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The present study entitledSOIL STRUCTURE AND ORGANIC
CARBON STABILITY OF RAINFED ALFISOLS UNDER LONG-TER M
APPLICATION OF MANURE AND FERTILIZERS” was carried out as
part of the long-term experiment durirdnarif, 2021 on red sandy loam
(Haplustalf) soils at Regional Agricultural Research Statidwcharya N.G
Ranga Agricultural University, Tirupati, Andhra Eesh. The experiment was
laid out in randomized block design with elevenatneents and four
replications. The treatments includes dontrol (no manure and fertilizers): T
Farm yard manure @ 5 t hgonce in 3 years),sT 20 kg nitrogen (N) h§ Ta:
10 kg phosphorus (P) AaTs: 25 kg potassium (K) hia Te: 250 kg gypsum
ha', T: 20 kg N + 10 kg P hig Ts: 20 kg N + 10 kg P + 25 kg K HaTe: 20 kg
N + 10 kg P + 25 kg K + 250 kg gypsunthdio: 20 kg N + 10 kg P + 25 kg K
+ 100 kg lime h&, Ti1: 20 kg N + 10 kg P + 25 kg K + 250 kg gypsum +kg5
hat zinc sulphate (once in 3 years).

Soil samples were collected from each treatmetwatdepthsiiz., 0-15
and 15-30 cm after harvest of crop durkigrif, 2021. The data was recorded
on soil physical, physio-chemical properties alowgh yield and yield
attributing characters.

The physical propertiesiz., bulk density, porosity, maximum water
holding capacity and structural indiceiz., mean weight diameter, geometric
mean diameter, per cent water stable aggregate25>thm) and per cent
aggregate stability were improved by the long-tegplication of FYM @ 5t
hat (T2) once in three years for the past 41 years cordgarether treatments.

XV



The treatmental combinationsviz, NPK+gypsum+ZnS® (T11),
NPK+lime (Ti0), NPK+gypsum (3) and NPK (E) were showed improvement
in soil physical propertiesiz, bulk density, porosity, water holding capacity
and structural indices compared to the control, red® long-term application
of K fertilizers alone showed deterioration in galilysical properties compared
to the control.

Long-term application of manure and fertilizersgtmundnut showed a
slight decrease in soil pH compared to initial quil recorded during 1981.
Whereas the accumulation of salts was not obsesved a period of 41 years
of experimentation in surface and sub-surface RyeEiowever, soil organic
carbon (SOC) content was improved in all the treatis including control over
41 years of cropping and application of manure tartlizers. However the
SOC was higher at surface layer than sub-surfaez Ia all the treatments.

Long-term application of FYM @ 5 t HqT2) once in three years was
recorded significantly highest SOC stocks, build-{#) and carbon
sequestration rate at surface and sub-surfaceslayer which was comparable
with other treatmental combinationsiz, NPK+gypsum+ZnS® (T11),
NPK+lime (Ti0), NPK+gypsum (3) and NPK (). Whereas the application of
single nutrient fertilizersviz., N alone (8), P alone (1) and K alone (3)
treated plot showed negative SOC stock build-up ¢@hpared to control in
both the soil layers.

Soil aggregate fractions under long-term applcatf FYM @ 5 t ha
(T2) and treatmental combinatiomiz., NPK+gypsum+ZnS@(T11), NPK+lime
(T10) and NPK+gypsum () were showed significantly higher proportion of
large and small macro-aggregates fractions compswedontrol. Whereas,
single nutrient fertilizer treatments showed highnécro-aggregates fractions.

The aggregate associated-C was significantly lighelarge macro-
aggregates compared to small macro and micro-agtgdractions in both the
soil layers. However, aggregate associated-C wagkehiin surface layer
compared to sub-surface layer.

The significantly highest pod and haulm yields wereorded with FYM
alone (&) and NPK+gypsum+ZnSQ(T11), respectively compared to all other
treatments. However, comparable with other treatmetz.,, NPK+lime,
NPK+gypsum and NPK treated plots.

The treatments received with single nutrient feeiisviz., N or P or K
alone were inferior interms of soil structure, argacarbon stability and pod
yield as compared to the combined application dfients. The study clearly
indicated that application of FYM and treatmentabmbinations viz,
NPK+lime, NPK+gypsum+ZnS©Oand NPK+gypsum would be better for the
improvement of soil structure, organic carbon ditgland groundnut pod yield
on sustainable basis.
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Chapter-I
INTRODUCTION

Groundnut (Arachis hypogaea L.) is the mgor oil seed crop in India
and mainly growning in six states viz., Andhra Pradesh, Gujarat, Karnataka,
Maharashtra, Rajasthan and Tamil Nadu, which accounts for about 90 per
cent of the total groundnut area of the country. In India, groundnut is
cultivated over an area of 4.89 m ha, with atotal production and productivity
of 10.1 MT and 2065 kg ha?, respectively. In Andhra Pradesh, it is being
grown in an area of 6.6 lakh hectares with a production and productivity of
0.85 MT and 1282 kg ha', respectively (www.indiastat.com, 2020).

Groundnut being a legume crop, leaves lot of residual fertility which
inturn helps the succeeding crop under rainfed farming situations. Further,
Incorporation of organic manures (farmyard manure, vermicompost etc.) helps
to improve soil structure, soil microbial activity and soil moisture
conservation, which inturn helps to stabilize the production and productivity

of the cropsin rainfed farming situations (Lourdurgj, 1999).

Aggregate formation is considered to happen by cohesion and adhesion
mediated by organic matter (Bucka et al., 2019). The progress of aggregate
formation is regulated by natural (e.g. soil structure, soil organic carbon and
soil organisms) and human factors (e.g. fertilization, tillage and irrigation).
The stability of soil aggregates is regarded as an evaluation indicator of
aggregate formation, which is closely related to the organic carbon stability.
While organic carbon stability is complex phenomenon, resulting from
interactions among physical, chemical and biological processes (Rossel et al.,
2019).

Sustaining the soil quality is the most appropriate method to ensure self
sufficient in food production in any agro-ecosystem. Hence, maintenance of
soil organic carbon pool is considered as essential for long-term sustainable

productivity. Soil organic matter consider as a store house of al essential
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plant nutrients and plays a pivota role in crop production. The soil organic
carbon together with physical properties has been proposed as indicator of soil
quality (Doran and Parkin, 1994). The important indicators of soil quality in
relation to soil organic carbon content are mean weight diameter (MWD) of
aggregates, available water holding capacity, cation exchange capacity (CEC)
and bulk density (BD). The relative importance of these indicators varies
among different soils and therefore, site-specific information is needed on
these properties for quantitative assessment of soil quality (Lai et al., 1998).
In view of the significance of soil organic carbon in determining soil quality,
adoption of judicious management practices to restore and upgrade soil

organic carbon pool is essential.

Increasing carbon sequestration in agricultural soils by making soil a
net sink for atmospheric carbon could be achieved by adoption of the best
management practices, viz., conservation tillage, application of fertilizers and
bio-solids or organic amendments, crop rotation and improved residue
management (Lai, 2003). Among these practices, the benefits of balanced
application of mineral fertilizers and manures to maintain and increasing soil
organic carbon levels in agricultura soils have been well documented
(Rudrappacet al., 2006).

Sail structure and soil organic carbon (SOC) are interrelated. SOC acts
as a binding agent for the formation of soil aggregates and soil aggregate
stability is important in maintaining soil structure. The pore region associated
with aggregates often holds SOC, thereby contributing to carbon stabilization.
More precisely, preferential accumulation of carbon in aggregates (intra-
aggregate C) may indicate relative benefits of soil management practices.
Aqggregates provide physical protection to SOC and delays its degradation
thereby it has a significant contribution on improving SOC stock. Aggregate
associated-C is an important carbon source and accounts for nearly half of the
total SOC in some soils (Sarkhot et al., 2007).



Mineral fertilizer and organic manure are the important factors for
maintenance and improvement of soil fertility and aggregation. Application of
inorganic fertilizers results in higher SOC accumulation and biological
activity due to increased plant biomass production and through decaying
roots, litter and crop residues. Addition of organic manures enhances SOC
content, which is an important indicator of soil quality and crop productivity.
The combined application of mineral fertilizers and organic manures could
affects the soil physical properties such as soil aggregation, aggregate
stability, water holding capacity, porosity, infiltration rate, hydraulic
conductivity and bulk density directly or indirectly due to increased SOC
content. Organic manures and compost applications resulted in higher SOC
content compared to inorganic fertilizers applications. Although, the
accumulation of SOC through applied organic manures depends upon the rate

of decomposition process.

Long-term fertilizer experiments (LTFE) plays an important role in
understanding the changes in physical, physico-chemical properties and
productivity of the crops. The decline in soil fertility due to the imbalanced
fertilizer use has been recognized as one of the most important factors limiting
crop yield (Nambiar and Abrol, 1989). The LTFE trails also provides valuable
infformation on impact of continuous use of fertilizers with varying
combination of organics and inorganics on soil physica and chemical
properties and became good platform for monitoring the changes over period
of time. In the long-term, formation of stable soil aggregates are related to soil
carbon dynamics. The present study was initiated with the hypothesis of
long-term fertilization and manuring on monocropping groundnut has a
significant impact on aggregate properties and stabilization of SOC in
aggregates, which further helps in protecting SOC from rapid degradation

over time.

It is difficult to detect changes in SOC due to short-term effect of

chemical fertilizers and manures. Hence, long-term experiments are more



useful for studying the changes in soil properties and processes over time and
for obtaining information on sustainability of agricultural systems for
developing future strategies to maintain soil health. Keeping the above factsin
view, present investigation on “Soil structure and organic carbon stability
of rainfed Alfisols under long-term application of manure and fertilizers”

is undertaken with the following objectives.

1. To study soil aggregate size distribution and associated organic carbon
influenced by long-term application of manure and fertilizers.

2. To evauate the soil structure based on different soil structural indices
as influenced by long-term application of manure and fertilizers.

3. To study the carbon sequestration and SOC stocks under long-term

application of manure and fertilizers.
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Chapter-Il

REVIEW OF LITERATURE

The available literature pertaining to the presdntlys entitle “Soil
structure and organic carbon stability of rainfed Alfisols under long-term
application of manure and fertilizers” was reviewed in this chapter with
the following sub headings. The literature on dert@spects pertaining to
other crops were also included.

2.1 EFFECT OF LONG-TERM APPLICATION OF MANURE

AND FERTILIZERS ON PHYSICAL AND PHYSICO-
CHEMICAL PROPERTIES OF SOIL

2.1.1 Physical Properties

2.1.1.1 Soil texture

2.1.1.2 Bulk density

2.1.1.3 Soil porosity

2.1.1.4 Water holding capacity

2.1.1.5 Soil structural indices
2.1.1.5.1 Mean weight diameter
2.1.1.5.2 Per cent water stable aggregates
2.1.1.5.3 Per cent aggregate stability
2.1.2 Physico-Chemical Properties
2.1.2.1 Soil reaction

2.1.2.2 Electrical conductivity

2.1.2.3 Soil organic carbon

2.1.2.3.1 SOC content

2.1.2.3.2 Aggregate-C

2.1.2.3.3 SOC stocks

2.1.2.3.4 Carbon sequestration

2.2 EFFECT OF LONG-TERM APPLICATION OF MANURE AND
FERTILIZERS ON YIELD AND YIELD ATTRIBUTES OF
GROUNDNUT



2.1 EFFECT OF LONG-TERM APPLICATION OF MANURE
AND FERTILIZERS ON PHYSICAL AND PHYSICO-
CHEMICAL PROPERTIES OF SOIL

2.1.1 Physical Properties

2.1.1.1Soll texture

Soil texture refers to the relative proportiontod tvarious soil separates
viz., sand, silt and clay content present in the gis@hmass. It determines
the suitability of soils for growing different crepand nutrient supplying
ability. The textural class of the soil could not d&léered by the long-term
application of organic or inorganic fertilizers.

Majority of the groundnut growing soils of Chittodistrict were sandy
loam in texture and to some extent loamy sands égwamyet al., 1989).

Six et al. (2000) stated that stabilization capacity wasadéxt by silt
and clay content, the surface area and reactivityjineral soil particles for
increasing soil aggregation. Soil clay contentniadily affects SOC storage
by occluding organic carbon, making them inaccéssib decomposing
organisms and their enzymes.

The texture of the groundnut growing soils of Nedlodistrict of
Andhra Pradesh was loamy sand to sandy clay (Vesketal., 2002).

Basavaraju (2003) stated that the texture of sarfarizons in pedons
of Chandragiri mandal in Chittoor district of AndhPradesh varied from
sandy to silty clay loam.

Ogunwoleand Ogunleye (2004) reported soil texture undervtrious
treatments was ranged from sandy loam to loam. Tde and silt fraction
was significantly (p<0.01) higher under the dung + phosphorous treatment
over control from long-term experiment at Samararthiern Guinea Savanna
of Nigeria.

Reddy et al. (2004) reported that the pod yield of groundnwsw
significantly reduced when the coarse fraction whseve 50 per cent in red
sandy loam soils.



Chatterjeeet al. (2005) reported that the groundnut growAigsols of

Dokhla in Maharashtra are clay loam in texture.

Kuntal et al. (2008) observed that texture has not played mmyfisant
role in the variation of soil properties among tlemg-term fertilization

treatments.

Leelavathiet al. (2009) reported that the texture of the groundnut
growing soils of Yerpedu mandal of Chittoor distneas ranged from loamy

sand to sandy clay loam.

Srinivasaracet al. (2013) reported that experimental site was classifi
as Alfisol (Rhodustalfs) and sandy loam textural class with sand, silty cla
contents of 72.0, 5.8 and 22.2 per cent, respégtivmder long-term

experiment at Agricultural Research Station, AnpataAndhra Pradesh.

2.1.1.2 Bulk density

Bulk density is the mass of the soil per unit bwilume. It is
influenced by soil texture, organic matter, comt nature of crops,
management practices and tillage. The ideal bulsitle was 1.33 Mg m.
For coarse and fine textured soils, it ranged frdm0 to 1.75 Mg m?®
and 1.10 to 1.40 Mg 1) respectively. Bulk density has negative relatigms

with soil organic matter.

Mahimairaja et al. (1986) revealed that long-term application of
graded doses of NPK fertilizers did not showed ifitant influence on
bulk density but the combined application of oigaFYM @ 10 Mg hd)
and inorganics improved the physical condition e soil by reducing the
bulk density. Similar trend was also reported byaBldwaj and Omanwar
(1992).

Sudhiret al. (1996) reported that the beneficial effect of kiveg-term
integrated use of inorganic and organic manureAlfisol by improving soll
physical condition by decreasing bulk density frdril Mg m® to 1.44 Mg

m-s.



Chandravanshiet al. (2001) reported that bulk density a@fifisol
decreased significantly with FYM and lime in condtion of NPK fertilizers
in optimum dosage. However, incorporation of organanureviz., FYM and
coirpith in the surface layer prior to sowing didtninfluenced the bulk
density of sub-surface layers (Rajkanretral., 2001). While, Sheeba and
Kumaraswamy (2001) observed a significant decr@admulk density with

increase in organic matter content.

Bhagatet al. (2003) reported that bulk density was decreased in
surface layer (0-15 cm) by lantana incorporatioremwltompared to control

due to increased total porosity.

Selvi et al. (2003) observed that application of inorganic fedrs
over a period of 26 years increased the bulk densit Inceptisols

significantly under finger millet-cowpea croppingstem.

Arvind and Kanthaliya (2004) noticed the decredselit density with
increased organic carbon of the soil through tiditiesh of the FYM alone

or in combination with chemical fertilizers.

Bhattacharyyaet al. (2004) reported that long-term application of
FYM @ 10 t ha for 29 years in soyabean-wheat cropping system had
improved the soil porosity, which led to decline time soil bulk density
significantly in Inceptisols of Almora district in North-Western Himalayas.
Similar results were also observed with applicatbirYM @ 20 Mg ha in
Rajasthan by Gatha& al. (2007).

Kumar et al. (2007) reported that the application of FYM arldeb
green algae along with recommended dose of fatdihas reduced the bulk

density of soil due to increased pore space.

Sultaniet al. (2007) reported that higher reduction (7 %) i balk
density with incorporation of sesbania as greenureanrop by the addition of

greater amounts of organic matter and loosenirspibby root action.



Continuous application of FYM @ 10 Mg-haver a period of 7 years
has decreased the bulk density from 1.54 Mg tm 1.45 Mg n¥ in sandy
loams of Tirupati Annual report, Regional Agricultural Research Station,
2010).

Verma et al. (2010) reported lowest bulk density with FYM
incorporation @ 20 Mg hafollowed by 100 % NPK+FYM @ 10 Mg Ha
The lowering of bulk density might be due to inceedms water stable
aggregates and higher organic carbon, which resuttemore pore space

and good soil aggregation Tiypic Haplustept at Udaipur, Rajasthan.

Shahidet al. (2013) reported lower bulk density (1.40 Mg®hin NPK
(80-40-40 kg hd) + FYM @ 5 Mg ha compared to control (1.54 Mg
The reduction of bulk density with continuous apgiiicn of NPK along with

FYM might be due to the increase in soil organiboa.

Yaduvanshiet al. (2013) noticed that the use of organic manures
(FYM or green manure) with combination of inorgafedilizers significantly
improved the bulk density at 0-15 cm depth soiklagompared to inorganic

fertilizers treatments alone.

The lowest bulk density was observed in long-terpliegtion of FYM
@ 5 Mg hat compared to the application of 100 % recommendesk obf

fertilizers to rainfed groundnut (Srinivasargal., 2013).

Roshanet al. (2014) observed decreasing trend in bulk density by
improving total porosity. The highest porosity lowdsulk density was
obtained from the application of FYM @ 21 Mghia first season and FYM
@ 10.5 Mg ha@ during second season. The crop yields and biomass

production were also differed significantly comphte other treatments.

Nagar et al. (2016) reported that long-term application of olgan
manures and crop residue resulted in significashiegon in bulk density. The

lowest bulk density was noticed with combined amgilon of FYM +



phosphocompost (1.29 Mg # and pigeonpea stalk + phosphocompost

(1.29 Mg m3) compared to recommended dose of fertilizers alone

2.1.1.3 Soil porosity

Soil porosity is the space occupied by the air @navater. It was
determined by the soil texture, soil structure,amig matter, depth and soil
compaction. An increase in clay conten resultednorease in total pore

space.

Mahimairajaet al. (1986) indicated that long-term application of
FYM in combination with NPK resulted in increasedrgsity of Vertisol.
However only FYM application té\lfisols showed similar effects (Katilet
al., 1992).

Prabakaran (2006) observed that the total porositysoil was
significantly increased due to the application gfamic nitrogen in the form

of press mud cake.

Saha and Mishra (2007) noticed the higher soil giran forestry
system compared to the long-term shifting cultvati This might be
attributed to higher percentage of macro-aggregd#®s %), organic carbon
content (2.95 %) and biotic activity in forest egstem.

Vermaet al. (2010) reported more pore space with FYM incorporat
@ 20 t ha followed by 100 % NPK + FYM @ 10 Mg hRadue to the

lowering of bulk density.

Prasad and Prasadini (2013) observed that the ipoxas increased
significantly by substitution of 50 % recommendedvith FYM compared
to recommended fertilizer application in thdarif andrabi reasons during
both the years. This was obviously due to an irserea the volume of pore

space by the addition of organic matter to the soil
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Babar and Dongale (2013) reported that organidrnreiats contributed
significantly to the enhanced porosity comparedawtrol. This might be due

to lowering of bulk density value of soll.

Roshanet al. (2014) observed decreasing trend of bulk density wi
increasing porosity. The highest porosity was oletaifrom the application of
FYM @ 21 Mg ha in first season and also from residual FYM levell@5
Mg ha.

Karmakaret al. (2015) reported that application of vermicomposnal
has resulted, highest porosity (46 %) and maximustewholding capacity
(45.02 %) followed by RDF and mixed organic manufesther, observed

that the higher porosity at surface layer comp#oesiib-surface layer.

2.1.1.4Maximium water holding capacity

Maximum water holding capacity is the average salter content
(expressed in percentage on oven dry weight bakedisturbed soil sample,
measured by keen’s cups method. It depends onréexdmount and nature

of organic and inorganic colloidal materials.

Pernes and Tessier (2004) observed that continapp$ication of
organic matter over a period of 70 years increasatér retention at high

water potential in soils of Versailles in France.

Bhattacharayyaet al. (2004) observed the maximum soil water
retention in the NPK+FYM treatment in rainfed systelhe inclusion of P
and FYM in the above said treatment might be afted to the

improvement of aggregates and favourable pore gepimethe soil.

Sarawadet al. (2005) observed that the improvement in maximum
water holding capacity of the soil with sunhempoiporation or compost
application. The improvement could be due to ineee€aorganic matter

content of the soils, which inturn improved soilisture.
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Prasad and Prasadini (2013) reported that the watiemtion of the
soil improved significantly by substituting 25 00 per cent recommended
level of N with FYM. The water holding capacity relely low at 15-30 cm
than 0-15 cm soil depth irrespective of the treatnaeiring both the years.

Tadesseet al. (2013) reported that application of 15 MgthBYM
increased the available water holding capacity By Jer cent and reduced
the soil bulk density by 0.31 g ¢in

Dubey and Datt (2014) noticed that the maximum wadtelding
capacity was highest in organic treatment. Additdmmrganic matter content
which resulted in the improvement in stable sojyragates and macro and
micro pores spaces might have resulted to incrieas@ater holding capacity

of the saoll.

Gabhaneet al. (2014) observed that among long-term integrated
nutrient management treatments, significantly hsghewvater holding
capacity was noticed in treatment of 50 % recomradndiose of fertilizers

along with FYM @ 15 Mg hdcompared to rest of the treatments.

Pareweet al. (2014) noticed that combined application of 100 ®&KN
fertilizers and FYM has numerically more water hiofgdcapacity values as
compared to control and 100 % NPK fertilizer tneants.

2.1.1.5 Soil structural indices

2.1.1.5.1 Mean weight diameter (MWD)

Rasoolet al. (2008) reported that application of FYM @ 20 Ma'h
showed highest MWD in maize (0.160 mm) and whedtf/@® mm) compared
to control and decreased with increasing depthr &@2eyears of long-term

experiment in sandy loam soilypic Ustipsament).

Bhattacharyyat al. (2009) studied the effect of FYM with N or NPK
fertilizers application on soil properties in soghevheat sequence. The mean

weight diameter, of soil was highest in the NPK+FYildatment and lowest
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in the control, whereas mineral fertilizer treatnseishowed intermediate

effect.

Bandyopadhyayt al. (2010) reported that effect of sole application of
different levels of inorganic fertilizers and comed application with FYM
significantly increased the MWD of water stable mgmte compared to

control.

Aulakh et al. (2013) reported that application of fertilizer N, and
FYM significantly increased the MWD of water stablggregates through the
formation of macroaggregates, and highest in batfase (85 %) and sub-
surface (81 %) soil layers, with 20 kg N + 60 kegDP+ 10 Mg ha FYM
applied to soybean and 120 kg N + 60 k@410 wheat crop, respectively.

Kharcheet al. (2013) observed the improvement of MWD from 0.62
mm (control) to 0.68 mm (chemical fertilizers alpred further increased to
0.72 mm under integrated nutrient management an# Hdansity was
considerably reduced from 1.32 to 1.20 Mg omder long-term experiment
indicating profound influence of organics on sailisture at research farm of

Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtr

Mazumdaret al. (2015) reported higher MWD (1.36 mm) in treatment
received with 50 % NPK along with 50 % N throughNF¥as compared to
control (0.89 mm) under 31 years of long-term eixpent on rice-wheat

cropping system in Middle Gangetic Plains of India.

Mazumdaret al. (2021) reported that the treatment receiving NPK
along with FYM had higher MWD (1.2 mm) and GMD (OrBm) as
compared to control (0.7 mm and 0.2 mm, respdg)iwader 44 year long-

term experiment on rice-wheat-jute cropping segeenc

Niu et al. (2022) showed that combined application of orgeaamdci
inorganic fertilizer treatments promoted the fonmatof macro-aggregates
and thereby MWD increased from 0.24 to 0.45 mm tbayears long-term

experiment iraeolian sandy soil.
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2.1.1.5.2 Per cent water stable aggregates (% WS40.25 mm)

Gathalaet al. (2007) noticed that the integrated use of FYM and
chemical fertilizer increased the water stable aggtes (WSA), which could
be attributed to the beneficial effects of cerfaitysaccharides formed during
decomposition of organic residues by microbial vaistiand as cementing

action of bacteria and fungi.

Ogunwole (2008) reported high®rater stable aggregates (WSA) of
>2.0 mm with FYM amended soil than all the othereaded soils.
Aggregates of <0.1 mm size range was higher in FNMk amended soil
than the other treatments. The MWD of the WSA wgaifsicantly lower in
control. While, MWD values for the FYM and NPK anded soils were
similar in surface layers of sandy loam soilypic Haplustalf) of Northern

Guinea Savanna ecology of Nigeria.

Vermaet al. (2010) showed maximum WSA under 20 Mg*HayM
treatment and the application of 100 % NPK + 10 Mg FYM significantly
increased the soil aggregation over 100 % NPKrireat.

Sui et al. (2012) observed that WSA0.25 mm and aggregate
associated-C contents in the aggregates were greatéreatment with
fertilizer along with manure application than cheatifertilizers alone under

5 years experiment in an eroded black gdibl{isol) of North-East China.

Tripathiet al. (2014) reported that the WSA ranged from 71.6 %eun
control to 91.1 % under NPK+FYM in the surface $6#15 cm). The MWD
varied from 0.43 to 0.78 mm in 0-15 cm and 0.40.@2 mm in 15-30 cm
soil layer. MWD was higher under FYM treated plotsmpared to inorganic

fertilizers alone and unfertilized control.

Yazdanpanahet al. (2016) reported that soils with higher organic
carbon resulted in higher per cent of WSA and mmacropore fraction

leading to higher hydraulic conductivity.
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Tuo et al. (2017) showed that the continuous application ahuane,
either alone or in combination with N and/or P,reased WSA by 12.6 to
25.9 per cent, MWD by 22.8 to 43.3 per cent, GMD4b¥ to 20.0 per cent,
compared to the unfertilized control (CK). In cas; the long-term
application of NP, or N and P individually has lowalues of these indices
than CK over a 19 years of long-term experimentenra soybean-maize

rotation in the Loess Plateau region in China.
2.1.1.5.3 Per cent aggregate stability (% AS)

Mishra and Sharma (1997) noticed that continuoysicgiion of 100
% NPK showed significant increase in aggregateilgtalfpoth fine and

coarse aggregates) compared to half NPK and uideditreatments.

Sheeba and Chellamuthu (2002) reported that sogmfiimprovement
in properties ofVertic Ustropept by continuous use of FYM @ 10 Mg ha
over twenty two years of application and reporteghificant increase in
aggregate stability (68.49 %), % WSA (78.22 %) aotdl porosity (55.73 %)
with application of FYM @ 10 Mg hlas compared to application of 100 per
cent NPK through inorganic fertilizense. 64.3, 75.7 and 51.0 per cent,

respectively.

Chakrabortyet al. (2010) observed higher aggregate stability with 100
% NPK+FYM, where macroaggregates (2-0.25 mm) weeatgr than 50 per
cent of total soil mass. Aggregation index was tpay correlated with SOC

in 8-4 mm aggregates.

Long et al. (2013) found that organic manure incorporation eased
soil aggregate stability. On average, the soil waggregate proportion
increased by 14 %, the microaggregate proportiameased by 3 % and
MWD increased by 20 %. Soil silt+clay particles taoned the largest part of
total organic carbon, whereas the small macroaggedgaction was the most

sensitive to organic manure application.
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Hati et al. (2015) reported that the aggregate stability wgsiscantly
higher in 150 % N compared to 50 % N level undgbsan-wheat rotation in

Vertisols of Central India from long-term experiment.

Aziz and Karim (2016) reported that aggregates G6M.125 mm
were positively correlated to fine, very fine samd silt fractions and organic
matter. The stability of aggregates showed a pesitorrelation with clay
content (r = 0.94) and organic matter content. Harrtobserved that lower
percentage of large macro-aggregates (>2 mm) inraloplot (12.83 and

16.77 %) in surface and sub-surface soll, respelgtiv

Chaitanyaet al. (2017) showed that the aggregate stability wakdrig
in FYM (93.8 %) treatment compared to control (54%), but at par with
other treatments and the mean weight diameter wgeehin FYM @ 10 t
ha! (2.08 mm) treatment compared to control (1.94 mnger 25 year long-

term field experiment in rice-rice cropping system.

Zhanget al. (2021) reported that fertilization with manure anbed
aggregate stability, large aggregate proportionraroaggregate-associated
carbon under 13 year long-term experiment in theiH&orridor, Gansu

Province, North-Western China.

2.1.2 Physico-Chemical Properties

2.1.2.1 Soil pH

Stalin et al. (2006) showed a slight increase in the soil pt do
application of organic and inorganic fertilizers & long-term fertility
experiment conducted for a period of 10 years inv@ey delta of Tamil
Nadu.

Singh et al. (2007) reported that continuous application afrganic

fertilizers showed slight increase in soil pH witlisreasing soil depth.
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Urkurkar et al. (2010) reported that pH slightly decreased due to
continuous application of green manure/ FYM/ ritess residue compared

to inorganic fertilizers alone.

Hemalatha and Chellamuthu (2011) reported nonfsigni changes in
pH of the soil among the treatments, however, sligduction in pH of the
soil was noticed in 100 % NPK+FYM. This reductioight be attributed to

the release of organic acids produced during tlkerdposition of FYM.

Kumari et al. (2013) reported that the continuous applicatibhG® %
N, 100 % NP and 100 % NPK significantly decreadesl gH, whereas the
application of FYM alone or 100 % NPK with lime oeded significantly
higher pH over control. The increase in soil pH by @nit might be due to
ameliorative effect of lime on soil acidity. Whifell in soil pH might be due

to continuous application of inorganic fertilizedene.

Kumaraet al. (2014) showed that decrease in pH was more \ugh t
addition of FYM compared to poultry manure and prnegd cake. Highest
soil pH (7.87) was observed in plots received ity NP fertilizers, which

might be due to the leaching of soluble salts feuriace soil.

Brar et al. (2015) reported that the soil pH was decreaseith wi
application of different combinations of manure dadilizers in maize-wheat
cropping system under long-term experiment conduetePAU, Ludhiana.
The decline in pH might have resulted from buildaiprganic matter over a
period of 36 years in manure and fertilizer treapddts. The pH was
significantly reduced with 150 % NPK application@snpared to 50 % NPK

treatment, whereas FYM treatment showed no sigmfichanges in soil pH.

Kundu et al. (2017) reported that the soil health aftef94&opping
cycle of jute-rice-wheat showed that pH of the acef soil increased from
initial status (pH 7.1). The increase in pH may tigbated to more intake of
anions like nitrate, phosphate, borate and molybdasides Hions by roots

and inturn excretion of HC£and OH ions to the soil solution. Increase in pH
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was less with application of FYM along with chentiteatilizers as compared

to application of chemical fertilizers alone in dgrloam soil.

Madhuriet al. (2017) reported a least variation in pH in FYM apgl
plot followed by control in a long-term experimamt groundnut crop grown
on Alfisols. The continuous cropping with fertilization over $dars resulted

in decrease in the soil pH by 0.1 to 0.2 units.

2.1.2.2Electrical conductivity (EC)

Bhaskareet al. (1992) reported that EC of the soil did not changesr
a period of ten years of continuous manuring antlifzation to rainfed

groundnut crop ilfisols of Tirupati in Andhra Pradesh.

Stalin et al. (2006) reported that EC was increased slightly in
treatments received with organic and inorganialisets for 10 years. This
might be due to the dissolved salts contributedhfswil and release of ionic

species in reduction process.

Kumar et al. (2008) reported that integrated management of FYM,
green manure and crop residues with inorganidifets in rice-wheat system
at Punjab Agricultural University, Ludhiana on aarey sand soll,
incorporation of the crop residue along with 10(NRK application reduced

the EC significantly.

Brar et al. (2015) in a long-term field experiment at Punjab
Agricultural University, Ludhiana reported a sigo#nt increase in EC with
the combined application of organic manures and f&Rilizers over

application of NP fertilizer alone.

Long-term impact of manure and fertilizer applicatimn soil
properties at Akola, under sorghum-wheat croppiygjesn was studied and
reported that EC was the lowest under treatmenivestenly FYM and on
par with 100 % NPK+FYM application. Highest EC wdsserved in 150 %
NPK followed by 100 % NPK (Metkari and Kharat, 2015
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Kundu et al. (2017) from a long-term fertilizer experiment innds
loam soil Eutrochrept) of Barrackpore, West Bengal reported that the EC o
the soil varied from 0.16 dS-frto 0.23 dS nm and the highest was recorded
in 100 % NPK+FYM @10 kg hain jute-rice-wheat cropping system.

In a long-term experiment orAlfisols conducted at Regional
Agricultural Research Station, Tirupati showed ttet soluble salt content
was not influenced by the application of manure &artllizers for over 34
years of groundnut cropping in both the surface suotsurface soil layers
(Salmaet al., 2017).

Shivashankaet al. (2018) in a long-term field experiment at Regional
Agricultural Research Station, Tirupati reportedt tB& of the soil was not

influenced by different treatments in both the acefand sub-surface soils.
2.1.2.3 Solil organic carbon (SOC)

2.1.2.3.1 SOC content

Sureshet al. (1999) indicated that FYM application @ 5 Mga
increased the SOC status from 4.3 ¢ kepntrol) to 5.9 g kg.

Yaduvanshi (2001) noticed that continuous applecatof FYM or
green manuring significantly increased the orgaaikon from 3.2 to 4.0 g

kg?! over a period of 5 years.

Dwivedi and Dixit (2002) reported that the contiduapplication of
fertilizers alone also helped in increasing the S€@Gtent, which could be
attributed to higher contribution of biomass tol soi the form of crop

stubbles and residues.

Singh and Chauhan (2002) reported higher orgamlmoa available N

and P with continuous application of FYM for 3 ygar

Nalatwadmathet al. (2003) reported significant increase in organic
carbon from 4.8 to 5.2 g Kgby the application of NPK fertilizers along with

FYM in a long-term fertilizer experiment Mertisols of Bellary.
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Bhattacharyyaet al. (2004) revealed that oxidisable soil organic
carbon content at 0-15 cm depth was maximum in NPHW# treatment due
to root biomass accumulation over a period of 28ryewhereas the non-
oxidisable SOC content was highest at 15-30 cmhdepsoils of Hawalbagh,

Uttaranchal.

Balaguravaiahet al. (2005) reported that highest organic carbon in
groundnut growing red sandy loam soil was recolidegpplication of FYM
or groundnut shells alone compared to other treatisnen long-term

integrated nutrient management trial at ARS, Anaunta

Singh et al. (2011) revealed that SOC content after crop hamnest
significantly increased due to integrated applaranf biofertilizers and FYM

as compared to chemical fertilizer alone.

The SOC increased in the plots treated with FYM R over the
control after 20 years of experimentation in grawrdgrowing Alfisols.
(Srinivasaract al., 2013).

Application of 75 % RDF (90-19-25) + 25 % RDN thgbuFYM and
green gram residues has recorded higher SOC cqidtto 18.4 g k) at
0-7.5cm soil layer, but no difference was recoraed.5-15 cm soil layer at
Modipuram, Meerut, Uttar Pradesh (D&sl., 2014).

Boraiahet al. (2015) observed that SOC increased from 4.0 30g5.
kgt with FYM application in an experiment conductedred sandy loam

soils of Arsikere, Karnataka.

Meshramet al. (2016) reported that SOC was higher in treatment
received with 100 % NPK + FYM @ 5 Mg fi@ompared to other treatments
whereas the lowest organic carbon (5.43 ¢)kgas noted in absolute control
in a long-term fertilizer experiment conducted aisdntrao Naik Marathwada
Krishi Vidyapeeth, Parbhani under soybean-safflowsspping system in

Vertisols.
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Application of inorganic fertilizers along with cqost significantly
increased SOC content (13.89 g'kgvhen compared to inorganic fertilizer
treated plots (11.15 g K (Adewoleet al., 2016).

Singhet al. (2016) reported that the treatments received witjanic
sources of nutrients along with chemical fertilz@as maintained high levels
of organic carbon under integrated nutrient suggbltem in a permanent plot

experiment.

Kundu et al. (2017) reported that the continuous application of
fertilizers and organic manures in jute-rice-whaafpping system resulted in
significantly higher SOC content over control inndg loam soil
(Eutrochrept) of Barrackpore, West Bengal after 46 years ofglarm

fertilizer experiment.

Salmaet al. (2017) reported slightly higher organic carbor8(§ kg')
with the application of FYM @ 5 Mg haonce in three years for the past 34
years in the surface soil, compared to other treatsn under long-term

fertilizer experiment in groundnut at RARS, Tirup#&ndhra Pradesh.

Ahmady et al. (2020) reported that SOC content after harvest wa
significantly influenced by the different treatmgnh the surface layer, but
not influenced in the sub-surface layer. The SOGtatt of surface soll
ranged from 3.7 to 4.9 g Kg However, the highest was observed in
NPK+lime (4.9 g kg) followed by only FYM treatment (4.8 g kyand NPK
(4.6 g kg'), whereas the lowest SOC was observed in con&al ¢ kg')
followed by only K treatment and gypsum (3.8 gikgunder long-term

fertilizer experiment in groundnut at RARS, Tirup&tnhdhra Pradesh.
2.1.2.3.2 Aggregate associated-C

Ferroet al. (2010) conducted a study on SOC and structurailisgai
a long-term experiment in North-Eastern Italy andesded that the organic
carbon played a pivotal role in aggregate staliibra by exerting positive

affects on soil microporosity by reducing the winhgneffect towards small
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pores. This was confirmed by the positive relatigm$p<0.05) between SOC

and ultra micro pores (5-Qufin).

Aggregate formation was associated with increaseoon storage with
aggregate size in most cases and carbon conteallsaggregate fractions of
>53 um size were greater than the silt and clay frac{BB um). The soil
amended by FYM contained significantly higher martte organic carbon

than inorganic fertilizer or control treatments (hgget al., 2012).

Yu et al. (2012) reported that the addition of mineral fendr
increased carbon accumulation in free silt+clagtfom, whereas the addition
of compost increased organic carbon concentratioall aggregates under 23

year long-term experiment @fivo-aquic soil in the North China Plain.

Zou et al. (2018) conducted a study on a flue-cured tobacdohima.
The study was found that integrated nutrient managérand crop rotation
significantly affected bulk SOC, small macroaggtegand microaggregate
associated-C, while fertilizer and rotation hadsignificant effect on SOC in

large macroaggregates and silt-clay size fractions.

Li et al. (2020) reported that the SOC concentrations inbthk soil
and >2.0 mm and 0.25-2.0 mm aggregates increas&f,by8 and 23 per
cent, respectively in manure treatment comparettheofertilizer treatments.
Whereas, increase was not observed in the <0.25aggnegates under 9

years experimentation on wheat-maize rotation irtiNGhina Plain.

Zhanget al. (2021) reported that organic carbon was more amind
large aggregates and microaggregates than the fstedions, whereas the
organic carbon in the macroaggregates with combapgdication of manure
and chemical fertilizers was 2.23 to 2.67 timeshbrgcompared to manure
application alone and the organic carbon in thgdaggregates and silt+clay
under application of manure and chemical fertilinexs 21.85 to 21.88 %
lower when compared to other treatments under &8 lpag-term experiment

in Gansu Province, North-Western China.
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Niu et al. (2022) showed that combined application of orgaamci
inorganic fertilizers increased the amount of orgaoarbon in macro-
aggregates from 92 to 103 % over 15 years long-eperiment inaeolian

sandy soil.
2.1.2.3.3 SOC stocks

Munoz et al. (2007) reported that SOC stock decreased withsttile
depth and it was 68 Mg faat 0-15 cm and declined to 11 Mg'far 20-40
cm depth.

Hati et al. (2008) reported that application of nitrogenoesilizers
alone decreased the SOC by 28.3 per cent frommtitial ievel (92 Mg ha),
whereas the reduction was only 8.7 per cent arf@l d€). cent, respectively in
NPK+FYM (10 Mg hat) and NPK+lime (2.5 Mg h§ treatments under long-

term soyabean-wheat crop rotation in Ranchi, India.

Gattingeret al. (2012) found significant differences and highalues
for organically farmed soils of 0.18 + 0.06 % faDG concentrations, 3.50 +
1.08 Mg C ha! for stocks and 0.45 + 0.21 Mg Har* for sequestration rates

compared with non organic management.

Kumara et al. (2014) reported that the SOC stock decreased with
greater magnitude (26.1 MgRain 75 kg N + 30 kg #Ds ha' for 16 years,
whereas it was 71.1 Mg Aa36.2 Mg ha and 49.4 Mg haunder 15 Mg
FYM ha?, poultry manure and pressmud cake, respectivelgrebse in
carbon sequestration rate of soil with the addittbrorganic manures along
with NP fertilizers might be due to better crop gt with concomitant

higher root biomass generation and higher retupianft residues.

Thennarasuet al. (2014) concluded that application of enriched FYM
and vermicompost sequestered higher SOC stocké @hdl 4.01 Mg h

compared to other treatments.

Parmaret al. (2016) reported that maximum SOC stock (12.5 Mg h
yr1), carbon sequestration (3 Mg-hgr?), total carbon stock (78.3 Mg ta
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yr1) were observed in treatments receiving 50 % N leupented with FYM
enriched rock phosphate and 50 % N supplementddwsitmicompost under

tomato—cauliflower—radish or pea cropping pattern.

Hemaet al. (2019) studied the soil carbon pools and carltooks as
influenced by different cropping and nutrient magragnt practices iNertic
Ustropept at TNAU, Coimbatore. Application of 100 % organicsbrinjal
recorded higher SOC (12.3 gKg labile carbon (1.31 g kg, water soluble
carbon (193 mg k¢ and SOC stocks (18.5 Mg-Ra

Mohanet al. (2020) studied the variability in SOC stocks ieficed by
existing major land use and cropping systems ofQhdtoor district. The
organic carbon status of the study area was sigmifiy lowest (2.9 g k§

under rainfed groundnut cropping system.

Trivedi et al. (2020) reported that FYM and lime (FYML) treatddtp
showed 83 % higher in total SOC content than uifed control plots. The
FYML plots had 11 % more total SOC concentratiomtpbots treated with
mineral fertilizer and lime in the 0-30 cm soil éay Labile-C was more in
plots with FYM than NPKL plots, whereas the recatot C stock was more
in NPKL than FYML treated plots. In the 0—60 cm dayer, the labile C
stock was highest in FYML plots, but the recalcitr@nstock was highest in
NPKL. Total SOC accumulation rate (over control platas highest for
FYML plots (0.38 Mg ha year') in the surface soil layer, whereas SOC
sequestration rate was highest in NPKL plots (MtBhat year! ) in the 0—

60 cm layer.

Nandan (2021) worked on carbon stocks under diveeefed
production systems in Tropical India and revealed soybean and groundnut

based systems harnessed higher SOC stocks tharpatbection systems.
2.1.2.3.4 Carbon sequestration
Mandal and Sharma (2008) reported that incorparaiiccrop residues

increased soil organic carbon levels. Long-term isgithave showed that
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organic matter application increases the carbonestration capacity of soil

in the range of 70 to 551 kg C-haompared with mineral fertilizer use.

Bolan et al. (2008) reported that application of bio-solidseliFYM,
green manure has resulted higher C-sequestratien wbmpared to fertilizer
application and conservation tillage, which wasritaited to increased

microbial biomass and Fe and Al-oxides induced iifrmation of carbon.

Benbi and Senapati (2010) reported that FYM alonigh iNPK
fertilization resulted in increased SOC stock oagreriod of seven years in
rice-wheat system. Carbon sequestration was gréate8 Mg ha) when
both rice straw and FYM along with inorganic fergérs were applied

annually.

Carbon sequestration has potential for mitigatiftapbal warming and
Increasing agricultural productivity. Compared ftoe tcontrol treatment,
NPK+FYM treatment sequestered 0.33 Mg Clh@?!, whereas NPK
treatment sequestered only 0.16 Mg € kie! (Pathaket al., 2011).

Brar et al. (2012) reported that the rice-wheat cropping esyseven
without any fertilization (control) contributed temds carbon sequestration
(1.94 Mg C hal). The SOC pools, carbon sequestration and carbon
sequestration rate as observed in balanced fatidiz (100 % NPK) were
significantly increased from 9.19 to 9.99 g'k$.30 to 4.10 Mg hd and 0.37
to 0.46 Mg ha! yr1, respectively upon FYM application in conjunctiaith
100 % NPK.

Srinivasaraoet al. (2012) reported that continuous use of chemical
fertilizer and organic manures is essential to aneaSOC sequestration in
semi-arid tropical condition from 20 year long-tegrperiment on rainfed

groundnut monocropping ilfisols of Ananthpur.

Rodrick and Lehrsch (2014) reported that the meanartotal C input
was 15.7 Mg hd, 10.8 Mg ha! and 10.4 Mg h& for manured, fertilized and

controled plots, respectively. But total C outpdts the above three
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treatments were similar with average of 12.2 Mgthislanure plots showed a
mean net gain of 3.3 Mg ha(a positive net C flux) compared to a net loss for
chemical fertilized (-1.6 Mg h4d and control treatment (-1.5 MgHp

Dou et al. (2016) reported that carbon sequestration rates wa
significantly higher in treatment with FYM (122 kba' year') when
compared with control and RDF under long-term ligdiion. He also

reported higher carbon sequestration rate in seidad.

Firouzi et al. (2017) evaluated carbon sequestration efficienty
groundnut monocropping and groundnut-bean intemngpsystem in Guilan
province, Iran and reported higher efficiency whsearved in groundnut-bean

intercrop system than groundnut monocropping system

Ghoshet al. (2019) reported that the plots received with NPKM
(10 Mg ha?) (NPKF) showed 50 % higher SOC than NPK+lime (NPKL
surface layer (0—-16m). In 0-90 cm profile, SOC accumulation and
sequestration rates in NPKF were 0.15 and 0.11 &fg yr! higher than
NPKL plots, respectively in wheat based croppingtey inAlfisols over 43

years.

Hazra et al. (2020) reported that legume based crop rotatiems
integrated nutrient management promoted higher otarlsequestration
compared with cereal-cereal-wheat rotation in aglsrm experiment in

Typic Ustochrept soils of Kanpur, India.

2.2 EFFECT OF LONG-TERM APPLICATION OF MANURE AND
FERTILIZERS ON YIELD AND YIELD ATTRIBUTES

Jagadeeswararet al. (2001) revealed that the application of
ferrogypsum equivalent to recommended dose ofgyp&00 kg ha ) was
significantly increased the pod and haulm yieldaly, nutrient content and

uptake in groundnut grown on calcareous soil.

In long-term field trial conducted during 1985 t695 demonstrated
that application of FYM @ 10 Mg Hasignificantly increased pod and haulm

26



of yield of groundnut by 13.48 and 43 per centpeesively. But combined
application of FYM and P did not influenced the padd haulm yield
significantly (Akbariet al., 2002).

Balaguravaiahet al. (2005) reported highest pod vyield in half
recommended dose of fertilizers (20-40-40) + FYM4@/g ha' in Alfisols
of Ananthpur.

Stalin et al. (2006) revealed that the treatment received withk N@
125:50:50 kg hé& during kharif and 150-60-60 kg haduring rabi season
along with green manure @ 6.25 Mg“hm kharif and 12.5 Mg haof
FYM in rabi and gypsum at 500 kg taoth in kharif and rabi seasons,
respectively recorded significantly higher grairelgs in both the seasons

consecutively for ten years.

Babu et al. (2007) reported highest 100 pod weight, pod andnhau
yield of groundnut in the treatment NPK+gypsum+ZnSOHowever,
shelling per cent was highest in the NPK+lime tresit in the long-term

application of manure and fertilizers to rainfedgndnut.

Prakaslet al. (2007) found that combined application of recomnashd
dose of NPK and 10 Mg FYM Hato soyabean-wheat system was better
nutrient management option rypic Haplaquept at the experimental farm of

Vivekananda Institute of Hill Agriculture, Almor&lttarakhand.

Application of poultry manure along with the inorga fertilizer and
press mud cake with inorganic fertilizers showedhbr sugarcane yield,
whereas FYM along with inorganic fertilizer follodkeby pressmud cake
alone has resulted in the highest cane yield inataon crop (Shankarbalet
al., 2007).

Yeledhalli et al. (2007) reported that the pod vyield of groundnut
increased significantly by the application of K ai@h in the ratio of 1.5:1
i.e, 75 kg K ha and 50 kg Ca ha over absolute control. However,
recommended dose of NPK + 500 kg gypsum' laa 30 DAS showed

27



significantly highest pod yield in sandy clay loasoils of Raichur,

Karnataka.

Balwinder et al. (2008) reported that the continuous application of
FYM along with 100 % NPK for 8 years in a loamy dawoils of Ludhiana
has recorded higher grain yield compared to 100 P& MNlone applied

treatment and crop residues incorporated treatnemnitse.

Kanu et al. (2008) observed that the application of phosphate r
organic manure (double the recommended dosex©f firough phosphate
rock and FYM in 1:4 ratio) showed significantly hast pod and haulm yield

of groundnut.

The long-term experiment revealed that treatmergived with FYM
10 Mg ha'+100 % recommended dose of fertilizers has recotughest
sorghum yield. Hence, the application of fertilizéong with manure might
be affective for harnessing higher and sustainedghsmn grain vyield
(Kuligod et al., 2008).

Akbari et al. (2010) reported that the application of FYM @ 10 Mg
has improved the plant height, number of branchesiber of pods per plant,
100 kernel weight, shelling percentage and hauleidyiHowever, its effect

was non-significant on pod yield of groundnut.

Sharmaet al. (2010) observed that among the nutrient treatments,
100 % organic treatment was found superior withasnability quality index
(SQI) of 2.62 followed by conjuctive nutrient agationviz., 50 % organic +
50 % inorganic (SQI 2.35).

Thakuret al. (2011) showed that application of RDF with FYM @ 15
Mg ha significantly increased soybean and wheat yiblgld45 and 292 per

cent, respectively compared control plot after 8érg of intensive cropping.

In a long-term experiment carried at Udaipur sandy clay loam soils

showed that application of NPKS+Zn significantly anbed the pod and
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haulm yields by 25.9 and 2.4 per cent, respectioglgr 100 % NPK alone
(Sharmeet al., 2011).

Srinivasaracet al. (2012) reported that the application of organics in
the form of FYM or groundnut shells along with cheah fertilizer has
significant improvement in sustainable yeild indgxgroundnut compared to
recommended NPK, which might be due to high mogstetention capacity
and better nutrient supply through integrated epatrimanagement treatment

in rainfed groundnut.

Kumari et al. (2013) concluded that continuous application of 60
NPK along with lime, FYM were beneficial for maimang soil fertility and

yield sustainability of maize-wheat cropping sysierAlfisol.

Gabhanet al. (2014) showed that integrated application of FYM @
10 Mg ha! along with 50 % recommended dose of chemicallifezts was
beneficial in improving soil quality index and saising the cotton

productivity in rainfedvertisols under semi-arid region of Maharashtra.

Sharmaet al. (2014) observed significant linear relationshipsaaen
soil quality indices (physical, physico-chemicalhemical properties) and
crop yield (sorghum and castor) in long-term amglan of fertilizers and

manures.

Shirale et al. (2014) reported that application of NPK+FYM under
soyabean-safflower system was significantly supewoer rest of the

treatments with respect to grain yield, B:C ratiol ®uildup of soil fertility.

Brar et al. (2015) observed that the long-term effect of inaiga
fertilizers along with organic manure (100 % NPK+#)Y had resulted in
maximum infiltration rate, cumulative infiltratioand MWD of aggregates.
Improved soil physical conditions and increaseait srganic matter might

have resulted in higher maize and wheat yields.

Parvathi et al. (2015) in a long-term experiment oAlfisols in

groundnut at Regional Agricultural Research Statidrupati showed that the
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highest pod vyield of 1499 kg Hawas obtained with application of
NPK+gypsum+ZnS@ whereas lowest yield was obtained in the control
(1204 kg ha). However, the highest haulm yield (2593 kghhaas noticed
with the application of FYM alone treatment, wheré&awvest haulm yield was

obtained in gypsum alone treated plot.

Amruth et al. (2017) noticed that significantly higher pod (1980
hat') and haulm yield (3050 kg ffawere obtained with the application of 75
% of recommended P (30 kg@® ha?) through FYM+PSB and shelling
percentage was significantly higher with applicatiof 50 kg POs hat in

sandy loam soils of Shivamogga, Karnataka dukhagif.

Valaet al. (2017) observed significantly highest pod (232kd) and
haulm vyield (3080 kg h§ with the application of 75 % RDF + 50 % N
through FYM + Biofertilizer at Gwalior, Madhya Presh.

The groundnut was showed greater response to gamiortreatments
50 % N (FYM) + 25 % N (vermicompost) Rhizobium + PSB (seed
treatment) and with higher pg@891 kg ha) and haulm yield (4622 kg Ha
than inorganic treatments under loamy sandy sdigi¢ Haplustalf) of
Anand, Gujarat (Kulkarngt al., 2018).

Raoet al. (2019) reported highest pod yield of 2542 and 2kéghat
with the application of 125 % RDF + FYM 5 Mg-ha Rhizobium + PSB +
VAM during 2015-16 and 2016-17, respectively in cbarloam soils of

Viziayanagaram, Andhra Pradesh.

Yadavet al. (2019) concluded that the combined application &ficp
ha' FYM + 50 % inorganic phosphorus + PSB significamthhanced the pod

yield of groundnut under semi-arid conditions ofdsthan.

Significantly highest pod vyield (2875 kg "Haof groundnut was
recorded with the combined application of 50 k@#ha' and PSB in clay
soils of Junagadh, Gujarat (Solaekal., 2020).
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Chapter Ili
MATERIAL AND METHODS

Long-term fertilizer experiment at Regional Agricull Research
Station, Acharya N.G Ranga Agricultural Universityjrupati, Andhra
Pradesh was started in the year 1981 with the tgeof studying long-term
effects of continuous application of fertilizers damanures in rainfed
groundnut undeAlfisols of Southern agro-climatic zone. The present study
entitled ‘SOIL STRUCTURE AND ORGANIC CARBON STABILITY
OF RAINFED ALFISOLS UNDER LONG-TERM APPLICATION OF
MANURE AND FERTILIZERS” was carried out as part of the long-term
experiment duringharif, 2021. The experimental details are furnished here

under.

3.1 LOCATION OF THE EXPERIMENTAL SITE

Experiment was laid out in field No.04, Dryland rfarof Regional
Agricultural Research Station, Tirupati, Chittoostdict of Andhra Pradesh
which is geographically situated at an altitudel8.2 m above mean sea
level (MSL) on 13.27° North latitude and 79.36° Eé&stgitude in the
Southern Agroclimatic Zone of Andhra Pradesh andmieg to Troll's

classification, study area falls under semi-arapits (SAT) region.
3.2 WEATHER DURING THE CROP GROWTH PERIOD

The weather data during the cropping season (@2I.® 23.10.2021)
was recorded at S.V.Agricultural college meteoraa observatory,
Regional Agricultural Research Station, Tirupati gmdsented in Table 3.1
and depicted in Fig 3.1. The study area receivagatafrom South-West
(June-September) and North-East monsoon (Octobegrbimer).

The weekly mean maximum temperature was ranged f3aré to
35.6 °C with an average of 33.5 °C, while the wgeklean minimum
temperature ranged between 22.6 to 25.7 °C witavanage of 24.5 °C. The

weekly mean relative humidity ranged between 53.4% 1 per cent with an
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Fig. 3.1 Weekly meteorological data during the cno growth period of groundnut
during kharif, 2021 (09-07-2021 to 23-10-2021).
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average of 68.8 per cent. The weekly mean sunstunestduring the crop
period ranged between 1.9 to 8.0 h-tayith an average of 4.71 h dayThe
weekly mean evaporation ranged between 2.7 to 48 day' with an
average of 3.8 mm day A total rainfall of 764.6 mm was received in 42

rainy days during the crop growth period.

3.3 INITIAL SOIL CHARACTERISTICS

Long-term fertilizer experiment has been conduciimga red sandy
loam soil sincekharif, 1981. Initial soil analysis (1981) revealed thait was
slightly acidic to neutral in reaction with pH of76and non-saline (0.08 dS
m1). The organic carbon content was low (0.18 pet)cémd also analysed
for physical properties like bulk density, partidensity, soil texture and soll
fertility (Table 3.2).

Table 3.2 Soil physical, physico-chemical and cheoal properties of
experimental field at 0-15 cm depth recorded duringl981

S.No. Parameters Values
I Physical properties
1 Sand (per cent) 80.2
2 Silt (per cent) 8.3
3 Clay (per cent) 11.5
4 Textural class Sand
5 Bulk density (Mg ) 1.55
6 Partical density (Mg ) 2.70
Il Physico-chemical properties
1 pH 6.7
2 Electrical conductivity(dSmn) 0.08
Organic carbon (%) 0.18
[ Chemical properties
1 Nitrogen (kg ha) 180.3
2 Available phosphorus (kg A 47.6
3 Available potassium (kg Ha 216
4 Available sulphur (mg kdg) 12.5
5 Exchangeable Calcium{cmol*{pkg™} 2.0
6 Exchangeable Magnesium {cmolYkg'} 0.9
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3.4 EXPERIMENTAL DETAILS
3.4.1 Design and Layout

The experiment was laid out in Randomized blockgiheseplicated
four times with eleven treatments. The layout plarthe experiment was

shown in Fig. 3.2.

3.4.2 Treatment details

Design : Randomized Block DesigBIR
Treatments : 11

Replications : 4

Season . kharif-2021

Crop : Groundnut

Variety : Dharani

Duration : 110 days

Plot size

Gross size ; 9.9x48m=472m
Net size : 78x42m=32.76m
Spacing : 30cm x 10 cm

3.4.3 Details of treatments :

T1 : Control (no manure and fertilizers)

T> : Farmyard manure @ 5 théonce in 3 years)

Tz : 20 kg nitrogen (N) h&a

T4+ . 10 kg phosphorus (P) Ha

Ts : 25 kg potassium (K) ha

Te : 250 kg gypsum h&as top dress at flower initiation
Tz . 20kgN+10kg P ha

Ts : 20kgN+10kg P + 25 kg K ia

To : 20kgN+10kg P + 25 kg K + 250 kg gypsuntha
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Tio : 20kg N+ 10 kg P + 25 kg K + 100 kg lime-h@dime as top dress
at flower initiation)

Tuu : 20 kg N+ 10 kg P + 25 kg K + 25 kg zinc sulghha® (as basal,
once in 3 years) + 250 kg gypsuntthas top dress at flowering
initiation.

3.4.4 Source of Nutrients

3.4.1.1Inorganic sources

3.4.1.1.1Nitrogen
It was supplied in the form of urea (46 per ceftrogen) at the time of

sowing.

3.4.1.1.2Phosphorus
It was supplied in the form of single super phadph(16 per cent water

soluble phosphorus) at the time of sowing.

3.4.1.1.3Potassium
It was supplied in the form of muriate of pota€i® (per cent water

soluble potassium) at the time of sowing.

3.4.1.1.4Gypsum
Gypsum was applied in the form of CaSXP0O to the treatmentsel
To and T1 at the time of flower initiation and mixed up welithin the soil by

hand weeding and earthing-up with hoe.

3.4.1.1.5Lime
In the treatment b, commercially available lime was applied at the
time of flower initiation and mixed up well withithe soil by hand weeding

and earthing-up with hoe.
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3.5 CROP HUSBANDARY
3.5.1 Preparatory Cultivation

The experiment field was ploughed twice by workivigh mini tractor
in both the directions immediately after the reteipkharif rains during first
week of June. This was repeated with subsequems$ wnd finally levelled
with a plank and strengthened the treatmental bbgdsorking with spades

as per the experimental layout.
3.5.2 Manure and Fertilizers

Fertilizersviz, N @ 20 kg hd, P @ 10 kg hdand K @ 25 kg h&in
the form of urea, single super phosphate and neudgajpotash, respectively
were applied to the plots as per treatments jukiréesowing in lines at a
depth of 5 cm in the furrows made with hand hoeayafsom the seed rows.
Amendmentsviz.,, gypsum and lime were applied at first bloom stag
30-35 DAS by row placement and get mixed up witthie soil by hand
weeding and earthing up with hoe. As FYM and Za®Qst be applied once
in 3 years, the last application was kimarif-2019, hence not applied in

current season.
3.5.3 Seeds and Sowing

Bold and healthy groundnut kernels of Dharanietgrivith 95 per cent
germination were selected for sowing. The seedsg Wweated with Mancozeb
@ 3 g kg* seed against seed borne diseases. The seeds wdrdilialed in
furrows by adopting a spacing of 30 cm x 10 cm eodered with soil and
slightly compacted. The groundnut crop was sowQ®07-2021.

3.5.4 Weed Management

Pre-emergence application of Pendimethalin @ 3.tilvas sprayed
on next day after sowing of the crop with knapssgtayer which controlled

the weeds up to one month. Manual hand weedingdeas at 35 DAS and
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tall weeds were removed manually at 65 DAS duriagp growing period. No

irrigation was provided to the crop even during sipglls.
3.5.5 Plant Protection

Monocrotophos @ 1.6 ml-L was sprayed against sucking pests like
leaf miner and thrips at 20 DAS as prophylactic saee. Imidacloprid @ 0.3
ml L't was sprayed against aphids and jassids at 40 DlaBocrotophos and
Imidacloprid were sprayed with the help of tractorounted spraying

assembly set.
3.5.6 Harvesting

The crop was harvested on 23-10-2021. The plantiseirborder rows
in each plot were removed and net plots of siz&@2¥ were harvested by
hand pulling and kept separately for each treatniEme pods were stripped
off manually in the field itself and sun dried tdl constant dry weight was
obtained and recorded vyield per plot. Similarlyulhafrom individual plots

was dried to a constant weight and recorded haidid per plot.
3.6 COLLECTION AND PROCESSING OF SOIL SAMPLES

Soil samples were collected from 0-15 and 15-30 depth after
harvest of the crop. While collecting the samples tpits were dug in each
plot with the help of spade. The two soil samplesawrixed separately depth
wise, dried under shade and labelled. The soil sssngbllected were
analyzed for physical and physico-chemical propertby using standard

procedures as furnished below.
3.6.1 Procedures of Soil Analysis
3.6.1.1 Physical analysis
3.6.1.1.1 Soil texture

Soil textural analysis was carried out by Bouyaudwydrometer

method (Bouyoucos, 1951) after destroying organatten using hydrogen
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peroxide (HOy), calcium carbonate (CaGPwith dilute hydrochloric acid
(HCl) and followed by dispersed with sodium hexangihosphate as
discribed by Piper (1950) and finally expressegéncentage for individual

soil separates.
3.6.1.1.2 Bulk density and pore space

The Bulk density was determined by core samplerhatktat two
depthsi.e. 0—15 cm and 15-30 cm. The core sampler (3 inch etemring
placed) was driven into the soil directly by ushand sledge and then, it was
carefully lifted to prevent any compaction and withloss of soil from ring.
The excess soil from the core was carefully remowediusing flat bladed
knife. The sample was transferred from core santplarpre-weighed labeled
aluminium box and placed in an oven for 36 to 48rhcat 105°C until
constant weight was obtained. The weight of so# wexorded by subtracting
the empty aluminium box weight. The bulk densityd goore space was
calculated by the formula given by Blake and Haitt986).

Oven dry weight soi( My

Bulk Density ( Mg ) = Sample volumg

Soil Porosity 9% = 10@{ 4 Soil bulk densm}

Particle density

3.6.1.1.3Maximum water holding capacity

The maximum water holding capacity of the soil veEtermined

with Keen-boxes as per the procedure laid downipgr1950).
3.6.1.1.4Aggregate analysis

Aggregate analysis was done by wet sieving me{Nadler, 1936) at
two depthg.e. 0-15 cm and 15-30 cm. The Yoder apparatus hasteal
stroke of 45 mm and was operated for 10 min atedf 30 strokes per min

(Mohan and Prabhuprasadini, 2019). A set of si@oesprising of six sieves
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Viz, 5 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm sectoea holder,

through a distance of 3.18 cm arranged in asseatldydescending order.

The soil sample of 5 to 8 mm size was placed ondpef 5 mm sieve
and allowed to wet in water for 10 min. The sievesravthen swayed
vertically and rhythmically, so that water was madeflow up and down
throughout the screens and the assemblage of adgsedifter 10 minutes
time period, the nest of sieves were removed chyefitom the water and
aggregates retained on the each sieve was baclewvasto a pre-weighed
beakers (500 ml) and oven dried at 105 °C for 24 After drying, weight of
aggregate retained on each sieve was measured xgmdsged as total
aggregation, percentage of water-stable aggred#t&n) >0.25 mm. The
aggregates retained on each size sieve, afterctiongor sand content was
used to calculate the mean weight diameter (MWDJ gaometric mean
diameter (GMD) of the water stable aggregates\andiy Van (1950).

% Total aggregation = [(YW+ W2 + W3 + Wi + W5 + We) / W] X 100
%WSA > 0.25 mm = [(W+ W2 + W3 + Wa + Ws) / Wg] x 100

W — Total weight of sample taken

W1 — weight of aggregates retained on 5 mm sieve
W> — weight of aggregates retained on 2 mm sieve
W3 — weight of aggregates retained on 1 mm sieve
W, — weight of aggregates retained on 0.5 mm sieve
W5 — weight of aggregates retained on 0.25 mm sieve

Ws — weight of aggregates retained on 0.125 mm sieve

MWD:Zn:Xi x W

i=1

GMDexp(il(sznl:k\)/\%xj
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n = number of size fraction,
Xi = mean diameter of each size fractions

Wi = fraction weight of aggregate in that size o total dry

weight of the sample analyzed.

3.6.1.2 Physico-chemical analysis
3.6.1.2.1 Soil reaction (pH)

The soil pH was determined in 1:2.5 soil-water saspn using
Systronics pH system 361 with a glass electrodelessribed by Jackson
(2973).

3.6.1.2.2 Electrical conductivity (EC)

The electrical conductivity of the soil was detared in 1:2.5 soil-
water suspension with the help of Systronics digtactrical conductivity

meter as described by Jackson (1973) and exprassdd .

3.6.1.2.3 Organic carbon (OC)

The organic carbon content was estimated by Walatey Black wet
oxidation method (1934) as outlined by Jackson 31@nd was expressed in
percentage. 1 g soil was digested with 10 mN Jpotassium dichromate
(K2Cr207) and 20 ml of concentrated>8y in dark condition for 30 min.
After digestion, excess dichromate was determingditbation with 0.5N
ferrous ammonium sulphate [Fe(NBOy)2.6H:0] after adding 10 ml POy
in presence of diphenyl amine indicator. The orgamairbon percentage was

calculated from the following formula:

%OrganicCarbon:b@Ex 0.083— 100
B Weight of sample
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B = Volume (ml) of ferrous ammonium sulphate $solu required for
blank titration
T = Volume (ml) of ferrous ammonium sulphate solutrequired for

titration of soil sample

3.6.1.2.4 Soil organic carbon stock

Soil organic carbon stock was estimated by muitigf SOC content
with soil bulk density and soil depth accordingthe equation given by Brar
et al. (2015), Poeplast al. (2017) and was expressed as Mg.ha

SOC stock Mghd)= SO ¥ Bulk densfty Mgj»  depth)>m

SOC stocké trp- SOC stodks ()oxn1 00
SOC stocké coh

SOC stocks build-up 6=

Where, SOC stocks (tre) is SOC stocks (Mg@)ha individual treatments and
SOC stocks (con) is SOC stocks (Mgthan control treatment.

3.6.1.2.5 Carbon sequestration

The carbon sequestration rate (Mg‘ly@ar') under various long-term
fertilization treatments was calculated with forandiven by Zhanget al.
(2014). The positive and negative values indicagasm and loss in SOC

stocks.

: SOCSc-SOCSi
Carbon sequestration rate (Mg'ha ™ y& () T S)

Where, SOCSc is soil organic carbon stocks (Mg) la current year
(2021) and SOCSi was the initial soil organic carstocks (Mg hd) during

1981 and T is years of experimentation (41 years).
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3.7 YIELD ATTRIBUTES
3.7.1 Pod Yield

After harvest, the pods were seperated by maritippsg operation
and sun dried the pods per plot wise seperately.réberded pod yield per
plot was expressed in kg-h#or all the treatments.

3.7.2 Haulm Yield

Dry haulm yield from each net plot after harvestswecorded after
separating the pods followed by sun drying for qubrof one week and
expressed as kg hia

3.7.3 100 Pod Weight

One hundred pods were counted at random from thaewiet plot
produce, weighed and expressed in grams per 108 pod

3.7.4 100 Kernel Weight (Test weight)

One hundred kernels were counted at random frenwthole net plot
produce, weighed and expressed in grams per 10@.see

3.7.5 Shelling Percentage

Kernels were separated from 100 gm of pods andjhed. The
percentages of kernels to pods were worked owddoh treatment.

Weight of kernels>,<
Weight of pods

Shelling percentage 1

3.8 STATISTICAL ANALYSIS

The collected data was analysed statistically ést bf significance
following the Fisher's method of analysis of vaganas outlined by Panse
and Sukhatme (1985). Statistical significance veased by ‘F’ value at 5 per
cent level of probability and wherever the ‘F’ viaduwere found significant,
critical difference were worked out at 5 per caavel of probability and the
values are furnished. Treatmental differences tleakewot significant were
denoted as NS.
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Results & Discussion






Chapter-1V
RESULTSAND DISCUSSION

A long-term field experiment on application of manure and fertilizers
in rainfed groundnut monocropping system was initiated in the year 1981 to
study the long-term changes in soil properties at Regional Agricultural
Research Station, Acharya N.G. Ranga Agricultural University (ANGRAU),
Tirupati. The same experiment was selected for the present study during
kharif, 2021. The soil samples were collected after harvest from both surface
(0-15 cm) and sub-surface (15-30 cm) layers and analyzed for various
physical and physico-chemical properties. The data on soil properties after
harvest was used to compare and discuss with the initial soil data (recorded in
1981). Data on yield and yield attributes were recorded after harvest of the
groundnut crop. The results obtained were presented, analyzed statistically
and discussed briefly in this chapter under the following sub heads.

41 EFFECT OF LONG TERM APPLICATION OF MANURE
AND FERTILIZERSON SOIL PHYSICAL PROPERTIES

4.1.1 Soil Texture

The data pertaining to soil texture was presented in Table 4.1. The sand
content of experimental plotsin the surface layer ranged from 68.6 to 74.3 per
cent with the mean of 72.4 per cent, whereas the silt content varied from 11.7
to 16.7 per cent with the mean of 13.6 per cent. The clay content ranged from

12.0to 16.3 per cent with the mean of 14.1 per cent.

In sub-surface, sand content was ranged from 67.9 to 71.7 per cent with
the mean of 70.3 per cent, whereas the silt content varied from 12.9 to 15.4
per cent with the mean of 14.3 per cent and clay content ranged from 13.7 to
18.1 per cent with the mean of 16.7 per cent. The soil texture of experimental
field was categorized as sandy loam (SL) as per USDA textural triangle. The
available literature revealed that majority of the groundnut soils are sandy

loam in texture. The physical fractionation revealed that, no textural changes
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were observed among the long-term treatments. These results are in
agreement with the findings of Srinivasarao et al. (2013). Several scientists
were aso studied the groundnut crop grown on sandy loam soils
(Munaswamy et al. 1989, Venkatesu et al. 2002 and Reddy et al. 2004).

4.1.2 Bulk Density

The data on soil bulk density at surface and sub-surface layer as
influenced by various treatments under long-term application is presented in
Table 4.2 and depicted in Fig. 4.1.

The bulk density was significantly influenced by various treatments
used in the long-term experiment at surface layer (0-15 cm). The bulk density
of the surface layer was ranged from 1.37 to 1.51 Mg m3. The highest bulk
density was recorded with K alone treated plot (Ts) (1.51 Mg m3) which was
on a par with control (T1) (1.49 Mg m3) and NPK+gypsum+ZnSOs (T11)
(1.49 Mg m3), followed by NP (T7) (1.45 Mg m3), NPK (Tg) (1.44 Mg m3),
NPK+lime (T1o) (1.44 Mg m3), gypsum alone treated plot (Te) (1.44 Mg m’3).
Among all the treatments studied, the lowest bulk density was observed in
FYM alone treated plot (T2) (1.37 Mg m3).

However, the lowest bulk density obtained with the FYM alone treated
plot which might be attributed to the accumulation of organic matter due to
the continuous application of FYM @ 5 Mg ha' once in three years for the
past 41 years. The organic matter per se or its decomposed products of FYM
might have bounded the primary soil particles to form soil aggregates
resulting an increase in total pore space as evident from the data presented in
Table 4.2. These results are in relevance with the findings of Sheeba and
Kumaraswamy (2001), Bhattacharyya et al. (2004), Verma et al. (2010),
Srinivasarao et al. (2013) and Roshan et al. (2014).

In sub-surface layer (15-30 cm), bulk density was not significantly
influenced by various treatments and ranged from 1.50 to 1.57 Mg m3. The
higher bulk density was recorded in NPK+gypsum+ZnSOas (T11) (1.57 Mg
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m3) and NPK (Tg) (1.57 Mg m3) followed by control (T1) (1.55 Mg m3), N
alone treated plot (T3) (1.54 Mg m3) and P alone treated plot (T4) (1.54 Mg
m3). Whereas the lowest bulk density was observed in NP (T7) (1.50 Mg m3).

Interestingly, the lower bulk density values were also obtained in P,
lime and gypsum treatmental combinations in both surface and sub-surface
soils and the values were comparable with FY M treated plot. The main reason
for decreasing the bulk density values due to the supply of P, Ca through
respective fertilizers, which might have improved the aggregation of the soil
particles which inturn improved the soil structure. The lowest bulk density
values of surface and subsurface soil with P, lime and gypsum treatmental
combinations in the study were relevance to the studies of Mahimairaja et al.
(1986) and Bharadwaj and Omanwar (1992).

4.1.3 Soil Porosity

The soil porosity was significantly influenced by the different
treatments in surface and sub-surface layers and the data was presented in
Table4.2.

The porosity of the surface soil (0-15 cm) was ranged from 44.0 to
49.4 %. The higher porosity was recorded with FYM alone (T2) (49.4 %)
followed by P alone treated plot (T4) (47.8 %), N alone treated plot (T3) (47.5
%), NPK+ gypsum (To) (47.3 %), gypsum alone treated plot (Te) (46.8 %),
NPK (Ts) (46.5 %), NP (T7) (46.3 %) and NPK+lime (T10) (46.3 %) Among
al the treatments studied, the lowest porosity was observed in K alone treated
plot (Ts) (44.0 %).

In sub-surface layer (15-30 cm), it was ranged from 41.2 to 44.0 %.
The significantly highest porosity was recorded with FYM alone (T2) (44.0
%) which was on a par with NPK+lime (T10) (43.9 %) and NP (T7) (43.8 %),
followed by K alone treated plot (Ts) (43.5 %), gypsum alone treated plot (Te)
(43.0 %), P aone treated plot(T4) (42.8 %) and NPK+gypsum (Te) (42.5 %).
The lowest porosity in sub-surface layer was observed in NPK (Ts) (41.2 %).
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The highest porosity were observed in FYM alone treated plot in both
the soil layers, which was mainly attributed to the presence of higher organic
matter content as compared to the other treatments. The higher organic matter
content might have helped in formation of stable soil aggregates, which inturn
resulted in the higher porosity. The improvement of the soil structure was aso
evidenced by obtaining significantly higher values of structural indices viz.,
MWD, GMD, per cent water stable aggregates, water holding capacity in this
study with the application of FYM (Table 4.3 and 4.4.). Similarly, increased
porosity was observed on application of FYM (Katile et al., 1992 and Verma
et al., 2010) and pressmud cake (Prabakaran, 2006).

The lower porosity was observed in sub-surface layer in al the
treatments studied compared to surface layer, which might be attributed to
higher compaction apart from presence of low organic matter content and
aggregates. Similar findings were also reported by Prabakaran (2006) and
Karmakar et al. (2015). The higher porosity was also obtained with gypsum,
lime treated plots in combination with other inorganic fertilizers, mainly due
to the addition of calcium might have played a significant role in the
formation of the soil aggregates by acting as flocculating and cementing

agents. Similar results were also reported by Mahimairgja et al. (1986).
4.1.4 Maximium Water Holding Capacity

The data on maximium water holding capacity (MWHC) of soil as
influenced by various treatments in the long-term for both surface and sub-

surface layers was presented in Table 4.2 and depicted in Fig. 4.2.

The MWHC of soil was not significantly influenced by the different
treatments in the surface layer but it was differed in the sub-surface layer. The
MWHC of surface layer (0-15 cm) was ranged from 39.2 to 44.1 %. The
highest was observed in NPK+lime (T10) (44.1 %) followed by FYM aone
treated plot (T2) (42.7 %), control (T1) (41.7 %) and NPK (Tg) (41.5 %).
Whereas, the lowest maximum water holding capacity was observed with N
alone treated plot (T3) (39.2 %) followed by NP (T7) (39.4 %).
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In sub-surface layer (15-30 cm), MWHC was ranged from 39.7 to 44.7
% and significantly highest was observed in FYM alone (T2) (44.7 %) which
was on par with NPK+lime (T10) (44.4 %), gypsum aone treated plot (Te)
(434 %), NPK (Tg) (43.2 %), NPK+gypsum (To) (42.6 %) and
NPK+gypsum+ZnSOs (T11) (41.8 %). The lowest MWHC was observed in
control (T1) (39.7 %) followed by NP (T7) (39.4 %).

The higher MWHC was obtained with the FYM aone which was on
par with NPK+lime (Ti0), NPK+gypsum+ZnSOs (T11), NPK (Tg) and
NPK+gypsum (Tg) and they were significantly superior over the rest of the
treatments. The higher MWHC of these treatments might be due to the
improvement of the soil structure by the inclusion of P, gypsum, lime,
which might have helped in the formation of soil aggregates which inturn
decreased the macro pore space and increased the micro pore space of sandy
loam soil, which lead to increased MWHC of aforesaid treatments. Similarly,
Bhattacharayya et al. (2004) observed improvement of the aggregates in the
soils with application of P and FYM in rainfed ecosystem. The higher values
of MWHC in FYM alone treated plot in both the soil layers was due to
accumulation of organic matter, which resulted in the improvement in stable
soil aggregates and macro and micro pores spaces caused the free movement
of water within the soil might have resulted to increase in water holding
capacity of the soil. These results are in confirmity with the findings of Pernes
and Tessier (2004), Sarawad et al. (2005), Tadesse et al. (2013) and Dubey
and Datt (2014).

4.1.5 Soil Structural Indices
4.1.5.1 Mean weight diameter

The mean weight diameter (MWD) of soil aggregates was significantly
influenced by the different treatments at surface and sub-surface layers and
the data was presented in Table 4.3 and 4.4 and depicted in Fig. 4.3.
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In surface layer (0-15 cm), the MWD of soil aggregates in different
treatments ranged from 1.03 to 1.36 mm. The highess MWD of soil
aggregates was recorded with FYM aone treated plot (T2) (1.36 mm) and
which was on par with NPK+gypsum+ZnSOs (T11) (1.35 mm), NPK+lime
(Two) (.34 mm), NPK+gypsum (T9) (1.25 mm), NPK (Ts) (1.24 mm),
gypsum aone treated plot (Te) (1.22 mm), NP (T7) (1.20 mm) and P aone
treated plot (T4) (1.17 mm). Whereas, significantly lowest MWD of soil
aggregates was observed with control (T1) (1.03 mm), followed by application
of K aone (Ts) (1.12 mm) and N aone (T3) (1.13 mm).

In sub-surface layer (15-30 cm), the MWD of soil aggregates in
different treatments ranged from 1.22 to 1.44 mm. The highest MWD of soil
aggregates recorded with FYM alone treated plot (T2) (1.44 mm) which was
on par with NPK+gypsum+ZnSO4 (T11) (1.43 mm), NPK+lime (T1) (1.41
mm), NPK+gypsum (To) (1.38 mm), NP (T7) (1.36 mm), P alone treated plot
(T4) (1.36 mm), gypsum alone treated plot (Ts) (1.33 mm) and NPK (Ts) (1.32
mm). Whereas, significantly lowest MWD of soil aggregates was observed
with K alone treated plot (Ts) (1.22 mm), followed by control (T1) (1.24 mm)

The higher MWD observed in FYM aone treatment might be due to
the effect of organic matter as binding agent and helped in formation of stable
aggregates with primary particles and clay domains through cementation.
These results are in agreement with the findings of Rasool et al. (2008) who
recorded highest MWD with the application of FYM @ 20 Mg ha.

4.15.2 Geometric mean diameter

The geometric mean diameter (GMD) of soil aggregates was
significantly influenced by the different treatments at surface and sub-surface
layers. The data was presented in Table 4.3 and 4.4 and depicted in Fig. 4.4.

The GMD of soil aggregates in different treatments at surface layer (O-
15 cm) was varied from 0.72 to 0.81 mm. The highest GMD was observed in
FYM aone treated plot (T2) (0.81 mm) and it was on par with NPK+lime
(T10) (0.80 mm), NPK+gypsum (Tg) (0.79 mm), NPK+gypsum+ZnSOs (T11)
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(0.78 mm), NP (T7) (0.78 mm), gypsum alone treated plot (Te) (0.77 mm) and
P aone treated plot (T4) (0.76 mm). Whereas, the lowest GMD of soil
aggregates was observed with control (T1) (0.72 mm), followed by application
of K fertilizer alone (Ts) (0.73 mm)

In sub-surface layer (15-30 cm), the GMD of soil aggregates in
different treatments ranged was from 0.77 to 0.83 mm. The highest GMD was
observed in NPK+gypsum+ZnS0O4 (T11) (0.83 mm) and FYM aone treated
plot (T2) (0.83 mm), which was on par with NPK+gypsum (Tg) (0.82 mm),
NPK+lime (T10) (0.81 mm), NP treatment (T7) (0.81 mm) and P alone treated
plot (T4) (0.80 mm) followed by gypsum aone treated plot (Te) (0.79 mm)
and N alone treated plot (T3) (0.79 mm). Whereas, the significantly lowest
GMD of soil aggregates was observed with control (T1) (0.77 mm).

The increase in GMD with addition of FYM helped in formation of
stable soil aggregates due to higher organic matter content which inturn
resulted in the higher GMD. The present result are in agreement with the
findings of Tuo et al. (2017) and Mazumdar et al. (2021) who reported higher
GMD with continuous application of FY M aone.

4.1.5.3 Per cent water stable aggregates (=20.25 mm)

The water stable aggregates (0WSA >0.25 mm) was significantly
influenced by the different treatments at surface and sub-surface layers. The
data was presented in Table 4.3 and 4.4 and depicted in Fig. 4.5.

The %WSA (>0.25 mm) in different treatments at surface layer (0-15
cm) was ranged from 20.7 to 24.0 %. The highest was observed in FY M alone
treated plot (T2) (24.0 %) and which was on par with NPK+gypsum (To) (23.8
%), NP (T7) (23.3 %), NPK+lime (T10) (23.3 %), gypsum alone treated plot
(Te) (22.5 %) and P aone (T4) (22.5 %) followed by NPK+gypsum+ZnSOa
(T1) (22.4 %) and NPK (Ts) (21.9 %). Whereas, the significantly lowest
%WSA (>0.25 mm) of soil aggregates was recorded with control (T1) (20.7
%) and which was on par with application of K alone (Ts) (21.6 %) and N
alone (T3) (21.7 %).

55



In sub-surface layer (15-30 cm), the %WSA (>0.25 mm) in different
treatments was ranged from 21.6 to 24.0 %. The highest was observed in
FYM alone treated plot (T2) (24.0 %) which was on par with NPK+gypsum
(To) (23.8 %), NPK+gypsum +ZnSO4 (T11) (23.5 %), NP (T7) (23.2 %), N
alone (T3) (23.2 %), NPK+lime (T10) (23.2 %). Whereas, the significantly
lowest %WSA (>0.25 mm) of soil aggregates was recorded with control (T1)
(21.6 %).

The higher %WSA (>0.25 mm) of FYM treated plot in both the soil
layers might be due to accumulation of organic matter, which resulted in the
improvement in stable soil aggregates. These results are in agreement with the
findings of Vermaet al. (2010) and Y azdanpanah et al. (2016).

4.1.5.4 Per cent aggregate stability

The per cent aggregate stability (% AS) was significantly influenced by
the different treatments at surface and sub-surface layers. The data was
presented in Table 4.3 and 4.4 and depicted in Fig. 4.6.

The %AS in different treatments at surface layer (0-15 cm) was ranged
from 26.7 to 28.3 %. The highest % AS was observed in NPK+gypsum (To)
(28.3 %) and which was on par with P aone (T4) (27.9 %), NPK+lime (T10)
(27.8 %), NP (T7) (27.8 %), gypsum aone (Ts) (27.8 %), FYM alone (T2)
(27.7 %). Wheress, the significantly lowest % AS of soil aggregates was
recorded with K alone treated plot (Ts) (26.7 %).

In sub-surface layer (15-30 cm), the %AS in different treatments was
ranged from 27.1 to 28.2 %. The highest % AS was observed in
NPK+gypsum +ZnSOs (Tu1) (28.2 %) and which was on par with
NPK+gypsum (To) (28.1 %), FYM alone (T2) (27.9 %), NPK (Tg) (27.7 %),
NP (T7) (27.6 %), P alone (T4) (27.6 %) and N aone treated plot (T3)
(27.6 %). Whereas, the significantly lowest % AS of soil aggregates was
recorded with K alone treated plot (Ts) (27.1 %).

From the data presented Table 4.3 and 4.4. related the soil structural
indices viz, MWD, GMD, % WSA (>0.25 mm) and % AS ranged between
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1.03t0 1.36 mm, 0.72 to 0.81 mm, 20.7 to 24.0 per cent and 26.7 to 28.3 per
cent, respectively at surface layer. However, MWD and % WSA were higher
in sub-surface layer compared to surface layer, which might be due to absence
of ploughing induced disruption of soil aggregates in sub-surface soil layer
and subsequent compaction due to over burden pressure. The structura
indices obtained with long-term application of FYM were relatively higher
when compared with other long-term treatments indicating the profound
influence of FYM on soil structure. Soil organic matter is the major binding
agent and aggregation is hierarchia in which primary particles and clay
domains are cemented together. FYM is a good source of organic matter
which played an important role in the formation of the water stable
aggregates. The present results were in accordance with Verma et al. (2010)
and Tuo et al. (2017) who reported that increased soil structural indices viz.,
MWD, GMD, % WSA (>0.25 mm) with application of FYM. The sole
application of N, P, K fertilizers alone seperately recorded significantly lower
soil structural indices compared with treatmental combinations viz.,
NPK+gypsum+ZnSOs, NPK+gypsum, NPK+lime and NPK. However
application of gypsum @ 250 kg ha'! continuously was also recorded
significantly higher indices when compared with control. The lowest
structural indices were recorded with K alone treated plot when compared
with all other treatments.

Inclusion of the P, gypsum and lime and ZnSO4 in the treatmental
combinations or alone attributed to the development of the soil structure. The
polyvalent anions (H2PO4, HPO42, PO43, SO42) which played a significant
rolein soil aggregation by bonding with the colloidal soil particles through
Fe and Al. Similar results were reported by Mishraand Sharma, (1997). The
Ca which is the constituent of lime and gypsum might be acted as a
flocculating agent and phosphate ion, organic matter acted as cementing
agents, hence the soil structural indices were significantly higher in FYM
treated plot and lime or gypsum in combination with NPK. The foregoing
discussion clearly indicated that FY M alone and integrated use of chemical
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fertilizers increased the structural indices viz, MWD (mm), GMD (mm),
%WSA (>0.25mm) and %AS. This could be attributed to the beneficia
effects of certain polysaccharides by microbial activity as well as cementing

action of bacteria and fungi (Kharche et al., 2013).

42 EFFECT OF LONG TERM APPLICATION OF MANURE AND
FERTILIZERSON SOIL PHYSICO-CHEMICAL PROPERTIES

4.2.1 Soil Reaction (pH)

The data on soil pH as influenced by various treatments under long-

term application is presented in Table 4.5 and depicted in Fig. 4.7.

The soil pH was significantly influenced by various treatments used in
the long-term experiment in surface layer (0-15 cm) and ranged from 6.11 to
6.59. The highest soil pH was recorded in FYM aone (T2) (6.59), which was
on par with P alone (T4) (6.57), NPK+lime (T10) (6.48) and N aone treated
plot (T3) (6.46). Whereas the lowest soil pH was observed in NPK (Tsg) (6.11)
and NPK+gypsum (To) (6.13).

The soil pH was not significantly influenced by different treatments in
the sub-surface layer (15-30 cm) and ranged from 5.94 to 6.21. The highest
soil pH was recorded in NPK (Tg) (6.21), followed by FYM aone (T>) (6.19),
NP (T7) (6.18) and N alone treated plot (T3) (6.15). Whereas the lowest was
observed in NPK+gypsum (Toe) (5.94), gypsum aone treated plot (Ts) (5.96)
and K aonetreated plot (Ts) (5.97).

Long-term application of manure and fertilizers showed a dlight
decrease in soil pH including control when compared to the initial (1981) soil
pH (6.7). However, the soil pH in treatmental plots varied from 6.11 to 6.59
and 5.94 to 6.21 in surface and sub-surface layers, respectively. The dlight
variations with respect to pH among the treated plots might be due to the
acidifying effect of different chemical fertilizers and organic matter. This was
in accordance with the findings of Urkurkar et al. (2010), Hemalatha and
Chellamuthu (2011), Brar et al. (2015), Salmaet al. (2017) and Madhuri et al.
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(2017). However, significant changes in the pH of the surface and sub-surface
layers were not observed compared to control. This might be due to lower
dose of chemical fertilizers applied apart from the buffering capacity of the

soil.
4.2.2 Electrical Conductivity

The data on electrical conductivity (EC) as influenced by various
treatments at surface and sub-surface layers is presented in Table 4.5 and
depicted in Fig. 4.8.

The soil EC was not significantly influenced by different treatments in
the surface and sub-surface layers. The EC of surface layer (0-15 cm) was
ranged from 0.054 to 0.082 dS m* (Non-saline). The higher EC was recorded
in gypsum adone treated plot (Te) (0.082 dS ml) followed by
NPK +gypsum+ZnSOa (T11) (0.075 dS mrt), P alone treated plot (T4) (0.074
dS m?), only N treatment (T3) (0.070 dS m'?), K alone treated plot (Ts) (0.067
dS m!) and NPK+gypsum (Tg) (0.065 dS m). The lowest soil EC was
recorded in NPK (Tg) (0.054 dSm) and NP (T7) (0.054 dS m'Y).

In sub-surface layer (15-30 cm), EC was ranged from 0.050 to 0.088 dS
m* (Non-saline). The higher EC was recorded in gypsum aone treated plot
(Te) (0.088 dS m?) followed by P alone treated plot (T4) (0.081 dS m?), NP
(T7) (0.079 dS m%), only N treatment (T3) (0.069 dS mrt), control (T+1) (0.063
dS mt) and K alone treated plot (Ts) (0.063 dS mt). Whereas the lowest soil
EC was recorded in the NPK+gypsum+ZnSOa (T11) (0.050 dS mrt), followed
by FYM alone (T2) (0.052 dS m't).

The perusa from the data presented in Table 4.5. revealed that the
variation in EC among the treatments in both the soil layers were negligible
and statistically non-significant. Similarly, EC values obtained with different
treatments were comparable with initial EC (0.08 dS m?) recorded at the
starting of the experiment in the year 1981. Similar results were also noticed
by several workersviz., Bhaskara et al. (1992), Stalin et al. (2006), Yamini et
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al. (2015) and Shivashankar et al. (2018). Similarly, Salma et al. (2017) also
reported that the accumulation of salts was not observed due to continuous
application of manure and inorganic fertilizers to rainfed groundnut over a

period of 34 yearsin both the surface and sub-surface soil layers.
4.2.3 Soil Organic Carbon

Sail organic carbon (SOC) as influenced by various treatments in the
long-term at surface and sub-surface layers is presented in Table 4.5 and
depicted in Fig. 4.9.

The SOC content was significantly influenced by the different
treatments in surface and sub-surface layers. The SOC content in surface
horizon (0-15 cm) was ranged from 3.31 to 5.94 g kg?. The highest SOC
content was observed in FYM alone (T2) (5.94 g kg!) followed by NPK+lime
(T10) (5.07 g kgh), NPK+gypsum (Tg) (5.03 g kg?), NPK (Ts) (4.95 g kg?),
NPK+gypsum+ZnSOa (T11) (4.58 g kg?), gypsum alone treated plot (Te)
(4.50 g kg') and NP treatment (T7) (4.18 g kg!). Whereas the lowest SOC
content was observed in K alone treated plot (Ts) (3.31 g kgt), which was on
par with sole application P (T4) (3.51 g kg?), N (T3) (3.76 g kgt) and control
(T2) (3.85gkg?).

In sub-surface layer (15-30 cm), the SOC content was ranged from 3.24
to 4.91 g kg!. The highest SOC content was observed in FYM aone (T2)
(4.91 g kgt), which is on par with NPK+lime (T10) (4.54 g kg') followed by
NPK+gypsum (Tg9) (422 g kg?l), N treatment (T3) (4.14 g kg?!) and
NPK+gypsum+ZnS0a (T11) (4.12 g kg'). Whereas the lowest SOC content
was observed in only K aone treated plot (Ts) (3.24 g kg?).

The results indicated that SOC content was significantly influenced by
the different treatments in surface and sub-surface layers. Among the
treatments, FY M applied treatment showed significant higher in SOC content
which was on par with NPK+lime. This might be due to the increased organic
carbon content by addition of FY M. The above said data clearly indicated that
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the increase in organic carbon content in the surface layer as compared to the
initial SOC content recorded in 1981 was mainly due to the accumulation of
organic residues over a period of time. This was in accordance with the
findings of Yaduvanshi (2001), Bhattacharya et al. (2004), Kundu et al.
(2017), Ahmady et al. (2020) and Mohan et al. (2021). The data also revealed
that the SOC content was increased in al the treatments including control.
Similarly, Dwivedi and Dixit (2002) aso reported that the continued
application of fertilizers alone helped in increasing the SOC content, due to

contribution of biomass in the form of crop stubbles and residues.

4.2.4 Effect of Long-Term Application of Manure and Fertilizers on

Carbon Stocks
4.2.4.1 Soil organic carbon stocks

The soil organic carbon stocks (SOC stocks) was significantly
influenced by various treatments at surface and sub-surface layers and the
datawas presented in Table 4.6 and depicted in Fig. 4.10.

The SOC stocks at surface layer (0-15 cm) was ranged from 7.40 to
12.12 Mg C ha' with the mean of 9.54 Mg C hal. Significantly higher SOC
stocks was recorded in FYM aone (T2) (12.12 Mg C ha?l) which was on par
with NPK+lime (T10) (11.02 Mg C ha?) followed by NPK treatment (Ts)
(1058 Mg C hatl), NPK+gypsum (T9) (1057 Mg C had),
NPK +gypsum+ZnS0s (T11) (10.28 Mg C ha'), gypsum alone treatment (Té)
(9.72 Mg C ha?) and NP treatment (T7) (9.13 Mg C ha?). Whereas the lowest
SOC stock was observed in K alone (T4) (7.47 Mg C ha?) and on par with
application of P alone (T4) (7.50 Mg C ha'), N aone (T3) (8.09 Mg C ha?)
and control (T1) (8.49 Mg C hal).

The SOC stocks at sub-surface layer (15-30 cm) was ranged from 7.34
to 11.24 Mg C ha? with the mean of 9.11 Mg C ha'. Significantly higher
SOC stocks was recorded in FYM alone (T2) (11.24 Mg C ha?) which was on
par  with NPK+lime (Two) (1026 Mg C hal) followed by
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NPK +gypsum+ZnS0Oa (T11) (9.65 Mg C hal), NPK+gypsum (Tg) (9.64 Mg C
ha') and N alone treated plot (T3) (9.47 Mg C ha?). Whereas the lowest SOC
stocks was observed in K alone treated plot (Ts) (7.34 Mg C hal), which was
on par with application of P alone (T4) (7.58 Mg C ha?) and control (T1)
(8.37).

The results revealed that the SOC stocks was decreased with increase
in soil depth. The mean SOC stock at surface soil and sub-surface layers was
recorded as 9.24 Mg C ha' and 9.11 Mg C ha?, respectively. The higher SOC
stock in the surface layer as compared to sub-surface layers might be due to
addition of organic matter through FY M or crop biomass. The present results
are in agreement with the findings of Bhattacharyya et al. (2006), Munoz et
al. (2007) and Bhattacharyya et al. (2007).

The SOC stocks both in surface and sub-surface layers are greater in
FYM treated plot compared to other treatments, but on par with NPK+lime,
NPK+gypsum+ZnSOs and gypsum alone treated plots compared to sole
nutrient fertilizers treatments and control. The higher amount of large
macroaggregates present in aforesaid treatments might be one of the mgor
reasons for higher SOC stocks, as macroaggregates provide better biophysical
and chemical protection to SOC from microbia breakdown. The increase in
SOC stock in FYM might be due to availability of more organic matter,
reduced bulk density, increased porosity which inturn increased soil carbon
stock. These results are in line with the findings of Thennarasu et al. (2014),
Trivedi et al. (2020) and Mohan et al. (2020) who reported that application of
FY M sequestered higher SOC stocks compared to other treatments.

4.2.4.2 SOC stocks build-up

The SOC stocks build-up (%) was significantly influenced by various
treatments over the long-term application both in surface and sub-surface

layers and the data was presented in Table 4.6 and depicted in Fig. 4.11.
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SOC stocks build-up (%) at surface layer (0-15 cm) was ranged from -
11.76 to 43.13 % with the mean of 13.88 %. The higher SOC stock build-up
(%) was recorded in FYM alone (T2) (43.13 %) followed by NPK-+lime (T1o)
(30.19 %), NPK treatment (Ts) (24.70 %), NPK+gypsum (To) (24.42 %) and
NPK+gypsum +ZnS0s (T11) (21.05 %). Whereas the SOC stock build-up (%)
was negative in K aone (Ts) (-11.76 %), P alone (T4) (-11.61 %) and N aone
(T3) (-4.29 %) treated plots compared to control (Ty).

The SOC stock build-up (%) at sub-surface layer (15-30 cm) was
ranged from -12.16 to 35.24 % with the mean of 10.42 %. The higher SOC
stock build-up (%) was recorded in FYM aone (T2) (35.24 %) followed by
NPK+lime (Tw) (23.43 %), NPK+gypsum+ZnSOs (T11) (16.33 %),
NPK+gypsum (To) (15.54 %) and N aone treated plot (T3) (14.14 %).
Whereas the SOC stock build-up (%) was negative in K alone (Ts) (-12.16 %)
and P alone (T4) (-5.95 %) treated plots compared to control.

The results indicated that the SOC stock build-up (%) was significantly
influenced by the different treatments in surface and sub-surface layers.
Among the treatments, FYM applied treatment showed significant increase in
SOC stock build-up (%) followed by NPK+lime treatment both in surface and
sub-surface layers. This might be due to the residual effect of organic manures
on soil which increased organic carbon content. The single nutrient fertilizers
treated plots showed significantly negative build-up (%) which might be due
to lesser biomass addition to the soil surface. These findings are in comfirmity
with the earlier reports by Pedababu (2009) who recorded that the inorganic
treatments did not showed any significant effect on carbon stocks build-up
(%).

4.2.4.3 Carbon sequestration rate

Carbon sequestration rate (Mg hat yrt) was significantly influenced by
various treatments over the long-term application both in surface and sub-

surface layers and data was presented in Table 4.6 and depicted in Fig. 4.12.
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Carbon sequestration rate at surface layer (0-15 cm) was ranged from
0.08 to 0.20 Mg ha?! yr? with the mean of 0.13 Mg ha?! yr. Significantly
higher carbon sequestration rate was recorded in FYM aone (T2) (0.20 Mg
hat yrt) which was on par with NPK+lime (T10) (0.17 Mg hat yr?) followed
by NPK treatment (Tg) (0.16 Mg hat yr?), NPK+gypsum (To) (0.16 Mg hat
yr-1) and NPK+gypsum +ZnS04 (T11) (0.15 Mg ha? yr1). Whereas the lowest
Carbon sequestration rate was observed in K alone (Ts) and P alone (T4) (0.08
Mg ha! yr) treated plots.

Carbon sequestration rate at sub-surface layer (15-30 cm) was ranged
from 0.08 to 0.18 kg C ha! with the mean of 0.12 Mg ha! yr?. Significantly
higher Carbon sequestration rate was recorded in FYM alone (T2) (0.18 Mg
hal yr-t) which is on par with NPK+lime (T10) (0.15 Mg ha? yr?) followed by
NPK+ gypsum+ZnSOs (T11) (0.14 Mg ha' yrt) and NPK+gypsum (To) (0.14
Mg hat yr?). Whereas the lowest Carbon sequestration rate was observed in
K alone (Ts) (0.08 Mg hat yrt), P aone (T4) (0.09 Mg hat yr?) treated plots
and control (T1) (0.10 Mg hat yr?).

The results indicated that, higher organic inputs in FYM treated plot
resulted in higher carbon sequestration both in surface and sub-surface layers.
Severa studies revealed that the FYM contains of higher lignin content and
recalcitrant form of carbon might resulted in higher carbon sequestration upon
application in agricultural fields (Bronson et al., 1998). The increase in carbon
sequestration rate with the addition of FYM also attributed to better crop
growth and concomitant high root biomass and crop residues (Kumara €t al.,
2014). The higher carbon sequestration was observed in surface layer
compared to sub-surface layer, which might be due to addition of more plant
biomass to the surface layer rather than sub-surface layer. These results are in

agreement with the findings of Dou et al. (2016).
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4.2.5 Effect of Long-Term Application of Manure and Fertilizers on
Soil Aggregation

The soil aggregate size fractions influenced by long-term application of
manure and fertilizers at surface and sub-surface layers was presented in
Table 4.7, 4.8 and 4.9 and depicted in Fig. 4.13 and 4.14.

The soil aggregate fractionation at surface horizon (0-15 cm) revealed
that the soil aggregates of 8-5 mm size fraction was ranged from 5.53 to 9.83
% with the mean of 7.78 %. The highest was observed in NPK+lime (T10)
(9.83 %) and lowest was observed in control (T1) (5.53 %). The soil
aggregates of 5-2 mm size fraction was ranged from 7.30 to 9.53 % with the
mean of 8.29 %. The highest was observed in NPK+gypsum+ZnSOas (T11)
(9.53 %) and lowest was observed in control (T1) (7.30 %). The soil
aggregates of 2-1 mm size fraction was ranged from 8.07 to 10.73 % with the
mean of 9.38 % The highest was observed in FYM alone treated plot (T2)
(9.53 %) and lowest was observed in NPK+gypsum+ZnS0s (T11) (8.07 %).

The soil aggregates of 1-0.5 mm size fraction was ranged from 13.40 to
20.27 % with the mean of 17.61 % The highest was observed in NP (T7)
(20.27 %) and lowest was observed in NPK (Tg) (13.40 %). The soil
aggregates of 0.5-0.25 mm size fraction was ranged from 28.97 to 35.40 %
with the mean of 32.02 %. The highest was observed in NPK+gypsum (To)
(35.40 %) and lowest was observed in N aone treated plot (T3) (28.97 %).
The soil aggregates of 0.25-0.125 mm size fraction was ranged from 12.43 to
22.37 % with the mean of 16.95 %. The highest was observed in control (T1)
(22.37 %) and lowest was observed in FYM alone treated plot (T2) (12.43 %).
Wheresas, soil aggregates of <0.125 mm size fraction was ranged from 5.67 to
10.97 % with the mean of 8.00 %. The highest was observed in P aone
treated plot (T4) (10.97 %) and lowest was observed in NPK+gypsum (To)
(5.67 %) (Table4.7).

In sub-surface layer (15-30 cm), the soil aggregates of 8-5 mm size
fraction was ranged from 6.07 to 9.67 % with the mean of 7.92 %. The
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highest was observed in FY M alone treated plot (T2) (9.67 %) and lowest was
observed in K aone treated plot (Ts) (6.63 %). The soil aggregates of 5-2 mm
size fraction was ranged from 10.13 to 12.10 % with the mean of 11.09 %.
The highest was observed in P alone treated plot (T4) (12.10 %) and lowest
was observed in control (T1) (10.13 %). The soil aggregates of 2-1 mm size
fraction was ranged from 10.73 to 14.63 % with the mean of 12.08 %. The
highest was observed in NP (T7) (14.63 %) and lowest was observed in NPK
(Ts) (10.73 %).

The soil aggregates of 1-0.5 mm size fraction was ranged from 13.97 to
17.27 % with the mean of 15.36 %. The highest was observed in K alone
treated plot (Ts) (17.27 %) and lowest was observed in NP (T7) (13.97 %).
The soil aggregates of 0.5-0.25 mm size fraction was ranged from 26.23 to
34.50 % with amean of 29.85 %. The highest was observed in NPK+gypsum
(To) (34.50 %) and lowest was observed in NPK (Ts) (26.23 %). The soil
aggregates of 0.25-0.125 mm size fraction was ranged from 13.10 to 20.53 %
with the mean of 15.88 %. The highest was observed in NPK (Tsg) (20.53 %)
and lowest was observed in FYM alone treated plot (T2) (13.10 %). Whereas,
soil aggregates of <0.125 mm size fraction was ranged from 6.07 to 9.67 %
with the mean of 7.82 %. The highest was observed in gypsum alone treated
plot (Te) (9.67 %) and lowest was observed in NPK+gypsum+ZnSOs (T11)
(6.07 %) (Table 4.8).

The data pertaining to soil aggregate fractions in aggregate class (%)
I.e. micro-aggregates (<0.25 mm), small macro-aggregates (2-0.25 mm) and
large macro-aggregates (>2 mm) was presented in Table 4.9 and depicted in
Fig. 4.13 and 4.14. The soil aggregate fractions was significantly influenced

by various treatmentsin the long-term at surface and sub-surface layers.

In surface layer (0-15 cm), the micro-aggregates (<0.25 mm) ranged
from 19.93 to 31.03 % with the mean of 24.92 %. The highest was observed
in control (T1) (31.03 %) and which was on par P aone (T4) (27.97 %), N
alone treated plot (T3) (27.80 %) and NPK (Tg) (26.97 %). Wheress, the
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lowest was observed in FYM aone treated plot (T2) (19.93 %). The small
macro-aggregates (2-0.25 mm) ranged from 55.73 to 62.77 % with the mean
of 59.01 %. The highest was observed in NPK+gypsum (Tg) (62.77 %) and
which was on par with FYM alone (T2) (62.27 %), NP (T7) (61.60 %) and
NPK+lime (T) (60.23 %). Whereas, the lowest was observed in
NPK+gypsum+ZnS0s (T11) (55.73 %). The large macro-aggregates (>2 mm)
ranged from 12.83 to 19.10 % with the mean of 16.07 %. The highest was
observed in NPK+gypsum+ZnS0O4 (T11) (19.10 %) and which was on par with
FYM aone (T2) (17.80 %), NPK+lime (T10) (17.60 %) and NPK (Ts) (16.73),

whereas lowest was observed in control (T1) (12.83 %).

In sub-surface layer (15-30 cm), the micro-aggregates (<0.25 mm)
ranged from 20.00 to 28.13 % with the mean of 23.70 %. The highest was
observed in NPK (Tg) (28.13 %) and which was on par with gypsum alone
(Te) (26.07 %), K aone (Ts) (25.73 %) and P alone treated plot (T4) (25.30
%), whereas lowest was observed in FYM alone treated plot (T2) (20.00 %).
The small macro-aggregates (2-0.25 mm) ranged from 52.83 to 59.97 % with
the mean of 57.28 %. The highest was observed in NPK+gypsum (To) (59.97
%) and which was on par with FYM alone (T>2) (59.67 %), N alone (T3) (59.60
%) and NP (T+7) (58.30 %), whereas lowest was observed in NPK (Tg) (52.83
%). The large macro-aggregates (>2 mm) ranged from 16.77 to 20.50 % with
the mean of 19.01 %. The highest was observed in NPK+lime (T10) (20.50 %)
followed by NPK+gypsum+ZnSO4 (T11) (20.40 %) and FYM (T2) (20.33 %),

whereas lowest was observed in control (T1) (16.77 %).

The results revealed that, among the soil aggregate fractions (%) small
macro-aggregates are higher compared to large macro and micro-aggregates
in both surface and sub-surface layers. The data revealed that aggregate
fraction of size >0.25 mm were in higher in treatments received with FY M
aone, NPK+lime, NPK+gypsum and NPK+gypsum+ZnSOs treatments
compared to other treatments. This might be due to the increased root biomass

which indirectly helped in improvement of large and small macro-aggregates
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stabilization in aforesaid treatments. Whereas the aggregate fraction of <0.25
mm size was significantly higher in treatment received with only inorganic
fertilizers and control treatments compared to the other treatments.
Interestingly, microaggregates fraction was decreased with the application of
FYM aone in both surface and sub-surface soils. This indicates that higher
formation of larger aggregates with the supplimentation of organic matter.
The present results are in agreement with the findings of Chakraborty et al.
(2010) and Long et al. (2013) who reported that organic manure incorporation
increased soil macro-aggregate proportion.

The higher percentage of aggregates <0.25 mm was evidenced under
single nutrient treatments viz., N, P, K and control in surface and sub-surface
layers, which might be ascribed to comparatively low level of carbonates and
organic matter. These results are in agreement with the findings of Manna et
al. (2007) and Ghosh et al. (2010). The lower percentage of large macro-
aggregates (>2 mm) in control plot in surface (12.83 %) and sub-surface
(16.77 %) layers, respectively, might be due to comparatively lesser binding
materials compared to other treatments. Similar findings were reported by
Aziz and Karim (2016).

426 Long-Term Effect of Manure and Fertilizers on Aggregate

Associated Carbon

The data on soil aggregate associated-C in different aggregate size
fractions at surface and sub-surface layers was presented in Table 4.10, 4.11
and 4.12 and depicted in Fig. 4.15 and 4.16.

In surface layer (0-15 cm), the aggregate associated-C content in 8-5
mm aggregate size fraction was ranged from 3.70 to 5.08 g kg with the mean
of 4.36 g kg™. The highest was observed in NPK+lime (T1o) (5.08 g kg?) and
lowest was observed in control (T1) (3.70 g kgl). The aggregate associated-C
content in 5-2 mm aggregate size fraction was ranged from 3.02 to 5.03 g kgt
with the mean of 3.83 g kg!. The highest was observed in FYM aone (T2)
(5.03 g kg') and lowest was observed in control (T1) (3.02 g kg?). The
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aggregate associated-C content in 2-1 mm aggregate size fraction was ranged
from 2.87 to 5.01 g kg! with the mean of 3.67 g kg. The highest was
observed in NPK (Ts) (5.03 g kg!) and lowest was observed in K alone
treated plot (Ts) (2.87 g kg?).

Whereas the aggregate associated-C content in 1-0.5 mm aggregate size
fraction was ranged from 2.27 to 4.27 g kg* with the mean of 2.94 g kg™. The
highest was observed in FYM aone (T2) (4.27 g kg?!) and lowest was
observed in NP (T7) (2.27 g kg?). The aggregate associated-C content in 0.5-
0.25 mm aggregate size fraction was ranged from 2.13 to 3.73 g kg with the
mean of 3.03 g kg!. The highest was observed in gypsum aone treated plot
(Te) (3.73 g kg?) and lowest was observed in P alone treated plot (T4) (2.13 g
kg1). And finally the aggregate associated-C content in <0.25 mm aggregate
size fraction was ranged from 2.47 to 4.18 g kg* with the mean of 3.06 g kg™.
The highest was observed in gypsum aone treated plot (Ts) (4.18 g kgt) and
lowest was observed in NP (T7) (2.47 g kg?) (Table 4.10).

In sub-surface layer (15-30 cm), the aggregate associated-C content in
8-5 mm aggregate size fraction was ranged from 3.07 to 4.22 g kg* with the
mean of 3.52 g kg. The highest was observed in FYM alone (T2) (4.22 g
kg?!) and lowest was observed in NPK+gypsum+ZnSOs (T11) (3.07 g kg?).
The aggregate associated-C content in 5-2 mm aggregate size fraction was
ranged from 2.90 to 4.17 g kg* with the mean of 3.43 g kg™. The highest was
observed in NPK (Ts) (4.17 g kg?) and lowest was observed in K alone
treated plot (Ts) (2.90 g kgt). The aggregate associated-C content in 2-1 mm
aggregate size fraction was ranged from 2.98 to 3.71 g kg* with the mean of
3.27 g kg'. The highest was observed in FYM alone (T2) (3.71 g kgt) and
lowest was observed in NP (T7) (2.98 g kg2).

Whereas the aggregate associated-C content in 1-0.5 mm aggregate size
fraction was ranged from 2.52 to 3.63 g kg* with the mean of 3.01 g kg™. The
highest was observed in FYM aone (T2) (3.63 g kg?) and lowest was
observed in N alone treated plot (Ts) (2.52 g kg™t). The aggregate associated-C
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content in 0.5-0.25 mm aggregate size fraction was ranged from 2.27 t0 3.42 g
kg? with the mean of 2.87 g kg™. The highest was observed in FYM alone
(T2) (3.42 g kg?) and lowest was observed in NPK+gypsum (Tg) (2.27 g kg?).
And finally the aggregate associated-C content in <0.25 mm aggregate size
fraction was ranged from 2.42 to 3.48 g kg* with the mean of 3.01 g kg*. The
highest was observed in FYM aone (T2) (348 g kg?) and lowest was
observed in NP (T7) (2.42 g kg?) (Table 4.11).

The data pertaining to aggregate associated-C in micro-aggregates
(<0.25 mm), small macro-aggregates (2-0.25 mm) and large macro-aggregates
(>2 mm) at surface and sub-surface layers was presented in Table 4.12 and
depicted in Fig. 4.15 and 4.16. The aggregate associated-C in al aggregate
size fraction was significantly influenced by various treatments in the long-

term at surface and sub-surface layers.

In surface layer (0-15 cm), the aggregate associated-C in micro-
aggregates (<0.25 mm) ranged from 2.47 to 4.18 g kg* with the mean of 3.06
g kg'. The highest was observed in gypsum alone treated plot (Te) (4.18 g
kg?!) and the lowest was observed in NP (T7) (2.47 g kg?). The aggregate
associated-C in small macro-aggregates (2-0.25 mm) ranged from 2.80 to 3.95
g kg with the mean of 3.22 g kg*. The highest was observed in FYM aone
(T2) (3.95 g kg?) and lowest was observed in NP (T7) (2.80 g kgt). And the
aggregate associated-C in large macro-aggregates (>2 mm) ranged from 3.36
to 5.01 g kg* with the mean of 4.10 g kg*. The highest was observed in FYM
alone (T2) (5.01 g kg?) and lowest was observed in control (T1) (2.80 g kg?)
(Table 4.12 and Fig. 4.15).

In sub-surface layer (15-30 cm), the aggregate associated-C in micro-
aggregates (<0.25 mm) ranged from 2.42 to 3.48 g kg* with the mean of 3.01
g kg*. The highest was observed in FYM alone (T2) (3.48 g kg') and lowest
was observed in NP (T7) (2.42 g kg?). The aggregate associated-C in small
macro-aggregates (2-0.25 mm) ranged from 2.68 to 3.58 g kg with the mean
of 3.05 g kgt. The highest was observed in FYM alone (T2) (3.58 g kg') and
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lowest was observed in control (T1i) (268 g kg?'). And the aggregate
associated-C in large macro-aggregates (>2 mm) ranged from 3.02 to 4.12 g
kgt with the mean of 3.41 g kg?. The highest was observed in FYM aone
(T2) (4.12 g kg?) and lowest was observed in control (T1) (3.02 g kgt) (Table
4.12 and Fig. 4.16).

The results indicated that SOC was significantly higher in large macro-
aggregates when compared to small macro and micro-aggregates. The higher
SOC within large macro-aggregates might be due to carbon associated with
the formation of microaggregates inside macroaggregates, which better
protects SOC from being lost to the atmosphere due to various soil physico-
chemical properties. Even though microaggregate associated C concentration
Is low, it is important for protection of total SOC in soils having lower
turnover rates. These results are in confirmity with the findings of Yu et al.
(2012) and Liang et al., (2012) who recorded that aggregate formation was
associated with increased carbon storage in aggregate fractions >53 um than
in the silt and clay fraction (<53 um).

The highest aggregate associated-C was found in the case of FYM
alone treated plot compared to other treatments, which might be due to FYM
application provides different organic carbon compounds to soil directly and
increased root biomass and returning large amounts of carbon to the soil
indirectly. The lowest aggregate association-C was observed in single nutrient
treatments like N, P, K and control in surface and sub-surface layers, might be
due to less addition organic matter thereby reduction in C accumulation in al
aggregates fractions. The present results are in agreement with the findings of
Zou et al. (2018). The aggregate associated-C content was decreased with
decrease in aggregate size fractions. The results are similar to those of Li et al.
(2020) who reported that the SOC content was decreased in <0.25 mm
aggregates when compared to >0.25 mm aggregate sizes in 9 years long-term
experiment. However, long-term amendment of manure significantly
increased SOC in macro-aggregates. Similar results were also reported by
Zhang et al. (2021) and Niu et al. (2022).
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43 INFLUENCE OF LONG-TERM APPLICATION OF MANURE
AND FERTILIZERS ON YIELD AND YIELD ATTRIBUTES
OF GROUNDNUT

The data on yield attributes of groundnut as influenced by the different
treatments was presented in table 4.13 and depicted in Fig. 4.17 and 4.18.

4.3.1 Plant Population

The plant population was not significantly influenced by different
treatments and varied from 22 to 24 No. m? However, the higher plant
population was obtained in K alone treated plot (Ts) (28 No. m?) followed by
NPK (Tg) (27 No. m?), NPK+lime (T10) (26 No. m?), P alone treated plot
(T4) (26 No. m?) and only gypsum treatment (Te) (26 No. m?) (Table 4.13).

4.3.2 100 Pod Weight

The 100 pod weight in groundnut was not significantly influenced by
the different treatments and it ranged from 91 to 99 g. The higher 100 pod
weight was obtained in NPK+gypsum+ZnS0s (T11) (99 g) and control (T1)
(99 g) followed by NPK (Tsg) (98 g) and NPK+lime (T10) (97 g), whereas the
lowest 100 pod weight was observed in NP (T7) (91 g) (Table 4.13).

4.3.3 100 Kerne Weight (g)

The test weight of groundnut was not significantly influenced by the
different treatments and varied from 40.0 to 42.0 g. The higher 100 kernel
weight was obtained in NPK (Ts) (42.0 g) and NPK+lime (T10) (42.0 g) and
on par with rest of the long-term treatments. The higher kernel weight might
be due to the stimulation of root development, synthesis of carbohydrates and
translocation of photosynthates towards the sink development (pods) by
combined application of NPK (Table 4.13).

4.3.4 Shelling Percentage

The shelling percentage was not significantly influenced by the

different treatments and it was ranged from 76 to 79 per cent. However, the
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higher shelling percentage was obtained in only FYM (T2) (79 %) and lower
was noticed in P aone treated plot (T4) (75 %) followed by control (T1) (76
%). Similarly, higher shelling percentage was recorded in FYM plot
compared to control (T1) by Abraham and Thenua (2010) and Akbari et al.
(2010) (Table 4.13).

4.35 Pod Yield

The pod yield of groundnut was significantly varied among the
treatments and it was ranged from 2083 to 3100 kg ha?l. The highest pod
yield of groundnut was recorded in FYM alone treated plot (T2) (3100 kg ha
1) ‘and which was on par wih NPK+gypsum+ZnSOs (T11) (2854 kg ha?l),
NPK (Tg) (2802 kg hal), NPK+lime (T10) (2784 kg ha?l) and NPK+gypsum
(T9) (2753 kg hatl). Whereas the lowest pod yield was recorded with N
alone treated plot (T3) (2083 kg ha') and which was on par with control (T+)
(2155 kg hal), K aone treated plot (Ts) (2254 kg hatl) and gypsum alone
treated plot (Te) (2285 kg ha?) (Table 4.13 and Fig. 4.17).

The highest pod yield was obtained with FYM alone @ 5 Mg ha! once
in three years, which might be due to the balanced supply of all the nutrients
including secondary and micronutrients and improved soil physical properties
viz., bulk density, hydraulic conductivity, infiltration rate, water holding
capacity and porosity. Whereas the treatments viz., NPK+lime, NPK +gypsum,
NPK+gypsum+ ZnSO4 and NPK were also recorded comparable yields with
FYM aone treated plot which might be due to the adequate and balanced
supply of the nutrients like N, P, K to meet the requirements of the crop
during the crop growth period. The application of lime might have helped in
creating the favourable chemical, physical and biological environment of the
soil. Enrichment of the calcium in the soil was also another beneficial effect
on pod yield due to the inclusion of lime or gypsum along with NPK
application. The cumulative effect of balanced nutrition and good soil
environment might favoured for the highest pod yield in the aforesaid
treatments. The lowest pod yield of groundnut was obtained with N alone

97



treated plot (T3) (2083 kg hat) which was on par with control (T1). The low
yield of these treatments might be attributed to poor soil fertility status. The
results are similar to those of Akbari et al. (2002), Parvathi et al. (2015) and
Kulkarni et al. (2018).

4.3.6 HaulmYied

The haulm yield was significantly influenced by different treatments
and ranged from 3367 to 7892 kg ha'. The highest haulm yield was recorded
with NPK+gypsum+ZnSOs (T11) (7892 kg hat') which was on par with
NPK+lime (T1) (6966 kg ha?) followed by NPK+gypsum (To) (6629 kg
hal). The higher haulm yields might be due to application of nutrients in
balanced proportion during the early stages of crop growth which produces
vigorous plants due to better availability of nutrients which inturn contributed
to haulm yield (Abraham and Thenua., 2010). Similar results were reported by
Babu et al. (2007), Sharmaet al. (2011) and Salma et al. (2017). Whereas the
lowest haulm yield was recorded with K aone treated plot (Ts) (3367 kg
ha) which was on par with N alone treated plot (Ts) (4209 kg ha?) followed
by control (T1) (4419 kg ha?l) and gypsum alone treated plot (Tes) (4419 kg
ha?) (Table4.13 and Fig. 4.18).
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Chapter V
SUMMARY AND CONCLUSIONS

A field experiment entitled SOIL STRUCTURE AND ORGANIC
CARBON STABILITY OF RAINFED ALFISOLS UNDER LONG-
TERM APPLICATION OF MANURE AND FERTILIZERS” was carried
out as part of the long-term experiment durkingrif, 2021 on red sandy
loam Haplustalf) soils at Regional Agricultural Research Statifharya
N.G Ranga Agricultural University, Tirupati, Andhrdradesh. The
experiment was laid out in randomized block degigth eleven treatments
and four replications. The treatments includas cbntrol (no manure and
fertilizers), T: Farm yard manure @ 5 t hgonce in 3 years), sT 20 kg
nitrogen (N) ha, T4 10 kg phosphorus (P) AaTs: 25 kg potassium (K) hia
Te: 250 kg gypsum hg T7: 20 kg N + 10 kg P hig Ts: 20 kg N + 10 kg P +
25 kg K hat, To: 20 kg N + 10 kg P + 25 kg K + 250 kg gypsum-h&o: 20
kg N + 10 kg P + 25 kg K + 100 kg lime-hal11: 20 kg N + 10 kg P + 25 kg
K + 250 kg gypsum + 25 kg hainc sulphate (once in 3 years).

Soil samples were collected from each treatmertgilovo depthsiz.,
0-15 and 15-30 cm after harvest of crop durkhgrif, 2021 and data was
recorded on soil physical propertigz., bulk density, porosity, maximum
water holding capacity, soil texture and aggrega#bility. Data was also
recorded on soil physio-chemical propertes, soil reaction (pH), electrical
conductivity, soil organic carbon (SOC), SOC s®okarbon sequestration
and aggregate associated-C. And observations veerded on yield and
yield attributesviz., pod vyield, haulm yield, 100 pod wieght, 100 kernel
wieght and shelling percentage. All the above nome parameters of
groundnut were influenced by manure and fertilizzamdg the salent findings

were summarized here under.

* The soil texture was not influenced by differentdetierm fertilizer

application treatments and all the treatments eveed as sandy loam
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(SL) texture. In surface layer, sand, silt and ataptent was ranged
from 68.6 to 74.3 per cent, 11.7 to 16.7 per cewt 32.0 to 16.3 per
cent, respectively with the mean of 72.4, 13.6 d4ddl per cent,
respectively. Whereas in sub-surface layer, satidargl clay content
ranged from 67.9 to 71.7 per cent, 12.9 to 15.4geett and 13.6 to
18.1 per cent, respectively with the mean of 7083 and 16.7 per
cent, respectively.

» Application of FYM alone (7) resulted significantly lowest bulk
density in surface layer, whereas the highest wasrded in K alone
treated plot (3) and on par with control ¢J. In sub-surface layer, the
lowest bulk density was observed in NRP)(Wwhereas the highest was
recorded in NPK+gypsum+ZnS0O4 ((J and NPK (&) followed by
control (To).

* The higher porosity was recorded with FYM alone) (fbllowed by P
alone treated plot ¢J in surface layer and the lowest porosity was
observed in K alone treated plot)TIn sub-surface layer, significantly
highest porosity was recorded with FYM alone)(Which was on a par
with NPK+lime (Two) and the lowest porosity was observed in NPK
(Ts).

e The maximum water holding capacity (MWHC) was highas
NPK+lime (T followed by FYM alone treated plot )l and the
lowest MWHC was observed with N alone treated pIg) at surface
layer. In sub-surface layer, the higher MWHC wasersbed in FYM
alone (B) which was on par with NPK+lime (d) and the lowest
MWHC was observed in control {JT

* The mean wieght diameter (MWD) of soil aggregates nghest with
FYM alone treated plot ¢f and on par with NPK+gypsum+ZN3O
(T11) in surface and sub-surface layers. Whereas thestoMWD was
observed with control (i) and K alone treated plot )Tin surface and

sub-surface layers, respectively.
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The geometric mean diameter (GMD) was highest in F#ne
treated plot (7) and on par with NPK+lime @) in surface layer. In
sub-surface layer, GMD was highest in NPK+gypsun8@n (T11)
and FYM alone (3). Whereas, the lowest GMD was observed with
control (T2) in both the soil layers.

The water stable aggregates (% W8A25 mm) was highest in FYM
alone treated plot ¢J and statistically on par with NPK+gypsumo)T
and lowest % WSA>0.25 mm) was recorded with control1]Tin
surface and sub-surface layers.

The per cent aggregate stability (% AS) was higheNiPK+gypsum
(T9) and which was on par with P alone)(ih surface layer. In sub-
surface layer, highest % AS was observed in NPKsgyptZnSQ
(T11) and on par with NPK+gypsum {JT Whereas the lowest % AS
was recorded with K alone treated plog)(ih both the soil layers.

The soil pH was higher in FYM alonedTtreated plot and on par with
P alone (1), whereas the lowest soil pH was observed in NP iq
surface layer. In sub-surface layer, soil pH waghést with NPK (%)
followed by FYM alone (I), whereas the soil pH was lowest in
NPK+gypsum (5).

The electrical conductivity (EC) was higher in gypsatone treated
plot (Te) and lowest was recorded in NPKg) &t surface layer. In sub-
surface layer, soil EC was higher in gypsum alors éihd lowest soill
EC was recorded in NPK+gypsum+ZnSD11).

The soil organic carbon (SOC) content and SOC staeks highest in
FYM alone (%) followed by NPK+lime (To) and the lowest SOC
content and stocks were observed in K alone trgateédTs) in surface
and sub-surface layers.

The SOC stocks build-up (%) was highest in FYM alfh# treatment
followed by NPK+lime (to). Whereas the SOC stock build-up (%)
was negative with K alone §land P alone (4 treated plots compared

to control in surface and sub-surface layers.
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The carbon sequestration rate was also highest W Rlone (T)
treatment, which was on par with NPK+limeif)fand the lowest rate
was observed in K aloned)Tand P alone (@) treated plots.

The micro-aggregates (<0.25 mm) proportion was lsgihe control
(T1) treatment and lowest was observed in FYM aloeatéd plot (7).
Whereas the small macro-aggregates (2-0.25 mntjdrescwas highest
in NPK+gypsum (%) and lowest in NPK+gypsum+ZnSQ(T11)
treatment. The large macro-aggregates (>2 mm) draetias highest in
NPK+gypsum+ ZnS® (T11) treatment and lowest in control 1§Tin
surface layer. In sub-surface layer, micro-aggegyatas highest in
NPK (Ts) treatment and lowest in FYM alone treated plof).(The
small macro-aggregates was highest in NPK+gypsusgh t(@atment
and lowest in NPK (d) treatment. Whereas large macro-aggregates
was highest in NPK+lime @§) treatment and lowest in control JT
treatment.

In surface layer, the micro-aggregates (<0.25 msspaated-C was
highest in gypsum alone treated plog)(&nd the lowest in NP (T
treatment. Whereas the small macro-aggregates 2&2-0nm)
associated-C was highest in FYM alone)(@nd lowest in NP (7
treatment. The large macro-aggregates (>2 mm) adedeC was
highest in FYM alone (3 treatment and lowest in control§TIn sub-
surface layer, micro-aggregates associated-C vgaesii in FYM alone
(T2) treatment and the lowest in NP7 Treatment. Whereas the small
macro-aggregates and large macro-aggregate assbflawvas highest
in FYM alone () treatment and lowest in control.ffreatment.

The pod yield and shelling percentage were higimeBtYiM alone (B)
treatment and lowest was recorded in N along &hd P alone (@
treatments, respectively. Whereas, the 100 podhweigd haulm yield
were highest with application of NPK+gypsum+ZnS(Qi1) and

lowest in K alone treated plot{)I



In conclusion, the present study indicated thatjitarm application of
FYM @ 5t ha once in three years was very effective in incregshe soil
physical, physio-chemical environment and yieldhef groundnut. The study
also revealed that balanced nutrition treatmerts NPK+gypsum+ZnS@
NPK+lime, NPK+gypsum and NPK were also equally @ffe2 in obtaining
good yield of the groundnut. These results also iooefl that application of
any single nutrient fertilizers would not able tes&in the yield of groundnut.
To conclude, long-term application of FYM @ 5 t*har NPK+lime
improved the soil structure, aggregate and orgeaibon stability of rainfed
Alfisols. Whereas the long-term application of K fertiligeone deteriorated

the soil structure and organic carbon stability.
Suggestions for further research work

The results need to be continued by collecting tite &r 3 to 4 more
years in the same LTFE. The influence of long-termliegiion of manure
and fertilizers on soil structure and organic carBtability has to be studied

in future years also.
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