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1. INTRODUCTION

Continued deterioration of soil health during ptsee decades is one of the most
serious second generation problems of Green Re&wwolin India, causing not only
stagnation in food grain production but also theaatg the nutritional and economic
security. The problem is more acute in high proditgtareas of Indo-Gangetic Plain
region (IGPR).e.,, Trans-Gangetic Plains (TGP, representing PunjabHaryana) and
Upper Gangetic Plains (UGP, representing Delhi Arestern U.P.), where intensive
cereal-cereal cropping systems are predominantigwied with indiscriminate use of
nutrients and irrigation water, and also with esoes tillage using heavy machinery
(Yadavet al. 1998). Depletion of soil organic carbon (SOC)hbot terms of quality
and quantity is the major soil health problem eyedrdue to continuous adoption of
this kind of farming, followed by other constrairdtke emergence of multi-nutrient
deficiencies and deterioration of soil physical pedies-especially sub-surface
compaction and poor aggregation (Hobbs and Mo®8@6). The sustenance of high
yields in these otherwise productive areas is b&@wgnmcreasingly difficult owing to
soil-related constraints.

In recent years, there has been a revival ofasten soil organic carbon (SOC)
dynamics, particularly changes in SOC pools consegio management practices,
because of increasing global concerns on climatengd and sustainability of
agricultural production systems (Lal 2004). A dakle crop management practice
would not only support sustained high productiort biso exhibit simultaneous
potential of annual accretion in SOC stocks andethyeimproving nutrient availability
and soil health (Yadaet al. 2000; Sleutekt al. 2006). Identification and adoption of
such practices assume great significance in sulbtiognd tropical regions, where SOC
levels are inherently low (Mandadt al. 2007). With the large-scale adoption of
intensive cropping, the long-term balance betweddit@ans of organic carbon from
different sources and losses through differentyeasts is disrupted, since on one hand
more and more of the C is subjected to oxidatigsds due to continued cultivation;
while on the other hand, it leads to addition otdCthe soil through crop residues
resulting either a net build-up or depletion of S&tGck (Konget al. 2005). Although

the intensity of land use and management has tefmpact on SOC stocks, yet small



changes are difficult to detect because of highk@paxind levels and natural soil
variability (Elliot 1986). This could also be onétbhe reasons for using different pools
or fractions as sensitive indicators of changeS@C levels (Jenkinson and Rayner
1977).

Deterioration of soil physical properties in théemsively cultivated areas of the
IGPR is associated with the cropping systems faldwexcessive use of heavy farm-
machinery and other crop management practicesinstance, the negative effect of
wet-tillage (puddling) for transplanted rice on sdil compaction, and also on the
growth and yield of subsequent wheat crop in ri¢e&t cropping system- the most
widely practiced system in the IGPR is well docutedn(Aggarwalet al. 1995;
Timsina and Connor 2001; Kukal and Aggarwal 20@B)fortunately, the farmers in
these areas try to compensate the yield loss daal&zline in soil health by excessive
use of N fertilizers, which not only enhances theegof nutrient mining from soil, but
also deteriorates the quality of produce besidssgaa potential threat of groundwater
pollution through nitrate leaching beyond root zone

Conjoint use of fertilizers and organics, and dsferation of nutrient-
exhaustive cereal-cereal cropping systems are néged) as promising management
strategies to restore soil health and sustain theugtivity levels. The same could,
however, not be adopted extensively for competitiges of conventional organic
sources (cattle dung, crop residas), and also for unavailability of suitable variatie
of non-cereal crops, especially monsoon legumes ¢bald diversify the existing
cropping system. In fact, for diversification ofetimost widely practiced rice-wheat
system in UGP, pigeonpea has been considered asofotiee potential crops to
substitute monsoon rice crop (Dahiy al. 2002; Singh and Dwivedi 2006).
Development of extra-short duration (ESD) varietépigeonpea in recent years made
it possible to replace intermittently or permangral monsoon cereal crop and thus
giving rise to the pigeonpea-wheat cropping systertroduction of pigeonpea may
have advantages well beyond N addition througholgichl nitrogen fixation (BNF)
including nutrient cycling from deeper soil layerscycling of relatively narrow C:N
ratio residue and leaf litter, increase in soilamg matter, breaking weed and pest

cycles, minimizing soil compaction and lowering ttemful allelopathic effects (Wani



et al. 1995). The ESD varieties of pigeonpea have, heweetained perenniality trait
of retaining substantial amount of green foliagematurity, which could be recycled
into the soil to supply valuable nutrients to thbsequent crop and enrich soil fertility.

Effect of integrated plant nutrient supply (IPN3) different soil parameters has
been studied at IARI and elsewhere mostly in cezesdal cropping systems, and with
IPNS options that involved one or more of the caoiemal organic manures. Since
pigeonpea-wheat is a relatively new cropping sydtiesh came into prominence only
after development of ESD varieties of pigeonpefrination pertaining to changes in
soil parameters other than available NPK contentswfface soil due to nutrient
management is scarce, if not lacking altogethefadt, sporadic studies undertaken so
far with this cropping system were generally coafito evaluating yield responses and
at the most economic returns vis-a-vis other systénwould, therefore, be interesting
to understand the impact of nutrient managementsah parameters such as soil
organic carbon (SOC) fractions, mineral N contertt some hydro-physical properties,
and their inter-relationships in pigeonpea-wheastay. A field experiment on
pigeonpea-wheat system continuing since past fiearsy at the IARI Farm, that
comprises integration of three organic inputs ofyway chemical compositiowiz.,
FYM, sulphitation pressmud and pigeonpea leafrlittas considered an ideal site for
such studies.

With this background, the research work was un#ertawith the following

objectives:

() To evaluate the effect of fertilizers aloneinrcombination with farmyard manure,
sulphitation pressmud and pigeonpea leaf-litter smil organic carbon (SOC)
fractions, mineral nitrogen (N) content and hydhysical properties

(i) To study the inter-relationships among of S@&ctions, mineral N and hydro-
physical properties, and their effect on the prédilg of pigeonpea-wheat

sequence



2. BACKGROUND

Pigeonpea-wheat is a relatively new cropping secgi¢imat came into prominence due
to development of extra-short duration varietiepigeonpea. Hence, the literature on
changes in SOC fractions, mineral-N and hydro-gtaJsproperties under varying
nutrient management options in this crops sequecese scare. A good deal of
information is however, generated in other cropgusace in the IGPR or elsewhere.
The relevant literature is cited hereunder as backyl information to the present

investigation.

2.1. Soil organic carbon (SOC) fractions

Soil organic carbon (SOC) is an important compongiaying key
multifunctional roles in soil quality and deterrmgi many soil physical and biological
properties (Smitlet al. 1999). As decline in soil organic matter is cdesed to create
an array of negative effects on crop productivitgintaining and improving its level is
pre-requisite to ensuring soil quality, future puotivity, and sustainability (Katyadt
al. 2001). It is a source of energy and nutrientssfal biota which affects the nutrient
supplying capacity of soivia mineralization. It also affects aggregate stability
trafficability, water retention and hydraulic propes (Haynes 2005). In addition to
being a direct source of plant nutrients, SOM aisdirectly influences nutrient
availability in soil. Besides, it is also extremahyportant in maintaining overall quality
of environment as soil contains a significant pafrtglobal carbon stock (Ladt al.
1998).

The SOC is considered to be comprised of a smhailelar active pool with
relatively high turnover rate and a large recadeitr or passive pool with slower
turnover rates (Krulét al. 2003). The oxidation of liable C pool drives thex of CO,
from soil to the atmosphere, and this pool greatifjuences nutrient cycling for
maintaining soil quality and its productivity (Chahal. 2001; Majumdegt al. 2008).
Hence, adoption of procedures that can preferéntedtract the more labile pools
might be a useful approach for the characterizatidBOC resulting from different soll

management practices including cropping systems application of organic and



inorganic sources of nutrients (Hassink 1994; Mdtdan and Hobbie 2004). On the
other hand, highly recalcitrant or passive poadndy very slowly altered by microbial
activities (Weilet al. 2003) and thus hardly serves as a good indi¢atdhe purpose.

Blair et al. (1995) considered SOC oxidized by 33B1M{MnO, (KMnO,4-C) as
the most useful index of labile C that encompasséseadily oxidisable organic
components including humic substances and polysaicids. This fraction comprises
5-30% of the total organic carbon (TOC), and issid@red more sensitive to changes
in cultivation or management practices comparetbtal SOC content (Lefrogt al.
1993; Contehet al. 1999; Blair 2000; Grahamt al. 2002). In fact, KMnQ@ extracted
higher amount of LBC from manure and fertilizeratied plots than the control, as this
reagent extracts relatively younger organic comgsuncluding labile humic materials
and polysaccharides (Contehal. 1999; Haynes 2005). Soil microbial biomass carbon
(MBC) is another important labile fraction that migi consists of bacteria and fungi
and makes up 1-5% of TOC (Haynes 2005). Methods d¢kloroform fumigation-
incubation and chloroform fumigation-extraction Bdeen used widely to determining
MBC content (Jenkinson and Powlson 1976; JenkirsahLadd 1981). However, this
percentage, the 'microbial quotient’, has beenrtegdo change in a consistent way
and to provide a useful indicator of soil proces@gsderson and Domsch 1989). The
proportion of MBC to TOC decreased as soils westored after mining (Insam and
Domsch 1988), and showed a consistent trend depgradi climate, as assessed by
precipitation evaporation (P/E) quotient (Insatnal. 1989). The changes in the
MBC/TOC ratio reflect organic matter inputs to thewils, the efficiency of conversion
to microbial C, losses of C from the soil, and #t&bilization of organic C by the soil
mineral fractions. Hence, the MBC/TOC ratio hasrbémund useful as an index of
changes in soil organic matter resulting from angeain land management (Rastsl.
1982, 1983; Harét al. 1989). The use of the ratio approach appearsitmalize some
of the variability and allow a better interpretatiof trends (Carter 1986).

Most of the conventional methods used in SOC detation aim to maximize
oxidation of C (Walkley and Black 1934; Nelson @dmmers 1982). This approach
may not be useful for assessing the effect of mamagt practices on the quality of a

system for sustainable crop production, since iny"OC failed to serve as a sensitive



indicator for such an assessment (Ckbal. 2001). The adoption of procedures that
can preferentially separate the more labile poolghtnbe a useful approach for
characterizing SOC and assessing its quality udd&rent management practices.
Several techniques based on chemical, physicalpandgical principles are used for
partitioning labile pools of SOC (McLauchlan and dbe 2004). Some of the
commonly used techniques are: oxidation under a@ign& of oxidizing condition
(Walkley 1947; Blairet al. 1995; Charet al. 2001), floatation with a dense liquid
(Gregorich and Janzen 1996), sieving into differsize class separates and their
associated C (Siet al. 1998), mineralization under controlled temperataredl
moisture condition (Pastat al. 1993), and direct measurement of the pool size of
living soil organisms and microbial biomass (Peudl. 1999). Some of the important
labile pools of SOC currently used as indicatorsmf quality are microbial biomass C,
mineralizable C, oxidisable organic C fractiong] &ight-fraction C.

The living fraction of organic matter, the microblomass, rather than total
amounts of organic C, has been suggested as d asefunore sensitive measure of a
change in organic matter status (Powlson and Jsokiri981; Powlsoset al. 1987).
Having a comparatively rapid rate of turnover a@ Years (Jenkinson and Ladd 1981),
it is possible to detect changes in this microbettion long before they are detectable
in the total organic matter. Changes in the MBC ttaus provide an early indication of
longer-term trends in the TOC of soils (Powlson dedkinson 1981; Carter 1986;
Powlsonet al. 1987). Because of synthesis and mineralizationuroity at the same
time, the concentration of humic substances is rgdligeat equilibrium and remains
constant at the prevailing ecoclimatic conditiorowgver, when the precursors of
humic matter disappear, the changes occurringsirtcamposition and chemistry can
modify its resistance to decomposition (StevensefiP].

Information on particulate organic carbon (POC)e thhysically protected
transitional fraction (Gregorich and Janzen 1996),relatively scarce and more
confined to no-till systems. POC, in addition te timore active pools of soil organic
carbon, has recently been shown to be a sensitdieator of soil management effects
on soil organic carbon (Partah al. 1987). This fraction was considered to represent

the “slow pool’ of soil organic carbon with an internegé turnover time between the



‘active’ and‘passive pools’ (Partogt al., 1987) with a lignocellulose index 43 to 50%.
This fraction of SOC represents an important inegirate decomposition stage of plant
debris that was rapidly lost following soil distarixe with cultivation (Cambardella
and Elliott 1992). It is considered as physicaltgtpcted and moderately stable organic
carbon in the size range of 53 to 200, and this fraction is sensitive to soil
disturbances (Camberdella and Elliot 1992).

2.2. Effect of nutrient management on SOC fractions

Multi-location long-term experiments (mostly involg intensive cereal-based
cropping sequences) in the sub-tropical and tropiegions have revealed that
application of fertilizer NPK at locally recommemtieates either increased or at least
maintained the SOC stock over the initial valuesnpared with unbalanced (N or NP)
and inadequate (50% of the recommended NPK) faatibn at most of the locations
(Swarup and Wanjari 2000; Yadav al. 2000). Conjoint use of organiegz. FYM,
green manure or crop residues along with fertild@K or application of an enhanced
level of NPK not only brought further increaseS@C (Nambiar 1994; Yadast al.
2000a) but also improved soil physical health mesbuin terms of increased
aggregation and a decrease in soil compaction {farend Connor 2001).

Long-term use of FYM (15 t Aiayr™®) along with recommended NPK fertilizers
under maize-wheat sequence on a Typic Haplusteialed substantial increase in
SOC fractions like MBC, KMn@C and POC, and an integrated use of fertilizes an
manure appeared a better nutrient management ofdioraccumulation of SOC
compared with fertilizer alone (Manjaiah and Sirgfi01; Rudrappat al. 2006). In a
long-term pearl millet-wheat sequence, Gogtadl. (1999) concluded that application
of organic amendments along with inorganic fertilgzled to increased MBC, as these
amendments supplied readily decomposable organitema addition to increasing
root biomass and root exudates due to increased growth. Other studies also
substantiated the superiority of integrated usergénics and fertilizers in augmenting
SOC stocks under rice-based cropping systems picaldsub-tropical environments
(Bhattacharyya and Pal 2003; Mand#lal. 2007). Mtambanengwe and Mapfumo

(2008) reported that the effect of fertilizationdamanuring on LBC varied with the



sources of organic matter addition and indicatedt thBC status of soil was
significantly affected by nutrient management tmesits within short period even
under tropical environment.

A comparison of particulate organic matter and mahessociated carbon
among three tillage treatments (20 years underivatilin) and an undisturbed
grassland at Sydney revealed that particulate @rgaarbon in the native sod
represented 39% of the total TOC and bare fallomplde-mulch, and no-till
management reduced the carbon content in thisidradio 18, 19, and 25%,
respectively (Camberdella and Elliot 1992). Bowneinal. (1999) indicated that
particulate organic carbon, which usually reflettte amount of residue litter and
shallow roots, increased with increasing croppimgnsity. The cropping intensity of
1.0 had highest particulate organic carbon conwdrite that of 0.5 the lowest. They
also reported that particulate organic carbon wpping intensity of 1.0 was nearly
double to that of particulate organic carbon inppiag intensity of 0.5 treatment, and
attributed this to greater plant biomass productionintensive cropping systems that
produced more litter and roots for particulate argacarbon accumulation. They
revealed that POC contributed about half of the Ti@@e treatments without fallow
and about 40% in the treatments with fallows.

Fertilizer application shows great impact on SO@eage and cycling (Kauat
al. 2008; Tribertiet al. 2008). Firstly, fertilization affects organic mattinput to soil
directly through organic amendments and/or indiyebly altering crop growth and
residue return (Miret al. 2003). Secondly, fertilizer application greatlyliences soll
aggregation (Tisdall and Oades 1982), which pravighysical protection for SOC,
thus controlling its decomposition and transformati(Jastrowet al. 2007). For
example, Whalen and Chang (2002) reported that @@ and aggregate formation
were significantly enhanced after long-term marapplication. Furthermore, manure
amendment contributes to the increase of soil aggeestability (Whalemt al. 2003),
whereas the effects of inorganic fertilizer apgdima on soil aggregation and SOC
sequestration were variable (Halvorseh al. 2002; Zaller and Ko'pke 2004).
Therefore, fertilization management may influeroe feedback between SOC and soil

aggregation and thus the protection of SOC.



The effects of cultivation on the nutrient and rolmal characteristics of soil are
observed in the C and N-enriched small macro-agdeedractions (2—0.25 mm)
(Cambardella and Elliot 1993; Gupta and Germuda;1&Hiot 1986; Dormaar 1983;
Tisdall and Oades 1980a, b). Dormaar (1288 reported that SOC, polysaccharides,
polyuronides and phenols were associated with wsitdrle aggregates of >0.25 mm
size. However, Elliot (198&)oted that whereas the C/N, C/P and N/P ratiosatém
stable micro-aggregates were smaller than thosenadro-aggregates, the former
contained less organic matter associated witlpkik clay than the latter. Findings by
Christensen (1985) and Christensen and Sorens&b)($Bowed that C and N were
associated with finer soil particles and theseigag varied among different aggregate
fractions. Sixet al. (2000) reported a lower content of POC in soigwdbed by tillage
operations for cultivation. On the contrary, mangrienhanced C content in soils
associated with macro-aggregates due to the aboeddmoot exudates (lignocellulose
residues) in organic amended soils (Arshizal. 1990).

In a long-term study, use of NPK + FYM or NPK +eistraw (RS) gave higher
values of very labile C due to high content of palgcharides (cellulose and
hemicelluloses) in FYM and RS that could lead ® pihoduction of higher amounts of
labile fraction of SOC than that produced with egremanure (Seneviratne, 2000).
Chanet al. (2001), while comparing the effectiveness of diéfg pasture species in
maintaining labile pools of SOC, observed that vabile C and labile C contributed a
major portion (~65%) of TOC in semi-arid areas afskalia. The other two fractions,
namely less labile carbon and non-labile carboroaated for a smaller proportion
(~35%) of the TOC that was within the range of 8@9% assigned to the passive pool
of SOC used in the Century Model (Parton and Rasemu$994).

2.3. Effect of nutrient management on mineral N content

In the sandy loam soils (Typic Haplustept) of Neeild, nutrient management
practices had a significant effect on N contentl plots receiving integrated sources of
nutrients showed higher soil mineral N content tbantrol, whereas organic source of
nutrients could not maintain the level of mineralilNsoil even as that recorded in



control (Verma 2010). Application of FYM along witértilizers reduced the transport
of NOs-N down the profile, which in turn minimized thealhing losses (Verma 2006).

Extensive studies on the benefits of inclusionegfuimes in crop sequences as
carried out at Modipuram (representing UGP) rewk#hat legumes raised as grain or
forage crop increased SOC, decreased soil bulkitgesspecially in the sub-surface
layers, and also minimized downward movement okiNCbeyond the effective root
zone (Dwivediet al. 2003; Singhet al. 2005). In these studies, a greater amount of
NOs-N was retained in the upper profile when pigeonmegeded wheat, and a reverse
was true when a cereal (rice) was the preceding. édntroduction of a legume crop in
cereal-cereal may have advantages well beyontl thedition through BNF including
nutrient recycling from deeper soil layers, minimg soil compaction, increase in soil
organic matter, breaking of weed and pest life @&ychnd minimizing harmful
allelopathic effects (Wargt al. 1995). As the process of release of N from theuoig
sources involves a biological decomposition of ¢hesaterials, the same is controlled
by chemical composition of the materials (Feal. 1990; Rowellet al. 2001; Kumar
and Goh 2003) and soil environment (Vigil and Kis$895; Cooksoret al. 2002).
Legume leaf litter, modules and aboveground bioraasghus likely to release N faster
than FYM or cereal crop residues incorporated ¢ostbil.

Soil mineral N (NH-N and NQ-N) is closely correlated with soil fertility (Roy
and Singh 2003) and variations in mineral N contamt also reflect changes in the soll
guality. In agricultural ecosystems, inorganic Nresquently looked upon as the most
limiting factor influencing plant growth and cropelds (Ruseet al. 1998). Continuous
application of FYM over seven years in an intensivepping system on an Alfisol
significantly increased the NN and NQ'-N contents, whereas addition of green leaf
manures did not leave any profound effect (Udayaasona@t al. 1989). On the other
hand, a decrease in N® content of the soil with the application of FYMas
observed by Purani& al. (1978) and Prasad and Rokima (1991), althoughhitjteest

N content was observed with the integrated useRK iind FYM.
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2.4. Effect of nutrient management on soil hydro-physical properties

Hydro-physical properties such as mean weight diambulk density, porosity
and saturated hydraulic conductivity indirectlyligince nutrient uptake and yield by
affecting ease of tillage, seed-bed quality and growth (Schjonninget al. 1994).
Studies have shown that the organic matter hast gegailatory roles over several
physical soil features like pH, bulk density, hyalra conductivity, aggregate stability,
and erosion susceptibility. Loss of organic mattery encourage breakdown of soil
aggregates, thus increasing their vulnerabilitertmsion (Jastrow 1996). Parallel to the
increases in soil organic matter, soil porosityréased, while bulk density and soil
erodibility decreased (Cerda 199@aturated water flow is an important factor in
understanding the dynamic process of water andesatwvement in soil. Although in
most cases of upland field, saturated water flowoften used to designate an
appropriate internal drain-ability for better crggowth (Acharyaet al. 1988). Saturated
hydraulic conductivity is a representative key paeter of the saturated water flow in
soil.

Bulk density is a dynamic soil property varying hvitexture, structural
condition and organic matter status of the soil alered by cultivation, compression
by animals, agricultural machinery and weathier The changes in bulk density are
related to cropping, rate of organic matter decasitjpm, rate and frequency of
manuring and fertilizer use practices (Gateiral. 1976).

Andersonet al. (1990) found that the annual additions of 13.5it bf manure
for 100 years decreased bulk density by an aveodge.12 Mg m® compared to
unfertilized silt loam soils at Sanborn field, Uarsgity of Missouri, Columbia. Soil bulk
density in the 0-20 cm layer was reduced in FYM &K treatments relative to
unfertilized control in a sandy loam soil after ety years of the start of the Askov
long-term fertilizer experiment (Schjonnirgy al. 1994). According to Grewadt al.
(1999) continuous application of potassic (60 k@Ka') and phosphatic (60 kg®s
ha') fertilizers lowered the bulk density (1.40 Mg*mas compared to control (1.50
Mg m®). Similarly, Obi and Ebo (1995) reported that #ulition of poultry manure
(10 t ha") significantly decreased soil bulk density of sele degraded sandy soil in

southern Nigeria.
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In eroded alluvial soils continuous use of N fezéts alone or in combination
with P significantly increased the bulk densitysoil, whereas the use of FYM helped
in lowering the bulk density (Bhatia and Shukla 2P8Nambiar (1994) reported that
incorporation of FYM at 10-15 t Haalong with NPK for 7-13 years in long-term
experiments brought about a slight reduction irkkdensity in almost all the soils,
which could be taken as an index of improvemersihproperties.

Bulk density normally does not change significardlye to NPK treatments;
however, there could be a marginal reduction irk lolénsity due to NPK levels due to
increase in biomass production with consequeneas® in organic matter content of
the soil (Bharadwaj and Omanwar 1992). Effect ofy®ars of rice-rice cultivation
showed the lowest bulk density (1.26 Mg@)minder 50% of recommended NPK + rice
straw, whereas the highest bulk density (1.49 MY was observed in control (Bellaki
et al. 1998).

Sheeba and Kumaraswamy (2001) observed a decreasikidensity with an
increase in organic matter content in Vertic Haggdpts of Coimbatore. On these soils,
continuous application of balanced fertilizer NPKorsy with FYM (10 t h&)
significantly decreased the bulk density (1.30 Mg) mompared with unfertilized plots
(1.44 Mg n?) (Selviet al. 2005). In a loess soil of Shaanaxi (China), bidksity at 0-

5 and 10-15 cm depths was reduced significantlysequnent to conjoint use of
manure+NPK compared with fertilizer NPK alone ofaitilized control over a period
of 13 years (Zhangt al. 2006). Likewise, in the Vertisols of central ladihe lowest
bulk density was recorded in the plots receivingbremended NPK and FYM (10 Mg
ha'), whereas it was highest in the control plots {léaal. 2006). Continuous addition
of organic manures not only influenced bulk denshiyt also brought a favorable
change in total porosity of soils (Mahimairagaal., 1986). Incorporation of organic
materials (cow dung slurry or paddy straw or gligi) either to meet 25% or 50% of
N dose along with fertilizers had significantly ieased the porosity of Vertisols
(Bellaki et al. 1998).

Higher bulk density and low porosity observed undebalanced fertilizer
treatments might have affected aeration and erftiyater into the soil, which in turn
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reduced carbon mineralization and uptake of water utrients by roots (Arvidson
1994).

Continuous applications of organics in combinatwith fertilisers improved
hydraulic conductivity in black soils, as compatedfertilizers alone (Nambair and
Ghosh 1984). Chaula and Chaula (1991) found thatsodic soil saturated hydraulic
conductivity of surface soil increased from 0.40 mifrin control to 2.09 mm dwhen
only N fertilisers was applied, and further sigediint increase (3.05 mm‘g was
noticed with the use of P or PK fertilizers alowgh N. An increase in hydraulic
conductivity due to conjoint use of FYM and NPKtiksers was observed by Bellaki
et al (1998) and explained as improvement in doilctural stability and increase in
organic matter content, biological activity and pploate level of surface soil.

Andersonet al. (1990) found that the saturated hydraulic conglitgtincreased
about nine times with annual additions of 13.5t bfamanure to silt loam soil for 100
years. Highest hydraulic conductivity (2.32 cmihwas recorded in organic manure
applied treatments whereas the lowest (1.65 ch was recorded in control in the
Vertisols (Chalwadet al. 2006).

Other reports also suggested that long-term bathapplication of fertilizers
along with organic manures maintain solil fertilty improving water holding capacity,
porosity and water stable aggregates and decrebsikglensity and surface crusting,
which leads to high crop yields (Edwards and LdE882; Schjonninget al. 1994;
Glendininget al. 1996; Manjaiah and Singh 2001). Although someistuthdicate that
soil fertility declines with continuous applicatioof fertilizers alone i(e. without
organic inputs) due to soil acidification and detgi@on of soil structure (Grahaehal.
2002; Malhi et al. 2003; Edmeades 2003). The same observations autldbe
supported by the long-term studies being carrietl inudifferent agro-ecological
conditions in India (Swarup and Wanjari 2000).

Long term use of NPK or NPK+FYM showed significamtrease in aggregate
stability than under unfertilized control in VertHaplustept (Selviet al. 2005).
Sharmaet al. (1998) reported that an increase in the percentdgevater stable
aggregates of size >0.25 mm due to continuous cgin of FYM with fertilisers and

lime on acid soils of Himachal Pradesh. Increasmé&an weight diameter in the FYM
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plots could be attributed to improved soil aggregaf{Prasad and Singh 1980.; Bhatia
and Shukla 1982). The surface soils of plots reegivboth FYM and recommended
dose of NPK had larger MWD (0.50 mm) and a highercentage of water stable
aggregates (55%) than both inorganically (NPK)ilfeed and unfertilized control plots
(0.41 mm and 45.4% respectively) in Vertisols aftcal India (Hatiel al. 2006).
Emerson (1977) observed that organic matter stalilithe aggregates by
forming bonding between quartz particles and clagndins. Similarly, Oades (1994)
reported that the organic matter increased thelisgatf macro-aggregates through the

bindings of the mineral particles by polysacchaside

2.5 Inter-relationships between parameters

Soil organic matter improves the physical condgiasf soils by enhancing
aggregation, aeration and water retention, thepebgting a suitable environment for
root growth (Obi and Ebo 1995; Senesi and Loffré8689). The relationship between
organic matter and soil aggregation or structursnédion was described by Tisdall and
Oades (1982) in a conceptual model, affected bgethypes of aggregation agents. In
soils, where the organic matter is the main bindiggnt, aggregates of different sizes
can be formed. Primary particles and clay micraettire are bound together with
bacterial and fungal debris into extremely stableromaggregates which may be bound
together with fungal and plant debris giving a &rgnicro-aggregates. The humic
matter, considered as a persistent cementing ageimyolved in stabilizing micro-
aggregates. These micro-aggregates are bound admraggregates, due to the effect
of transient binding agents (polysaccharides ddrivem plants and microorganisms)
and temporary binding agents (fungal hyphae, fows; bacterial cells) (Tisdall and
Oades 1982; Oades 1993). Particulate organic m&R&M) improves the soil
aggregation since it can form an organic core suded by clay, silt particles, and
aggregates (Jastrow and Miller 1997).

The macro-aggregates are less stable than micegatgs to wetting or
mechanical actions such as plowing, and their destn by tillage may result in
exposure of the inner core of organic substancefct@ et al. 1997; Sixet al. 2000),

facilitating rapid oxidation and attack by microargsms of these important binding
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agents (Elliott 1986; Angers and Chenu 1997). laseein soil microbial population
enhances aggregation and water stability of sotregates. Differences in soil
microclimatic condition affect microbial biomassdaactivity in soils and subsequently
affect cycling of carbon and nitrogen (Eaton 200T)erefore, soil microbial biomass-
C is a sensitive indicator of soil quality. It isgessary to identify factors that influence
microbial activity and nutrient dynamics, for suchformation would improve
understanding of the relations of soil charactesstsoil moisture and nutrient
cycles/dynamics (Eaton 2001). Bopasaal. (1992) obtained significant increases in N
and C concentrations in addition to changes in [gloylsical properties, after two-year
legume crop fallowing and a year of cropping.

The proportion of labile carbon (KMnQoxidisable C) content to the total
organic carbon may also provide an early indicabbmand use effects on long-term
TOC. The MBC or POC showed increase in their cdntensequent to an increase in
TOC. Microbial biomass C and POC were linearlyteddado SOC. A linear relationship
also occurred between MBC and POC (Huggihal. 1997; Gregorichet al. 1994).
Ratio of particulate organic carbon to total orgazarbon increased with an increase in
SOC level (Hugginst al. 1997).

Correlation between TOC and MBC was stronger (t990than between POC
and MBC (r = 0.82), whereas correlation between M&@ LBC was in between
above. LBC correlated better with POC than TOC {Bpgaet al. 2004). LBC fraction
of TOC were more sensitive to change with nutrieminagement practices as
compared to TOC and WBC which may be due to thetfat K;Cr,O; in presence of
concentrated 80, is more powerful oxidising agent than KMpQ@nder neutral
condition (Verma 2010). While fractionating C inddferent pools in soils from five
long-term experiments with different managementciicas and cropping systems,
Majumderet al. (2007) observed strong relationships of very-&al@hd labile pools
with MBC, mineralizable carbon and crop produdsivof the systems, although such
relationships for less labile C and non-labile Gevereak. Accordingly, very-labile C
and labile C might constitute the active pool whsréess-labile C and non-labile C
might represent the passive pool of SOC (Gétah. 2001; Majumdeet al. 2007).
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Application of initial soil test based optimum NR¥se along with 15t FYM
ha' improved soil physical properties as indexed byameveight diameter, bulk
density, saturated hydraulic conductivity which tarn increased availability of
nutrients (Thangasamy 2007).

Nonetheless, detailed studies on the impact ofenitmanagement practices on
SOC fractions, soil physical parameters and thegrirelationships under legume or
pulse-based cropping systems have rarely been takdar mainly because these
systems gained prominence in recent years onlhenirtigated tracts of sub-tropical

regions.
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3. MATERIALSAND METHODS

The investigation entitletSoil organic carbon fractions, mineral N and hydphysical
properties under different nutrient management pcas in pigeonpea-wheat sequence”
was undertaken in a field experiment that continfieedive years (2004-05 to 2008-09) at
IARI Research Farm, New Delhi. Post harvest soiigas were collected from this field
experiment after completion of five cropping cycl8sibsequently, yield data as provided
by Division of Soil Science and Agricultural Chetnyswere used to draw the inferences

as per the objectives of this investigation.

3.1. Theexperimental site

The field experiment on extra-short duration pigesm Cajanus cajanlL.
Millsp.)-wheat {Triticum aestivuni.) sequence, was conducted for five consecutive years
i.e. 2004-05 to 2008-09 on a Typic Haplustept of thedRech Farm of IARI, New Delhi.

The experimental site (5& 77°E, and 250 m above mean sea level) located in fipeit)
Gangetic Plain (UGP) zone represented an irrigategichanized and input-intensive
cropping area. The climate of New Delhi is sub-ttapsemi-arid, with dry hot summers
and brief severe winters. The average monthly minimand maximum temperature in
January (the coolest month) fluctuated between°8.@nd 19.9 °C, respectively. The
corresponding temperature in May (the hottest morsthged between 24.4 and 38.6 °C,
respectively. The average annual rainfall is 651, and nearly three-fourth of this is
received through north-west monsoon during Julgdptember

The soil of the experimental site was sandy loaypi@ Haplustept) of Gangetic
alluvial origin, very deep (>2 m), flat and welladined. Detailed soil characteristics at the
initiation of the experiment are given in Table,3nhich revealed that the soil was mildly
alkaline, non-saline, low in organic C (Walkley aBldck C), available N and available S

and medium in available P and available K.

3.2. Treatments and crop management
The field experiment on pigeonpea-wheat croppirgjesy commenced in 2004-

05 at IARI Research Farm as a part of Instituta:thouse project SSAC:04:02(2) was



continued for five yearse. up to 2008-09 on an undisturbed layout. In allfr&&atments
comprising different nutrient supply options wekalgated in a randomized block design
with three replications. However, nine treatmemigolving fertilizers, organic manures
i.e.,, farmyard manure (FYM) and sulphitation pressr{®@M), induced defoliation (ID)
in pigeonpea, and unfertilized-control (Table 3®pre selected for the present
investigation. Nutrient contents in FYM and SPM [§lea3.3) showed variation in % N,
%P, %K and %S contents.

The plot-size was 5 m x 3.5 m. Pigeonpea (cv. I88Q39) was sown every year
during first week of June at 70 cm x 20 cm spa@nd harvested manually during first
week of November. The subsequent wheat (cv. HD P285 sown in row 20 cm apart,
which was harvested during third week of April. ISeist-based N-P-K fertilizer rates
were 25-26-33 kg hafor pigeonpea and 150-26-50 kg'tfar wheat, which were applied
through urea, diammonium phosphate and muriat®isp, respectively. Each year one-
fourth of total quantity of FYM or SPNLe. 2.5 t h&d was applied to pigeonpea and
subsequent wheat received remaining three-fourtiouami.e. 7.5 t h&. Induced
defoliation (ID) treatment in pigeonpea was impobgdoliar spraying of 10% (w/v) urea
solution (in water) at physiological maturity ofetttrop. The ID treatment brought-in
almost complete defoliation within a week time,gfaonverting entire green foliage into
leaf litter (Table 3.4). Nutrient recycled throutih were also analyzed ( Table 3.5). Crop
varieties and management including rate of nutragmication remained same during all

the five years.

3.3. Collection, preparation and preservation of soil samples

Soil samples from two depthsg. 0-15 and 15-30 cm) were collected following
standard procedure from all plots of the threeicapbns after completion of five
pigeonpea-wheat crop cycles. Each sample was divide two parts: the first part was
stored in a refrigerator for determination of miwad biomass carbon (MBC) and
mineral-N contents, and the second part was prededsr other analyses. For
determination of bulk density, soil cores were drdwom the above two depths using a
core sampler. Saturated hydraulic conductivitymf was determined using the same soil

cores.
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3.4. Soil Analysis
3.4.1. Soil reaction (pH) and Electrical conductivity (EC)

Soil pH and EC were determined in 1:2 soil-watespsunsion using combined
electrode for pH and Conductivity Bridge for EC er procedure given by Jackson
(1973).

3.4.2. Soil organic carbon fractions
Total organic carbon

Total organic carbon (TOC) in soil was determingduet-digestion method using
potassium dichromate and acid digestion mixtureyd®nand Trofymow 1984). The 75
cm® culture tubes having indentation below the neckewssed for digestion of soil. The
shell-vials containing standard NaOH solution kepér the indentation inside the tube
were used as alkali trap. The £€@&volved during digestion was estimated by back
titrating unconsumed alkali with standard HCI.

Soil sample was passed through 0.2 mm sieve andy @b it was taken for
determination of TOC. To remove carbonates, so# p@-treated with 3 ml ofNeHCI,
and kept for 15 minutes prior to addition of potassdichromate and acid mixture. After
that 1 g of potassium dichromate was added totakén in a culture tube and 25 ml of
digestion mixture (conc. ¥O; and HPO, in 3:2 ratio) was added to the tube. In glass
vial, 4 ml of 1.38% NaOH was taken to trap the evolved £during digestion. The
culture tubes were transferred to digestion bloo#t digestion was continued at 120 °C
for 2 hrs. Left over NaOH was titrated against B138Cl. From consumed amount of
NaOH, CQ-C was calculated using 1 ml dN1NaOH= 6 mg of CQ-C.

Particulate organic Carbon

The particulate organic carbon (POC) was determfnodwing the procedure
outlined by Camberdella and Elliot (1992). A 10atpn of 2 mm sieved air-dried soil
sample was shaken with 0.5% sodium hexametaphasgbhition on a shaker for 15
hours. Then the soil suspension was passed thi@0§3 mm sieve using a mild jet of
water from the top of the sieve. The solid portietained on the sieve was transferred

to small pre-weighed plastic boats by washing w&h of water. It contained both
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particulate organic matter and sand particles. pllastic boats were kept inside the
forced air oven at 50C temperature for 72 hours for drying, and finalg weight of
boats was recorded. The solid materials in thesbwate ground in a pestle and mortar
to make it a fine powder. The materials were passesligh 0.2 mm sieve, and total
organic carbon content in particulate organic maitas determined by wet-digestion
method of Snyder and Trofymow (1984).

Microbial biomass carbon

Microbial biomass carbon (MBC) was determined lwmigation-extraction
method as outlined by Jenkinson and Ladd (1981).tlie purpose, 5 g of moist soil
sample was fumigated with chloroform (CHECIn a vacuum desiccator and extracted
with 0.9M KySO, solution (soil: solution:: 1:5). A duplicate sodample without
fumigation (non-fumigated) was also extracted witBM K,SO, solution in a similar
fashion. The extracts of non-fumigated and fumidat®l samples were subjected to wet-
oxidation separately with potassium persulphatedilute H,SO, by heating the contents
on a digestion block for 2 hours. Evolved £®as trapped in 4 mL of M NaOH
solution. The amount of Gabsorbed was determined by back titration wittiN.BICI.
Contents of MBC were computed by subtracting thewrh of CQ evolved in case of
fumigated soil from that of non-fumigated one. Asample of the moist soil was drawn
for determination of moisture content so as to egprthe data on dry weight basis. The

amount of MBC in soil was calculated as fallows:
Microbial biomass carbon = (QEOCyF) / Kgc

Where, O and OQrare organic carbon extracted from fumigated andmigated soil,
respectively (expressed on oven dry basis), anglikthe efficiency of extraction. Agdg
value of 0.45 considered as a general value foraiial extraction efficiency was used

for the calculation.

Labile carbon

The amount of oxidizable organic carbon in soil 893 MM KMnO;, is
considered as the labile carbon (LBC) which wasmeined following the procedure of
Blair et al (1995). For this, 2.0 g of soil was taken in cémge tube and oxidized with
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25 mL of 333 nvl KMnO4 by shaking on a mechanical shaker for 1 hour. ddmgents
were centrifuged for 5 minutes at 4000 rpm, andmlOof supernatant was diluted to
250 mL with double distilled water (DDW). The cont®tion of KMnQ was
measured at 565 nm wavelength on a spectrophotonidte change in concentration
of KMnQOy is used to estimate the amount of carbon oxidassiiming that 1.0 kh of
MnO, was consumed (Mfi— Mn*") in the oxidation of 0.75 M (9.0 mg) of carbon.

Oxidizable organic carbon and its fractions
The content of oxidizable organic carbon (OOC) asdlifferent fractions in the

soil were estimated following the Walkley and B{ad934) method as modified by

Chanet al (2001) using 5, 10 and 20 mL of concentrated (80l L% H,SO, and

K>Cr,O; solution. This resulted in three acid-aqueoustswiuatios of 0.5:1, 1:1 and 2:1

that corresponded to 6.0, 9.0 and 12.0 mot H,SO;, respectively, and produced

different amounts of heat of reaction to bring abowidation of SOC of varying

oxidizability. The amounts of OOC thus determinddveed separation of TOC into the

following four fractions of decreasing oxidizabylias defined by Chaet al (2001):

Fraction | (very labile, G) : Organic C oxidizable under 6.0 mof H,SO,

Fraction Il (labile, ©) : Difference in OOC oxidizable under 9.@Im.™* and that
under 6.0 mol [* of H,SQy

Fraction Ill (less labile, G) : Difference in OOC oxidizable under 12.0 maf and that
under 9.0 mol [* of HySQ, (12.0 mol ! HSO, is
equivalent to the standard Walkley and Black method

Fraction IV (non labile, G ): Residual organic C after oxidation with 12.0 mof*
H,SO, when compared with TOC.

Walkley and Black Carbon

Carbon in the soil samples passed through 0.2 rewe s determined by the
procedure of Walkley and Black (1934) was refereed Walkley and Black carbon
(WBC).
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3.4.3. Aggr egate-associated carbon

Total organic carbon content in different aggregsiee fractions (8.0-4.0 mm,
4.0-2.0 mm, 2.0-1.0 mm,1.0-0.5 mm, 0.5-0.2 mm ar@t00l mm) obtained by the
process of wet sieving technique was also detewhifilee soil samples, after oven drying
at 60 °C at 48 hrs and passing through a 0.2 mve sveere used for determination. From
this, 0.5 g soil sample was taken and TOC conteag determined following standard

procedure (Snyder and Trofymow 1984).

Macro-aggregate and micro-aggregate associated tmtganic carbon

To obtain macro-aggregates, 8.0-4.0, 4.0-2.0, 20410-0.5 and 0.5-0.2 mm size
fractions were taken together in a mortar, mixedl weth pestle and passed through a 0.2
mm sieve. The 0.2-0.1 mm size was taken as micgoeggte fraction. The macro-
aggregate associated carbon (MaTOC) and micro-ggtgeassociated carbon (MiTOC)

were determined following standard method of Snyater Trofymow (1984).

3.4.4. Hydro- physical properties
Bulk density

The core sampler was pushed into the soil to tis&rett depth (0-15 and 15-30
cm) in such a way that soil core is collected fribra centre of the given depth. Soil core
samples were dried in oven at 105 °C for 48 hrsk Bansity (Mg nt) was calculated by
dividing weight of dried soil by the volume of covsed (Veihmeyer and Hendrickson
1948)

Mechanical composition of soil

The per cent sand, silt and clay contents wererahéted by hydrometer method
(Bouyoucos 1962).
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Saturated hydraulic conductivity

Saturated hydraulic conductivity was determined the Ilaboratory using
undisturbed soil core. A constant head was maiethmt 1 cm and saturated hydraulic
conductivity was calculated using Darcy’s equation:

Ksat= Q/At x L/H

where, Kais saturated hydraulic conductivity (cniirA the cross sectional area @m
Q the amount of water passing @nt the time (hr), Q/At the water flux, and L/Heth
hydraulic head.

Aggregate stability
Large clods were broken by hand into smaller segsnalong natural cleavage
prior to air-dried soil was sieved to obtain aggteg that passed through 8 mm and
retained on 4 mm sieve. The other aggregates wepaated using wet-sieving technique
(Yoder 1936). After wet-sieving, aggregates froraheaieve were transferred to a set of
pre-weighed beakers, oven-dried at 60 °C until wat@porated and weighed. The mean
weight diameter (MWD) and geometric mean diame@€MD) were calculated as an
index of aggregation (Van Bavel 1949; Kamper anddrReau, 1986) using following
formula:
MWD=Yxi wi
where wi is the proportion of each aggregratesciaselation to whole, and
xi the mean diameter of the class (mm).
GMD =exp [ (wi log xi)/( > wi)
where, wi is the weight of aggregrates (g) inz& slass with an average diameter xi.
Water-stable aggregates (WSA) were computed byngdthe aggregates of

different size fractions, and expressing them asgrgage.

3.4.5. Mineral nitrogen

Ammonium-N (NH-N) was estimated following the procedure givenRxwell
(1994). A 5 g soil sample was extracted with 25 afl2M KCI solution. The contents
were steam-distilled by adding MgO using a micrelahl distillation unit (Gerhardt
Vapodest, VAP 30). The liberated NHvas absorbed in 20 mL of 2% boric acid
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containing mixed indicator. The distillation wasntioued until 100 mL of distillate was
collected within a time of 3 minutes, and theratiéd with 0.0 H,SOy. Nitrate-N (NQ-
N) was estimated by distilling the same sampler &ftleling 0.25 g Devarda’s alloy (50%
Cu, 45% Al and 5% Zn). The NEN liberated during second distillation was absdrbe
another conical flask containing 20 mL of 2% baamd solution and mixed indicator.
The contents were then titrated against R.BRSOy.

3.5. Computations and statistical analysis

Lability index of SOC

A lability index for SOC was computed by first egpsing the amounts of each of
three labile pools namely (€ C. and G.) as a fraction of TOC, and then multiplying
the fractions with their respective weightages o2 &ind 1 given on the basis of ease of
their oxidation, and finally adding and averaginger up for different depths and
treatments (Bharti 2006; Majumdet al 2007). Accordingly,

Lability index (Li) = (G//TOC)*3+ (G/TOC)*2+ (G.. TOC)*1

The values thus obtained are compared for assesgnglative performance of different
treatments in maintaining labile soil organic carlad different depths.

Carbon Management Index

Carbon management index (CMI) was computed as qoeegdure proposed by
Blair et al. (1995) using the following formula:
CMI = Carbon pool index (CPI) x Lability index (LR 100
where, i) CPI = [Sample total C (mg)g Reference total C (mg™y, i) Lability of C
(L) = (Carbon fraction oxidized by KMnfDCarbon remaining unoxidized by KMgfD

and iii) LI = (Lability of C in sample soil/ Labily of C in reference soil).

Microbial quotient

Microbial quotient was computed as the ratio of MBI OC.
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Statistical analysis

The data generated were processed for analysisawance as applicable to
randomized block design to test differences ambegtteatment means as described by
Gomez and Gomez (1984). Correlation coefficientsreweomputed using SPSS
programme (SPSS version 16). (SPSS, 1990)
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Abstract

Soils of the Indo-Gangetic Plain Region (IGPR) enteerently low in organic matter
and N contents, hence studying the pace and kictiariges in these parameters owing
to nutrient management practices is of great sigamte with a view point of sustaining
agricultural productivity. We, therefore, studidueteffect of fertilizer NPK applied
alone or in combination with organic inputs of vagy nature and compositiore.
farmyard manure (FYM), sulphitation pressmud (SP&)d induced defoliation (ID)
imposed by foliar spray of urea solution (10% win)pigeonpea at physiological
maturity, on soil organic carbon (SOC) fractionsl amneral N under pigeonpea-wheat
sequence on a Typic Haplustept at IARI ResearcimfFarew Delhi. Total organic
carbon (TOC) and its different fractions, and mahéd (NH;-N and NQ-N) in 0-15
cm soil layer increased significantly with conjoiose of fertilizers and organics
compared with fertilizers alone, but the extenimmrease differed in accordance with
the nature of organic inputs. Compared with femiti NPK, IPNS involving FYM or
sulphitation pressmud (SPM) brought greater ina@@adValkley and Black C (WBC),
particulate organic C (POC) and TOC, whereas thgnitizde of increase in microbial
biomass C (MBC) and labile C (LBC) over NPK wasages in case of ID treatments.
Contribution of WBC, MBC and LBC towards TOC acrdke treatment was in the
range of 17 to 22%, 1.0 to 1.8% and 6.7 to 11.88gpectively. Fractionation of

oxidizable organic C into different lability podielped detecting even smaller changes



in SOC due to nutrient management. Different SO&ctions were significantly
correlated with each other, and also with minerand crop yields.
Key words: Soil organic carbon fractions, mineral N, IPN&duced defoliation (ID),

yield, pigeonpea-wheat sequence

4.1. Introduction

The post-Green Revolution scenario in India is abi@rized by stagnation in food grain
production, severe soil degradation, receding gilowuater table and an overall decline
in factor productivity. The decennial compound giowates of production and
productivity of major crops have not only stagnasette early 1990s but also started
reflecting negative trends (GOI 2009). A deterimnatin the quality and quantity of soil
organic carbon (SOC) and its adverse effect onenitsupply to the crop is considered
one of the major causes for such undesirable trandslence of widespread nutrient
deficiencies, increase in sub-soil compaction aadrrop management particularly
indiscriminate use of fertilizers and irrigation teaare the other causes (Yadzval
1988; Ladheet al. 2003). The farmers in intensively cultivated areathe IGPR have
in fact started using greater than the recommenmdidof N fertilizers to achieve the
yield levels obtained earlier with less fertilizase (Singhet al. 2005). Such an
indiscriminate use of N fertilizers in these aread only increases the pace of soll
degradation through enhanced nutrient mining bab aloses a potential threat of
groundwater pollution due to excessive leachingitate beyond the root zone.

Since soil organic matter (SOM) serves as soil tmmer, nutrient source,
substrate for microbial activity, preserver of eomiment and major determinant to
sustain agricultural productivity (Schnitzer 199%atyal 2001), there is need to
develop, refine, and document the management pesctihat help in addition and
enhancement of SOM levels. This is particularly amt@nt in tropical and sub-tropical
regions where soils are low in SOC contents anceeramitly low in fertility status
(Mandal et al. 2005). Increasing or even maintaining SOC levelgropical and sub-
tropical regions is, however, difficult, because ttontents decline with decreasing

rainfall and also with increase in temperature §yesnd Raychaudhuri 1960). Lal and
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Kang (1982) estimated that maintenance of nativel $vels would necessitate at least
four times higher organic inputs in tropical thartémperate environment.

Studies in India and elsewhere revealed that aease in SOC levels is directly
related to manure/residue input to cropping systant fertilizer application, tillage
and crop rotation (Gregoricht al. 1996; Swarup and Wanjari 2000). As different
fractions of SOC have a turnover time ranging fifemu years to centuries, a change in
management practices within agricultural systemslls bring too small changes in
total organic carbon (TOC) content in soil to beasweed on short-term basis because
of relatively large variability and quantity of daygound organic matter. Of the two
major pools of SOQG.e. labile and non-labile (recalcitrant), the labileop consists of
materials in transition between fresh plant ressdaed stabilized organic matter and
has a short turnover time of < 10 years (Jamtel. 1997). The recalcitrant pool, on the
other hand, is composed of resistant materialaudiicy humic substances and other
complex products of biological degradation of plantl animal residues (Baldock and
Nelson 2000). Measurement of different fractionsS@®C would, therefore, help in
identifying the fractions that may prove sensitinelices of a change in SOC level
consequent to adoption of different manure andlifet management options.

The role of balanced use of fertilizers, integraf@dnt nutrient supply and
inclusion of legumes in improving soil fertility atis including SOC and mineral N
levels and minimizing nitrate leaching is well doeented (Hegde and Dwivedi 1992;
Singh and Dwivedi 2006). The options for inclusmegumes especially in monsoon
are however, very limited in the Trans and Uppenggdic Plain Zone of the IGPR
where rice-wheat is the dominant cropping systeondtheless, with the development
of extra-short duration (ESD) varieties of pigecape recent years, it has become
possible to introduce this crop to substitute mspecially in the upland and water
scarcity situations. The added advantage of inofusif pigeonpea is that the ESD
varieties retain huge amount of green foliage attittnme of maturity, which may serve a
valuable organic input if defoliated and recycledthie soil. As pigeonpea-wheat is a
relatively new crop sequence, not much informatsoavailable on the effect of thper
seor that of nutrient management options on soilthea
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With the above background, the present investigatd@s undertaken with
pigeonpea-wheat sequence on a Typic HaplustegARF, INew Delhi, to study (i) the
effect of conjoint use of fertilizers and organafsvarying composition and origin on
changes in SOC fractions and mineral N contentd, (@h the relationship of SOC

fractions and mineral N with crop productivity.

4.2. Materialsand Methods

The present investigation was based on the anadysisil samples collected during the
fifth (final) year of a field experiment at IARI Rearch Farm, New Delhi. The details of
the field experiments, other materials used, affdrént analytical methods employed for

the present investigation are furnished below:

4.2.1 Site characterization

The experimental site located at’®8ongitude, 77E latitude and 250 m above
mean sea level, in the Upper Gangetic Plain (UGI)ezrepresents a semi-arid sub-
tropical climate. In this irrigated and input-ingg&ve cropping area, pearimillet-wheat,
rice-wheat and maize-wheat are the annual cropesegs. The 10-year average annual
rainfall in Delhi is 651.4 mm, most of which is ed¢ed during July to September.

The Gangetic alluvial sandy loam (Typic Haplustegatj of the experimental site
was mildly alkaline (pH 8.35) and non-saline (EQ6dS nt), and contained 0.36%
organic carbon (Walkley and Black C), 194 kg'havailable N, 13.7 kg HaOlsen-P,
232 kg hd NH;4OAc-K and 7.2 mg kg available S.

4.2.2 Experimental details

The field experiment on pigeonpe@ajanus cajanL. Millsp.)-wheat {riticum
aestivumL.) sequence commenced in 2004-05 at IARI Research #wasrcontinued for
five yearsi.e. up to 2008-09 on an undisturbed layout. The erpemi comprised 15
treatments involving different nutrient supply apts and an unfertilized control, in a
randomized block design with three replicationswdweer, following nine treatments

involving fertilizers, organic manurese., farmyard manure (FYM) and sulphitation
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pressmud (SPM), induced defoliation (ID) in pigeeapand an unfertilized-control were

selected for the present investigation.

Treatment Details

Control Unfertilized-control

NPK Soil test-based recommended NPK
NPK+FYM NPK+10 t FYM h&

FYM 10 t FYM ha'alone

NPK+SPM NPK +10 t SPM Ha

SPM 10 t SPM ha alone

NPK+ID NPK + Induced defoliation in pigeonpea (ID)
NPK+FYM+ID NPK+10t FYM h& + ID

NPK+SPM+ID NPK +10 t SPM ha+ ID

The plot-size was 5 m x 3.5 m. Pigeonpea (cv. I88Q39) was sown every year
during first week of June at 70 cm x 20 cm spacargl harvested manually during first
week of November. The subsequent wheat (cv. HD P&@5 sown during third week of
November, in rows 20 cm apart, and harvested duhind week of April. Soil test-based
N-P-K fertilizer rates were 25-26-33 kg hdor pigeonpea and 150-26-50 kg™ htor
wheat, which were applied through urea, diammonglnosphate and muriate of potash,
respectively. Entire amount of NPK for pigeonpea] ane-third of N and entire PK for
wheat were applied basally at the time of sowingemas the remaining N (for wheat)
was top-dressed in two equal splits at 25 and y6 déer sowing (DAS). Pigeonpea seed
was also inoculated witRhozobiunculture obtained from Microbiology Division, 1ARI,
New Delhi. Each year one-fourth of total quantifyf¥M or SPMi.e. 2.5 t hd was
applied to pigeonpea and subsequent wheat recéieetemaining three-fourth amount
i.e. 7.5 t hd. Induced defoliation (ID) treatment in pigeonpeaswmposed by foliar
spraying of 10% (w/v) urea solution (in water) &typiological maturity of the crop. The
ID treatment brought in almost complete defoliatwathin a week, thus converting entire
green foliage into leaf litter. Crop varieties andnagement including the rate of nutrient

application remained same during all five years.
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4.2.3 Soil sampling and analysis

Soil samples from two depthsg. 0-15 and 15-30 cm) were collected following
standard procedure from individual plots of all theee replications after completion of
five pigeonpea-wheat crop cycles. Each sample wadedl into two parts: the first part
was stored in a refrigerator for determination a€nwbial biomass carbon (MBC) and
mineral N contents, and the second part was preddss other analyses.

The soil samples were analysed for pH and EC in shiPwater suspension
(Jackson 1973), mechanical composition of soil (Bacos 1962) and mineral N content
(Rowell 1994). Total organic C (TOC) was determitgdwet digestion method (Snyder
and Trofymow 1984), microbial biomass carbon (MB@)fumigation-extraction method
(Jenkinson and Ladd 1981), labile carbon (LBC) yirtO4-oxidation method (Blaiet
al. 1995), and patrticulate organic carbon (POC) upnogedure outlined by Camberdella
and Elliot (1992). Oxidisable organic carbon (OQ@Y its fractions were determined by
modified Walkley and Black method as proposed bwyrGét al. (2001). This modified
method involved the use of,80; of different strengthsi.e. 6.0, 9.0 and 12.0 molj.
providing different amounts of heat of reactionbting about oxidation of the SOC of
varying oxidizability. The amounts of OOC thus detmed allowed separation of TOC

into the following four fractions of decreasing dizability as defined by Chaat al

(2001):
Fraction | (very labile, G) : Organic C oxidizable under 6.0 mot'lH,SO,
Fraction Il (labile, ©) : Difference in OOC oxidizable under 9.@Im.™* and that

under 6.0 mol " of H,SO,

Fraction I (less labile, G) : Difference in OOC oxidizable under 12.0 maf and that
under 9.0 mol [* of H,SO; (12.0 mol L[* H,SO, is
equivalent to the standard Walkley and Black method

Fraction IV (non labile, G ): Residual organic C after oxidation with 12.0 mort*
H,SO, when compared with TOC.

For determination of aggregate-associated TOCerdifft aggregate size fractions
were separated by wet sieving as per standard ché¥mder 1936). After wet-sieving,

different aggregates (4.0-2.0 mm, 2.0 -1.0 mm,@%mm, 0.5-0.2 mm and 0.2-0.1 mm)

were transferred from sieves to the pre-weighedkdrsadried in an oven at 60 °C and
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weighed. Aggregate of larger size (8.0-4.0 mm) wsparated from soil by breaking
large clods into smaller segments along naturshvelge and sieving to separate the
aggregate that passed through 8 mm sieve and edtaim a 4 mm sieve. The TOC in
different size aggregates was determined by folhgwthe method of Snyder and
Trofymow (1984). In order to measure the TOC asged with macro- and micro-

aggregates. The aggregate bigger than 0.2 mm (ra@gnegates) were mixed thoroughly
in a mortar and sieved through a 0.2 mm sieve hadlfOC was determined. The TOC
obtained for aggregate size <0.2 mm was termedia@®+aggregate associated TOC for

treatment comparisonds-a-vismacro-aggregate associated TOC.

Computations and statistical analysis

A lability index for SOC was computed by first egpsing the amounts of each of
the three labile pools namely G C., C..) as a fraction of the amount of TOC and then
multiplying the fractions with their respective \btages of 3, 2 and 1 given on the basis
of ease of their oxidation, and finally adding anetraging them up for different depths
and treatments (Bharti 2006; Majumdtral. 2007). Accordingly,

Lability index (Li) = (G//TOC)*3+ (G/TOC)*2+ (G.L/TOC)*1

The values thus obtained are compared for assesgnglative performance of different
treatments in maintaining labile organic carbodifierent depths.

Carbon management index (CMI) was computed as qoeegdure proposed by
Blair et al (1995) using the following formula:
CMI = Carbon pool index (CPI) x Lability index (LR 100
where, i) CPI = [Sample total C (md)¢Reference total C (mg1y,
i) Lability of C (L) = (Carbon fraction oxidized yo KMnO, Carbon remaining
unoxidized by KMnQ) and iii) LI = (Lability of C in sample soil/ Labiy of C in

reference soil).
Microbial quotient was computed as the ratio of MO OC.

The data generated were processed for analysisawénee as applicable to

randomized block design to test differences ambegtteatment means as described by
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Gomez and Gomez (1984). Correlation coefficientsreweomputed using SPSS

programme (SPSS version 16).

4.3. Results

4.3.1. Soil pH and dectrical conductivity

Soil pH and electrical conductivity in 0-15 and 3%-cm soil depths under
different fertilizer and manure treatments are @nésd in Table 4.1. The data revealed
that nutrient management practices did not affeesé parameters significantly in

surface or sub-surface soil.

4.3.2. Soil organic carbon fractions
Total organic carbon

Total organic carbon (TOC) content of surfacel @15 cm) under fertilizer
NPK treatment did not differ significantly from thenfertilized-control despite five
years of continuous pigeonpea-wheat cropping (Tdk®¢. Similarly, use of organic
manures i(e., farmyard manure (FYM) or sulphitation pressm&Pi) alone, or
NPK+induced defoliation (ID) did not bring signiéint changes in TOC compared with
that under NPK. Conjoint application of NPK and amgs with or without ID,
however, increased the TOC significantly over NRKd the extent of increase was
invariably greater with FYM (22-28%) compared wBi*M (16-17%). In sub-surface
(15-30 cm) soil, TOC content ranged between 0.82 B&3%, but the treatments did
not differ significantly (Table 4.3).

Walkley and Black carbon

Use of fertilizer NPK at soil test-based recommehdate to both the crops
resulted in higher contents (0.35%) of Walkley dsldck carbon (WBC) compared
with control (0.30%) in 0-15 cm layer, and inclusiof FYM or SPM in fertilization
schedule, further increased the WBC content by&a&-Bver NPK (Table 4.2). The ID
treatment imposed over NPK was not as effectivEYdd or SPM in increasing WBC,
but when imposed over NPK+FYM or NPK+SPM, a sigrdfit increase in WBC over
NPK or NPK+ID was recorded. The WBC content washbgy (0.50%) under
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NPK+FYM+ID, followed by NPK+SPM+ID (0.46%) and th@west under control. Use

of organic manures alone.q. in absence of fertilizer) did not bring signifi¢an

improvement in WBC over the fertilizer NPK treatnenThe WBC content in sub-

surface soil (15-30 cm) was relatively smaller (€ab.3). Although the treatments that
received FYM and ID along with NPK showed signifidlg greater WBC compared

with NPK alone.

Microbial biomass carbon

Microbial biomass carbon (MBC) fraction in surfaseil ranged between 174
mg kg' in control and 410 mg Kgin NPK+FYM+ID treatment (Table 4.2). The
corresponding values for sub-surface soil werer@224 mg kg, respectively (Table
4.3). Use of FYM, SPM or ID along with NPK broughtsignificant increase in MBC
content of surface soil compared with sole NPK he extent of 63, 34 and 46%,
respectively, although the soil MBC contents undeganics alone were statistically
similar with NPK. Treatments NPK+FYM and NPK+SPMfeied significantly, with
relatively higher MBC under FYM treatment, but tbd#ference was not significant
when ID was imposed over these IPNS treatments.

Microbial quotient (MQ) was invariably greater und®NS treatments (Fig.
4.1). The MQ values were highest in treatmentsiveag D along with NPK+manure,
which in fact indicated the advantage of these i@ottr management options in
improving the relative proportion of MBC for eachituof TOC.

Labile carbon

In case of labile carbon (LBC), a significant incse over sole NPK treatment
was recorded in 0-15 cm soil when NPK was suppleéetewith organic manures or ID
(Table 4.2); the magnitude of increase was, howevghest (47%) with 1D followed
by 37% with FYM and 24% with SPM. The highest vatifd BC was recorded under
NPK+FYM+ID, which were closely (not significantlyfpllowed by NPK+SPM+ID;
registering 78% and 61% increase over NPK, resgsygtiIn the 15-30 cm soil layer
(Table 4.3), LBC content was much lower than 0-bswil and, the ID imposed with
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NPK or NPK+manure treatment showed substantiabasxe in LBC content compared

with no-ID treatments.

Particulate organic carbon

The physically protected fraction termed as paldieuorganic carbon (POC)
ranged from 0.38 to 0.96% in 0-15 cm, and 0.13 .8® in 15-30 cm soil under
different nutrient supply options (Table 4.2 an8@)4Chemical fertilization alone did
not improve POC significantly over control, but anics or ID used along with NPK
brought significant increase in POC over sole Ni#atment or unfertilized-control,
especially in 0-15 cm soil layer. The increase @CPunder different treatments was in
the order: NPK+FYM+ID > NPK+SPM+ID > NPK+FYM > NPKSPM > NPK+ID >
NPK.

4.3.3. Contribution of different fractionsto total organic carbon
The proportion of WBC, MBC and LBC to TOC underferent treatments in O-

15 cm soil varied from 17 to 22, 1.0 to 1.8 and ®.711.8%, respectively (Fig 4.2a).
The corresponding proportion of these fractiond3R30 cm soil was 14 to 19, 0.8 to
1.6 and 5.1 to 7.6%, respectively (Fig. 4.2b). Tleatment effects were inconsistent in
case of WBC, but the proportion of MBC in 0-15 @ydr and that of LBC in both the
layers (0-15 and 15-30 cm) was invariably greatedem conjoint use of NPK and
organic manures compared with sole application 8KNor organic manures. The

proportion of LBC fraction to TOC was substantiafigreased under ID treatment.

4.3.4. Carbon management index

Carbon management index (CMI) computed to evalttaeeffect of nutrient
supply vis-a-vis unfertilized-control on changes in SOC stocks ads® marked
variation among the treatments (Fig. 4.3). Highedue of CMI was recorded under
NPK+ FYM+ID, followed by NPK+ FYM, NPK+SPM+ID and RK+SPM. The CMI
for NPK+ID was apparently greater than that for NRt application of organic

manures alone led to lower CMI compared with NPK.
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4.3.5. Inter-relationships between SOC fractions

All the SOC fractions were correlated with eacheotkignificantly mostly at
P=0.01 level, in surface as well as sub-surface J@bles 4.4 and 4.5). Nonetheless,
correlation coefficients (r-values) of different@tions with TOC were comparatively
lower than those pertaining to correlations betwettier SOC fractions, more so in the
surface soil.

Highly significant linear relationships of WBC witiBC (Fig. 4.4a) and LBC
with WBC (Fig. 4.4b) revealed the possibilitiespgdiction of MBC and LBC from
the WBC contents particularly in surface soil. 3amy, positive relationship between
TOC and MBC, LBC and MBC, POC and MBC, and POC ®WBIC are illustrated in
Fig. 4.5a and 4.5b, and Fig. 4.6a and 4.6b, whazhidchelp in prediction of different
SOC fractions. In most cases, the relationships vegtonger in surface than in sub-

surface soil.

4.3.6. Aggregate-associated total organic carbon

Total organic carbon (TOC) associated with différ@ggregate-size fractions in
0-15 cm and 15-30 cm soil depths are given in Tabl6 and 4.7. In general, larger the
aggregate size, higher was the TOC content, eXoegt0-1.0 mm aggregates, wherein
the TOC content was lower than 0.1-0.5 mm aggregateboth the soil depths.
Treatment effects were more pronounced in the ochselatively large aggregates,
especially in surface soil where application of amigs alone or in combination of
fertilizer NPK resulted in a significant changeTi®C compared with NPK or control,
and the contents were highest under NPK+FYM+ID.rgesa in aggregate associated
TOC owing to nutrient management options tenddaetmbme more inconsistent with a
decrease in aggregate size, as also with increasihdepth.

Different aggregate size fractions were grouped macro-aggregates (8.0-4.0
mm to 0.5-0.2 mm) and micro-aggregates (0.2-1.0 ,namjl the TOC associated with
these groups of aggregates is illustrated in Figa4nd 4.7b. Both macro-aggregate
associated TOC (MaTOC) and micro-aggregate associe®C (MiTOC) were greater
in IPNS treatments, particularly under NPM+FYM+IDpmpared with application
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NPK or manure in isolation. Not only the TOC cornte(MaTOC and MiTOC) were

higher in surface soil but the treatment effectsanadso consistent.

4.3.7. Oxidizable organic carbon fractions

Oxidizable organic carbon (OOC) determined with ified Walkley and Black
method as suggested by Chatral. (2001) was grouped into 4 fractiomg, very labile
C (Gy), labile C (@), less labile C () and non-labile C () and the values of these
fractions in surface and sub-surface soil are ptegein Tables 4.8 and 4.9,
respectively. Application of fertilizer NPK increas G,. and G fractions significantly
over control in the surface soil, and a furthengigant increase in these fractions was
recorded with inclusion of manures and or inducetblthtion. Among the organic
sources applied along with NPK, the extent of iaseein G fraction over sole NPK
was in the order: ID (88%) > FYM (70%) > SPM (65%Mis order for € was: FYM
(19%) > ID (10%) > SPM (9%). The other two fracsone. C,. and G were
apparently greater under NPK+FYM treatments, whetha effect of SPM or ID was
not spectacular. In sub-surface layer, variatioesvben treatments were generally

inconsistent.

Lability index (LI)

The LI, computed by adding the proportions of th@@fractions of variable
lability to the TOC after assigning suitable wemgps as proposed by Majumdxtral.
(2008) is depicted in Fig. 4.8. Data revealed tlghdst values of LI under NPK+ID
followed by treatments receiving FYM with or witholD, indicating that these
treatments maintained relatively higher amount ah @ctive {.e. labile + very labile)
pools compared with NPK, NPK+SPM or unfertilizeditrol.

4.3.8. Mineral N content

Ammonium-N and N@N contents in surface soil ranged between 14 &nth&
kg' and 9 and 44 mg Kyg respectively under different treatments (Fig.)4®hese
values in sub-surface soil were 10 and 32 m§ &gd 7 and 25 mg Kg respectively.

The lowest values of mineral N were recorded inedriized-control, which were
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significantly increased with fertilizer applicatiom IPNS options, use of FYM, SPM or
ID along with NPK increased NFN over NPK treatment by 52, 63 and 70%,
respectively. The corresponding increase insMOwas relatively greater. The mineral
N contents were highest under NPK+SPM+ID, folloviegd\NPK+FYM+ID in both soil
layers.

Different SOC fractions showed significant and fpiesirelationship with Nk
N and NQ-N contents in surface soil (Table 4.10). Relagivéigher values of
coefficients of correlation (r-values) were registe with LBC and WBC fractions,
whereas the same were lowest with TOC. Lineariogighips of mineral N (NHN +
NO3-N) with WBC and LBC are also depicted in Fig. 4Xhd 4.10b.

4.3.9 Pigeonpea and wheat yields

During the fifth and terminal crop cycle (2008-08jpplication of soil test-based
recommended NPK produced 1.88 t'haf pigeonpea grain that was significantly
greater than FYM or SPM used alone (0.90-1.16™ har unfertilized-control (0.74 t
ha') (Fig. 4.11). Conjoint use of NPK and organicswhuer, gave an additional yield
of 0.24 to 0.42 t hhover sole NPK. Induced defoliation (ID) did nofeatt pigeonpea
yield. In case of wheat, the yield gain due to N&®kr control was 2.30 t Haand use
of organics along with NPK further increased thelgjiresponse by 0.66 to 1.18 t'ha
Addition of pigeonpea leaf litter to the soil owing ID increased the wheat yield by
0.45 t hd. Highest wheat vyield (5.62 t fa was obtained with NPK+SPM+ID,
followed by NPK+FYM+ID (5.28 t ha), and these treatments did not differ
significantly from each other.

Highly significant and positive relationships of edt yield with SOC fractions
viz. WBC, MBC, LBC and POC in surface soil were registl (Table 4.10). The
relationship between wheat yield and TOC, thoughiicant, was not as robust as that

in case of other fractions.

4.4. Discussion

Soils of the IGPR are inherently low in organic teatand N content (Yadaet al.

2000b). Nonetheless, these soils may support higtugtivity with the application of

38



nutrients in adequate amounts through fertilizexd enanures. A desirable nutrient
management practice would be one that sustain®onmably high yield levels and
simultaneously helps in fertility status, espegiabil organic carbon (SOC) stocks
(Sleutel et al. 2006). In the present investigation, different rigmt management
practices were evaluated in pigeonpea-wheat sequemnc a sandy loam (Typic
Haplustept) in terms of their effect on SOC fracipmineral N content and crop yields.
Changes in total organic C (TOC) due to NPK feadition over unfertilized-control or
those due to organics (FYM or SPM) alone over NR#eanot significant, even after
completion of five cropping cycles (Table 4.2). Ggas in TOC are generally large and
more apparent when natural ecosystems are converi@éeble farming (Katyal 2001,
Dhaliwal 2003). Soil management practices withimi@gture systems, on the other
hand, bring too small changes in TOC content ofgbié to be measured over short-
term because of large quantity of background oamatter already present in the soil
(Elliot 1986). Thus, a marked change in soil TOGQrmuo usual fertilization practices
is not expected during the short period of fivergedhe increase in TOC content of
soil (0-15 cm) as observed under conjoint use dilifers and organics in the present
case may be attributed to recycling of additior@dts, above ground residues and
stubble due to higher biomass production in thessrhents, in addition to the C added
through manures (Manjaiah and Singh 2001; Majuretiat. 2008). The values of TOC
and all other SOC fractions were greater in surf@#&5 cm) than sub-surface (15-30
cm) soil across the treatments, obviously due ghdr residue recycling and other
biological activities in this soil layer (Guptd al. 1994; Potteet al. 1998; Singtet al.
2010). There were no significant changes in TOCc@®spared to NPK in case of
induced defoliation (ID), which is due to lower Chatio of leaves leading to rapid
mineralization and subsequent loss of C as.@@mpared to TOC, Walkley and Black
C (WBC) was more sensitive to change in nutrienhagement, due to the fact that
dichromate method adopted for determination of Wi@s the heat of dilution or
minimal heating which does not allow complete okmia of organic matter in soil,
although the most reactive forms of organic carbom converted to CQO(Pageet al.
1982). Significant increase in WBC due to NPK fezdition over control as noticed in

this study is substantiated with long-term studidsich showed advantage of balanced
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fertilizer use in improving WBC content on sevesites in the IGPR (Yadaet al.
2000a; Swarup and Wanjari 2000). Greater increassoil WBC content in FYM
treatments compared to SPM observed in the pressetis understandable because the
later is not as rich carbon source as FYM. The @ntogn of WBC to TOC in our case
ranged between 17 and 22% in different treatmemlsch is very low compared to
generally reported values. In earlier studies imwvg different land uses and
agricultural management practices, WBC on averageumted for 25.4% of the TOC
(Verma 2006). Chemical recalcitrance of residues figher lignin and polyphenol
contents), physical recalcitranca.e( aggregate protection) and organo-mineral
complexation may provide some explanation to suctow recovery of WBC.
Nonetheless, this aspect needs to be further igatstl.

Both 333 nM KMnOg-oxidizable labile C (LBC) and microbial biomass C
(MBC) were significantly greater in surface soilden NPK+organics treatments
compared with sole NPK, although the extent ofease in these fractions of SOC
differed in accordance with the nature of organimg@ut (Table 4.2). Whereas increase
in MBC was more associated with FYM treatments, effect of ID was greater on
LBC. These fractions are considered more senditivdhange in management practices
than TOC or other fractions of SOC (Blairal 1995; Contelet al. 1999; Grahanret al.
2002; Haynes 2005), and the present findings orptséive effect of LBC and MBC
contents get support from several workers (Isregtibl. 1994; Grahanet al. 2002;
Buchnan and King 1992; Rudrapptal. 2006). Since application of organic manures
adds substantial amount of organic matter to tlilelshinO, extracted higher amounts
of LBC from manure/fertilizer treatments than fraontrol (Fig 4.2), as this reagent
extracts relatively younger organic compounds idicig labile humic materials and
polysaccharides (Contedt al. 1999; Haynes 2005). Relatively greater increadeBi@
due to ID is also explainable, as the pigeonpetliger added in ID was an easily
decomposable (narrow C/N ratio) material that ted faster change in LBC compared
with SPM and FYM. Recent studies by Veretal. (2010), in fact, suggested LBC as a
more sensitive and consistent index of labile poblSOC compared with MBC.
Similarly, significant increase in particulate onga C (POC) under NPK or NPK

+organics treatments over unfertilized-control (€a#.2) may be attributed to greater
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amount of fresh plant residues and humified orgamiatter in these treatments
(Gregorich and Janzen 1996). This fraction prilgacdmposed of plant debris with a
recognizable cellular structure, fungal hyphae repofaunal skeletoatc (Spycheret
al.1983; Skjemstackt al. 1990), has a short turnover time and thus sergesma
important source of carbon and nutrients.

An alternative approach of determining oxidizabl®©GS fractions using
modified Walkley and Black method, and their categgion into different lability
groups as proposed by Chetral. (2001) was also attempted in the present studichwh
gave interesting results. Whereas organic manuf¥81(and SPM) brought greater
increase in labile (0 and less labile (&) fractions, pigeonpea leaf litter addition
through ID resulted in a greater increase in thg libile (Cy.) fractions (Table 4.8).
The higher lability of SOC in ID treatments couldlfh in explaining the significant
wheat yield responses to ID over NPK despite negftismall C inputs (compared with
C inputs through FYM or SPM). A further grouping @fidizable organic C fractions
into active (G + G.) and passive (€ + non-labile Ci.e. Cy.) pools as suggested by
Mandal et al. (2008) revealed that the active pool had highlgnsicant linear
relationship with wheat yield and mineral N contefhthe surface soil (Fig. 4.12).

Although the proportion of SOC in active pool undéferent treatments in the
present study was smaller than that reported byn€hal. (2001) for pasture systems in
Australia, the oxidizable organic C fractions, espky C,. and G, may prove useful
index for detecting small changes in SOC due toagament, which might otherwise
go unnoticed. Further detailed studies under differsoils and cropping systems are
needed to evaluate the sensitivity of these frastivis-a-vis others like MBC
(Jenkinson and Ladd 1981) and LBC (Bktiral. 1995).

Induced defoliation (ID) in pigeonpea was attemptedhis investigation as a
non-conventional approach of legume residue (ldtdr) recycling. In fact, genetic
improvements in recent years though led to shartenif pigeonpea duration making
possible to grow it in rotation with wheate( pigeonpea-wheat annual crop sequence),
yet extra-short duration varieties of pigeonped &iave fair degree of perennial
characteristic of retaining substantial amount adeg foliage at maturity (Sheldrake

1974). As much of the N retained in the non-grartipn of the crop remains confined
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to the green leaf containing about 4% N (Sheldrak& Narayanan 1979), defoliation
and subsequent incorporation of these retaineceéeaty maturity may increase residual
benefit to the subsequent wheat crop. The ID redutt the incorporation of 1.2 to 1.4 t
ha' additional leaf litter over the natural senescengeler non-ID treatments.
Substantial increase in soil mineral N contentgi@aarly in surface layer under ID
(Fig. 4.9) is very much expected, for the additldeaf litter recycled in this treatment
not only added about 50 kg Nhabut also the N and other nutrients containedeiher
were possibly released faster (due to narrow Ctid)raompared with FYM and SPM.
Studies on the effect of ID on crop yield and gwibperties are not many, yet the
limited available literature (Chauhaet al. 2001) supports the findings of this
investigation. Highest wheat yields and mineral dhtents were registered under
NPK+SPM+ID, although most of the SOC fractions weleghest under
NPK+FYM+ID. These contradictions are also explalealbecause SPM is a rich
nutrient source (containing about 3 times greatd? lAnd K than FYM) whereas annual

carbon inputs were relatively higher in treatment®lving FYM.

4.5 Conclusion

The results of the present study inferred thatusion of organic manures,
particularly FYM, in fertilization schedule is bdieal to improve SOC and mineral N
levels in pigeonpea-wheat sequence. Addition oéqigea leaf-litter through induced
defoliation enhanced labile SOC fractions greatentthe organic manures, and
augmented the wheat yield when imposed in the recamded NPK or NPK+organics
plots. Sulphitation pressmud (SPM), on the otheddharoved a good nutrient source to
enhance the yield, but its effect on SOC fractiaras not as pronounced as FYM.
Fractions of oxidizable organic carbon (Chetnal. 2001) needs to be compared with
LBC (Blair et al. 1995) in diverse soil and crop management conditio evaluate

their utility/sensitivity to detect management-iedd smaller changes in SOC levels.
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Fig. 4.1. Effect of nutrient management on microbial quotient (MQ) in surface and
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Table 4.1. Changes in pH and EC in surface (0-15 cm) and adiaee (15-30 cm) soil

layers
Treatment pH 1:2 EC (dS i)
0-15cm 15-30 cm 0-15cm 15-30 cm

Control 8.36 8.46 0.29 0.22
NPK 8.35 8.46 0.28 0.21
FYM 8.33 8.44 0.27 0.18
NPK+FYM 8.30 8.38 0.26 0.17
SPM 8.40 8.42 0.31 0.25
NPK+SPM 8.20 8.33 0.28 0.24
NPK+ID 8.31 8.38 0.26 0.19
NPK+FYM+ID 8.29 8.36 0.27 0.21
NPK+SPM+ID 8.19 8.33 0.29 0.24
SEm () 0.3 0.05 0.01 0.01

LSD (P=0.05) NS NS NS NS




Table 4.2. Soil organic carbon fractions in surface (0-15) @il as influenced by

nutrient management practices in pigeonpea-whejaiesee

Soil organic carbon fractions

Treatment WBC MBC LBC POC TOC
(%) (mgkd')  (mgg?) (%) (%)
Control 0.30 174 1.23 0.38 1.73
NPK 0.35 224 1.53 0.42 1.81
FYM 0.38 269 1.45 0.57 1.90
NPK+FYM 0.44 365 2.10 0.93 2.21
SPM 0.34 238 1.33 0.53 1.98
NPK+SPM 0.43 300 1.90 0.77 2.10
NPK+ID 0.40 326 2.25 0.67 1.90
NPK+FYM+ID 0.50 410 2.72 1.04 2.32
NPK+SPM+ID 0.46 378 2.46 0.96 2.12
SEm (%) 0.02 20 0.16 0.04 0.06

LSD (P=0.05) 0.05 60 0.47 0.14 0.19




Table 4.3. Soil organic carbon fractions in sub-surface 305em) soil as influenced by

nutrient management practices in pigeonpea-whejaiesee

Soil organic carbon fractions

Treatment WBC MBC LBC POC TOC
(%) (mgkd')  (mgg?) (%) (%)
Control 0.14 96 0.25 0.13 0.82
NPK 0.16 125 0.31 0.15 0.85
FYM 0.15 124 0.27 0.13 0.90
NPK+FYM 0.20 163 0.50 0.24 1.09
SPM 0.14 113 0.31 0.13 0.88
NPK+SPM 0.16 158 0.37 0.19 0.99
NPK+ID 0.17 145 0.54 0.30 0.95
NPK+FYM+ID 0.25 224 1.12 0.37 1.13
NPK+SPM+ID 0.21 203 0.81 0.32 1.06
SEm (%) 0.01 13 0.05 0.02 0.09
LSD (P=0.05) 0.02 40 0.15 0.06 NS

Table 4.4. Inter-relationships of soil organic carbon fraos in surface (0-15 cm) soll

Correlation coefficients (r-values)

Treatment
TOC WBC MBC LBC POC
TOC 1.00
WBC 0.91** 1.00
MBC 0.89** 0.97** 1.00
LBC 0.78* 0.93** 0.95** 1.00
POC 0.95** 0.97** 0.97** 0.91** 1.00

*Significant atP= 0.05 ** Significant a=0.01



Table 4.5. Inter-relationships of soil organic carbon fraos in sub-surface (15-30) soil

Correlation coefficients (r-values)

Treatment
TOC POC MBC LBC WBC
TOC 1.00
POC 0.85** 1.00
MBC 0.93** 0.91** 1.00
LBC 0.86** 0.86** 0.96** 1.00
WBC 0.91** 0.91** 0.95** 0.94** 1.00

** Sjgnificant atP=0.01

Table 4.6. Effect of nutrient management on aggregate-aatstitotal organic carbon

in surface (0-15 cm) soll

Aggregate size (mm)

Treatment 8.0-4.0 4.0-2.0 2.0-1.0 1.0-0.5 0.5-0.2 0.2-0.1
Aggregate-associated TOC (%)
Control 3.23 0.74 0.68 0.50 0.34 0.30
NPK 4.22 0.55 0.47 0.62 0.79 0.45
FYM 5.89 0.82 0.45 0.55 0.45 0.49
NPK+FYM 6.56 1.02 0.59 0.74 0.63 0.53
SPM 4.88 0.67 0.46 0.68 0.40 0.41
NPK+SPM 5.16 1.02 0.50 0.73 0.67 0.49
NPK+ID 5.30 0.88 0.65 0.85 0.63 0.53
NPK+FYM+ID 6.66 1.14 0.73 1.05 1.11 0.62
NPK+SPM+ID 5.65 1.02 0.75 0.92 0.78 0.57
SEm (%) 0.18 0.03 0.02 0.02 0.02 0.02
LSD (P=0.05) 0.58 0.09 0.07 0.09 0.05 0.07




Table 4.7. Effect of nutrient management on aggregate-aatsatiotal organic carbon in

sub-surface (15 -30 cm) soil

Aggregate size (mm)

Treatment 8.0-4.0 4.0-2.0 2.0-1.0 1.0-0.5 0.5-0.2 0.2-0.1
Aggregate-associated TOC (%)
Control 2.27 0.40 0.34 0.34 0.22 0.25
NPK 3.22 0.53 0.50 0.65 0.32 0.30
FYM 3.97 0.59 0.42 0.49 0.43 0.38
NPK+FYM 4.30 0.68 0.45 0.45 0.48 0.36
SPM 3.52 0.46 0.40 0.57 0.40 0.39
NPK+SPM 3.68 0.55 0.40 0.68 0.49 0.39
NPK+ID 3.57 0.64 0.56 0.53 0.34 0.42
NPK+FYM+ID 4.48 0.75 0.50 0.73 0.38 0.46
NPK+SPM+ID 4.24 0.66 0.54 0.68 0.42 0.46
SEm (%) 0.12 0.02 0.02 0.02 0.01 0.01
LSD (P=0.05) 0.52 0.08 0.06 0.09 NS 0.06




Table 4.8. Fractions of oxidizable organic carbon in surfé@d 5 cm) soil as influenced

by nutrient management practices

Organic carbon fractions (mg Kp

Treatment

Very labile Labile carbon Less labile Non-labile
carbon (G.) (C) carbon () carbon (Gy.)
Control 380 355 1580 14900
NPK 561 661 2320 14322
FYM 974 537 2289 15100
NPK+FYM 955 788 2741 21133
SPM 888 547 1795 14567
NPK+SPM 925 718 1775 19678
NPK+ID 1055 729 2077 15600
NPK+FYM+ID 1017 865 2817 24233
NPK+SPM+ID 975 758 1823 23367
SEm (3) 41 20 132 473

LSD (P=0.05) 123 61 394 1417




Table 4.9. Fractions of oxidizable organic carbon in sub-stefg15-30 cm) soil as

influenced by nutrient management practices

Organic carbon fractions (mg Ky

Treatment Very labile Labile carbon Less labile Non-labile
carbon (@) (C)) carbon (Q.) carbon (Gy)
Control 284 254 805 7267
NPK 392 359 630 6967
FYM 428 436 1098 6133
NPK+FYM 478 494 906 10933
SPM 516 430 1129 7067
NPK+SPM 554 465 1141 8700
NPK+ID 478 411 1193 7667
NPK+FYM+ID 523 531 904 12300
NPK+SPM+ID 593 501 720 10967
SEm (3) 16 14 32 288
LSD (P=0.05) 49 44 94 870




Table 4.10. Relationships of soil organic carbon fractionhwnineral N and crop yields

Correlation coefficients (r-values)

Treatment

NH4-N NOs-N Wheat yield Pigeonpea yield
TOC 0.72* 0.71* 0.74* 0.69*
WBC 0.87** 0.88** 0.86** 0.79*
MBC 0.83** 0.98** 0.82** 0.74*
LBC 0.96** 0.83** 0.86** 0.79*
POC 0.84** 0.82** 0.81** 0.74*
NH4-N 1.00 0.79* 0.72* 0.64
NOs-N 0.79* 1.00 0.71* 0.61
Wheat yield 0.72* 0.64 1.00 0.98**
Pigeonpea yield 0.64 0.61 0.98** 1.00

* Significant atP= 0.05, ** Significant aP=0.01
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Soil hydro-physical properties under different nutrient management
practices, and their relationship with soil organic carbon fractions and
yield under pigeonpea-wheat sequence
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Abstract

Soil physical degradation owing mainly to intensoegeal-cereal cropping, low organic
matter input and excess traffic is one of the seriproduction constraints in several
agriculturally important areas of the world inclngithe Indo-Gangetic Plain region.
The present investigation was therefore, undertakestudy the effect of different
nutrient management practices involving the usefasfilizer NPK alone or in
combination with FYM, sulphitation pressmud (SPM) iaduced defoliation (ID,
imposed in pigeonpea through foliar spray of 10%ausolution at physiological
maturity) on soil hydro-physical properties of apity Haplustept under pigeonpea-
wheat sequence, in a field experiment that contirfoe five years (2004-05 to 2008-
09) at IARI, New Delhi. Application of fertilizer RK at recommended rate to both the
crops resulted in a significant increase in maggregates, mean weight diameter,
geometric mean diameter, water-stable aggregatésatarated hydraulic conductivity
in surface soil compared with unfertilized-contrS8upplementing fertilizer NPK with
organic manures and/or ID brought further improvemm above hydro-physical
properties. Conjoint use of fertilizers, organicrmees and ID also decreased soil bulk
density (0-15 cm) significantly over control. Effeeness of organics and ID in
improving soil physical environment was in the ordeYM>ID>SPM. The hydro-
physical properties showed significant correlatiovith different soil organic carbon
(SOC) fractions and crop yields.

Key words. Mean weight diameter; macro-aggregates; watetestaggregates; bulk

density; saturated hydraulic conductivity, pigecapéheat, Typic Haplustept



5.1. Introduction

The fatigue in agricultural production noticed ihet post-Green Revolution era,
particularly after 1980s, is often linked to dedeaition in soil health (Yadast al. 2000;
Swaminathan 2006). But when it comes to evaluatiegeffect of soil management or
land uses on soil health, the studies mostly rernaifined to soil fertility status. On
the other hand, deterioration of soil physical gmies under intensive cropping, more
so in the rice-wheat dominated Indo-Gangetic Ptagion, (IGPR) are posing serious
problems to the productivity of non-rice crops (Bog et al. 1992; Singhet al. 2005;
Bhushanet al. 2007). In fact, soil compaction has emerged aklaf problem and is
an important form of physical land degradation @#axet al. 2007), caused mainly due
to repeated use of heavy machinery, reduced usegahic manures, and ploughing at
the same depth for many years (Flowers and Lal Y19@®mpaction causes
unfavourable changes in soil bulk density, poroaity penetration resistance (Soahe
al. 1981), which results in restricted root growthttimaturn may affect whole plant
growth and yield (Jorajuriet al. 1997; Oussiblet al. 1992).

Soil hydro-physical properties (Liet al. 2000) are important for both crop
growth and maintaining soil quality. Studies hatewn that the organic matter has
regulatory role over numerous physical soil feaguike pH, bulk density, hydraulic
conductivity, aggregate stability, and erosion spsibility. Loss of organic matter
could cause soil aggregates to break down easilyaacordingly become more erodible
(Jastrow 1996). Parallel to the increases in sgiawoic matter, soil porosity increased,
while bulk density and soil erodibility decreas€g(fda 1996). Use of organic manures
improves soil structure (Choudhury and Ghildyal 99é8nd aggregate stability (Sarkar
and Rathore 1992) as well as moisture retentioaaggp(Bhagat and Verma 1991) and
infiltration rate(Tiwari et al. 1998). However, effects of manures and plant tesicbn
soil physical properties, particularly soil aggresga depend on their decomposition,
nutrient release rate, and the amount applied (€aal. 1995). Plant residues that
decompose quickly will provide crops with a largecant of nutrients in early stage of

crop growth, but may not have an effect on soilgital condition, whereas slowly
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decomposing plant residues and other organic natédexill have effects opposite to the
above (Tiaret al. 1993).

The SOC plays a fundamental role in stabilizatidnsoil aggregates and
formation of pores (Oades 1984; Tisdall and Oad¥?) Decreasing SOC content
usually leads to the degradation of soil physicapprties, especially soil structural
stability. The loss of structural stability leads @ reduction in the total porosity and
changes in the pore size distribution. Consequettly soils generally have smaller
pores and a lower infiltration rate (Kempetral.1988). A reduced infiltration rate may
induce soil erosion by increasing runoff (Corele@l. 2007) resulting in a decrease in
soil productivity (Descroixt al. 2001). Improvement in soil moisture retentionamty
due to reduction of the soil bulk density, and agrease in soil porosity and specific
surface area of soil particles is in fact a sigaifit advantage of the inclusion of organic
manures (Tarenitzkgt al. 1999). Ladoet al. (2004) found a significant interaction
between aggregate size and organic matter contestuedy loam soil, in improving
saturated hydraulic conductivity. Similarly, thecigase in hydraulic conductivity
resulting from the application of organic manureswdirectly related to the quantity of
organic manures. Benbt al. (1998) demonstrated that amending coarse-texsois|
of Punjab with manure over the years increased $@@ent and improved saturated
hydraulic conductivity, water stable aggregates| water retention under maize-wheat
—fodder cowpea cropping system.

Pigeonpea-wheat is relatively new crop sequentéchacame in to existence
only in recent years with the development of estnart duration varieties of pigeonpea.
Hence, information on the effect of nutrient mamaget practices involving chemical
fertilizers and/or organic manures on soil physalameters under this crop sequence
is scarce, if not lacking altogether. The preseméstigation was, therefore, undertaken
to study (i) the changes in soil hydro-physical gemties under pigeonpea-wheat
sequence as influenced by different nutrient mamage practices, and (ii) explore the
relationship of these properties with SOC fractiand crop yields.
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5.2. Materialsand Methods

Soil samples for present investigation were caodlécfrom a field experiment that
continued for five years (2004-05 to 2008-09) omypic Haplustept of IARI Research
Farm, New Delhi. The details of the field experimesoil sampling and analytical

methods are given as under:

5.2.1 The experimental site

A field experiment on pigeonpe&djanus cajan L. Millsp.)-wheat {riticum
aestivum L.) sequence was established in 2004-05 on a Typic udtggt of IARI
Research Farm, New Delhi, which continued up to8209. The experimental site (28
longitude, 77E latitude, and 250 m above mean sea level) repiedethe Upper
Gangetic Plain (UGP) transect of the IGPR. Thisppnog area is characterized by
irrigated, mechanized and input-intensive agriceltwith rice-wheat as pre-dominant
cropping system. Other crop sequences followedraige-wheat, pearimillet-wheat and
pearlmillet-mustard. The climate of Delhi is subpgical semi-arid, with average annual
rainfall of 651 mm. The sandy loam soil of the expental field was mildly alkaline (pH
8.35) in reaction, and had an electrical condutstiof 0.26 dS ri. It contained 0.36%
organic carbon (Walkley and Black 1934), 194 kg™ halkaline-permanganate
mineralizable N (Subbiah and Asija 1956), 13.7 ki 8.5 M NaHCQ-extractable P
(Olsenet al. 1954), 232 kg HAN NH4OAc-extractable K (Hanway and Heidel 1952), and
7.2 mg kg' 0.15% CaGtlextractable S (Williams and Steinbergs 1959).

5.2.2. Treatments and crop management

The field experiment on pigeonpea-wheat croppirsjesy (2004-05 to 2008-09)
comprised 15 treatments which included fertilizé?K\ use of organics (FYM and SPM
i.e. sulphitation pressmud) alone or in different cambons with NPK, induced
defoliation (ID) in pigeonpea, and an unfertilizeoltrol. The experiment was laid out in
a randomized block design with three replicatiddewever, only nine treatments were
chosen for the present investigatiam. T;: Unfertilized-control (Control); T Soil test-
based fertilizer NPK (NPK); f T, + 10 t FYM ha' (NPK+FYM); T, 10 t FYM ha'
alone (FYM); &: T2+ 10 t SPM h& (NPK+SPM); &: 10 t SPM h& alone (SPM ); T:
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T, + Induced defoliation (ID) in pigeonpea (NPK+ID) TT3+ ID (NPK+FYM+ID); Tog:
Ts + ID (NPK+SPM+ID).

The gross plot-size was 5 m x 3.5 m, and the layeutained undisturbed
throughout experiment duration. Pigeonpea (cv. 188039) and wheat (cv. HD 2285)
were sown each year in the first week of June hird tveek of November, respectively.
These crops were harvested manually during firsgkna November and third week of
April, respectively. The aboveground biomass wasoneed from the plots after recording
the grain and stover/straw yields. Soil test-badde-K fertilizer rates were 25-26-33 kg
ha' for pigeonpea and 150-26-50 kg htor wheat, which were applied through urea,
diammonium phosphate and muriate of potash, respéctEntire amount of NPK for
pigeonpea, and one-third N and entire PK for wheste applied basally at the time of
sowing. Remaining N in wheat was top-dressed in égoal splits after first and third
irrigation i.e. 25 and 70 days after sowing (DAS). Pigeonpea seelalso inoculated
with Rhozobium culture obtained from Microbiology Division, IARNew Delhi. In the
treatments receiving 10 t haf organic manures annually, 2.5 t'haf SPM or FYM to
pigeonpea as per treatment was applied, and sulrsiegineat received remaining 7.5 t
manure hd. Induced defoliation (ID) treatment in pigeonpeasvimposed by spraying of
aquous solution 10% (w/v) of urea on green foliagphysiological maturity of the crop.
The ID treatment brought-in almost complete defaia within a week time. Same
varieties and management including rates of nutrigpplication, tillageetc. were

followed during five years of experimentation.

5.2.3. Soil sampling and analysis
After completion of five cropping cycles, soil saewpfrom two depthsi.€. 0-15

and 15-30 cm) were collected from four points ioleplot. The sub-samples so obtained
were mixed and bulked, and representative soil &sripr each depth were drawn for
chemical analysis. Each sample was divided into pauds: the first part was stored in a
refrigerator for determination of microbial biomasarbon (MBC) and mineral-N
contents, and the second part was processed fer atfalyses. Soil bulk density at both
depths was determined in each plot after wheatesar(2008-09) using core sampler

(Veihmeyer and Hendrickson 1948). Saturated hydragbnductivity of soil was
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measured using the same undisturbed soil coresnétant head was maintained at 1 cm
and saturated hydraulic conductivity was calculatsidg Darcy’s equation:

Ksat= Q/At x L/H
where, K is saturated hydraulic conductivity (cmi'ljirA the cross sectional area @m
Q the amount of water passing @nt the time (hr), Q/At the water flux, and L/Heth
hydraulic head.

Aggregates of larger size (8.0-4.0 mm) were sepdritom soil by breaking large
clods into smaller segments along natural cleaeegkesieving to separate the aggregates
that passed through 8 mm sieve and retained omandsieve. The aggregates were
separated using wet-sieving technique (Yoder 1988&r wet-sieving, aggregates from
each sieve were transferred to a set of pre-weidgsadkers, oven-dried at 60 °C until
water evaporated and weighed. The mean weight dgean@\WD) and geometric mean
diameter (GMD) were calculated as an index of aggfien (Van Bavel 1949; Kamper
and Roseneau, 1986) using following formula:

MWD=> xiwi

where wi is the proportion of each aggregrate dlasselation to whole, and xi the mean
diameter of the class (mm)

GMD =exp [ (wi log xi)/( > wi)

where, wi is the weight of aggregrates (g) inze silass with an average diameter xi.

The aggregates larger than 0.2 mm were groupedaasoraggregates and those
smaller than 0.2 mm as micro-aggregates. Watetestagregates (%) were computed by
adding different size fractions and expressing ttenpercentage of dry soil. The soil
samples were analysed for pH and EC in 1:2 soiewatispension (Jackson 1973),
mechanical composition (Bouyoucos 1962) and mindrabntent (Rowell 1994). Total
organic carbon (TOC) was determined by wet-digas{®nyder and Trofymow 1984),
microbial biomass carbon (MBC) by fumigation-extrae (Jenkinson and Ladd 1981),
labile carbon (LBC) by KMn@oxidation (Blairet al. 1995), and particulate organic
carbon (POC) as per Camberdella and Elliot (1992).
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5.2.4 Statistical analysis

For treatment comparisons, ‘F-test’ was used, ¥ahg the procedures of
randomized block design (Gomez and Gomez 1984)refadion coefficients were

computed using SPSS programme (SPSS version 16).

5.3. Results
5.3.1. Mean weight diameter

Use of organic manures in combination with feréitizZNPK increased mean
weight diameter (MWD) significantly over control Burface soil (Table 5.1). Of the
two organic manures, MWD was invariably greatetha treatments receiving FYM
than those receiving SPM. Increase in MWD due tovii¥ significant over NPK, and
highest values of MWD were recorded under NPK+FYDI+ifollowed by
NPK+SPM+ID. Similar treatment effects were registeiin sub-surface soil (Table
5.2), although the MWD values were much smalled@o 0.50 mm) than those in

surface soil (0.42-0.97 mm).

5.3.2. Geometric mean diameter

The treatment comparisons for geometric mean dirm(@MD) were almost
similar to those for MWD, except that the valuegewelatively smaller in surface soll
(0.38 to 0.62 mm) (Table 5.1). The GMD under fertit NPK was greater by 34%
compared with control. Conjoint use of NPK+FYM+IBsulted in a further increase in
GMD by 32% over NPK. The ID imposed over NPK inefise of FYM or SPM could
improve the GMD by 11% compared with fertilizer NRkKeatment. The treatment
effects were less prominent in sub-surface sot, thie differences between treatments

involving ID were also not significant (Table 5.2).

5.3.3. Soil aggregation

Unfertilized-control plots had only 30.9% macro-eggate in surface soill,
which were increased to 43.1% with the applicattdnlNPK at recommended rates
(Table 5.1). Use of organic manures or ID broughthfer significant increase in macro-

aggregates, and the extent of such increase wategmeith FYM. Organic manures,
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applied alone could, however, not exhibit any bierofer fertilizer NPK. The positive
effect of integrated nutrient supply (i.e. NPK+ @ngcs with or without ID was also
apparent in sub-surface soil (Table 5.2), but th&ltmacro-aggregates across the
treatments were relatively lower than surface s#il.reverse effect of different

treatments was recorded on micro-aggregates atsbdttepths.

5.3.4. Water-stable aggregates

Percent water-stable aggregates (WSA) varied fr8rd & 73.6 in surface soil,
with lowest values under control and the highesteurNPK+FYM+ID (Table 5.3). The
corresponding percentage of WSA in sub-surfacevgad 37.6 and 54.7, respectively
(Table 5.4). Application of fertilizer NPK in absan of any organic manure also
increased WSA significantly over control in bothldayers. Like macro and micro-
aggregates, the WSA also did not change markedgnv@PM or FYM was used alone

i.e., without fertilizer NPK.

5.3.5. Bulk density

The bulk density (BD) of surface soil was highe4t69 Mg m’) under
unfertilized-control, which was decreased with ifieer NPK application, though the
difference was statistically not significant (Tabie3). Use of FYM alone or in
combination with NPK, however, brought significarduction in soil BD, and the
lowest value (1.43 Mg i) was registered under NPK+FYM+ID treatment. The BD
under NPK+ID was also significantly lower than aoht but statistically similar to

NPK. Treatment effects in sub-surface layer wetesignificant (Table 5.4).

5.3.6. Saturated hydraulic conductivity

Conjoint use of fertilizer NPK with FYM, SPM or IDncreased saturated
hydraulic conductivity () of surface soil significantly over control or soNPK
treatment (Table 5.3). ThesKvalues under NPK (0.56 cm™Brwere also significantly
higher than those recorded under control (0.46 ch IChanges in K were greater in

FYM treatments compared with those involving SPM. surface soil also, similar
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treatment effect were recorded (Table 5.4), althdihg K, values were lower than the

surface soil.

5.3.7. Relationship of hydro-physical propertieswith yield and SOC fractions

Different hydro-physical properties in surfacel shiowed highly significant and
positive correlations with each other, except balk density (BD) which had negative
correlation with MWD, GMD, macro-aggregates, WSAdals, (Table 5.5). The
coefficients of correlation (r-values) between motaggregates and other parameters
(except BD) were also negative. The relationshipyben different hydro-physical
properties and wheat yield was significant and tpasi except for BD and micro-
aggregates wherein a negative relationship wastergd. The r-values between hydro-
physical properties (MWD, GMD and macro-aggregades) pigeonpea yield were also
significant, but the relationship was not a stragyin case of wheat yield. Linear
relationship of wheat yield with BD and macro-aggtes is illustrated in Fig. 5.1.
Almost similar kinds of relationships between diffiet parameters were registered in
sub-surface soil (Table 5.6). At this depth, catiehs of BD with GMD, and micro-
and macro-aggregates was not significant.

Coefficients of correlation given in Table 5.7 slealva significant relationship
between different hydro-physical properties and sagyanic carbon (SOC) fractions,
except that between WSA and TOC. Also the relahgns/as positive in all the cases,
except that in case of BD which was negatively elated with the SOC fractions.
Linear relationships between macro-aggregates diglasht SOC fractions are depicted
in Fig. 5.2.

5.4 Discussion

The results of the present investigation revealdstantial increase in soil aggregation
and stability of the aggregates consequent to Heeai organic manures along with
fertilizer NPK (Tables 5.1 to 5.4). Increase in gragtable aggregates (WSA) is known
to be associated with soil organic matter contleat increases with the use of balanced
fertilization alone or in combination with orgameanure (FYM) (Kanwar and Prihar
1962). Benbiet al. (1998) reported that application of FYM for 20 se& a maize-

51



wheat-fodder cowpea cropping sequence increased ¥YaAsizes, and the total WSA
by 12% over control. Of the several theories pregosn the role of organic matter in
stabilizing soil aggregates (Martin 1971; Cheshi@/9; Tisdall and Oades 1982;
Jastrow 1996), the generally accepted one is tiatrélease of polysaccharides and
organic acids during decomposition of organic sesinglays a key role in stabilization
of soil macro-aggregates. Since polysaccharidesoagdnic acids do not spread far
from the site of production, freshly added residfiexction as nucleation sites for the
growth of fungi and other soil microbes (Pugetl. 1995; Angers and Giroux 1996;
Jastrow 1996), leading to binding of residues aod particulates into macro-
aggregates. The beneficial effect of balancedli&tion on soil aggregation might also
be ascribed to (i) the role played by phosphates ion binding of soil particles
(Sivasamy 1982), and (ii) the large amount of nesgdproduced in the fertilized plots
(Ravindraet al. 1985). Mean weight diameter (MWD) and geometriameiameter
(GMD), computed as indices to quantity the changesoil aggregation status in the
present case, were invariably greater when FYM l@nhevere used along with NPK.
This could be due to combined effect of better aqgopwth, addition of more residues
through leaf litter and organic matter input througy M. Positive relationship between
soil organic C and aggregation observed in the emtestudy have also been
substantiated by other researchers (Oades 1984ryadt al. 1988; Benbet al. 1998).
Soil compaction as a result of increase in bulkstgr(BD) of surface and sub-surface
soil layers has emerged as a major physical canstraintensive agriculture (Soare
al. 1981), as the compaction-induced soil degradaféects about 68 million hectares
of land globally (Flowers and Lal 1998). Integratiof the nutrient inputs of different
origin and composition.e. fertilizers, organic manures and ID as attemptedhe
present study caused significant reduction inBBilcompared with unfertilized-control
and even the fertilizer NPK treatment. Furthergegative relationship between soil BD
and wheat yields (Table 5.5), and a significantrease in yields due to above
treatments indicated that a reduction in soil BDmgato inclusion of manures and ID in
fertilization schedule played an important role yireld enhancement. In fact, the
literature suggested that the deleterious effects@f compaction is often more

pronounced on yield than other crop growth pararedtéassaret al. 2007). Reduction
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in wheat grain yield to the extent of 38% due td sompaction has been reported
(Ishaget al. 2001). The present findings pertaining to positrele of organics used
along with fertilizer NPK in reducing soil BD arercoborated by other studies in the
IGPR and elsewhere (Khalestlal. 1981; Haynes and Naidu 1998; Swarup and Wanjari
2000; Hatiet al. 2006). The reduction in BD in these studies was,abd large,
attributed to higher soil organic matter conterdftdr aggregation and increased root
growth in the fertilizer and manure treated pldieatment effects on soil BD were not
significant in sub-surface soil (Table 5.4), pobsliiecause of a sharp reduction in SOC
content at this depth compared with the surfade soi

Fertilizer NPK applied at recommended rates irgmda significantly the
saturated hydraulic conductivity {§ over control, and inclusion of organic manures
and/or 1D brought further improvement ind(Tables 5.3 and 5.4). The increase K
under conjoint use of NPK and organics might bebatted to the improvement in
aggregate stability, organic matter content, bimalgactivity (Bellakiet al. 1998). An
increase in Ky from 0.56 cm Hf under NPK to as high as 0.81 cm*hunder
NPK+FYM+ID in 0-15 cm soil layer might also be digepossible increase in effective
pore volume owing to increased aggregation (Flowamsl Lal 1998). The
decreased considerably in all the treatments witlinarease in soil depth, which was
probably due to increased compaction leading taced effective pore volume (Hati
al. 2006).

5.5 Conclusion

The foregoing results revealed that conjoint usdedtlizer NPK at soil test-based
recommended rate and organic manures, particul¥M, helped in improving soil
physical environment in terms of increasing sogragation, stability of aggregates and
saturated hydraulic conductivity, and decreasinf®Bdk density. Induced defoliation
in pigeonpea appeared a promising technique in fiyindi different hydro-physical
parameters and NPK+FYM coupled with ID was actuallyerged as the best nutrient

management option.
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Table 5.1. Hydro-physical properties in surface (0-15 cm) sailinfluenced by nutrient

management practices

Treatment Hydro-physical properties

MWD GMD Macro-aggregates Micro-aggregates

(mm) (mm) (%) (%)
Control 0.42 0.38 30.9 69.1
NPK 0.53 0.47 43.1 56.9
FYM 0.65 0.50 44.3 55.7
NPK+FYM 0.89 0.57 53.2 46.8
SPM 0.50 0.48 42.3 57.7
NPK+SPM 0.67 0.51 47.8 52.2
NPK+ID 0.72 0.52 54.2 45.8
NPK+FYM+ID 0.97 0.62 59.1 40.9
NPK+SPM+ID 0.79 0.56 54.2 45.8
SEm (%) 0.01 0.02 1.3 1.3

LSD (P=0.05) 0.03 0.05 4.0 4.0




Table 5.2. Hydro-physical properties in sub-surface (15-&@) soil as influenced by

nutrient management practices

Hydro-physical properties

Treatment MWD GMD Macro- Micro-
(mm) (mm) aggregates (%) aggregates (%)
Control 0.40 0.34 25.30 74.7
NPK 0.43 0.40 32.6 67.4
FYM 0.46 0.44 33.2 66.8
NPK+FYM 0.47 0.48 41.4 58.6
SPM 0.42 0.46 36.9 63.1
NPK+SPM 0.45 0.47 38.8 61.2
NPK+ID 0.47 0.50 40.9 59.1
NPK+FYM+ID 0.50 0.52 42.7 57.3
NPK+SPM+ID 0.50 0.47 39.0 61.0
SEm (%) 0.02 0.02 2.0 1.6

LSD (P=0.05) 0.05 0.06 5.0 4.7




Table 5.3. Effect of nutrient management practices on wstable aggregates (WSA),
bulk density (BD), and saturated hydraulic condusti(Ksa) in surface soil

Hydro-physical properties

Treatment
WSA (%) BD (Mg ni) Ksal(cm hr™)

Control 53.5 1.69 0.46
NPK 62.9 1.57 0.56
FYM 64.6 1.52 0.59
NPK+FYM 72.3 1.46 0.78
SPM 53.0 1.59 0.58
NPK+SPM 64.2 1.56 0.60
NPK+ID 71.3 1.51 0.61
NPK+FYM+ID 73.6 1.43 0.81
NPK+SPM+ID 65.0 1.48 0.65
SEm () 2.2 0.04 0.01

LSD (P=0.05) 6.7 0.13 0.03




Table 5.4. Effect of nutrient management practices on wstable aggregates
(WSA), bulk density (BD), and saturated hydraulmductivity (Ksa) in sub-

surface soill
Treatment Hydro-physical properties
WSA (%) BD (Mg nv) Ksat(cm hr)

Control 37.6 1.82 0.34
NPK 49.4 1.70 0.45
FYM 48.3 1.69 0.46
NPK+FYM 50.3 1.65 0.62
SPM 43.0 1.77 0.46
NPK+SPM 45.8 1.74 0.49
NPK+ID 48.5 1.77 0.51
NPK+FYM+ID 54.7 1.66 0.68
NPK+SPM+ID 49.5 1.68 0.54
SEm (3) 1.6 0.03 0.01

LSD (P=0.05) 4.8 NS 0.02




Table5.5. Coefficients of correlation (r-values) betweenliosphysical properties in surface soil and cragds

Correlation coefficients (r-values)

Treatment MWD GMD Macro-  Miclo-  WSA  BD  Kex  Wheat  Pigeonpea
aggregate aggregate yield yield

MWD 1.00

GMD 0.96** 1.00

Macro- 0.93** 0.97** 1.00

aggregates

Micro- -0.92** -0.96** -1.00** 1.00

aggregates

WSA 0.89** 0.83** 0.87** -0.87** 1.00

BD -0.95** -0.97** -0.95** 0.95** -0.88*  1.00

Ksat 0.95** 0.94** 0.86** -0.87** 0.81** 0.92* 1.00

Wheat yield 0.75* 0.79* 0.85** -0.85** 0.71* -0.73 0.67* 1.00

Pigeonpea yield 0.68* 0.72* 0.77* -0.77* 0.65 -0.65 0.63 0.98* 1.00

* Significant atP= 0.05 level

, ** Significant aP=0.01 level



Table5.6. Correlations coefficient (r-values) between hyghysical properties in sub-surface soil and cnejdg

Correlation coefficients (r-values)

Treatment

MWD GMD Macro- Micro- WSA BD Keat Wheat Pjgeonpea
aggregate aggregate yield yield
MWD 1.00
GMD 0.81** 1.00
Macro-aggregates  0.79* 0.97** 1.00
Micro-aggregates -0.79* -0.97** -1.00** 1.00
WSA 0.85** 0.75* 0.76* -0.75** 1.00
BD -0.74* -0.53 -0.57 0.57 -0.87** 1.00
Ksat 0.84** 0.85** 0.87** -0.89** 0.78* -1.00** 1.00
Wheat yield 0.76* 0.73* 0.82** -0.82** 0.72* -0.58 0.75* 1.00
Pigeonpea yield 0.66 0.63 0.75* -0.75* 0.67* -0.57  0.69*  0.98* 1.00

* Significant atP= 0.05 level, ** Significant aP=0.01 level



Table 5.7. Correlation coefficients (r-values) between hygdhysical properties and,
SOC fractions in surface soil

Correlation coefficients (r-values)

Treatment

TOC WBC MBC LBC POC
MWD 0.87** 0.95** 0.97** 0.91**  0.95*
Macro-aggregates 0.81* 0.93** 0.96** 0.93*  0.88**
WSA 0.64 0.82** 0.84** 0.82*  0.74*
BD -0.81** -0.92** -0.94** -0.84**  -0.87**

* Significant atP= 0.05 level, ** Significant aP=0.01 level
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6. DISCUSSION

Majority of the soils of India, especialy those in the IGPR are inherently low in organic
matter and N content (Yadav et al. 2000b), but may support high productivity with
better nutrient management options. A desirable nutrient management practice would be
one that sustains reasonably high levels of yield and soil fertility status, especialy soil
organic carbon (SOC) stocks (Sleutel et al. 2006). Soil organic matter is rightly
considered the nucleus of soil health. In the present investigation, different nutrient
management practices were evaluated in pigeonpea-wheat sequence on a sandy loam
(Typic Haplustept) in terms of their effect on SOC fractions, mineral N content,
hydrophysical properties and crop yields. Changes in total organic C (TOC) due to
fertilizer NPK over unfertilized-control or those due to organics (FYM or SPM) aone
over NPK were not significant, even after completion of five cropping cycles (Table
4.2). This is explainable since changes in TOC are generally large and more apparent
when natural ecosystems are converted to arable farming (Katya et al. 2001; Dhaliwal
2003). Soil management practices within agriculture systems, on the other hand, bring
too small changes in TOC content of the soil to be measured over short-term because of
large quantity of background organic matter aready present in the soil (Elliot 1986).
Thus, a marked change in soil TOC owing to usual fertilizer use practices is not
expected during the short period of five years. The increase in TOC content of soil (0-
15 cm depth) as observed under conjoint use of fertilizers and organics in the present
case may be attributed to recycling of additional roots, above ground residues and
stubble due to higher biomass production in these treatments, in addition to the C added
through manures (Manjaiah and Singh 2001; Mgjumder et al.2008). The values of TOC
and dl other SOC fractions were greater in surface (0-15 cm) than sub-surface (15-30
cm) soil across the treatments, obviously due to higher residue recycling and other
biologica activities confined to this soil layer (Gupta et al. 1994; Potter et al. 1998).
Compared to NPK treatment there were no significant changes in TOC in case of
induced defoliation (ID), which is due to lower C/N ratio of leaves leading to rapid
mineralization and subsequent loss of C as CO,. Walkley and Black C (WBC) was
more sensitive than TOC to changes in nutrient management, due to the fact that



dichromate method adopted for determination of MBC uses the heat of dilution or
minimal heating which does not allow complete oxidation of organic matter in soil,
although the most reactive form of organic carbon are converted to CO, (Page et al
1982). Significant increase in WBC due to NPK fertilization over control as noticed in
this study is substantiated with long-term studies, which showed advantage of balanced
fertilizer use in improving WBC content at several sitesin the IGPR (Y adav et al. 2000;
Swarup and Wanjari 2000). Greater improvement in soil WBC content in FY M treated
soils than SPM observed in the present case is because SPM is not as rich carbon source
as FYM. The proportion of WBC to TOC in our case ranged between 17 and 22% in
different treatments, which is very low compared to generally reported values. In earlier
studies involving different land uses and management practices, WBC on average
accounted for 25.4% of TOC (Verma 2006). Chemica recalcitrance of residues (i.e.
higher lignin and polyphenol contents), physical recacitrance (i.e. aggregate-led
protection) and organo-mineral complexation may provide some explanation to such a
low recovery of WBC. This aspect, however, that needs to be further investigated.

The labile C (LBC) and microbial biomass C (MBC) were significantly greater
in surface soil treated with NPK+organics compared with sole NPK. The extent of
increase in these fractions of SOC differed in accordance with the nature of organic C
input (Table 4.2). While increase in MBC was more closely associated with FYM
treatments, LBC was affected more by to ID. These fractions are considered more
sensitive to change in management practices than TOC or other fractions of SOC (Blair
et al 1995; Conteh et al. 1999; Graham et al. 2002; Haynes 2005), and the present
findings on the positive effect of LBC and MBC contents are supported by several
workers (Buchnan and King 1992; Ismail et al. 1994; Graham et al. 2002; Rudrappa et
al. 2006). Since organic manures add substantial amount of organic matter to the soil,
KMnO, extracted higher amounts of LBC from manure/fertilizer treatments than
control (Fig 4.2), as this reagent extracted relatively younger organic compounds
including labile humic materials and polysaccharides (Conteh et al. 1999; Haynes
2005). Relatively greater increase in LBC due to ID is also explainable, as the
pigeonpea leaf-litter added through ID was an easily decomposable (narrow C/N ratio)
material which led to a faster change in LBC compared with SPM and FY M. Recent
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studies by Verma et al. (2010), in fact, suggested LBC as a more sensitive and
consistent index of labile pool of SOC compared with MBC. Similarly, significant
increase in particulate organic C (POC) under NPK or NPK +organics trestments over
unfertilized-control (Table 4.2) may be attributed to greater amount of fresh plant
residues in these treatments (Gregorich and Janzen 1996). This fraction, primarily
composed of plant debris with a recognizable cellular structure, fungal hyphae, spores,
faunal skeleton etc (Spycher et al 1983; Skjemstad et al. 1990), has a short turn-over
time and thus serves as an important source of carbon and nutrients.

Determination of oxidizable SOC fractions using modified Walkley and Black
method (Chan et al. 2001) and their categorization into different lability groups also
gave interesting results. Whereas organic manures (FYM and SPM) brought greater
increase in labile (C.) and less labile (C..) fractions, pigeonpea leaf-litter addition
through ID resulted in greater increase in very libile (Cy) fractions (Table 4.8). The
higher lability of SOC in ID treatments could help in explaining significant wheat yield
responses to ID over NPK despite relatively small C inputs (compared with C inputs
through FYM or SPM). Further grouping of oxidizable organic C fractions into active
(CvL + C) and passive (C.. + non-labile C i.e. Cy.) pools as suggested by Mandal et
al. (2008) reveded that the active pool had highly significant linear relationship with
wheat yield and mineral N content of the surface soil (Fig. 4.12).

Although the proportion of SOC in active pool under different treatments in the
present study was smaller than that reported by Chan et al. (2001) for pasture system in
Australia, the oxidizable organic C fractions especialy Cy. and C., may prove useful
index for detecting small changes in SOC owing to management, which might
otherwise go unnoticed. Further detailed studies under different soils and cropping
systems are needed to evaluate the sensitivity of these fractions vis-a-vis others like
MBC (Jenkinson and Ladd 1981) and LBC (Blair et al. 1995).

Induced defoliation (ID) in pigeonpea imposed by way of foliar spray of 10%
urea solution at the physiological maturity of the crop attempted in this investigation
was a non-conventional approach of legume residue (leaf-litter) recycling. Although,
genetic improvements in recent years led to shortening of pigeonpea duration, making

possible to grow it in rotation with wheat (i.e. pigeonpea-wheat annual crop sequence),
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the ESD varieties of pigeonpea retain substantial amount of green foliage at maturity
(Sheldrake 1974). As much of the N retained in the non-grain portion of the crop
remains confined to the green leaves containing about 4% N (Sheldrake and Narayanan
1979), defoliation and subsequent incorporation of these leaves at maturity may
increase residual benefit to the subsequent wheat crop. The ID resulted in of 1.2t0 1.4 t
ha’ additional leaf-litter recycling over the natural senescence in other (non-ID)
treatments. Substantial increase in soil mineral N contents particularly in surface layer
under 1D (Fig. 4.9) is very much expected, for the additional leaf litter recycled in this
treatment not only added about 50 kg N ha* but also the N and other nutrients contained
therein were possibly released faster (due to narrow C/N ratio) compared with FYM and
SPM. Studies on the effect of ID on crop yield and soil properties are not many, yet
limited available literature (Chauhan et al. 2001) supported the findings of this
investigation. Highest wheat yields and minera N contents were registered under
NPK+SPM+ID, dthough most of the SOC fractions were highest under
NPK+FYM+ID. These contradictions are also explainable because SPM is a rich
nutrient source, whereas annual carbon inputs were relatively higher in treatments
involving FY M.

So far as the hydro-physical properties of soil are concerned, most of them are
directly or indirectly related to soil organic matter contents. The present investigation
revealed substantial increase in soil aggregation and their stability consequent to the use
of organic manures along with fertilizer NPK (Tables 5.1 to 5.4). Increase in water-
stable aggregates (WSA) is known to be associated with soil organic matter content
which increases with the use of balanced fertilization alone or in combination with
FYM (Kanwar and Prihar 1962). Our findings are in accordance to those of Benbi et al.
(1998) who reported that application of FYM for 20 years in a maize-wheat-fodder
cowpea cropping sequence increased WSA of all sizes. Of the severa theories proposed
on the role of organic matter in stabilizing soil aggregates, the generally accepted oneis
that the release of polysaccharides and organic acids during decomposition of organic
sources plays a key role in stabilization of soil macro-aggregates (Martin 1971,
Cheshire 1979). Since polysaccharides and organic acids do not spread far from the site

of production, freshly added residues function as nucleation sites for the growth of soil
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microbes (Puget et al. 1995; Angers and Giroux 1996; Jastrow 1996), leading to
binding of residues and soil particulates into macro-aggregates. The beneficial effect of
balanced fertilization on soil aggregation might also be ascribed to (i) the role played by
phosphate ions in binding of soil particles (Sivasamy 1982), and (ii) the large amount of
residues produced in the fertilized plots (Ravindra et al. 1985). Mean weight diameter
(MWD) and geometric mean diameter (GMD), computed as indices to quantity the
changes in soil aggregation status in the present case, were invariably greater when
FYM and ID were used along with NPK. This could be due to combined effect of better
crop growth, addition of more residues through leaf-litter and organic matter input
through FY M. Positive relationship between soil organic C and aggregation observed in
the present study are also in line with the findings of of some other researchers (Oades
1984; Acharyaet al. 1988; Benbi et al. 1998). Soil compaction as aresult of increasein
bulk density (BD) of surface and sub-surface soil layers has emerged as a mgor
physical constraint in intensive agriculture (Soane et al. 1981), as the compaction-
induced soil degradation affects about 68 million hectares of land globally (Flowers and
Lal 1998). Integration of the nutrient inputs of different origin and composition i.e.
fertilizers, organic manures and ID involved in the present study caused significant
reduction in soil BD compared with unfertilized-control and even the fertilizer NPK
treatment. Further, a negative relationship between soil BD and wheat yields (Table
5.5), and a significant increase in yields due to above treatments indicated that a
reduction in soil BD owing to inclusion of manures and ID in fertilization schedule
played an important role in enhancing crop yields. The deleterious effect of soil
compaction that increase BD is often more pronounced on yield than on other crop
parameters (Hassan et al. 2007), so much so that reduction in wheat grain yield to the
extent of 38% due to soil compaction has been reported (Ishaq et al 2001). The present
findings pertaining to positive role of organics used along with fertilizer NPK in
reducing soil BD support other studies conducted in the IGPR and elsewhere (Khaleel
et al. 1981; Haynes and Naidu 1998; Swarup and Wanjari 2000; Hati et al. 2006). The
reduction in BD in these studies was, by and large, attributed to higher soil organic
matter content, better aggregation and increased root growth in the fertilizer and manure

treated plots. However, the treatment effects on soil BD were not significant in sub-
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surface soil (Table 5.4), possibly because of a sharp reduction in SOC content at this
depth compared with the surface soil.

Fertilizer NPK applied at recommended rates increased significantly the
saturated hydraulic conductivity (Ks:) over control, and inclusion of organic manures
and/or ID brought further improvement in it (Tables 5.3 and 5.4). The increase in Ky
under conjoint use of NPK and organics might be attributed to the improvement in
aggregate stability, organic matter content, and biological activities as explained by
Bellaki et al.(1998). An increase in K from 0.56 cm hr* under NPK to as high as 0.81
cm hr? under NPK+FYM+ID in 0-15 cm soil layer might also be due to possible
increase in effective pore volume owing to increased aggregation (Flower and La
1998). The K decreased considerably across the treatments with an increase in soil
depth, which was probably due to increased compaction leading to reduced effective
pore volume (Hati et al. 2006), which in turn might restrict water availability to crop

plants.
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/.SUMMARY AND CONCLUSION

The fatigue in agricultural production and produtyi growth rates observed in the
post-Green Revolution era is considered to be d@nome of dwindling soil health
owing to intensive cereal-cereal cropping ignoring basic principles of crop rotation,
low organic matter input, indiscriminate use oftifeers and irrigation water, and
excessive tillage. Decline in soil organic carb@OC), deterioration in physical
properties and emergence of multi-nutrient deficiem are the major soil health
concerns posing serious challenge to sustainable mroduction. These problems are
more acute in the Trans- and Upper Gangetic Plainsects (representing Punjab,
Haryana, Delhi and western Uttar Pradesh) of tlheJ/@angetic Plain Region (IGPR).
Where rice-wheat is the predominant cropping sysiéfith the development of extra-
short duration varieties of pigeonpea, it has bex@ussible to grow this crop in
sequence with wheat, thus providing an opportunitycrop diversification in these
areas. There is, however, need to evaluate differatrient management options in
terms of changes in soil parameters and annualuptivity under this new crop
sequence. Integrated nutrient supply and crop siifvetion with inclusion of legumes
may help to restore the soil health, but the sammenat widely adopted. Hence, the
present investigation was undertaken to study tffecte of different nutrient
management practices involving sole or conjointafskertilizers and manures on SOC
fractions, mineral N and hydro-physical propertinsa pigeonpea-wheat sequence,
using a field experiment that continued for fiveagge (2004-05 to 2008-09) on a Typic
Haplustept at IARI Research Farm, New Delhi. Initoid to fertilizer NPK and two
manured.e. FYM and sulphitation pressmud (SPM), effect ofuoed defoliation (ID)
imposed in pigeonpea by foliar spray of 10% (w/vgau solution at physiological
maturity was also evaluated. Soil samples fromas@f(0-15 cm) and sub-surface (15-
30 cm) layers were collected after completion @k fcrop cycles, and analysed for
different SOC fractions, mineral N and hydro-phgsiproperties. The results are
summarized as under:

= Under pigeonpea-wheat crop sequence followed fee ffears on a Typic

Haplustept, the TOC across the treatments varienh ft.73 to 2.32%, MBC
from 174 to 410 mg k§ LBC from 1.23 to 2.72 mgy POC from 0.38 to
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1.04% and WBC from 0.30 to 0.50% in surface sodrr€sponding contents in
sub-surface soil were relatively smaller.

Soil test-based NPK fertilization did not improv®T over unfertilized-control,
but increased other SOC fractions significantl@4ih5 and 15-30 cm soil layers.
Conjoint use of organic manures and fertilizer NR#sulted in higher SOC
fractions compared with fertilizer alone, and theeat of such increase was
greater in case of FYM compared with SPM.

NPK+ID did not contribute much to TOC, but incredgee LBC, MBC and
WBC fractions by 82, 46 and 14%, respectively oMBK treatment. Highest
values of different SOC fractions were recordedeundPK+FYM+ID closely
followed by NPK+SPM+ID

Fractionation of oxidizable OC in to different latyi pools helped detecting
small changes in SOC due to nutrient managemeiwtigea. Accordingly, 1D
treatments showed highest values of very labileC@ )( whereas other pools
(labile, less labile and non- labile C) were great&der FYM or SPM
treatments.

IPNS increased significantly the TOC associatech witacro-aggregates in
surface and sub-surface layers, whereas the effeuttrient supply options on
micro-aggregates was not equally apparent.

Carbon management index (CMI) was computed to atalihe treatment
effects vis-a-vis control on the changes in SOCcksto Highest CMI was
recorded under NPK+FYM+ID, followed by NPK+FYM, atNPK+SPM+ID.
The CMI for NPK+ID was greater than NPK.

Contribution of WBC, MBC and LBC towards TOC infeifent treatments was
in the range of 17 to 22, 1.0 to 1.8 and 6.7 t8%l .respectively.

Different SOC fractions were positively and sigeaiintly correlated with each
other in both the soil layers. Highly significanbgitive correlation were
registered between wheat yield and SOC fractioasWBC, MBC, LBC and

POC in surface soil.
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Macro-aggregate size fractions in surface soil wanyy 30% under control,
which were increased to 43% with NPK, 53% with NFRM and up to 59%
with NPK+FYM+ID. Treatment effect was less promihenl15-30 cm layer.
Water-stable aggregates, MWD, GMD and saturatedauyid conductively in
0-15 cm soil layer were improved significantly doelPNS over sole NPK, but
the differences between IPNS options were not Bogmit.

Surface soil BD was highest (1.67 Mgrunder control, which decreased (1.57
Mg m®) significantly with NPK application. Treatments/aiving FYM or SPM
with ID further decreased the BD values. Different sub-surface layer were,
however, not significant.

Organic manures applied alone were not as effeetsveheir conjoint use with
fertilizers in influencing soil hydro-physical pregies. Also, FYM applied
along with NPK, with or without ID, was more effaa than SPM in modifying
the hydro-physical properties.

Different hydro-physical properties were inter-e@ated significantly and
positively, except BD that had negative correlatwaith other properties. SOC
fractions were also significantly correlated witydiho-physical properties.

Based on the findings of the present investigatioipwing conclusions could be

drawn:

)

Deterioration in SOC levels and soil physical eorinent in high productivity

areas of the IGPR can be reversed with the conjasat of soil test-based
fertilizers and organic manures, particularly FYMulphitation pressmud

(SPM), on the other hand, serves as a good nutsiemtce to enhance crop
yields.

Induced defoliation proved to be a unique manageémgetion to improve SOC

fractions, especially labile ones, mineral N andrbyphysical properties of the
soil, that ultimately culminated in to increasechaal productivity of pigeonpea-
wheat sequence. It is of particular significanceview of severe shortage of
conventional manures, and competitive uses of athganic sources and crop

residues.
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iii) Scientifically sound explanations need to be pregidfor the very low
proportion of WBC to TOC recorded in the presenidgt The factor of 1.3
conventionally used for conversion of WBC in to T@&ms to under-estimate,
the TOC in the soils of IGPR, and may necessitatvision. Data sets on the
recovery of WBC vis-a-vis TOC for diverse soil tgpand cropping systems
need to be generated for this purpose.

iv) Further detailed studies are needed to standaatidecompare the modified
Walkley and Black method of oxidizable organic @ctionation as proposed by
Chanet al. (2001), for it is simpler and appears more seresito detect small
changes in SOC due to management practices.
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SOIL ORGANIC CARBON FRACTIONS, MINERAL N AND HYDRO-
PHYSICAL PROPERTIESUNDER DIFFERENT NUTRIENT MANAGEMENT
PRACTICESIN PIGEONPEA-WHEAT SEQUENCE

ABSTRACT

Decline in soil organic carbon (SOC), deterioration in physical properties and
widespread nutrient deficiencies are considered major threats to the sustainable
agriculture. The severity of these problems is greater in intensively-cropped areas of the
Indo-Gangetic Plain region. Management strategies like integrated nutrient supply and
crop diversification with inclusion of legumes may have potentia to restore the soil
health. Hence, in the present investigation an attempt has been made to study the effect
of different nutrient management practices involving sole or conjoint use of fertilizers
and manures on SOC fractions, mineral N and hydro-physical properties in a
pigeonpea-wheat sequence, using afield experiment that continued for five years (2004-
05 to 2008-09) on a Typic Haplustept at IARI Research Farm, New Delhi. In addition to
fertilizer NPK and two manures i.e. FYM and sulphitation pressmud (SPM), effect of
induced defoliation (ID) imposed in pigeonpea by foliar spray of 10% (w/v) urea
solution at physiological maturity was also evaluated. Soil samples from surface (0-15
cm) and sub-surface (15-30 cm) layers were collected after completion of five crop
cycles, and analysed for different SOC fractions, minera N and hydro-physical
properties.

Conjoint use of soil test-based fertilizer NPK and organics increased
significantly different SOC fractions, macro-aggregate associated C, and mineral N
compared with sole NPK or unfertilized-control, although the extent of increase varied
in accordance with the nature of organic inputs. Whereas FYM and SPM used along
with NPK brought significant increase in relatively stabilized SOC fractions like
Walkley and Black C (WBC) and particulate organic C (POC), the magnitude of
increase in microbial biomass C (MBC) and labile C (LBC) was greater under ID. By
and large, highest values of different SOC fractions were obtained under
NPK+FYM+ID treatment. The proportion of WBC, MBC and LBC towards TOC in O-
15 cm soil varied from 17 to 22, 1.0 to 1.8 and 6.7 to 11.8 %, respectively. The



corresponding figures for 15-30 cm soil depth were relatively lower. The SOC fractions
were significantly correlated with each other, particularly in 0-15 cm soil depth, and
also with mineral N and wheat yield.

Use of organic manures, especialy FYM, with fertilizer NPK improved soil
aggregation, as evident by a significant increase in macro-aggregates, mean weight
diameter, geometric mean diameter and water-stable aggregates, over NPK or control.
The treatment effect was generaly consistent in sub-surface (15-30 cm) soil also.
Compared with NPK, soil bulk density was reduced significantly with the conjoint use
of organics and NPK. The bulk density was lowest under NPK+FY M+ID. The hydro-
physical properties showed a positive and significant relationship with crop yields,
except bulk density (0-15 cm) which had negative relationship with yield.
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Appendix

Abbreviationsused in the Thesis

BD
C
CiL
CMI
Cni
Cu
ESD

GMD
ID
IGPR
Keat
LBC
LI
LSD
MaTOC
MBC
MiTOC
MQ
MWD
00C
POC
SOC
SPM
TGP
TOC
UGP
WBC
WGSA

Bulk density

Labile carbon

Lesslabile carbon

Carbon management index
Non-labile carbon

Very labile carbon

Extra-short duration

Farmyard manure

Geometric mean diameter
Induced defoliation
Indo-Gangetic Plain region
Saturated hydraulic conductivity
Labile carbon

Lability index

Least square difference
Macro-aggregate associated TOC
Microbial biomass
Micro-aggregate associated TOC
Microbial quotient

Mean weight diameter
Oxidizable organic carbon
Particulate organic carbon

Soil organic carbon

Sulphitation pressmud
Trans-Gangetic Plain

Total organic carbon
Upper-Gangetic Plain

Walkley and Black carbon
Water-stable aggregates






