pg, with 0.85 Pg froine upper plow layer and
0.45 Pg from the plowpan layer. Therefore, praatjcsustainable agriculture is
urgently needed for enhancing SOC storage to eealie ultimate SOC
sequestration of rice-based agriculture of Chirsathee current C sequestration

rate is significantly lower than the potential rate

Antil et al. (2005) worked on the influence of fertilizer arderents
(organic manure and mineral fertilizers) and manage practices (fallows.
cropped) on changes in organic carbon (OC) assaktigith different particle-size
fractions. Organic Carbon in plots receiving orgamianures increased depending
on the quality of the organic manures applied. Tdr&king among the different
treatments under both fallow and cropped plots vaasmal manure (liquid) >
animal manure (solid) > cattle slurry = slurry ¥ast = PK = NPK. Results
showed that the two types of management practitadgw (non-tilled) vs.
cropped (tilled) had effects on OC concentrati@@nparing the OC contribution
of particle-size fractions to the total OC amouweaaled the following ranking:
silt > clay > fine sand > coarse sand except inploés receiving solid or liquid

animal manure.

The effectiveness of no-till (NT) farming in redaogiloss of soil organic

matter (SOM) depends on climate and soil properfieage treatments for



continuous cornZea mays) were NT, chisel plow (CP)and moldboard plow
(MP). No-till increased SOC and N pools in the Gbtom layer in silt loam soil
but had no effect in clay soil. The rate of SOCusstration in the silt-loam soil
under NT was 175 kg C/haly. For both soils, theezenno differences between
tillage treatments in several soil properties idolg texture, available water
capacity, hydraulic conductivityK¢) and cation exchange capacity. The NT
decreased soil bulk density and pH in the 0 to mS5kayer in the silt loam soill.
The plow till treatments had a small impact on sgbregation in clayey soll
(Jarecki and Lal, 2005).

Jorg and Silke (2005) reported the long-term e$fedtapplying different
organic amendments and mineral N fertilizer levelsoils on the content of: (1)
microbially decomposable carbon (Cdec); and (2)rohbi@l biomass carbon
(Cmic). The Cdec content of soils that were covewdth a vegetable crop
rotation were determined and established thatlifferences between treatments
with and without organic amendments correspondeg well to those found
under arable crop rotations. Under the given expamntal conditions, leaving the
crop residues on the field generated an optimunelle¥ soil organic matter
content. When the Cdec content of the soils affglyéeng different organic
amendments as based on the C input were compaesdwere found them to be
similar. 10 t ha/yr farmyard manure (FYM) has beeported to be sufficient to

generate an optimum level of organic matter inlarabils.

Lupwayi et al. (2005) applied cattle manure, hog manure or @i
fertilizers annually or triennially in field trislconducted at two sites over 3 yr. A
control treatment without manure or fertilizer vadso included. Canold&(assica
napus) was grown in year 1, hulless barledyfofdeum vulgare) in year 2 and
wheat {riticum aestivum) in year 3. Cattle manure increased soil microbial
biomass carbon (MBC) by 26% to three-fold, hog nmarhy 31% to two-fold and
inorganic fertilizers reduced MBC by 20-64%. Similaffects, except the



reduction by inorganic fertilizers, were observed functional diversity of soil

bacteria and Shannon index, H

Sainju et al. (2005) reported that aboveground biomass yieldryef
decreased from 6.1 to 2.3 Mg/ha from 2000 to 208, yield of hairy vetch
varied (2.4 to 5.2 Mg/ha). In contrast, biomasddyief vetch and rye biculture
(5.6 to 8.2 Mg/ha) was greater than that of rye aetth planted alone in all
years. Compared with winter weeds in no cover ¢regtment, C content in rye
(1729 to 2670 kg/ha) was greater due to higher asgsvyield, but N content in
vetch (76 to 165 kg/ha) was greater due to higheomtentration, except in 2002.
As a result, C (2260 to 3512 kg/ha) and N (84 t0 Bd/ha) contents in biculture
were greater than those from monocultures in alryeSimilarly, belowground
biomass yield and C and N contents were greaterbigulture than in
monocultures. Because of higher biomass yield aaddN contents, biculture of
hairy vetch and rye cover crops may increase N Igugpmmer crop yields and
N uptake compared with rye and may increase pe@ilentid improve soil organic
matter and reduce N leaching compared with vetch.

Flavel and Murphy (2006) worked on Carbon and N Mineralization
Rates after Application of Organic Amendments tal.Sthe objective of this
study was to quantify C and N mineralization ratesn a range of organic
amendments that differed in their total C and Nteots and C quality. There was
a highly significant relationship between &O evolution and gross N
mineralization R?=0.95). Some of the chemically determined C quality
parameters had significant relationshigs<(d.05) with both the cumulative
amounts of C and N evolved.

Goyal et al. (2006) worked on Soil organic matter level, mided
biomass C and N, mineralizable C and Nand dehyhage activity in soils from
a field experiment under rice-barley rotation rese inorganic fertilizers and a
combination of inorganic fertilizers and organiceadments. The amounts of soil

organic matter and mineralizable C and N increaséfi the application of



inorganic fertilizers. Microbial biomass C and Ncrieased significantly with the
addition of organic along with inorganic fertilizer(536 mg/kg soil) than
unfertilized soil (241 mg/kg soil). The results icated that the improvement in
organic matter, microbial activities and crop ygldue to use of inorganic
fertilizers along with organic manures can help sistaining the long-term

productivity of the soil.

Makumbaet al. (2006) worked on long term impact of a gliciridiaize
intercropping system on carbon sequestration intteon Malawi. The studies
involved two field plots, 7-year (MZ21) and 10 ye@1Z12), two production
systems (sole maize and gliciridia maize simultaisaatercropping system). The
amount of organic carbon recycled varied from 08-Mlg C/ha in gliricidia
maize and concluded that gliricidia maize intergiag system sequesters more

carbon in soil than sole maize.

Pendellet al. (2006) examined the economic potential of nagéd versus
conventional tillage to sequester soil carbon bypgiswo rates of commercial N
fertilizer for continuous cornZga mays L.) production. The values of carbon
credits that provide an incentive for managersdopa production systems that
sequester carbon at greater rates were derivedilldgstems had greater annual
soil carbon gains, net carbon gainsand net rettltea conventional tillage
systems. Systems that used beef cattle manurerkategsoil carbon gains and
net carbon gains, but lower net returns, than systthat used commercial N
fertilizer. Carbon credits would be needed to enage the use of manure-

fertilized cropping systems.

Ghoshet al. (2007) reported no effect on Soil nitrate-N comtby the
addition of organic materials, but addition of atmanure produced higher
exchangeable potassium and phosphorus concenti@temtwo years in cotton
crop. Higher nutrient uptake was observed by mataton, leaving the soil
depleted of these nutrients during that periodsigaificant effect on the short-

term microbiological properties measured by micabbiomass and respiration.



Soil management strategies have great potentigbtdribute to carbon
sequestration, since the carbon sink capacity ef wlorld’s agriculture and
degraded soil is 50-60 per cent of the historibearloss of 42-72 Pg, although
the actual carbon storage in cultivated soil magtaller if climate changes lead
to increasing mineralization. No tillage practicesyer crop management and
manure application are recommended to enhancegahic carbon storage and
to contribute to sustainable food production, whatko improves soil quality
(Komatsuzaki and Ohta, 2007).

Mandal et al. (2007) carried out their work on potential of mping
systems and soil amendments for carbon sequestratisoils under long term
experiment in subtropical India and concluded tbatsustenance of soil organic
carbon level a minimum quantity of 2.9MgC is reqdito be added per hectare

per annum as inputs.

Bhattacharyyaet al. (2008) reported that soils are one of the most
important natural resources in enhancing carboucamnd storage. They also
reported that soils capture and store both organdt inorganic forms of carbon

and thus act both as source and sink for atmospbarbondioxide.

Bradley et al. (2008) determined the effect of cover crops, marand
compost on short-term carbon sequestration ratek reat global warming
potential (GWP) in a corn-soybeai®ljcine max (L.) Merr.] rotation with
complete corn stover removal. Field experimentssistimg of a corn-soybean-
corn rotation with whole-plant corn harvest, weomaucted near East Lansing,
MI over a 3-yr period beginning in the fall of 200@arbon amendments were:
compost, manure and a winter cereal Seedle cereale L.) cover crop. Compost
and manure amendments raised soil C levels in ttee ®and 0 to 25 cm soil
profile but not in the 5 to 25 cm soil profile owée relatively short-term duration
of the study. Total soil organic C (SOC) (kg/ha)the 0 to 25 cm profile
increased by 41 and 25% for the compost and mdreasments, respectively and

decreased by 3% for the untreated check. Compaistremure soil amendments



resulted in a net GWP of —1811 and -1060 g/@0yr, respectively, compared
to 12 g CQ/m?/yr for untreated.

Joginderet al. (2008) reported that application of sodic wated arganic
amendments significantly increased MBC; GM and F¥ildre more effective
than WS (wheat straw). Changes in soil ESP (exawirlg sodium percentage)
explained 85 and 75% variation in MBC in the unadezh and organically
amended SW (sodic water) treatments, respecti®ely.pH as additional variable
improved the predictability of MBC to 96 and 77%ppication of organic
amendments significantly increased the rice andatviield; it was significantly
correlated with MBC (r = 0.56, n = 60).

Lu (2008) worked on assessment of the availabilify nitrogen
fertilization in improving carbon sequestration grdial of China's cropland soil.
The results showed that the application of syntha@trogen fertilizer could bring
about a carbon sequestration potential of 21.9 Tig €urrent situation and 30.2
Tg C with fertilization as recommended. Howeverdemnthe two scenarios, the
greenhouse gas leakage caused by fertilizer priotueind application would
reach 72.9 and 91.4 Tg C and thus, the actualai@icarbon sequestration
potential would be-51.0 and-61.1 Tg C, respectivdlge situation was even
worse under the 'fertilization as recommended’ &wenbecause the increase in
the amount of nitrogen fertilization would lead 1®. 1 Tg C or more net
greenhouse gas emission. All these results indicétat the application of
synthetic nitrogen fertilizer could not be taken adeasible measure for the

carbon sequestration of cropland soil in China.

Singh (2008) while studying carbon sequestration soils of cool
temperate regions of Europe and reported that ¢tinheérn regions have a large
potential of soil organic carbon sequestration. ksv, with predicted global
warming soils in these areas may become sourcéradspheric carbon dioxide.
The rehabilitation of peat lands has shown a p@lefdr SOC sequestration

ranging from 25 to 45 g/cfyr in Scandinavian countries. He also reported tha



conservation tillage, reduced soil erosion, restpmvetlands and degraded lands
coupled with improved cultivation practices e.grtifieer application, crop

rotation and cover crops can make the soil ofdkisarbon sink.

Abrahamsonet al. (2009) worked on predicting soil organic carbon
sequestration in the South eastern United Statedh WPIC and the soll
conditioning index and concluded sequestratiorodfaganic carbon was greater
under no tillage than under the conventional télamd found dairy manure input
had a large positive effect on simulated soil orgaarbon.

Masakazu and Faiz (2009) carried out their studiasorganic rice
production system and soil carbon storage in Wasd,Jndonesia and the results
from soil analysis indicated that organic farmingdhsignificantly higher soil
carbon storage capacity than conventional farmorganic farming increases
1.85MgC/halyr soil carbon storage compared to cotmeal farming system.

Ahlgreacute and Turpeinen (2007) worked on the mi@k of cropping
systems and soil amendments for carbon sequestraticoils in sub-tropical
India and concluded that long-term application a@famic amendments (5-
10 Mg halyr) through farmyard manure (FYM) or corsipoould increase SOC
hardly by 10.7% constituting only 18% of the apgli€, the rest getting lost
through oxidation. The total quantity of soil C gegtered varied from —-11.5 to
14.5 Mg C/ha and was linearly related=@.40, P=0.005) with cumulative crop
residue C inputs to the soils. On an average, dkee of its conversion to SOC
came out to be 6.4 per cent. This was more in poesef added organics (6.9%)
than in its absence (4.2%). For sustenance of S¥€l [zero change due to
cropping) we found that a minimum quantity of 2.9 K is required to be added
per hectare per annum as inputs. The cropping regstnd the management
practices that could provide C input higher tham @above critical level are likely
to sustain the SOC level and maintain good soilthea the subtropical regions
of the Indian subcontinent.



To determine whether a topsoil addition with a c(fea mays)-soybean
(Glycine max (L). Merr.) annual rotation could improve soil ban in areas that
have had topsoil removed. Grote and Kaisi (200 dacted survey on the
aboveground biomass production and root biomas®wf grown in topsoil was
7.14 and 0.8 Mg/ha (3.18 and 0.40 ton/ac) more timan grown in the subsoil,
respectively. This led to greater potential C igpfrtbm corn grown in topsoil.
The improvement in soil organic carbon in the suli&¢o 60 cm (0 to 24 in) soll
depth with corn and soybean crops over the pasyez8s averaged at 0.70
Mg/ha/yr (0.31 ton/ac). It was also observed thatrobial biomass carbon
contents were 247 and 19@/g (247 and 157 parts per million) for topsoil and

subsoil, respectively.

Soil organic carbon associated with the fine facttof forest soils was
significantly greater than the calculated protextoapacity, with clay-rich soils
averaging 141 per cent more C than this limit amarser soils having 56 per cent
more than predicted. In contrast, C content of pgeapsoils was well below the
calculated protective capacity, averaging ~32-60 qent less than this limit,
showing the potential of these soils for sequasie@. The study illustrates that
(i) the capacity of soils to preserve soil orga@idn clay-and silt-sized particles
was greater than that of agricultural soils angiiihighly saturated soils, the N
mineralization is a function of the quantity of amgc-matter input, which in turn

accumulates as free organic C in the sand-sizédra@Matuset al., 2007).

Yang et al. (2007) reported that the microbial biomass carfidBC),
nitrogen (MBN) and phosphorus (MBP) ranged from.8260 1132.05, 31.46 to
100.57 and 13.00 to 51.62 ug/g respectively. Fumbee, the microbial biomass
at the upper layer was higher than those at therndayer and showed positive
correlation with each other. Und@rsimsii brushlandP. viviparum grassland and
grass steppe, the MBC, MBN and MBP showed sigmficgegative correlation
with the soil water content and bulk density. Thierobial biomass also showed

significant positive correlation with the pH undBr simsii brushland ands.



cupularis brushland, however, significant negative correlativith pH underP.

fruticosa brushland,P. viviparum grassland and. capillifolia grassland. The
contribution of MBC, MBN and MBP to soil organic ttex, total nitrogen and
total phosphorus varied from 0.45 to 0.84%, 0.63.80% and 0.54 to 3.39%
respectively. The microbial biomass C:N ratios eth§fom 9.59 to 24.95 and the

microbial biomass C:P ratios from 17.13 to 91.65.

Dineshet al. (2008) worked on the influence of short term npavation
of organic manures and biofertilizers on biocheirécal microbial characteristics
of soils under an annual crop (Turmeric) and cahetuthat application of organic
manures and biofertilizers positively influenced crobial biomass carbon,
nitrogen mineralization, soil respiration and eneyactivities. The findings imply
that even short term incorporation of organic maawand biofertilizers promoted
soil microbial and enzyme activities and these ip@tars are sensitive enough to

detect changes in soil quality.

Gilani and Bahmanyar (2008) worked on the impact ayfanic
amendments with and without mineral fertilizers il microbial respiration.
Organic amendments were added to soil at rate(odrtrol treatment), 20 and 40
Mg/ha. Furthermore each level of organic fertilzevith %2 normal of chemical
fertilizer was also enriched. Soil samples weremasfter one year of fertilization.
Results illustrated that application of organic admaents increased TOC and
SMR and soybean yield compared to control and otenfiertilizer treatments.
An increasing trend was observed in all studiedum&ters, as rates of application
increased. All parameters were greater in treatsnesteiving a combination of
chemical fertilizers and organic amendments (eedctreatments) compared to

soils receiving organic amendments alone.

Lin et al. (2008) analyzed the change of soil organic ca(sC) under
different cropland management regimes, estimatedooasequestration under
cropland management in China. The most successmagement system for

increasing SOC was using inorganic and organidifents together, which could



increase SOC 0.889 t/ha/yr. Next came straw retgrniising organic fertilizer
and no-tillage, respectively achieving SOC 0.59548, 0.514 t/ha/yr. Results
also showed the change of SOC varied with differaahagement systems and
different areas. The cropland management technigfiessing inorganic and
organic fertilizer together, straw returning, usiorganic fertilizer and no-tillage

could all increase SOC significantly.

No effect of mulching on any of soil properties Isignificant effects of
manuring and chiseling was reported by Shresthal. (2008). Aboveground
biomass production, biomass Nitrogen content, Blititogen and soil organic
carbon pools were also significantly higher in th@nure and chiseling treatments
probably due to exploration of the soil volume bgrnp roots and more efficient
uptake of water and available nutrients.

Koga and Tsuji (2009) worked on the effects of etéint tillage and C
input management (residue management and manutieadign) practices on
crop yields, residue C and annual changes in satidlorganic carbon (SOC) (0-
30 cm depth) over one cycle of a 4-year crop rota(R003-2006) on a cropped
Andisol in northern Japan. The combination of R&sidue return and manure
application (20 Mg/ha in each year) increased gpsrmeat and potato yields
significantly; however, soybean and sugar beetdgiekere not influenced by
tillage practices. For all crops studied, manurepliaption enhanced the
production of above-ground residue C. Thus, maapmication served not only
as a direct input of C to the soil, but the greatesp biomass production
engendered enhanced subsequent C inputs to thigasoiresidues. When soil C
sequestration rates, as represented by annual ehangiotal SOC (0-30 cm),
were assessed on a total soil mass basis, an ahoveed that tillage practices
had no significant effect on total C sequestratibnf C input management
practices had significant positive effects<(0.05). These results indicate that
continuous C input to the soil through crop residetern and manure application

is a crucial practice for enhancing crop yields aoill C sequestration.



Tweetenet al. (2009) worked on possibilities and constrains fioe
consideration of organic agriculture within carbaectounting system and found
that carbon sequestration through soil organic amemts improves soil tilth,
nutrient release and moisture holding capacity.

A pot experiment was set up by Xinjiah al. (2009) to investigate the
effects of different organic fertilizers on soil erobial biomass and yield of
groundnut. The results show that economic and giolgields of groundnut are
improved by applying fertilizers. It is found thiite certain microbe population
increases by the application of various organidilizers compared with the
treatments of inorganic fertilizer. Also the apption of different organic
fertilizers improves microbial biomass though tdfedent degrees. Therefore
different organic fertilizers affect both soil mitnial biomass and diversity trait.

Yang et al. (2009) results show that the soil organic maties from
82.3 to 207.2/kg and is influenced by vegetatiqretyk;SO, extractable carbon
and microbial biomass carbon range from 23.61 &8Bmg/kg and from 156.19
to 1182.84 mg/kg respectively. Contribution ofSO, extractable carbon to soil
organic matter and MBC varies from 0.03 to 0.06%d &éom 9.97 to 18.46%

respectively.

A field experiment was conducted duriRgbi season of 2008-09 on clay
loamy soil under long term organic manurial ta&lTNAU, Coimbatore, to study
the effect of green manure and different sourcesrgdinic manures on yield and
soil chemical properties of rice. Green manure lipoation along with poultry
manure application resulted in higher soil avagalll P and increased K uptake.
Higher N and P uptake and increased soil avail&bieas recorded with green
manuring and poultry manure application. Incorporabf green manure situ,
vermicompost and poultry manure decreased theebatrical conductivity (EC),
pH and increased the organic carbon content of cmihpared to all other
combination of treatmen{®eshpande and Devasenapathy, 2010).



Dhull et al. (2010) worked on the effect of chemical fertitg@nd organic
amendments on soil chemical and microbiologicapprtes over a period of 3
years. Soil organic carbon and total N increasedir@atments receiving a
combination of organic amendments and differentedasf chemical fertilizers
compared to soils receiving chemical fertilizersna. Mineral N and available P
in the soil were greater with the integrated useh@mical fertilizers and organic
inputs. Microbial biomass C increased significamtith the combined application
of chemical fertilizers and organic amendments;amparison to soils receiving
chemical fertilizers alone. The results indicatledttthere is improvement in soll
organic matter, microbial activities and crop ygldue to the use of chemical
fertilizers along with organic manures. Such pusigffects of organic inputs can
help in maintaining organic matter level and sumstgood crop yields over a

period of time without deteriorating soil health.

Leifld (2010) reported increase in soil organicbzar content in organic
systems by 2.2 per cent annually on average, wé®rn@ conventional systems
soil organic carbon did not change significantly.

Pasture and conventionally cultivated vegetablepmirgg land were
converted to ‘organic’ vegetable cropping, compwas applied and 0O, 1, or 2
legume green manure crops grown in rotations. Ndeddiomass carbon (C) and
nitrogen (N) (fumigation-incubation): and water tamt was monitored over 18
months. Microbial biomass C and N declined durihg first 6 months in ex-
pasture soils, but remained larger than in ex-\@getsoils, in which there was
little change in microbial biomass C and N witheinin ex-vegetable soils, water
content and microbial C and N were increased by itletusion of 2 (and
sometimes 1) legume phases in the relation, bytaftér the legume residues had
been substantially decomposed. The history andioataffects were attributed to

greater organic matter and water contents (Robedasd Morgan, 2010).

Samiranet al. (2010) worked on the effect of organic amendmentsoil

on growth and productivity of three common cropzg. viea mays, Phaseolus



vulgaris and Abelmoschus esculentus. The study revealed that different
amendments affected crops differently and the matment of crop/plant
residues like vermicomposting are invariably bemafiand contributed to crop
growth and available N in soil.

Yan (2010) worked on role of chemical and orgamidilizers on yield,
yield variability and carbon sequestration and bahed that use of organic
fertilizers increased soil organic matter and &ailility and consequently resulted
in a larger yield trend when compared to a balaratemmical fertilizer and long
term use of organic fertilizer also contributes&obon sequestration by favouring

root development.

Nakhro and Dkhar (2010) worked on the impact ofaorg and inorganic
fertilizers on microbial populations and biomassboa in paddy field soil.
Results obtained showed that the organically tceptet recorded the maximum
microbial population counts and microbial biomassbon, followed by the
inorganically treated plot and control. The apglma of organic fertilizers
increased the organic carbon content of the sail #rereby increasing the
microbial counts and microbial biomass carbon. Tike of inorganic fertilizers
resulted in low organic carbon content, microbialimts and microbial biomass
carbon of the soil, although it increased the soNPK level which could be
explained by the rates of fertilizers being applied

Adebayoet al. (2011) worked on assessment of organic amendnoents
vegetative development and nutrient uptakeMaringa oleifera Lam in the
Nursery and results indicated that treatments fsogmitly affected (p<0.05)
growth parameters, except stem girth. Cow dungiecgmn significantly had
higher number of leaves at five and six (WAP) atgb aecorded higher plant
height throughout the observation period. Dry mratiecumulation was also
influenced by organic amendment. Significantly leightems, leaves and root dry
weights were recorded under cow dung application.



Ge et al. (2011) reported that increasing soil organic erationtent is
important in improving soil fertility; however, ceantional farming practices
generally lead to a reduction in such organic nmteA comparative study of
organic and conventional arable farming systems @@wlucted in Shanghai,
China, to determine the influence of managementtises on soil chemistry,
microbial activity and biomass. Organic producti@ystems significantly
improved soil microbial characteristics and inceshssoil organic C, thus

improving soil quality and fertility.

Gupta and Sharma (2011) states that the sequestiEtithe atmospheric
CQO; in the soll, as stable soil organic matter, presié long lasting solution to
decrease the GOn the atmosphere. The soil organic carbon pod estimated
in forests, tree plantations, horticulture and gia@®ds in the Garhwal area of
Himalayan region which has a wide variety of laretusand land cover.
Differences in SOC pool under different landusesewsatistically significant
(P<0.05). SOC pool was maximum in the forest lafullowed by grasslands,
orchards and plantation areas.

A field experiment to evaluate soil organic carl@m maize grain yield
under different soil amendments and cropping systeas conducted in 2006 and
2007 at the Soil Research Institute, Kwadaso, Kun@enerally, poultry manure
+ chemical fertilizer produced the highest range&SOIC (1.14-1.37%). The least
(0.98-1.28%) was recorded on control plots. Plotseraded with chemical
fertilizer alone or in combination with poultry mame out yielded the control in

maize grain yield (Logakt al., 2011).

Min et al. (2011) worked on the dairy manure effects on soidlity
properties and carbon sequestration in Alfalfa-@rdrass System and reported
that long-term application of dairy manure slurrggnificantly increased total
organic, microbial biomass, potentially mineraliegbextractable and labile C
pools, respectively and improved soil aggregateilgtaby associated decrease in

specific maintenance respiration rates and subsélguenhanced soil quality. The



continuous cover of forage species, especiallyfalfaignificantly improved soil
guality over time as compared to orchardgrass spedihe beneficial effects of
organic amendments are important for proper didpasd utilization of dairy
manures in forage production systems with an acemieg improvement in soil

guality and C sequestration.

Mutegi et al. (2011) reported that over the autumn-winter grgyperiod,
total below-ground C input by fodder radish withiire 0-45 cm soil depth was
approximately 1.0 and 1.2 Mg C/ha for conventiondilled (CT) and direct-
drilled (DD), respectively. The figures for spririgarley straw removal with
fodder radish establishment would be between 4d%ah Mg C/ha, while with no
fodder radish establishment, C input to the soilildoange between 3.2 Mg C/ha
and 3.4 Mg C/ha, which is approximately 0.6 Mg Clinaer than the 4 Mg C/ha
biomass C input required to maintain long-term sodanic C. In comparison,
under straw retention and fodder radish catch-esipblishment the total spring
barley and fodder radish C input would be approxatys6.1 and 6.5 Mg C/ha for
DD and CT, respectively. We conclude that foddefista catch-crops have a
potential for mitigating against soil C depletiogsulting from export of cereal

straw to other uses.

Significantly higher amount of microbial biomassa@d N were produced
in all the amended soils over control. A signifitgrhigher amount of microbial
biomass C (246.33 mg/kgoil) was found in Sugarcane trash amended soil
followed by MOC (229.39 mg/kg soil), PM (220.27 kg/ soil), cowdung
(189.05 mg/kg soil) and control (123.41 mg/kg )»oibimilarly, a higher
significant quantity of microbial biomass N (43.8@/kg soil) was found in ST-
amended soil followed by MOC (41.38 mg/gil), PM (39.76 mg/kg soil), CD
(37.05 mg/kgsoil) and control (22.04 mg/kg soil). The appanestcentage of N
assimilation in microbial biomass from added OM wiagarly and positively
correlated with the C:N ratios of added OM (Paul &olaiman, 2011).



Adding organic materials such as crop residueshona manure to soil,
whilst increasing SOC, generally does not congtitart additional transfer of C
from the atmosphere to land, depending on theratime fate of the residue.
Increases in SOC from reduced tillage now appeabegomuch smaller than
previously claimed, at least in temperate regiord & some situations increased

N>O emission may negate any increase in stored Clgeoet al., 2011).

On average a change from conventional tillage talhocan sequester 57+
14 glcnflyr, excluding wheatTriticum aestivum L.) fallow systems which may
not result in soil organic carbon accumulation withchange from CT to NT
(Smithet al., 2011).

Kong et al. (2012) reported results of the studies whichudet a total of
6 land use and management treatments includingndi)ertilizer (CK); (ii)
chemical fertilizers separately(UF); combined aggiion of chemical fertilizer
N,P and K(CF); wheat and maize straw retention anumes including that from
soybean Glycine max) cake, chicken, horse and cow dung or manures @y
combined application N, P and K and organic femils (CFO); combined
application of chemical fertilizer and organic fieizers (UFO). The data indicated
the following: (i) The baseline SOC stock of aralaled was 18.9+1.8 Mg/ha and
the corresponding crop yield was 4.4+1.5 Mg/ha; tighest SOC stock was
24.6+1.8 Mg/ha for CFO and the corresponding crgbdywas 9.7+3.2 Mg/ha;
(i) The rate of increase of SOC stock was in traeo of CFO>UFO>CF>0>UF,
while that of increase in crop yield was in theardf CFO>CF>UFO>UF>0.
Therefore, the combined application of chemical arghnic fertilizers is the best
choice for the developing countries to adapt to @ittyate climate change while

advancing food security.

Filippini et al. (2012) studied effects of organic amendment apfin on
soil quality and garlic yield in Central-Westerngéntina and found that: a)
different doses and types of amendments did no¢ laawy significant effects on

soil fertility; b) chicken manure and soil beforlaqting and c) crop yields were



quite similar in all treatments, only treatmentsthwi8 Mg ha® of both
amendments (chicken manure and vermicompost) witihouertilized, were

significantly higher than control in both garlicsay.

Datasets from 74 studies from pairwise comparisohsorganic vs.
nonorganic farming systems were subjected to melgsis to identify
differences in soil organic carbon (SOC). Significalifferences and higher
values for organically farmed soils of 0.18+0.068kns (mean + 95% confidence
interval) for SOC concentrations, 3.50 + 1.08 My&for stocks and 0.45 + 0.21
Mg C/hal/yr for sequestration rates compared witim-o@anic management.
Restricting the analysis to zero net input orgasyistems and retaining only the
datasets with highest data quality (measured stk densities and external C and
N inputs), the mean difference in SOC stocks betwtbe farming systems was
still significant (1.98 + 1.50 Mg C/ha), wherea< ttlifference in sequestration
rates became insignificant (0.07 £ 0.08 Mg C/ha/malyzing zero net input
systems for all data without this quality requirertnesvealed significant, positive
differences in SOC concentrations and stocks (& 1809% points and 2.16 +
1.65 Mg C/ha, respectively) and insignificant diéieces for sequestration rates
(0.27 £ 0.37 Mg C/halyr) (Gattingetal., 2012).

Total organic carbon (TOC), soil microbial biomaszrbon (SMBC),
available N, P and K status of the soil after argavere maximum when 50 %
recommended dose of NPK were applied through imacgand remaining 50 %
RDN through PM (Kumaet al., 2012).

Gupta and Sharma (2013) reported that vegetatigentbr serves as an
important means to capture and store atmospheroealioxide in biomass and
soil. The study therefore, was conducted to esen®sDC pool in the grasslands
occurring between the wild altitudinal range of 5@ 4200 m above msl.
Maximum SOC pool of 142.14 t/ha was observed inalijudinal range of 2501
to 4200m, followed by 105.28 t/ha between 2001-25§097.80 t/ha between
1501-2000 m, 41.15 t/ha between 1001-1500 m andetst was 37.09 t/ha at



501-1000m altitude. The grasslands in Uttarakhaxténel over an area of
2,28,900 hectare at different altitudes and con&6/7 million tons of soil

organic carbon pool.

A field study was carried out at Vanavarayar lng#itof Agriculture,
Manakkadavu, during November 2012-January 2013udysthe effect of INM
on soil fertility and productivity on maizeZéa mays). INM practice including
vermicompost and recommended dose of NPK showeddtt results with
respect to leaf area, yield parameters and plamghheas compared to other
treatments. Bulk density and pore space was redardeimum in INM practice
including vermicompost and recommended dose of N®Kjanic carbon was
recorded maximum in INM treatment including vernmgmost and recommended
dose of NPK (Kannast al., 2013).

An experiment was conducted during Kharief sea2605 to ascertain the
response of different organic sources viz., whiatws farm yard manure (FYM),
vermicompost and poultry manure to ri€aryza sativa) and also to monitor the
effect of manuring on soil carbon pools. Applicatiof poultry manure and
vermicompost alongwith chemical fertilizers for plypof nitrogen, phosphorus
and potassium (NPK) resulted in highest grain yiédil carbon, labile carbon
and water soluble carbon contents also improvedh &jiplication of organic
sources of N application (Khursheetdl., 2013).



Chapter — 3
MATERIALS AND METHODS

The present investigation entitled “Impact of origaaamendments on soil
carbon sequestration and biomass carbon allocafiorops” was carried at Seed
Multiplication Unit (Shuhama), Division of Veget&blScience, Sher-e-Kashmir
University of Agricultural Sciences and TechnologfyKashmir. The details of
the materials used, experimental procedures followed techniques adopted

have been described in this chapter:
3.1 Experimental site

The investigation was conducted for two consecuRabi seasons of 2011
and 2012 and Kharief seasons of 2012 and 2013 ed $miltiplication Unit
(Shuhama), SKUAST which is situated 12 km away ftbencity centre and lies
between 3%30' N latitude and 7515'E longitude at an altitude of 1619 metres

above msl. The experimental site was well draimetilead uniform topography.
3.2 Climate

Climatically the experimental site is in mid to higltitude temperate zone
characterized by hot summers and very cold wintdise average annual
precipitation is 812 mm and more than 80% of piéaijen is received from
western disturbances. The mean monthly meteorabdeta collected during the
growing season recorded at meteorological obsemyafivision of Agronomy
Shalimar, are presented in Appendix-I, Il and Htlallustrated in Figs. 1, 2 and 3.
Mean maximum temperature was 16.73, 32.79 and 32.Zhd mean minimum
temperature was 2.71, 6.30 and 7°C4during the cropping season of 2011, 2012
and 2013, respectively. Maximum relative humiditgsa85.74, 93.14 and 71.86
per cent for the years 2011, 2012 and 2013, respbctwhereas total annual
precipitation amounted to 383.70, 251.40 and 4480 during 2011, 2012 and
2013, respectively.
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oleraceae var. acephala L.)

French bean PhaseolusvulgarisL.)

Plate-1 : Test crops



3.3 Experimental details:

3.3.1 Crop species

Crop
Kale
Beans
Kale

Beans

Variety Spacing
Jumadari 15%30 cm
French yellow 10x30 cm
Jumadari 15%30 cm
French yellow 10x30 cm

3.3.2 Treatment details

Ty
T2
Ts
Ty
Ts
Te
Tz
Ts
Ty

T1o0

Year of Evaluation
Rabi-2011
Kharief-2012
Rabi-2012

Kharief-2013

RFD (a) Kale 90: 60 :60; (b) Beans 30 :&D :

75% RFD + 25% FYM

50% RFD + 50% FYM

75% RFD + 25% Poultry manure
50% RFD + 50% Poultry manure
75% RFD + 25% Vermicompost
50% RFD + 50% Vermicompost
100% FYM

100% Poultry manure

100 % Vermicompost

3.3.3 Layout deatails

Randomized block design

Design

Treatments : 10
Replications : 3
Total No. of plots : 30
Plot size

1.5x1.5m=225m
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Fig. 4 : The plan of layout of the experiment
T, RFD (a) Kale 90: 60 :60; (b) Beans 30 :&D :
T, 75% RFD + 25% FYM
Tz 50% RFD + 50% FYM
Ta 75% RFD + 25% Poultry manure
Ts 50% RFD + 50% Poultry manure
Te 75% RFD + 25% Vermicompost
T 50% RFD + 50% Vermicompost
Tg  100% FYM
Tg 100% Poultry manure
Tio 100 % Vermicompost




3.4  Field operations

The site selected for experiment was well leveleth vaniform soil
fertility and good drainage. The experimental feeldere divided into 30 plots of
1.5x1.5 nf plot size, by making 30 cm wide bunds betweenpioés as per the

layout specifications (Fig. 4). Irrigation to fieldas carried out by manual means.
3.4.1 Field preparation and sowing

The experimental fields were well prepared and menended package of
practices were followed to raise the crops. Beaes were sown directly to
experimental plots, while seeds of kale were sowrisdparately raised nursery
beds.

3.4.2 Transplanting and irrigation

The nursery beds were watered prior to lifting lo seedlings. Vigorous
and healthy seedlings of almost uniform size wesadplanted in well prepared
plots. Plant spacing of 30x15 cm were maintainedkébe, while for beans it was
maintained at 30x10 cm. After transplanting, lighigation was given and
subsequent irrigation was carried out as and waequired.

3.4.3 Plant protection and intercultural operations

Plant protection measures against pests and dsseasee carried out
during the growing period of both the crops in bp#lars of experimentation. The
necessary cultural practices such as weeding aechdnavere done from time to
time, so as to keep the plots free from weeds. ilitezcultural operations were

carried out soon after the seedlings got estaldighéhe field.

3.5 Observations
3.5.1 Soil attributes

Representative soil sample of the experimental Iséfore the start of
experiment as well as after the harvest of cropnfeach treatment was taken
from a depth of 0-15 cm and analyzed for physicenraical properties by using



Plate-2 :  Transplantation of seedlings KaleBrassica oleraceae var.
acephalaL.)



standard procedures. The initial status of expertaiesite with respect to above

characteristics is given bel

ow .

Physico-chemical properties of soil of experimentaite

Ur

th

on

Parameter Initial | Rating Methods employed
status
1) Particle size distribution
Sand (%) 35.4 Silty | Piper (1962)
Silt (%) 64.8 | Clay
loam
Clay (%) 30.0
Texture class
2) Chemical Analysis
Soil pH 6.80 | Normal| 1:2.5 soil water suspensiomgis
pH meter (Jackson, 1973)
Electrical conductivity | 0.13 | Normal| 1:2.5 Soil water suspension W
(dS/m) solubridge conductivity meter
(Jackson, 1973).
Organic carbon (%) 1.20 Medium Wet digestion mdth@/alkley
and Black’s rapid titration methad
(1934)
Available Nitrogen 301.76| Medium | Alkaline potassium permanganate
(kg/ha) method (Subbiah and Asija, 1956)
Available phosphorus | 14.05 | Medium| Olsen’s method of extraction with
(kg/ha) 0.5 N, NaHCQ (Olsen et al.,
1954) using Systronics Spectro-
photometer
Available potassium 291.2 | Medium| Ammonium acetate extracti
(kg/ha) (Jackson 1967)
Cation exchange 8.4 Low Rhoades (1982)
capacity (meg/1009)
Soil moisture (%) 21.1| Medium Gravimetric method
Bulk density (g/cr) 1.25 | Medium| Core method (Wilatal., 1964),




3.5.1.1 Soil analysis

Soil samples collected from each replication of tedlatments were air
dried in shade, ground with wooden pestle, padsedigh 2 mm sieve mesh and
stored in cloth bags for further analysis. Afteg ttrop harvest, soil samples from

each plot were taken and analyzed for followinggity-chemical characteristics:
3.5.1.1.1 pH

The pH was determined in 1:2.5 suspension withsgiectrode pH meter
or systronic expanded scale pH meter (Jackson,)1973

3.5.1.1.2 Electrical conductivity (dS/m)

After determining pH, soil sample suspensions weept undisturbed

overnight and EC was measured by direct reading@meter (Jackson, 1973).
3.5.1.1.3 Organic carbon (%)

Organic carbon was determined by Walkley and Bleajid titration
method, as given by Walkley and Black (1934). Sainples were treated with
potassium dichromate, conc. sulphuric acid and piasc acid before titrating
with ferrous ammonium sulphate solution using dipti@mine as indicator.

3.5.1.1.4 Available nitrogen (kg/ha)

Available nitrogen was estimated following the mdare given by
Subbiah and Asija (1956). 0.32% potassium permaatgaand 2.5% sodium
hydroxide was added to samples and dilution wasechaout in 4% boric acid

containing mixed indicators for the estimation wéigable nitrogen.
3.5.1.1.5 Available phosphorus (kg/ha)

Available phosphorus was extracted with Olsen’saetant (0.5 NaHC¢)
and the intensity of blue colour developed from ammm molybedate and
stannous chloride was measured by spectrophotorat®80nm wavelength as
described by Jackson (1973).



3.5.1.1.6 Available potassium (kg/ha)

Available potassium was extracted from samples Wiéhhelp of suitable
extractant (CHCOONH,) by shaking, followed by filtration and determiiet
was carried out with the help of flame photomedackson, 1973).

3.5.1.1.7 Bulk density (g/cr)

Bulk density was determined by core method (Wadal., 1964). In this
method, a cylindrical metal sampler was pressealtim soil to the desired depth
and was carefully removed to preserve a known velaisample. The samples
were dried at 105 to 110°C and weighed. Bulk dgnsis calculated by the
formula:

Oven dried mass of soil
Field volume of the sample

Bulk density =

3.5.1.1.8 Soil moisture (%)

A labeled beaker was weighed, 10 g of soil sammesvadded and total
weight of the sample + container was recorded. $&smnere dried in an oven at
105°C for 48 hours. Again, weight of the contairesample were recorded and
dry weight of soil sample was recorded by deducting total weight minus
weight of container. Moisture per cent and dry seight of soil was calculated
by the formula:

wet weight (g) - dry weight (g)
Dry weight (g)

Soil moisture (%) = 100
3.5.1.1.9 Soil carbon pool inventory/soil organicactbon storage (SCS)

The soil organic carbon pool inventory for a specifepth was worked
out following Carlost al. (2001).

SCS (Mg/ha) = BD x SOC x DP

Where,
BD = Bulk density (g/cr))
SOC = Soil organic carbon (%)
DP = Soil depth (cm)



3.5.2 Crop attributes

Five plants were randomly selected and tagged fewery plot of each
replication and then average for every parameter warked out. The details of
the observations recorded are as follows:

3.5.2.1 Plant growth attributes
3.5.2.1.1 Plant height (cm)

Plant height was measured in centimeters with #lp bf a meter scale
from the ground level to the tip from five randondglected plants and the

average height was worked out.
3.5.2.1.2 Plant spread (cm)

Plant spread was measured in centimeters from Nor@outh and East to
West directions. The average of five randomly el plants was worked out.

3.5.2.1.3 Number of branches/plant

The number of branches in five randomly selectedhtsl was counted and

the mean was calculated.
3.5.2.1.4 Number of leaves/plant

Total number of leaves harvested from five randos#iected plants in
each treatment was added and average was worked obtain total number of

leaves per plant.
3.5.2.1.5 Number of pods/plant

Total number of pods from five randomly selecteahpd in each treatment
was added and their average was worked out toroktai number of pods per

plant of bean.



3.5.2.1.6 No. of nodules/plant

Healthy growing bean plants were uprooted usingyidgy tools. Roots
were washed carefully with a jet of water. Totahrmer of nodules from five
randomly selected plants in each treatment wereda@hd their average was

worked out to obtain the number of nodules pertplan
3.5.2.1.7 Leaf area ratio (crflg)

Leaf area ratio is the ratio of total leaf areaMaole plant dry weight to
estimate the carbon assimilating capacity of learet® estimate the leafiness of
plant. Leaf area was calculated following the folemBriggset al., 1920).

(A2-A1) 2.303 (Logg W2-Logsig W1)
2.303 (LogoA2-Logig A1) (W2-W4)
3.5.2.2 Plant biomass attributes:

LAR =

3.5.2.2.1 Fresh and dry biomass of roots and shoots

Fresh and dry weight of roots and shoots were Gk by selecting 5

random plants from each treatment in each reptinati
3.5.2.2.2 Yield/plot (kg)

The total weight of five randomly selected plan@swooled and average
yield/plant (g) calculated. The yield/plant wasrthmultiplied by the number of
plants in a plot to get the yield/plot (kg).

3.5.2.2.3 Root mass ratio (RMR)

Root mass ratio is the fraction of total plant bas® allocated to roots and

was calculated as

_ Root biomass
RMR = 5l plant biomass 100




3.5.2.2.4 Shoot mass ratio (SMR)

Shoot mass ratio is the fraction of total plantnbéss allocated to shoots

and was calculated as

SMR = Shoot blomass X 100
Total plant biomass

3.5.2.2.5 Shoot :root ratio

The shoot: root ratio (dry weight basis) was catedl by dividing the
weight of dry shoot by the weight of dry root ottbgplant separately.

3.5.2.3Plant analysis

Plant samples of kale were collected at harveshfeach plot and then
oven dried at 60-6& for 48 hours to a constant weight. The samplesewe
ground and subsequently used for chemical analysis.methods followed for

the chemical analysis are as under:
3.5.2.3.1 Total nitrogen (%)

The nitrogen determination was carried out by MikjeljhI's method
as described by Jackson (1973). 1gm of plant samy@de reacted with
sulphuric acid and salicylic acid and sodium thipkate mixture. Distilled

NH3; was collected in 4% boric acid solution in preseen€ mixed indicator.
3.5.2.3.2 Biomass carbon content (%)

Carbon stock in plant was estimated by ash conteethod as
described by Neget al. (2003). In this method oven dried plant composent
were burnt in muffle furnace at 400°C temperatditee ash content left after

burning was weighed and carbon content was cakdlay using the equation:

Carbon (%) = 100-(Ash weight + molecular weight@f(53.3) in GH120s)



3.5.3 Soil microbial biomass carbon

The soil microbial biomass carbon was determined djoroform
fumigation extraction method prescribed by Voroeegl. (1993). Soil microbial
biomass carbon was estimated by taking 5 sets @fot@oil from each sample.
One set was kept in moisture box after taking wetdglihe empty box and placed
in the oven at 100°C for 24 hrs or until a constargn dry weight was achieved.
Out of the four remaining sets of the soil, 2 setse placed in 50ml glass beakers
with ethanol free chloroform for fumigation. Sangpléesignated for fumigation
were placed in the vacuum desiccators. Allowing tioroform to boil for
approx. 5min. Samples were fumigated for 24 hrthendark at 25°C. After the
chloroform was removed, soils were transferred50n2 conical flasks and 25ml
of 0.5M K;SO, was then added. At the same time, remaining twiorigated
soil samples were placed in the conical flaskstegmted in the same way. All the
conical flasks were shaken for 30min. on a recigtiog shaker and supernatants

were filtered through Whatman No.1 filter paper.

Microbial biomass carbon was measured in 10ml @fuats of KSO,
extracts after oxidation with 2ml of 0.2 No®&r,O;, 10ml of HSQ, and 5ml of
orthophosphoric acid at 100°C for 30 min. and baitlkated with ferrous

ammonium sulphate.

MB — C (pg/g soil) { ECfK_ EGy J
ec

Where, E¢is extractable carbon in the fumigated and unfated (EG) soll

sample and & = 0.35 represents the efficiency of extractiommgfanic carbon.
3.6  Statistical analysis

The data obtained were subjected to suitable stafitools viz., standard

error of mean and 95 per cent confidence intervals.
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Plate-3: Test crops in the field



Plate-4 : Full view of kale Brassica oleraceae var. acephala L.) in the field



Plate-5 : Full view of French beanPhaseolus vulgarisL.) in the field



Chapter — 4
EXPERIMENTAL FINDINGS

The results pertaining to the present study edtitlenpact of organic
amendment on soil carbon sequestration and biooabsn allocation of crops”

are presented in this chapter under following hagdi
4.1  Soll physico-chemical attributes under Kale anchEhebeans
4.2  Soil nutrients under Kale and French beans
4.3  Solil carbon storage under Kale and French beans
4.4  Growth and yield attributes of Kale and French Isean

4.5 Above and belowground biomass production aekand French

beans under organic amendments.

4.6  Partitioning of above and below ground biomass aileKand

French beans under organic amendments.

4.7  Carbon detail and total nitrogen of Kale and Frelpeans grown in
organically amended soils.

4.1  Soil physico-chemical attributes under Kale andrrench beans
4.1.1 Soil pH

The data pertaining to the impact of organic amesrdsion soil pH under
Kale after harvest (Table-1) shows decreasingdtre the soil pH as affected by
different treatments. {T(RFD) recorded highest pH of 8.02, 7.94 and 7.9&ng
2011, 2012 and pooled data, respectively whickasssically significant over rest
of treatment combinations. The significantly lowssil pH of 7.64, 7.54 and 7.59
during 2011, 2012 and pooled data, respectively m@sed in treatment §
(100% VC). The impact of organic amendments on gdilunder French beans
has been presented in (Table-2). The perusal ofi#li@ of two years reveals
highest soil pH of 7.55, 7.48 and 7.51 indhring 2012, 2013 and pooled data



Table-1: Impact of organic amendments on soil physo-chemical parameters under Kale

_ Electrical conductivity Cation exchange capacity . : 0

Treatment P2 @sm)_______ (meq/l00g) Soilmoisture 50
2011 2012 Pooled 2011 2012 Pooled 2011 2012 Poole@011 2012 Pooled

14.62 16.52 15.57

T, 8.02 7.94 7.98 0.10 0.14 0.12 5.80 6.30 6.05 (3.82) (4.06) (3.95)

18.72 19.22 18.97

T, 7.91 7.81 7.86 0.06 0.20 0.13 10.26 13.80 12.03(4_32) (4.38)  (4.36)

T3 7.75 7.64 7.69 0.15 0.23 0.19 14.73 16.83 15.7818'28 20.18 19.23

(4.27)  (4.49)  (4.39)

14.54 17.04 15.79
Ty 7.95 7.87 7.91 0.11 0.15 0.13 7.86 11.40 9.63 3.81) (412) (3.97)

18.50 19.53 19.02
Ts 7.77 7.66 7.71 0.10 0.24 0.17 12.20 15.66 13.93(4.30) (4.41)  (4.36)

17.50 20.53 19.02
Te 7.88 1.77 7.82 0.12 0.17 0.14 11.26 14.83 13'05(4.18) (4.53)  (4.36)

17.11 2261 19.86
T, 7.72 7.62 7.67 0.11 0.26 019 1500  17.00 1600, 0 Gon (4ae

20.50 22.43 21.47
Ts 7.70 7.60 7.65 0.20 0.35 0.27 15.30 18.80 17.05(4.52) 4.73)  (4.63)

19.51 22.51 21.01
Ty 7.71 7.61 7.66 0.18 0.33 0.25 15.36 17.40 16.38(4.41) (4.74)  (4.58)

22.13 24.03 23.08
T1o 7.64 7.54 7.59 0.33 0.39 0.36 17.26 19.36 18.31(4.70) (4.90)  (4.80)

C.D (P<0.05) 0.015 0.017 0.016 0.012 0.013 0.013 0.113 1020. 0.098 0.009 0.016 0.012
*Figures in parenthesis are square root transformeans




Table-2 : Impact of organic amendments on soil physo-chemical parameters under French beans

Teatment mazs Slectica conductvity @Sim) PN log g Y solmoisure g
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled

T, 7.55 7.48 7.51 0.10 0.22 0.16 5.10 8.00 6.55 (g:gé) (139'288‘; (g:g%

T, 7.47 7.39 7.43 0.13 0.25 019 1010 1300 1155 (132';118‘; (133.6014; (132;:5%

Ts 737 728 733 045 027 021 1310 1500 1405 00N gt S0

T4 748 740 744 013 025 019 950 1240 1085 yof Lo Do

Ts 7.38 7.30 7.34 0.15 0.27 021 1250 1540  13.95 (139'242‘; (132.530‘; %3%3??

Te 7.41 7.32 7.36 0.15 0.27 021 1200 1490  13.45 (1325315; (13?.’624% (1325883)’

T, 737 729 733 019 025 022 1480 1670  15.75 (131;1(; (1;-715(; (132.568

Te 7.26 7.18 7.22 0.21 0.33 027 1610  19.00  17.55 (1;% (13%96‘; (13‘;511)

T 7.30 7.22 7.26 0.17 0.28 022 1610 1800  17.05 (13%127) (13%997) (13"%527)

Tio 7.30 7.21 7.22 0.20 0.32 026 1686  18.40  17.63 (1;&3633 (147.'148% (14%015;
" CD(P0.05) 0014 0014 0014 0016 0016 0015  0.168 401 0154 0072 0077 0075

*Figures in parenthesis are square root transformeans



respectively which are statistically significanherllowest soil pH 7.26, 7.18 and
7.22 was recorded ingT{100% FYM) during 2012, 2013 and pooled data which
are statistically at par with,§

4.1.2 Electrical conductivity (d S/m)

Application of 100% vermicompost recorded highestectical
conductivity of 0.33, 0.39 and 0.36 dS/m during 202012 and pooled data in
soil under Kale and 0.21, 0.33and 0.27 dS/m ihwsaler French beans during
2012, 2013 and pooled data respectively which tags8cally at par with §
(100% FYM) (Tables-1 and 2). The lowest electricahductivity of 0.10, 0.14
and 0.12 dS/m in soil under Kale and 0.10, 0.22 @& dS/m in soil under
French beans during 2012, 2013 and pooled datactegly were recorded under
Ti.

4.1.3 Cation exchange capacity (meqg/100 g)

From the perusal of data (Tables-1 and 2) it isrctbat application of
100% Vermicompost recorded significantly highestiaza exchange capacity
(17.26, 19.36 and 18.31 meq/100 g) in soil undeleK&n French beans the
highest values for cation exchange capacity (161880 and 17.63 meq/100 g)
during 2012, 2013 and pooled data were recorddddnTs and To respectively.
However, T treatment of pooled data was statistically atvpiéin Ts. The lowest
cation exchange capacity of 5.80, 6.30 and 6.05106qg in soil under Kale and
5.10, 8.00 and 6.55 meq/100 g in soil under Frdredns during 2012, 2013 and

pooled data respectively were recorded under T
4.1.4 Soil moisture (%)

It is inferred from the data (Tables-1 and 2) thighificantly higher soil
moisture of 22.13, 24.03 and 23.08% during 2011122@nd pooled data
respectively was observed inglunder Kale as compared to other treatments.
Significantly lowest soil moisture of 14.54, 16.88d 15.57% was noticed iy, T
T1 and T, during 2011, 2012 and pooled data respectivelfzrémch bean, higher



soil moisture of 14.91, 17.48 and 16.08% was reabiid T4, Ti0and T during
2012, 2013 and pooled data respectively which tatsscally significant. The
lowest 8.01, 10.80 and 9.40% was recorded;imldring 2012, 2013 and pooled
data respectively.

4.2 Soil nutrients under Kale and French beans
4.2.1 Available nitrogen (kg/ha)

From the perusal of data (Tables-3 and 4) it islevi that application of
50% PM + 50% N, P and K recorded significantly leglavailable nitrogen of
500.40, 530.10 and 515.25 kg/ha under kale durdifl 22012 and pooled data
respectively. However the lowest of 205.80, 21&i0 212.30 kg/ha are recorded
in Tg during 2011, 2012 and pooled data respectivelywal$ also observed that
available nitrogen of soil under French beans du#fl12, 2013 and pooled data
was significantly highest (471.40, 507.10 and 488kg/ha) in . However,
during 2012, T was at par with I The lowest 110.70, 137.60 and 124.15 kg/ha
was noticed in gduring 2012, 2013 and pooled data respectively.

4.2.2 Available phosphorus (kg/ha)

The results (Tables-3 and 4) reveal that highestiegafor available
phosphorus of soil under cultivation of test cregeye 18.01, 22.01 and 20.01
kg/ha (Kale) during 2011, 2012 and pooled datagetsgely and 24.41, 26.71 and
25.56 kg/ha (French beans) during 2012, 2013 antedalata respectively insT
However, during 2011, sTwas at par with & On the other hand the lowest
available phosphorus of 12.01, 14.30 and 13.16&kg/as recorded inglunder
kale and12.30, 15.87 and 14.08 kg/ha in soil urktench beans ingl'during
2012, 2013 and pooled data, respectively.

4.2.3 Available potassium (kg/ha)

The data on the amount of available potassium ih(%ables-3 and 4)
reveals that application of 50% PM + 50% N, P aneé&orded 200.77, 214.80



Table-3 :  Solil nutrients under organic amendments fokale
Available nitrogen (kg/ha) Available phosphorus (k¢ha) Available potassium (kg/ha)
L= T g
2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled
T, 319.40 376.30 347.90 14.76 16.75 15.75 147.67 0D55. 151.33
T, 354.60 370.40 362.50 12.51 19.01 15.76 150.33 165.30 157.81
T3 400.40 436.20 418.30 16.76 21.25 19.00 169.20 2081. 175.20
T, 376.00 414.80 395.40 16.71 20.71 18.71 161.37 4070. 165.88
Ts 500.40 530.10 515.25 18.01 22.01 20.01 200.77 8P14. 207.78
Te 366.00 401.80 383.90 14.76 21.26 18.01 156.80 4.806 160.80
T, 454.10 489.90 472.00 17.76 21.26 19.51 182.70 8095. 189.25
Ts 205.80 218.70 212.30 12.01 14.30 13.16 120.67 0n27. 123.83
Ty 272.20 285.40 278.80 12.94 15.24 14.09 130.77 8M41. 136.28
Tio 249.90 262.80 256.40 12.42 14.72 13.57 127.70 7033.  130.70
CD(P005) 9851 12641 11351 0324 0495 0409 155 891 1725




Table-4 :

Soil nutrients under organic amendments nder French beans

Available nitrogen (kg/ha)

Available phosphorus (k¢ha)

Available potassium (kg/ha)

L= T g
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled

T, 282.20 318.90 300.60 13.16 20.46 16.81 212.80 2p22.  217.50

T, 310.60 324.80 317.70 15.36 19.64 17.50 224.03 4P33. 228.72

e 376.30 413.00 394.70 18.40 21.70 20.05 235.20 4P67.  251.30

T4 333.60 350.30 341.95 18.40 21.80 20.10 229.60 8p61. 245.70

Ts 470.40 507.10 488.70 24.41 26.71 25.56 263.20 4973. 268.30

Te 323.60 338.80 331.20 16.36 20.66 18.51 212.83 1269. 240.98

T, 470.40 481.60 476.00 20.60 25.90 23.25 246.40 6D78. 262.50

Ts 110.70 137.60 124.15 12.30 15.87 14.08 207.20 6P16. 211.90

Ty 250.90 287.60 269.20 14.12 17.52 15.82 196.03 3P28. 212.17

Tio 125.40 162.10 143.80 13.30 16.70 15.00 196.03 2P28 212.12
CD(Ps0.0S) 10658 11965 11331 0451 0791 0621 0428 0718 0616




and 207.78 kg/ha during 2011, 2012 and pooled degpectively in soil under
Kale and 263.20, 278.60 and 268.30 kg/ha in sodeurFrench beans during
2012, 2013 and pooled data respectively which veggaificantly higher than
recorded for other treatments. Significantly lowasttents of available potassium
in soil viz., 120.67, 127.00 and 123.83 kg/ha ungale during 2011, 2012 and
pooled data, respectively was noticed in treatnignand 196.03, 216.60 and
211.90 Kg/ha under French beans was recordedgnTd and T during 2012,
2013 and pooled data.

4.3  Soil carbon storage under Kale and French beans
4.3.1 Bulk density(g/cnr)

The impact of organic amendments on soil bulk dgnsender Kale and
French beans is presented in Tables-5 and 6. Hnenpdrusal of data it is clear
that in soil under Kale significantly highest 013®.336 and 0.333 g/¢hwas
recorded in treatment; Tduring 2011, 2012 and pooled data respectivelythad
lowest of 0.305, 0.300 and 0.303 gfowas noticed in T during 2011, 2012 and
pooled data respectively. In French bean, highelét density of 0.379, 0.383 and
0.381 g/cmi was recorded in {Tduring 2012, 2013 and pooled data which are
statistically at par with 4 However, T is statistically at par with ;JJand T in
pooled data. The lowest 0.350, 0.351 and 0.354 /s recorded inf, T and
Tg, T1oduring 2012, 2013 and pooled data, respectively.

4.3.2 Organic carbon (%)

The results (Tables-5 and 6) reveal that applicadiol00% vermicompost
recorded highest organic carbon of 1.10, 1.37 a@@8% during 2011, 2012 and
pooled data in soil under Kale which are statifigcsignificant compared to other
treatments and 1.79, 1.99 and 1.86% in soil uRdemch beans ing] Tg and o
during 2012, 2013 and pooled data respectively lwhie statistically at par with
T10. However T is statistically at par withgland Ty in pooled data. The lowest
organic carbon of 0.51, 0.54 and 0.52% in soil ukdde during 2011, 2012 and



Table-5: Soil carbon storage under organic amendnmés under Kale

Treatment Bulk density (g/cnt) Organic carbon (%) Soil c?'\r/lt;c/)rr:as)torage So(i:larrnbic(;rno?:lzzl /gigg;sl ss

2011 2012 Pooled 2011 2012 Pooled 2011 2012 Poole@0ll 2012  Pooled
T, 0.331 0.336 0.333 0.51 0.54 0.52 2.53 2.72 259 .33 51.30 47.30
T, 0.329 0.324 0.326 0.82 0.97 0.89 4.04 4.71 435 .6084 114.60 99.60
e 0.320 0.315 0.317 1.04 1.09 1.06 4.99 5.15 5.04 0.220 240.20 220.20
T, 0.334 0.327 0.330 0.82 0.93 0.87 4.10 4.56 430 .6064 74.60 64.60
Ts 0.323 0.316 0.319 1.01 1.09 1.05 4.89 5.16 5.02 0.8 155.10 153.00
Te 0.328 0.322 0.325 0.99 1.06 1.02 4.87 5.11 497 .36 126.30 111.30
T, 0.319 0.313 0.316 1.06 1.08 1.07 5.07 5.07 5.07 3.1 304.10 278.60
Ts 0.310 0.307 0.308 1.09 1.21 1.15 5.06 5.57 531 0.288 421.20 405.70
Ty 0.312 0.309 0.310 1.07 1.19 1.13 5.00 5.51 525 4.3Br 374.30 349.30
T1o 0.305 0.300 0.303 1.10 1.37 1.23 5.03 6.16 559 0.0 450.90 425.90

C.D (P<0.05) 0.0028 0.0031 0.0029 0.003 0.005 0.004 0.059.071 0.065 15.98 23.85 19.53




Table-6 :

Soil carbon storage under organic amendnmtés under French beans

Bulk density (g/cnt)

Organic carbon (%)

Soil carbon storage

Soil microbial biomass

Treatment ... L N . e A
2012 2013 Pooled 2012 2013 Pooled 2012 2013  Poole@012 2013 Pooled

T, 0.379 0.383 0.381 0.40 0.43 0.41 2.27 2.47 234 0.000 115.00 107.50

T, 0.373 0.378 0.375 0.90 1.24 1.07 5.03 7.03 6.01 3.806 203.80 178.80

e 0.364 0.368 0.366 1.69 1.81 1.75 9.22 9.99 9.60 3.386 303.30 278.30

T, 0.376 0.380 0.378 0.45 0.61 0.53 2.53 3.47 3.00 0416 205.40 157.90

Ts 0.365 0.370 0.367 1.64 1.85 1.74 8.97 10.26 9.5798.7D 249.00 223.80

Te 0.370 0.375 0.372 1.63 1.70 1.66 9.04 9.56 9.26 3.500 153.50 177.90

T7 0.360 0.365 0.362 1.70 1.89 1.79 9.18 10.34 9.7179.4D 28440 281.90

Ts 0.358 0.351 0.354 1.72 1.99 1.85 9.23 10.47 9.8201.40 496.40 448.90

Ty 0.355 0.358 0.356 1.79 1.88 1.83 9.53 10.09 9.7779.2D0 329.20 304.20

T1o 0.350 0.358 0.354 1.75 1.97 1.86 9.18 10.57 9.8700.2D 783.50 741.85
CD(PS0.05) 00046 00035 00082 004 007 005 037 025029 3465 5298  42.95




pooled data, respectively and 0.40, 0.43 and 0.#1%woil under French beans
during 2012, 2013 and pooled data respectively weerded under T

4.3.3 Soil carbon storage (Mg/ha)

The data pertaining to the impact of organic amesrdsion soil carbon
storage under Kale after harvest has been presentddhbles-5 and 6. 1§
recorded highest of 6.1&nd 5.59 Mg/ha during 2012 and pooled data,
respectively which is statistically significant eoveest of other treatment
combinations. However, during 2011; rfecorded highest of 5.07 Mg/ha which is
statistically at par with gand T. The significantly lowest soil carbon storage of
2.53, 2.72 and 2.59 Mg/ha during 2011, 2012 andeglodata, respectively was
recorded in treatment;TIn French beans highest of 10.57 and 9.87 Mgb#
carbon was recorded imgrduring 2013 and pooled data respectively which are
statistically at par with Jand T, during 2013 and 1 was at par with d; Tg, T7
and T; in pooled data. However during 2012, the highé®t%3 Mg/ha in § was
statistically at par with 7 Tg, T1p and k. The lowest soil carbon storage of 2.27,
2.47 and 2.34 Mg/ha was observed irdliring 2012, 2013 and pooled data.

4.3.4 Soil microbial biomass carbon (ug/g)

From the perusal of data (Tables-5 and 6) it islevi that application of
100% vermicompost recorded significantly highel saicrobial biomass carbon
of 400.90, 450.90 and 425.90 ug/g during 2011,22@hd pooled data,
respectively which is statistically significant eoveest of other treatment
combinations in soil under Kale. However during 20T;, was statistically at par
with Tg. The lowest of of 43.30, 51.30 and 47.30 pg/grdue011, 2012 and
pooled data, respectively was noticed in treatnigntt was also observed that
soil microbial biomass carbon under French beams @012, 2013 and pooled
data was significantly highest (700.20, 783.5 ard.g5ug/g) in To. The
significantly lowest of 100.00, 115.00 and 107.5§/guduring 2011, 2012 and
pooled data, respectively was recorded in treatment



4.4  Growth and yield attributes of Kale and Frenchbeans
4.4.1 Plant height (cm)

The data regarding the effect of different orgammendments on plant
height of Kale and French beans is presented ire$aband 8. A perusal of
pooled data of two years (2011, 2012) reveals khkg plots amended with 50%
PM + 50% N, P and K recorded highest plant heid4t9000, 51.66 and 50.33 cm
which was statistically at par with; vhereas significantly lowest plant height of
36.00cm was recorded inglduring 2011 and lowest of 37.64 and 36.88 cmgin T
during 2012 and pooled data. In case of Frenchsabso significantly highest
plant height of 50.12, 55.01 and 52.56 cm was edtim T; and significantly
lowest of 34.81, 35.01 and 34.91 cm was recordetsiduring 2012, 2013 and
pooled data, respectively.

4.4.2 Plant spread (cm)

The results (Tables-7 and 8) revealed significamtation in plant spread
of Kale and French beans as amended by differeganor amendments. It is
evident from the data that during 2011 highest ppread of 35.00 cm was
recorded in ¥in Kale which was statistically at par with, however during 2012
and pooled data highest plant spread of 38.68 arbar00 cm were noticed ins T
which was at par with 7;Tduring 2012. In French beans significantly highsant
spread of 29.70, 33.75 and 31.72 cm during 20123 28hd pooled data was
recorded in T which is at par with 7 during 2013. The lowest plant spread of
25.87, 33.16 and 29.51 cm in Kale during 2011, 2@t pooled data,
respectively and 19.50, 20.83 and 20.16 cm in Fréveans during 2012, 2013
and pooled data respectively were recordedsin T

4.4.3 No. of leaves/plant

From the perusal of data (Tables-7 and 8) it ideavt that application of
50% PM + 50% N, P and K recorded significantly leghnumber of leaves of
19.50, 22.13 and 20.81/plant in Kale during 201012 and pooled data
respectively and 19.23, 23.30 and 21.26 in Freredn$ during 2012, 2013 and
pooled data respectively which was at wah T, in pooled data. The



Table-7 :

Growth attributes and yield of Kale underdifferent organic amendments

Plant height (cm) Plant spread (cm) No. of leavedgmnt Yield/plot (kg)
LIS = T
2011 2012  Pooled 2011 2012  Pooled 2011 2012  Poole@011 2012  Pooled
T, 39.01 41.49 40.25 29.83  36.43 33.13 10.12  12.60 .3611 8.05 10.6 9.32
T, 40.67 43.50 42.09 31.50 35.56 33.53 9.10 14.26 6811. 9.60 10.28 9.94
Ts 45.37 47.66 46.51 33.68 36.83 35.25 11.25 16.95 .1014 10.11 13.58 11.84
T, 43.32 46.50 44.91 35.00 35.25 35.12 11.87 15.13 5013 11.37 12.09 11.73
Ts 49.00 51.66 50.33 34.00 38.68 51.00 19.50 22.13 .8120 13.50 15.70 14.60
Te 42.00 46.12 44.06 32.20 35.60 33.90 10.37 16.33 .3513 11.39 12.05 11.72
T 48.65 51.33 49.99 36.01 38.33 37.17 12.50 16.60 .5514 12.01 15.14 13.57
Ts 36.12 37.64 36.88 25.87 33.16 29.51 9.25 9.30 9.275.21 7.89 6.55
Ty 37.33 40.25 38.79 29.00 36.37 32.69 9.75 11.60 6710. 8.91 9.05 8.98
Tio 36.00 38.62 37.31 30.68  34.33 32.51 8.91 10.30 0 9.6 6.88 8.26 7.57
CD(P<005) 0595 0833 0420 1258 1508 1428 0013 9@5 045 0012 0015 0013




Table-8 :  Growth attributes of French beans under oganic amendments

Plant height (cm) Plant spread (cm) No. of leavedgmnt
ST 11T
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled

T, 38.60 41.02 39.81 23.33 24.25 23.79 13.03 15.70 .3614

T, 38.61 42.01 40.31 22.51 25.51 24.01 13.60 16.03 8114

T, 39.80 41.01 40.40 24.60 28.50 26.55 12.60 18.20 4015

T, 45.01 49.01 47.01 28.25 32.50 30.37 21.03 21.20 1121

Ts 50.12 55.01 52.56 29.70 33.75 31.72 19.23 23.30 2621

Te 39.61 44.60 42.10 24.83 29.51 27.17 15.20 18.30 .7516

T, 41.66 42.81 42.23 26.25 28.33 27.29 15.60 18.60 1017

Ts 34.81 35.01 34.91 19.50 20.83 20.16 11.20 13.30 2512

Ty 36.66 39.01 37.83 20.91 25.25 23.08 12.20 15.06 .6313

Tio 35.01 36.40 35.70 20.75 23.10 21.93 11.80 14.33 0613
CD(P<005) 0381 0516 0449 1167 1451 1309 0358 8106 0519




significantly lowest number of leaves of 8.91 dgrz011was noticed ini§ and
9.30 and 9.27 were recorded iy Th Kale during 2012 and pooled data
respectively. In French beans the lowest numbdeaifes/plant of 11.20, 13.30
and 12.25 was recorded ig during 2012, 2013 and pooled data respectively.

4.4.4 Yield/plot (kg)

A perusal of the data presented in Tables-7, 8 @rsthows significant
influence of different organic amendments on y@i&ale and French beans. Itis
inferred from the results that in Kale significantlighest yield of 13.50, 15.70
and 14.60 kg during 2011, 2012 and pooled dateeotisiely was noticed in sl
and lowest of 5.21, 7.89 and 6.55 kg was recordet; iduring 2011, 2012 and
pooled data respectively. In French beans sigmfigahighest yield of 5.10 and
4.68 kg was observed irns Quring 2013 and pooled data. However, during 2012
highest yield of 4.47 kg was recorded in The lowest of 3.01, 3.72 and 3.54 kg
was noticed in 7, Tip and Tg during 2012, 20013 and pooled data, respectively.

4.4.5 No. of branches/plant

The data pertaining to the impact of organic amesmtsnon number of
branches/plant in French beans has been presentedlie-9. T recorded highest
number of branches of 6.80, 7.10 and 6.95 durint22@013 and pooled data,
respectively which are statistically at par withand T,. The significantly lowest
number of branches of 4.20, 4.40 and 4.30 durint22@013 and pooled data,
respectively was recorded ing. T

4.4.6 No. of pods/plant

It is inferred from the results (Table-9) thatRrench beans significantly
high number of pods of 17.00 and 15.60 during 2&i® pooled data respectively
was recorded in sTwhich is statistically at par with,Tin pooled data . However
during 2012 the highest of 14.86 was observediand lowest of 10.03, 12.43
and 11.93 was recorded in, 1o and T during 2011, 2012 and pooled data
respectively.



Table-9 :

Growth and yield attributes of french beas under organic amendments

No. of branches/plant No. of pods/plant Yield/plb(kg)
LI S5 1TSS
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled
T, 5.60 5.70 5.65 11.30 13.80 12.55 3.39 4.14 3.76
T, 5.40 6.20 5.80 10.03 15.10 12.56 3.01 4.56 3.78
T3 6.03 6.40 6.21 11.40 14.50 12.95 3.42 4.35 3.88
Ty 6.60 6.80 6.70 14.86 16.00 15.43 4.47 4.80 4.63
Ts 6.80 7.10 6.95 14.20 17.00 15.60 4.26 5.10 4.68
Te 6.03 6.63 6.33 13.30 14.40 13.85 4.02 4.29 4.15
T 6.50 6.80 6.65 14.03 14.33 14.18 4.20 4.20 4.20
Ts 4.20 4.40 4.30 10.50 13.36 11.93 3.18 3.90 3.54
Ty 4.80 5.80 5.30 11.26 13.80 12.53 3.39 4.14 3.76
T1o 5.03 5.30 5.16 11.50 12.43 11.96 3.48 3.72 3.60
CD(P0.05) 0374 0358 0342 0537 0371 0454 0018 1600 0017




45 Above and belowground biomass production of Kal and French
beans under organic amendments

4.5.1 Fresh root weight (g)

The data regarding the effect of different orgammendments on fresh
root weight of Kale and French beans is presemtédbles-10 and 11. A perusal
of pooled data of two years (2011, 2012) reveads Kuale plots amended with
25% PM + 75% N, P and K recorded significantly higesh weight of 28.20,
33.30 and 30.75 g whereas significantly low freskight of 19.20, 15.40 and
17.30 g was recorded in; Buring 2011, 2012 and pooled data. In case ofdfren
beans significantly high fresh weight of 8.10 ah85 g was recorded ingT
which was at par with gfduring 2012 and pooled data, respectively. However
during 2013, F was at par with 7 and significantly low fresh weight of 4.00,
4.00 and 4.00g was recorded in ®uring 2012, 2013 and pooled data,
respectively.

4.5.2 Dry root weight (g)

From the perusal of data (Tables-10 and 11) ividemt that application
of 25% PM + 75% N, P and K recorded significantlghhdry weight of 5.64,
6.66 and 6.15 g in Kale during 2011, 2012 and pbdlata respectively and the
significantly low of 3.76 during 2011 was noticedis and 2.86 and 3.35 were
recorded in ¥ during 2012 and pooled data respectively. In Hiebeans the
significantly high of 3.24 and 3.07 g was recoded; during 2013 and pooled
data respectively. However, during 2012, highes2.80 g was observed ins T
which was statistically at par withs,TTs, T7, Tg and To and significantly low of
1.60, 1.60, 1.60 g was observed in during 2012, 2013 and pooled data,
respectively.

4.5.3 Fresh shoot weight (g)

A perusal of the data presented in Tables-10 andetéals significant

influence of different organic amendments @skrshoot weight of Kale and



Table-10:

Above and belowground biomass Productioof Kale under organic amendments

Fresh root weight (g) Dry root weight () Fresh sbot weight (g) Dry shoot weight ()
L= T
2011 2012  Pooled 2011 2012 Pooled 2011 2012 Poole@011 2012  Pooled
T, 22.80 23.30 23.05 4.56 4.66 4.61 114.80 142.03 .4P28 22.96 28.40 25.68
T, 21.23 21.00 21.12 4.24 4.20 4.22 150.40 131.30 .8%40 30.08 28.26 29.17
e 19.80 23.33 21.57 3.96 4.66 4.31 158.43 157.73 .0858 31.68  31.27 31.47
T4 28.20 3330 30.75 5.64 6.66 6.15 269.40 266.70 .0B68 49.96  54.60 52.28
Ts 20.23 21.03 20.63 4.03 5.20 4.61 249.80 263.13 .4%56 35.88 37.34 36.61
Te 27.20 30.03 28.61 4.84 5.01 4.92 181.60 162.13 .8¥7/1 36.32 32.40 34.36
T, 19.20 15.40 17.30 3.84 2.86 3.35 138.63 109.03 .8B23 27.72  28.01 27.86
Ts 18.80 21.60 20.20 3.76 4.32 4.04 193.20 159.40 .3076 38.64 35.88 37.26
Ty 19.60 24.60 22.10 3.98 491 4.44 185.70 173.03 .3¥/9 37.14 34.60 35.87
Tio 19.50 23.03 21.26 3.90 4.60 4.25 199.90 184.60 .2B92 39.98  36.92 38.45
CD(P0.0S) 0291 0511 0431 0012 0012 0012 3851 125 3181 0581 0751 0666




Table-11 :

Above and belowground biomass productionf French beans under organic amendments

Fresh root weight (g) Dry root weight (g) Fresh sbot weight () Dry shoot weight ()
LS5 o
2012 2013  Pooled 2012 2013  Pooled 2012 2013 Pooled012 2013  Pooled
T 4.00 4.00 4.00 1.60 1.60 1.60 130.20 118.00 124.182.10 47.20 49.65
T, 5.00 7.60 6.30 2.03 3.04 2.53 127.60 141.40 134.591.04 55.56 53.30
e 7.00 8.10 7.55 2.90 3.24 3.07 133.03 157.87 145.455.20 56.36 55.78
T, 5.00 5.03 5.01 2.03 2.03 2.03 123.20 129.00 126.149.28 51.60 50.44
Ts 6.00 5.50 5.75 2.40 2.20 2.30 125.80 130.50 128.189.52 52.20 50.86
Ts 7.00 6.86 5.75 2.60 2.96 2.78 124.80 128.10 126.452.12 51.24 51.68
T, 6.00 5.50 5.75 2.60 1.80 2.55 122.00 12450 123.283.80 45.80 47.30
Ts 5.00 6.10 5.55 2.00 2.72 2.36 125.80 137.20 131.549.92 50.88 50.40
Ty 6.00 6.20 6.10 2.40 2.48 2.44 130.20 134.80 132.5952.98 53.92 53.45
Tio 6.00 5.80 5.05 2.40 1.64 2.02 127.40 109.87 118.680.96 52.91 51.93
CD(P0.0S) 081 0515 0661 0562 01 0274 0859 0961091 0315 0801 0558




French beans. It is inferred from the results thaale significantly high fresh
shoot weight of 269.40, 266.70 and 268.05g duridg12 2012 and pooled data
respectively was recorded in, @nd low of 109.03 and 123.83 g was recorded in
T7 during 2012 and pooled data respectively. Howdoearest fresh shoot weight

of 114.80 g was recorded in @uring 2011. In French beans the data shows that
significantly high fresh shoot weight of 133.03,71&%/ and 145.45 g was
observed in Tduring 2012, 2013 and pooled data. The low of @0@nd 118.63

g was noticed in 1p during 2013 and pooled data, respectively andndu2012

the lowest of 122.00 g was observed in T

4.5.4 Dry shoot weight (g)

It is inferred from the results (Tables-10 and gt in Kale significantly
high dry weight of 49.96, 54.60 and 52.28 g dur2@d.1, 2012 and pooled data
respectively was observed in and significantly low of 22.96 and 25.68 g during
2011 and pooled data were noticed in Aowever during 2012 lowest of 28.01 g
was recorded in ;I In French beans significantly high dry weight5&f 20, 56.36
and 55.78 g during 2012, 2013 and pooled datagotisply was recorded insT
however during 20133lwas statistically at par with,Tand lowest of 48.80, 45.80
and 47.30 g was noticed i @uring 2012, 2013 and pooled data respectively.
4.6 Partitioning of above and below ground biomassf Kale and French

beans under organic amendments
4.6.1 Shoot mass ratio (%)

The data regarding the effect of different orgammcendments on shoot
mass ratio of Kale and French beans is presentédbles-12 and 13. A perusal
of pooled data of two years (2011, 2012) reveadd Kale plots amended with
25% PM + 75% RFD recorded significantly high showtss ratio of 91.13 and
90.21% during 2011 and pooled data, however dwzidtR highest of 90.73%
was noticed in Twhereas significantly lowest of 83.43, 85.90 add78% was
recorded in T during 2011 and pooled data. In case of Frenchdsignificantly
high shoot mass ratio of 97.02 and 96.87% waiseuwin T, during 2012 and



Table-12:  Partitioning of above and below ground lmmass of Kale under organic amendments
Treatment - Rootmass ratio (%) ... . Shootmassratio (%) Shootrootatio
2011 2012 Pooled 2011 2012 Pooled 2011 2012 Pooled
T (g)iéé) (é.zzigezs) (131.'325(; (S?igi) (g?égg) (89{271&3 5.035 6.09 5.57
T Ges)  (@ses) (35 (056 (430) (oas 09 672 60
T @am) @60 (34 (od2s) (o529 (oam SO0 670 729
T i) (@o) (32 (9546 (o447) (@s0)  O85 819 849
s Gor) @7 @en)  (odel) (o569) (a42 1027 830 922
o @az) (@6e0) (359 (o304 (0308 (o35 TS0 646 67
T éiég) (3?624?4) (139'278?; (8.73;33) (g%;g) ?9?425? .21 9.79 8.31
T o) (@e) (a3  (o479) (ods1) (aae) OB 718 T2
T @i @sey) (@) oson (4  (ay 9% 703 800
O TO Gy @ (@1 @84 (o4 a9 102 80z 904
C.D (P<0.05) 0.054 0.082 0.068 0.015 0.035 0.025 0.011 130.0 0.012

*Figures in parenthesis are square root transfonmeains



Table-13:

Partitioning of above and below ground lmmass of French beans under organic amendments

Shoot mass ratio (%)

Root mass ratio (%)

Shoot:rootatio

freament 3012 2013 | Pooled 20122013 Pooled 5012 5013 ] bodied
T (géégg) (gééég) ?sféloz) (12..79276) (582170) (i%) 20.63 2372 2211
Tz (8%3% (gf;g%) 2)5.'747&3 (59857) (2?21787) (;:ig) 2510 1827 2101
s (8-5??13) (g.l;gi) (99%2177% (;i6520) (;bofl) (421:85) 19.03 17.39 18.16
Te (8.78'25) (g%;é) ?sfé?) (599960) (fgfe) (ig;) 24.23 2538 24.80
Ts (8.57'22) (8.5?82) 2)5.'7687) (229394) (2??331) (géé) 32.56 29.50 31.03
Te (8.57'23) (gﬁgg) 2)%'784% (;i7759) (25.§1366) (gég) 20.04 17.31 18.58
T (gf;ij) (géééé) 2)%'784% (2?2059) (597484) (gé(ls) 18.76 2544 18.54
Ts (g%ég) (gﬁig) 2)5.'7572) (13..98652) (2?5572) (Lzlﬂ) 24.96 18.70 21.35
Ts (8.57'23 (8.57'32) 2)5.'7%3; (2&)3;1) (263996) (;:gg) 22.070 21.74 21.90

T ey @m  @Ey oo a7 qsy S ® BT

CD(P0.05) 0022 0.054 0.038 0014 0031 0.022 0.174 401 0.150

*Figures in parenthesis are square root transfonmeains



pooled data, respectively and Was at par with 1 in pooled data. However,
during 2013, highest shoot mass ratio of 96.99% wasrded in To which was
statistically at par with jJrand significantly low shoot mass ratio of 95.00,53,
94.88% was recorded in3TTs and T during 2012, 2013 and pooled data,
respectively.

4.6.2 Root mass ratio (%)

The results (Tables-12 and 13) revealed signifie@niation in root mass
ratio of Kale and French beans by different orgameendments. It is evident
from the data that Kale plots amended with 50% PNb0%6 RDF recorded
significantly high root mass ratio of 16.56, 14.@Ghd 15.21% whereas
significantly lowest root mass ratio of 8.86 and®% was recorded inglduring
2011 and pooled data, whereas, during 2012 lowe%®26% was recorded in;T
In case of French beans significantly high valuk§.85, 5.46 and 5.21% were
noticed in T, Tg and T during 2012, 2013 and pooled data, respectively.
However, during 2013, ¢Twas statistically at par withsTand T was at par with
T, in pooled data and significantly low root massoratf 2.97 and 3.12% was
recorded in T during 2012 and pooled data, respectively andhdu2013 lowest
of 3.00% was observed ingl

4.6.3 Shoot root ratio

The data regarding the effect of different orgammcendments on shoot
root ratio of Kale and French beans is present@8tbles-12 and 13. A perusal of
pooled data of two years reveals that Kale ploteraded with 50% PM + 50%
RFD recorded significantly high shoot root ratio1df.27 and 9.22 during 2011
and pooled data and; Tecorded significantly high value of 9.79 during12,
whereas significantly low shoot root ratio of 5.83)9 and 5.57 was recorded in
T1 during 2011, 2012 and pooled data. In case of dirdreans significantly
highest shoot root ratio of 32.56 and 31.03 wascedtin Ts during 2012 and
pooled data, respectively. However, during 201¢gnisicantly high value of 32.26
was observed inif and significantly low of 18.76, 17.31 and 18.16swecorded
in T7, Tg and & during 2012, 2013 and pooled data, respectively.



4.7 Carbon detail and total nitrogen of Kale and Fench beans grown in
organically amended soils

4.7.1 Root carbon (%)

A perusal of the data presented in Tables-14, thl&nshows significant
influence of different organic amendments on roatbon of Kale and French
beans. In Kale significantly high root carbon of86, 13.26 and 12.56% during
2011, 2012 and pooled data respectively and inderéeans high value of 22.70,
23.70 and 23.20% during 2012, 2013 and pooled réafzectively was noticed in
T10 and significantly low value of 0.73, 1.60 and 246 Kale was recorded in
T, during 2011, 2012 and pooled data respectively ianFrench beans the
lowest root carbon of 2.70, 2.80 and 2.75 % wagedtin T, during 2012, 2013

and pooled data, respectively.
4.7.2 Shoot carbor{%)

It is inferred from the results (Tables-14, 15 ah@) that in Kale
significantly high shoot carbon of 10.13, 11.10d d®.61% during 2011, 2012
and pooled data respectively and in French beagiseki of 50.30, 51.80 and
51.05% during 2012, 2013 and pooled data respdégtivas observed in 1§ and
significantly low value of 1.30, 1.76 and 1.53% idgr2011, 2012 and pooled
data in Kale and lowest of 38.70, 39.17 and 38.28%rench beans during 2012,

2013 and pooled data were observed;in T
4.7.3 Leaf area ratio (criVg)

The data regarding the effect of different orgamtendments on leaf area
ratio of Kale and French beans is presented ineBab4t and 15. A perusal of
pooled data reveals that Kale plots amended wi?d vermicompost recorded
significantly high leaf area of 5.9%nd 5.33 crfig during 2012 and pooled data,
however during 2011 highest value of 4.98%nwas noticed in J whereas
significantly low of 2.50 and 3.50 &g was recorded in ;Tduring 2011 and

pooled data and during 2012 lowest value of 8r87g was observed insTIn



Table-14 :

Carbon detail and total nitrogen of kalegrown in organically amended soils

Carbon content Carbon assimilating

Treatment capacif[y , Total nitrogen of leaf (%)
____Rootcarbon (%) Shootcarbon (%) Leafarearatio(en’/g)

5011 2012 Pooled 2011 2012 Pooled 2011 2012  Pooledoii 2012 Pooled

T (&37536) (11;(?4) (iiég) (11.'1320) (11.'37269) (iﬁgi) 250 451 35 211 361 286

T, (f§§6) (Ef(?G) é:g% (fng) (f'gsfg) &:gg) 405 430 417 277 327  3.02

T, (??'5535) (:1»,91'5138) (21‘2‘) (??'5535) (??'0558) (g:g% 427 481 454 252 401  3.26

Ta (12.6753) (fg)?) (i%g) (11.'13535) (11.37269) (igj) 308 397 352 28l 361 321

T, (Z ;‘236) (59826) (g:éé) (25_'??82) (;f&) (g:gg) 338 551 444 323 473  3.98

T (f§f6) (;6257) (igg) (55255) (ZS.fS)S) (g:gg) 429 428 428 246 395 320

Tr (é?égg) (;1438) (131.5143) (:?.gs%) (33f390) (g:gg) 416 503 459 245 435 340

Te (:1»,.02;2) (:1»,.1482) (131.53145) (??'17265) (:1»,.02'22) (139'223 498 543 520 154 304 229

To (?2;2) (é.lzig?) (131.5144; (33'62393) (é?iég) (g:ﬁ) 452 511 48l 211 361 286
________ To G @642 (b @183 (5 (29 470 5L 83 201 280 240
CD(P<0.05 0015 0028 0022 0034 0027 0030 0016 1.0 0017 0013 0015 0.028

*Figures in parenthesis are square root transfonmeains



Table-15:  Carbon detail of French beans grown inmganically amended soils

Carbon content Carbon assimilating capacity
Treatment Rootcarbon (%) ~ Shootcarbon(%) | Leaf arearatio (o/g)
2012 2013 Pooled 2012 2013 Pooled 2012 2013 Pooled

T, (12.67 fg) (12_5100) &:Zg) 3870  39.17 38.93 0.49 0.60 0.54

T, (25.5*382) (5'73??3) (52’:2% 4330 4383 43.56 1.01 0.16 0.58

T, (555()0) (fg‘f@ (gzgi) 4530  46.30 45.80 0.55 0.65 0.60

T, (25.'3382) (26.'??331) (g:gg) 4330 4343 43.36 0.51 0.61 0.56

Ts (5%975;)0) (gfgﬁ) éigi) 4523  46.30 45.76 0.52 0.63 0.58

T, (26_57;8) (27_ '5‘101) (Z:gg) 4530  45.77 45.53 0.53 0.64 0.58

T, é%ﬁ% éf‘dgg) (13?'788 4530  46.33 45.81 0.57 0.72 0.65

Ty (ﬁ;zg) (;?2"7‘% (14?3065) 4930  49.83 49.56 0.71 0.86 0.78

T, (}1_66;% (1_79'32) (147_'1035) 4730  47.80 47.55 0.66 0.77 0.71
B O R i s A i

CD(P<0.05) 0023 0.016 0.019 0168 0.098 0.133 0017 1m0 0017

*Figures in parenthesis are square root transfonmeains



Table-16 :

Carbon detail of Kale and French bean gwn in organically amended soils

Carbon content of Kale

Carbon content of French bea

Treatment Rootcarbon (%) Shoot carbon (%) | Rootcarbon (%) Shot carbon (%)
2011 2012 Pooled 2011 2012 Pooled 2012 2013 Pooled2012 2013 Pooled

T (8222) &132) (icl)g) (ﬁg) 11.'174(13) &133) (i:gg) (i:gcl)) (i:gg) 3870 3917 3893
T é:ﬁ% (igg) (igg) (ig% (igg) (igg) (3238) (i?g) éfﬁ) 4330 4383 4336
Ts (g:gg) (130.i1236; (2213) (gigg) (gigg) (g:g% (g:;g) (2:32) (318% 4530 4630 4580
Ta (i:gg) (igg) (i%g) (ﬁg) (i:;g) &133) (2228) (g:gg) (g:gg) 4330 4343 4336
Ts (;:4712) (3232) (g:éé) (2:28) (giig) (g:gg) (3253) (g:gg) (328?) 4523 4630 4576
To (ig% (3132) (i;i) éég) (giig) (g:gg) (g:;g) (;:3(1)) (;22) 4530 4577 4553
ooobs hE A ow 0w G2 WX R BR L L. ..
T Gan (a0 (a6 Gl G28) (21 (ash @on) s 9% 48 4950
S 0 e e T T I 7 s SR
LT Ga Gen S @) 63 G e @ k0% S0 50
CD(P<0.05) 0015 0028 0022 0034 0027 0030 0023 1600 0019 0168 0098 0133

*Figures in parenthesis are square root transfonmeains



case of French beans significantly high value 8711.98 and 1.93 cify was
noticed in T during 2011, 2012 and pooled data, respectivety agnificantly
low value of 0.49 and 0.54 &g was recorded iniTduring 2012 and pooled data
and T, recorded lowest leaf area ratio of 0.16%gmluring 2013.

4.7.4 Total nitrogen (%)

A perusal of the data presented in Tables-14 shsgvsficant influence of
different organic amendments on total nitrogeneaff in Kale. It is inferred from
the results that in Kale significantly high totatragen of 3.23, 4.73 and 3.98%
during 2011, 2012 and pooled data respectively wesorded in § and
significantly low total nitrogen of 1.54 and 2.29%4aring 2011 and pooled data
was observed in gland during 2012, 1f recorded lowest of 2.80%. In French
beans high of 3.36, 5.26 and 4.31% was noticechdu2D12, 2013 and pooled
data and the lowest of 2.05 and 1.78% was recard@glduring 2013 and pooled
data, respectively. However, lowest total nitrogéri.03% was observed imgl
during 2012 (Table-17).

4.7.5 Number of nodules/plant

The data pertaining to the impact of organic amesmtsnon number of
nodules/plant in French beans has been presenfieable-17. T recorded highest
number of nodules of 30.20, 32.40 and 31.30 dw2itR, 2013 and pooled data,
respectively which are statistically significant @@mpared to other treatments.
The significantly low number of nodules of 22.8(&28.95 was recorded ing T
during 2012 and pooled data, respectively, howekgrrecorded lowest of 25.00
during 2013.



Table-17 :  Total nitrogen of pods and number of nodles of French beans as affected by organic amendnis

Total nitrogen of pods (%) No. of nodules/plant
JL LS 2 1 1] |
2012 2013 Pooled 2012 2013 Pooled
T 1.34 3.24 2.29 24.10 26.03 25.06
T2 2.15 3.25 2.70 23.70 26.60 25.15
T3 2.38 4.28 3.33 28.00 29.50 28.75
Ty 2.01 4.05 3.03 27.00 29.00 28.00
Ts 3.36 5.26 431 30.20 32.40 31.30
Te 2.46 3.56 3.01 26.80 28.00 27.40
T; 2.40 4.30 3.35 29.20 31.50 30.35
Ts 151 2.05 1.78 22.80 25.10 23.95
Tg 1.51 2.61 2.06 24.60 25.30 24.95
T10 1.03 3.00 2.01 23.00 25.00 24.00
- CD(P0.05) 0017 0017 0017 1106 084 0.847




Plate-6 :  Determination of carbon content (%) by A& method



Vacuum desiccator

Plate-7 :  Determination of soil microbial biomass arbon by
chloroform fumigation extraction method



Chapter — 5
DISCUSSION

The present investigation entitled “Impact of origaaamendments on soil
carbon sequestration and biomass carbon allocafi@nops” was conducted for
two consecutivdrabi seasons of 2011 and 2012 &fuhrief seasons of 2012 and
2013 at Seed Multiplication Unit, Shuhama, SKUAS@sKmir. This chapter has
been devoted to examine the results of currentystumsed on the logical
arguments in the light of the scientific evideneasilable in the literature. The
results have been proved by establishing the cadeffect relationship between

them to derive out the fruitful conclusions.

Soil plays significant role in global carbon cycle.was estimated that
soils have contributed as much as 55 to 78 biltmmes of carbon to the total
atmospheric C@(Kimble et al., 2002). The total soil carbon consists of thé soi
organic carbon and inorganic carbon, estimatedet@pproximately over 2250
billion tons in the top 1lmeter depth (Batjes, 1998) key process in many
unsustainable agricultural systems is degradatiosods through loss of soll
organic carbon (SOC). With cultivation, soils magd 50% or more of their
organic carbon content, depending on soil conditiand agricultural practices.
Sequestration of soil organic carbon from plantnags is a key sequestration
pathway in agriculture; offering an offset strategy.e.,mitigation) for
agriculture’s other greenhouse gas emissions. Gobon sequestration is also
important at the farm level to build soil fertiljtprotect soil from compaction and
nurtural soil biodiversity. In addition to its viteole of mitigating greenhouse gas
emissions, soil carbon sequestration provides mathgr significant off-farm

benefits to society (Franzluebbers, 2007).

The present study reveals that pH of the soil utigercultivation of Kale
and French beans showed the decrease in all thengats. The lowest value is

recorded in Ty treatment with the application of 100% Vermicontpersd highest



in T; (RFD). Decrease in the pH could be attributedhi acidifying effect of
urea and organic acids produced during the coursE@mposition of organic
amendments. Compost manure application lower thevpidh may be due to the
accumulation of organic acids from microbial metao or from the production
of fulvic and humic acids decomposition (Albanetlll., 1988) These results are
in the agreement with the findings of (Srikargh al., 2000) who reported
decrease in pH of the soils treated with enrichemhmost after harvest of Ragi
and Cowpea. Similar results were reported by Gabiret al. (2009) in his
experiments with Capsicum cultivated in open figldganic amendments had a
greater effect on the soil pH than the inorganitilieer (Savalvaet al., 2003).
The addition of vermicompost in soil results dase of soil pH in tomato
(Lycopersicum esculentum) (Azarmi et al., 2008). The decrease in pH of the soil
by about one unit from the initial value couldreéated to the decomposition and
mineralization of organic matter (Kannae al., 2013). Deshpande and
Devasenapathy (2010) also reported that applicatforermicompost decreased
the soil pH. The decrease in pH of the soil cduddue to release of organic
matter and this could help in the reduction of kthkty of soils (Ganigeret al.,
2012).

The study reveals that electrical conductivity sbdvgignificant increase
with the application of 100% VC (§) followed by Tg (100% FYM) in soils under
cultivation of Kale and French beans. Electricahdwactivity is a soil parameter
that indicates indirectly the total concentrationsoluble salts and is a direct
measurement of salinity. Although EC of the sodreased in different treatments
but the actual values did not cross the criticaitliof 4.0 dS rit. The possible
explanation for increasing EC may be due to thgelajuantities of soluble salts
and HCO® contained in the manure compost (Wa@l., 1999). Similar results
have been reported by (Sarwaral., 2003; Niklasch and Joergensen, 2001;
Selvakumariet al., 2000) which indicates that EC increases in acadi well as

alkaline soils when organic materials of differewiture are applied to the soil.



The decomposition of organic materials releasesagicacid forming compounds
that react with the sparingly soluble salts alrepdgsent in the soil and either
convert them into soluble salts or at least in@déasir solubility. Hence, the EC
of soil was increased e.g., Cag@ver present in the soils of arid and semi-arid
regions) may be converted to CaH{£® even to N2CO; which are more soluble
forms. However, the quantum of increase will depead much quantity of the
acids or acid forming substances is produced whiithin turn relay upon the
amount of the organic materials applied. A trendgeheral increase in EC of
normal soil was observed after rice and wheat cropsapplication of sole
compost or in combination with chemical fertiliz€sarwaret al., 2008). The
electrical conductivity, representing salt contentreased linearly in response to
increasing concentrations of pig manure vermicortgpada planting media
mixtures (Atiyeh et al., 2001). Klock (1997) also reported that electrical
conductivity of planting media substituted with mecomposts increased in the

range of 1.3 to 2.8 times over those untreatedrabnt

Our present study revealed that cation exchangeacdgp(CEC) had
significantly increased in all the ten differenédtments under Kale and French
beans, particularly in1f with 100% vermicompost followed by 100% FYM).

In addition to the presence of higher amount of bsinpresence of clay loam, soil
have helped in boosting the cation exchange cap#&iganic amendments added
to silt loam soil improves soil structure, espbgidhe formation of macro-
aggregates. Soil organic matter also binds plantronutrients like iron,
aluminum, zinc, copper and manganese by chelaticen ekemical association of
organic matter when fresh organic matter is addethe soil, microbes release
long-chain sugars or polysaccharides and make theaiiable for plant uptake
relatively quickly. These polysaccharides promatemfation of large or macro-
aggregates. Increase in available cations in vermpost are related to the greater
amounts of plant tissues that provide a largeraserfarea for cation exchange

(Lee, 1995). Savalvat al. (2003) also reported that cation exchange capacity



increases with an increase in pH from 5 to 7. CEGreater in soils with greater
amount of organic matter and clay. (Parthasaetthi., 2008) reported increased
CEC in vermicompost plots mainly due to humic sabsés in the vermicompost.
This observation falls in line with Vasanthi andifarasamy (1999) who found
significant increase in CEC of the soil treatedhwiermicompost application.

Same findings have been reported by Bene@i02 andZink and Allen, 1998.

Among different treatments under cultivation of &and French beans
T10 (100% VC) treatment recorded maximum soil moistot®wed by Ts (100%
FYM). The improvement in soil moisture in responigehe addition of organic
matter is due to improved soil structure and watable aggregates, as well as
increasing the total number of storage pores wischttributed to the action of
polysaccharides and fulvic acid components of dmyaratter. The consequence
of increased water infiltration combined with a leg organic matter content is
increased soil water storage. Especially in thestoip where the organic matter
content is greater, more water can be stored (Badeal., 2013). Boatengt al.,
2006 also reported thatganic amendments with its high organic carborterun
adds organic matter to the soil. Organic matterthasbility to retain appreciable
amounts of soil moisture, hence, probably the insevel of moisture content of
soil upon application of the manure. The increasmbmoisture in vermicompost
and vermicompost plus NPK treated plots was duéntoeased porosity and
decreased bulk density of the soil due to vermicosh@pplication and these in
turn provide greater aeration and better drain®getllasarathét al., 2008). The
soil moisture which depends on micro porosity af,s@ried significantly with
application of organic nutrients. Further, the highmus content along with
increased surface area and favourable aggregatgg had resulted in increased
soil moisture in the treatments where organics wawmponents of nutrient
sources compared to reduced soil moisture in imocgéertilizer treatments
(Ganigeret al., 2012). These results are in the conformity whbk results of

Maheswarappaet al. (1999) who reported that vermicompost application



increased soil porosity and soil moisture to a tgreextent after growing of East
Indian Galangal. Manures contain high amount ofinig matter which increase
the moisture retention of the soil and improve alissons of nutrients particularly
phosphorus (Choudhagyal., 2013). It is in close conformity with the findjs of
Munirathnamet al. (2004) in Foxtail millet and Yadav (2001) in cowpea

The study also reveals that application gb TL00% VC) resulted in
lowest bulk density in soils under cultivation ofalé and French beans and
maximum in & (RFD). Reduced bulk density indicates better @mwatand
drainage besides good soil physical condition thatld help in better root
penetration and proliferation necessary for vigergtrowth and subsequent high
yield of crops. The reduction in bulk density bygamnics may be due to the
improvement of aggregation and structure whichdieect influence on the bulk
density of the soil. Similar observations were régd by Vasanthi and
Kumarasamy (1999) who found a significant reductiothe bulk density of soll
treated with vermicompost. The least reduction ufk ldensity among the ten
treatments was observed in soils treated with oNK. Manure and
vermicompost significantly increased soil organarbon (SOC) and decreased
bulk density over time (Sala al., 2008; Bhaskarast al., 2009). Studies have
observed lower soil bulk density and improved goitosity as a consequence of
organic fertilizer application (Agbeda al., 2008; Hatiet al., 2006). Sarkaet al.
(2003) reported decrease in soil bulk density, @sfig at 0-15 cm depth, when
organic fertilizers were applied, although the @ase of soil bulk density was
less when organic and inorganic fertilizers werembmed. Results showed that
application of 15 t FYM/ha significantly increasesbil organic matter and
available water holding capacity but decreasedsthiebulk density, creating a
good soil condition for enhanced growth of the ritep (Tadesset al., 2013).
Soil bulk density was reduced due to applicatioro@fanicmanure having the
minimum value. The higher bulk density @ontrol and in only fertilizer treated

plots may be due to verpw organic matter content in soil and formation of



compactlayer (Islamet al., 2011). Mathui(1997) also observed that soil treated
with organic mattershowed lower bulk density. the addition of organic
amendmentat least 33% for sandy loam and 50% for clay lotog compacted
soil reduced bulk densitfRivenshield and Bassuk, 200 According to Brady
(1996), organic matter is the major component stiaulates the formatioand
stabilization of granular and crumb type of aggtega As organic residue
decomposeorganic acids, sugars, mucilaginous substancesofimel viscous
microbial byproducts arevolved which, along with associated fungi and &aat
encourage the crumb formation amet effect of these activities will decrease bulk

density and increase porosity as reportedLoganathan, 1990).

The present study reveals that 7L00% VC) showed increase in organic
carbon and soil carbon storage in soils under thigvation of Kale and French
beans followed by g(100% FYM) and minimum in f(RFD). The rapid build up
of organic carbon in the soil may be due to higeeel of organic matter, organic
carbon, microbial and enzyme activities, (Tomatl &ualli, 1995; Arancomt al.,
2008) and due to the action of mineralization slogdv release of N and fixation
and accumulation of organic N in the soil. The ¢huip of organic carbon helps in
retention of soil moisture and acts as buffer te #oil and also increases the
infiltration rate (Ganigeet al., 2012). The results are in conformity with that o
Saha et al. (2008) who reported that the addition of cattle oranand
vermicompost to the soil after three years incréasganic carbon (54% and
52%, respectively). (Parthasaratdi al., 2008; Hapse, 1993; Vasanthi and
Kumarswamy, 1996) reported that organic carbon badn phenomenally
enhanced in all soil types treated with vermicomparsd vermicompost plus
NPK. The soil organic carbon content increased By 8.6, 12.9 and 19.3 % in
wheat straw, vermicompost, FYM and poultry manueated soils, respectively,
as compared to control (no manure). Organic cathold up was maximum in
organic manure amended soils during 15 to 60 ddtgs ancorporation and

thereafter declining trend was observed. Compastiyares significantly greater



increases in soil organic carbon and some plamtemis (Garcia-Gikt al., 2000;
Bulluck et al., 2002; Nardet al., 2004; Webeet al., 2007).

Application of organic amendments to rice and wheateased organic
carbon status of soil (Chettat al., 2003). Similarly, Rogasilet al. (2004),
Khursheedet al. (2013), Kannaret al. (2013), Katyal (2000) indicated that
combination of organic and mineral fertilizes irased soil organic carbon
content compared to exclusive mineral fertilizefbe results corroborate the
findings of Mannaet al. (2006), Ghoshet al. (2009), Kaschlet al. (2002),
Babalad (1999), Manjappa (1999) who found a pasitarrelation between the
addition of compost and soil organic carbon corstehe application of organic
amendments increased the organic carbon contentheofsoil and thereby
increasing the microbial counts and microbial bismaarbon (Nakhro and
Dkhar, 2010).

The study also reveals increase in soil microbiamass in all treatments
under cultivation of Kale and French beans withrtreximum in T (100% VC)
followed by Ts (100% FYM) and lowest in T (RFD). Increased microbial
biomass carbon content recorded in the organitadbted plot maybe due to the
suitable conditions for microbial growth (Nakhrodabkhar, 2010). Leitat al.
(1999) indicated that soils treated with FYM andanposts showed a significant
increase in total organic carbon and biomass canboesponse to the increasing
amounts of organic carbon added. A positive eftdabrganic fertilizers on the
microbial biomass nitrogen and the carbon conterthé soil was also observed
and reported by Cermgt al. (2008). The significant increase in microbialrhass
carbon (MBC) with application of organic amendmeateng with inorganic
fertilizer probably resulted from a more conduciervironment for microbial
growth (Gregoet al., 1998). Stimulation of microbial biomass and atitg by
organic carbon inputs has been well documented@haryet al., 2000; Garcia
Gil et al., 2000; Peacoclet al., 2001). Rasmussegt al. (1998) reported that

addition of organics caused a substantial increesethe MBC in soil.



Similar results are reported by Ghaglal. (2010) and Get al. (2011). Microbial
biomass levels are typically higher when legumeecarops are included in the
rotation than when fields are left fallow betweeaslt crops (Lupwayet al.,
1999).

In present study sltreatment (50% RFD + 50% PM) showed highest
increase followed by 7T(50% RFD + 50% VC) in available NPK in soils under
cultivation of Kale and French beans. The plotsirgeng 50 %NPK through
inorganic fertilizers and remaining 50% RDN throughbultry manure (PM)
registered the highest available N, P and K statube soil and it was closely
followed by the plots receiving 50% RDNPK througiorganic fertilizers and
remaining 50% RDN through VC but was markedly higihan those of the plots
receiving 100% RDNPK through only inorganic ferdrs during all the three
years. Application of 100% RDN through organic nrasuonly (PM, VC and
FYM) also significantly enhanced the available NarRl K status of soil over its
initial values. Application of 100% RDNPK throughlg inorganic fertilizers also
increased the available N, P and K status in tlleoser its initial values. The
increase in soil N and P after PM application migitdue to the direct addition of
N and P through decomposition of the PM addedecstiil. A large portion of the
N in poultry manure is in organic fractions butt®040 per cent of the total N is
inorganic (Willrich et al., 1974; Sims, 1987). The improvement in the soil
available P with PM addition could be attributednb@ny factors, such as the
addition of P through PM and retardation of soifibRtion by organic anions
formed during PM decomposition. Kumetral. (2012) also reported increase in
available NPK through inorganic fertilizers and amge sources particularly PM
or VC. Similar favourable effect of inorganic féi#gers and organic manures on
increasing the available N, P and K contents ihlsmie been noticed by Kumar
et al. (2008), Baishya (2009), Ghoshal. (2004), Adeoyeet al. (2011), Alabadan
et al. (2009), Choudharya and Kumar (2013). Similar ltsswere also obtained
by (Devi and Agarwal, 1999) in sunflower.



The study also reveals that all the growth pararsete plant height, plant
spread number of leaves, number of pods, numbérasfches of Kale showed
maximum value in §(50% RFD + 50% PM) followed by,;150% RFD + 50%
VC) and T followed by T, (75% RFD + 25% PM) in French beans .This may be
due fact that these organic manures supplies daeailable nutrients such as
nitrogen to the plants and these organic manurpsowes the proportion of water
stable aggregates of the soil. Poultry manure go@d source of nutrients for
crops, in this manure, 60 per cent of the nitrogenpresent as uric acid
(Srivastava, 1998). The uric acid readily change® iammonical form of
nitrogen. Therefore, it is of great value in saitility maintenance. The average
nutrient content in poultry manure is 3.03 per dg¢n2.63 per cent®s and 1.4
per cent KO (Maloneet al., 1992). Higher plant growth as a result of organ
amendment application maybe associated with thetlf@t the materials release
considerable amount of nutrients especially nitrofgg plant use, this is essential
for chlorophyll and protoplasm formation. The cemmgn action of
polysacchrides and other organic compounds reledsadg the decomposition
of organic matters, thus leading to taller plamsyreased number of leaves in
Cowpea (Adeoyet al., 2011). The improvement in crop parameters is@sted
with the increase in NPK levels in the soil asraieéd by Reyhan and Amiraslani
(2006). Channabasanagowah al. (2008) also reported that vermicompost
application @ 3.8 t per ha and poultry manure @ 2.per ha recorded higher
plant height and number of leaves per plant in bm®. These results are in akin
with Kale et al. (1994) in groundnut and Rajavel (2002) in cowdgabuet al.
(2001) also reported that Plant height was sigafily influenced by the
application of organic manure and chemical feeilsz Similar results also
reported by Rajnet al. (2001),Singhet al. (1999), Hossairet al. (1997), Sharma
and Mitra (1991).



Islam et al. (2011) also reported that the chemical fertikzatong with
PM had a marked influence on the number of leales/jin raddish and spinach.
Ullah et al. (2008) reported the maximum branching with corabdiapplication of
manures and fertilizers. These results were inaromty with the findings of
Rahmanet al. (1998). Similar results were reported by Jablon&l@90) and
Hosmani (1993) in tomato, eggplant, pepper andichilashilkaret al. (1997)
observed that application of poultry manure reedrthigher dry pod yield of
groundnut. The increased pod formation may bebatied due to better plant
development through efficient utilization of soédsources by the plant, where
primary growth elements were available in suffitiamount (Naeerat al., 2006)

in mungbean.

In the present study yield of Kale and French beeas recorded highest
in Ts treatment (50% RFD + 50% PM). The increase indyeguld be attributed
to the fact that nutrients were more readily alddavhen organic and inorganic
fertilizers were combined. The beneficial effectf @arganic manures are
manifested through increase in soil organic madtedt humus over the period.
Soil organic matter and humus acts in several wayserves as slow release
source of plant nutrients to the crops and incieasater holding capacity to
maintain the water regime of the soil and acts lagfeer against change in soil pH
(Upadhayay and Singh, 2003). Fuddisal. (1970) reported that nutrients from
mineral fertilizers enhance the establishment obpsr while those from
mineralization of organic manures promoted yieldewhboth fertilizers were
combined. Titiloye (1982) reported that the mostiséactory method of
increasing maize yield was by judicious combinatmiorganic wastes and
inorganic fertilizers. Makindet al. (2007) reported increased melon growth and
optimum yield with organo-mineral fertilizer at 4 t/ha. Kamet al. (2012)
reported that 50% of the recommended dose of NP&ugh inorganic + 50%
recommended dose of nitrogen (RDN) through orgamémures (FYM, PM or

VC) or 100% recommended dose of NPK through inamdertilizers alone



favourably influenced the tuber yield, nutriental@, soil fertility and paid higher
returns compared to other treatments. Similarli®sere reported by Kumast
al. (2008 and 2011) and Dasal. (2009).

The study also reveals that above and belowgroumehdss production
was highest in treatment; T75% RFD + 25% PM) in Kale and; T50% RFD +
50% FYM) in French beans which is attributed to iaygment in nutrient content
and uptake because organic manures, not only suppbronutrients but also
meet the requirements of micronutrients, besidgsromng soil health. These
findings are in line with Singhkt al. (2001b) who revealed that application of 80
kg N per ha through poultry manure or substitufidgper cent N through poultry
manure and 25 per cent N through urea to wheat tig/@ighest root and shoot
biomass and obtained highest number of plants péemmow (62.73) and highest
seed yield (15.37 g/ha) as compared to control 3@9and 10.00 g/ha,
respectively). Boatengt al. (2006) also reported that Poultry manure treatmen
produced higher values for height, leaf area indled above ground biomass in
maize. Application of manure significantly incredseoot and shoot dry weights,
leaf area in maize (Adeyemo and Agele, 2010). Maeet al. (2001) also
reported that root dry weight increases with insieg poultry manure application
rate in  AmaranthusAfmaranthus cruentus L.). Ouda and Mahadeen (2008) also
reported increase in fresh and dry weights of otdxy application of 60 and 80
kg organic manure with 60 kg inorganic fertilizetossainet al. (2012) reported
increase in  dry weights of root and shoot. Inzeawith the application of
poultry manure alone and with 25% NPK + 75% PM. iinresults are reported
by Ogundarest al. (2012) in maize.

The present study reveals the maximim root mass irails (50% RFD +
50% PM) and shoot mass ratio in (V5% RFD + 25% PM) in both Kale and
French beans respectively. It could be attributeditferent mineralization rates
and nutrient availability in the two soil amendmeaystems at different growth

stages of the plant. Poultry manure plays a di@etin plant growth as a source



of all necessary macro and micronutrients in abéglaforms during
mineralization, improving the physical and phys@gtal properties of soils.
These favourable conditions create better nutri@tsorption and favour the
growth and development of root system which in treflects better vegetative
growth, photosynthetic activity and dry matter ancalation (Abou El-Magdet
al., 2006).

The present study also reveals the maximim shatredgio in both Kale
and French beans irn; 150% RFD + 50% PM). It can be attributed to thet that
Poultry manure is an excellent organic fertilizas, it contains high nitrogen,
phosphorus, potassium and other essential nutriégntsontrast to chemical
fertilizer, it adds organic matter to soil whichproves soil structures, nutrient
retention, aeration, soil moisture holding capaeityl water infiltration. The S:R
also tends to decrease with decreasing soil N ahifitly (Troughton, 1982). The
supply of macronutrients other than the N can éf&oot root ratio. Reports are
consistent that S:R decreases when the growthmgetl by P or S supply
(Adalsteinsson and Jensen, 1988; Clarkebial., 1989; Fredeemt al., 1989;
Rufty et al., 1990; Zsoldost al., 1990; Ingestad and Agren, 1991; Cakreail .,
1994).

The maximum root and shoot carbon and leaf area wais recorded in
T10 (100% VC) followed by §(100% FYM) and lowest in{I[(RFD) in both Kale
and French beans which can be attributed to treorethat in contrast to chemical
fertilizer, vermicompost adds organic matter tol sehich improves soil
structures, nutrient retention, aeration, soil moes holding capacity and water

infiltration.

The present study reveals the maximum leaf afg@iraT,o (100% VC)
followed by Tg (100% FYM) and lowest in ;T(RFD) in both Kale and French
beans which can be attributed to the reason thiaigein being a constituent of
protoplasm can show favourable effect on chlordpbghtent of leaves which
might have resulted in increased synthesis of ¢amt@tes (Tisdalet al., 1985).



Plant height, leaf area and dry matter producti@nthe growth attributes which
significantly affect the dry weight of leaves ankosts. These results are in
consonance with the findings of Maitehal. (1998) in Ashwagandha, Mansour
(2002) and Hussein (2003) in Senna, Selvatagl. (2003) in Rosemary and
Thyme.

The present study also reveals the highest numbaodules in French
beans in T (50% RFD + 50% PM) followed by;T50% RFD + 50% VC) which
can be due to the reason that the organic manaacsding Poultry manure
significantly influence the chemical properties tbfe soil and improve the
Nitrogen, Phosphorus and Potassium levels of tile Sdnis is in confirmation
with the findings of Madukwet al. (2008) also reported high nodulation in the
cowpea varieties with the application of poultrymaee.

The present study also reveals the maximum totedgen in both Kale
(leaf) and French beans (pod) ig (60% RFD + 50% PM) followed by;150%
RFD + 50% VC). A higher value of leaf N content kkbbe attributed to the
ability of organic manure to supply nutrients thybout due to mineralization and
improvement of the physical and chemical propeniethe soil and the ability of
organic fertilizer to release nutrients gradualyyoughout the growing season.
Ouda and Mahadeen (2008) reported highest leafritent (3.87%) produced
when the greatest dose of both organic manure maadhanic fertilizer was
applied. Similar results were obtained by Wong @9®bdelrazzag (2002) and
Magnusson (2002) on several vegetable crops. Qjend). (2013 also reported
thatleaf concentrations of N and P increased progrelsas the application rate
of PM increased from 0 to 10.0 t in Cocoyaxarthosoma saggitifolium).



Chapter — 6
SUMMARY AND CONCLUSION

The present investigation entitled “Impact of origaamendments on soil
carbon sequestration and biomass carbon allocatiotrops” was carried out
during 2011, 2012 and 2013 at Sher-e-Kashmir Unitserof Agricultural
Sciences & Technology of Kashmir, Shalimar, Srima@&K). The findings of

present study are summarized below :

» pH of soil of soil after harvest of Kale and Frermans was recorded in
neutral range under;J (100% VC) whereas highest values were recorded
in T, (RFD). Various physico-chemical parameters vizlecteical
conductivity, cation exchange capacity and moestoir soil under both
Kale and French beans were significantly high wite application of
100% VC followed by 100% FYM and lowest values wexeorded in T
(RFD) under both test crops.

» Available nitrogen, phosphorus and potassium itssmder cultivation of
Kale and French beans were significantly high ia piots treated with
50% PM + 50% RFD followed by 50% VC + 50% RFD.

» Various parameters of soil carbon storage viz.awigcarbon, soil carbon
pool and soil microbial biomass carbon were sigaiftly highest in 1o
(100% VC) treatment followed bygT(100% FYM) in both Kale and
French beans. However significantly lowest valuesemecorded in T
(RFD) treatment.

» In soil under both Kale and French beans signitigdrighest bulk density
was obtained in (RFD) and significantly lowest values were recorded
in T10 (100% VC) followed by T (100% FYM).

» Various growth attributes and yield viz., plantdtdi plant spread, number
of leaves/plant, number of branches/plant, numbdepaus/plant were



significantly high in Kale treated with 50% RFD56% PM followed by
T7 (50% RFD + 50% VC) and in French beans it wassit{50% RFD +
50% PM) followed by T (75% RFD + 25% PM).

» Aboveground and belowground biomass production ialeKwas
significantly high with the application of 75% RFD 25% PM and in
French beans it was in 50% RFD + 50% FYM.

» Root mass ratio and shoot root ratio in both Kadd Brench beans was
significantly high with the application of 50% RFP 50% PM. Shoot
mass ratio was significantly high in, T75% RFD + 25% PM) in both the

test crops.

» Aboveground and below ground carbon content of laalé French bean
was significantly higher in 15 (100% VC) treatment followed bygT
(100% FYM). Significantly lowest values were receddin T, (RFD) in
both the test crops. However, of the test cropsifstgntly highest values
for above and belowground carbon content were decbrin French

beans.

» Leaf area ratio was significantly high in both Kaed French beans
treated with 100% VC followed by 100% FYM. Howewagnificantly

low values were recorded in RFD.

» Total nitrogen content of leaf in Kale and podsHrench beans and
number of nodules in French beans were recordexfisantly high in T
(50% RFD + 50% PM) followed by;{50% RFD + 50% VC).

CONCLUSION AND RECOMMENDATIONS

From soil carbon sequestration point of view, inhbihve Kale and French

beans the treatments;(T(100% VC) followed by ¥ (100% FYM) and §
(100%PM) increased the soil carbon storage andstatstically significant.

Carbon storage was found to be high in French b¥aaid in Kale was found to



be highest in treatment; Tollowed by T, and & and in French beans the highest

values were exhibited in treatmentsfdllowed by T, and T.

In light of above conclusion, it is recommendedt tfea achieving high
carbon sequestration in soils, the crops should fdréilized with 100%
vermicompost and French bean crop is recommenddaetter carbon storage in
crop. However, for obtaining high yield, combinatiof organic and inorganic
fertilizers (50% RFD + 50% PM) is recommended.tker work needs to be
carried out in different agro-climatic zones toh\ar at final recommendation for

the valley using different organic amendments.
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Appendix — |
Standard weekly meteorological data for 2011

Standard Mean temperature (C) . Relative
Meteorological =~ S Total rainfall humidity
week No. Maximum Minimum (mm) (%)
19 25.8 9.7 15.0 68
20 28.8 111 24 63
21 26.1 11.0 13.2 56
22 24.3 11.2 26.2 69
23 26.8 11.4 4.6 59
24 30.9 15.5 0.0 64
25 26.7 16.4 3.0 71
26 28.9 13.6 6.0 67
27 31.3 17.0 0.0 66
28 28.0 14.8 45.0 72
29 27.4 13.6 3.6 67
30 315 15.8 5.0 69
31 27.3 16.6 52.8 80
32 30.3 17.4 15.0 70
33 30.0 17.6 0.8 73
34 27.6 14.4 8.4 69
35 28.9 12.8 0.0 64
36 31.1 10.6 0.0 61
37 30.4 15.5 0.0 69
38 26.1 10.5 2.0 70
39 26.7 8.1 0.0 64
40 23.6 9.2 9.2 72
41 19.3 6.7 52.6 76
42 19.2 5.5 0.0 74
43 17.9 3.6 9.2 72
44 18.2 0.4 0.0 72

Source: Meteorological Observatory, Division of Agonomy, SKUAST-K,
Shalimar



Appendix — 1l
Standard weekly meteorological data during the crogrowing season (2012)

Standard Temperature (°C) Relative humidity (%) .
meteorological = R T Raintall
week Maximum Minimum  Maximum  Minimum (mm)
18 21.07 6.30 79.14 52.00 8.10
19 23.14 9.61 83.57 62.43 11.70
20 22.36 8.93 79.86 58.71 12.00
21 21.57 9.51 83.86 62.57 16.60
22 29.93 9.64 70.57 47.57 3.40
23 23.93 10.83 81.29 59.86 8.40
24 27.21 11.60 80.14 46.29 1.60
25 30.29 14.79 77.57 41.71 0.00
26 28.64 14.07 79.00 47.57 10.80
27 32.79 17.53 75.00 42.71 1.00
28 28.36 16.21 82.43 62.57 18.60
29 30.86 15.64 82.29 47.86 3.40
30 32.43 17.14 82.86 43.29 9.20
31 30.21 18.93 83.71 55.14 29.00
32 29.36 16.47 83.43 55.86 4.80
33 29.29 18.37 85.43 55.57 23.60
34 32.07 19.30 82.29 47.57 1.80
35 31.64 16.47 77.43 49.86 1.00
36 24.57 16.87 89.86 68.00 49.20
37 26.71 16.13 93.14 72.29 24.80
38 25.14 11.11 88.71 64.29 12.40

39 26.64 8.57 90.00 56.43 0.00




Appendix — Il

Standard weekly meteorological data during the crogrowing season (2013)

Standard Temperature (°C) Relative humidity (%) .
meteorological = R T Raintall
week Maximum Minimum  Maximum  Minimum (mm)
18 21.00 7.14 80.14 51.43 4.20
19 21.79 9.50 88.29 57.14 14.00
20 26.21 8.86 76.00 41.00 8.60
21 27.14 12.07 76.57 49.43 32.20
22 26.57 8.69 77.00 41.29 13.00
23 31.86 14.10 73.00 46.71 0.00
24 25.21 15.61 91.00 66.71 61.20
25 31.14 14.50 72.00 40.00 3.40
26 29.10 17.61 81.00 52.14 32.20
27 31.23 17.40 78.57 45.86 15.80
28 29.00 16.43 81.57 51.43 35.20
29 31.14 18.31 74.29 48.57 8.00
30 32.71 18.47 71.86 44.14 3.20
31 30.50 19.27 79.71 56.29 18.40
32 32.07 19.13 77.14 47.00 6.20
33 21.74 16.86 90.14 84.00 158.60
34 30.36 17.07 75.29 62.57 3.40
35 28.64 15.97 83.86 60.57 0.60
36 29.57 13.39 79.57 51.71 7.80
37 23.79 13.57 86.86 67.29 21.00
38 28.93 9.04 81.00 48.00 0.00

39 28.21 11.67 85.29 63.43 2.40




Sher-e-Kashmir
University of Agricultural Sciences and Technologyf Kashmir
Division of Environmental Sciences,
Shalimar Campus, Srinagar 190 025

CERTIFICATE

Certified that all the corrections/amendments aggested by
External Examiner Dr. Ashok Kumar Bhat, Coordinagohool of
Genomics Molecules and Microbiology, SKUAST-Jammurirg
Viva-Voce examination held on June 26, 2015 hawnlecorporated
in the manuscript entitleimpact of organic amendments on soil
carbon sequestration and biomass carbon allocatiomf crops”
submitted byMs. Gowhar Bashir (Regd. No. 2010-334-D)

Dr. Shoukat Ara
Chairperson
Advisory Committee



