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1. INTRODUCTION

Soil, a natural four-dimensional body at the atmosphere-lithosphere interface,

is organic-carbon mediated realm where solid, liquid and gaseous phases interact at a

range of scales and generate numerous ecosystem goods and services. Soil organic

carbon (SOC) is the largest pool of terrestrial C, with an average content of 1500 Pg

upto a depth of 1 m (Batjes, 1996), which is twice the amount of atmospheric pool

and thrice the biotic pool (IPCC WGl, 2001). A small manipulation in the global

SOC stock could significantly affect the concentration of atmospheric CO2. Hence,

knowledge about the mechanisms of storage and stability of organic carbon (OC) in

soils has greater importance. The carbon (C) fixed in soils as a result of

photosynthetic activity by plants undergoes the following changes (Kell, 2012)

(Fig.l).
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Fig. 1. Major processes in soil carbon sequestration for photosynthetically fixed CO2
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The global emission of carbon is estimated to be 270 Pg for the land use and

soil cultivation practices during the last 150 years. The CO2 emission has increased

abnormally to more than 3 per cent since 21^ century from 1 to 1.5 per cent during

1990-1999. The rate of future increase in atmospheric CO2 concentration will depend

on the nature and magnitude of anthropogenic activities and the consequent

interaction of C flows among different global C pools. The global surface

temperature increased by 0.6 °C since the late 19'^ century with a current average

warming rate of 0.17 °C per decade.

Wetland characteristics add the deposition of organic matter in the soil and

sediment, serving as carbon (C) sinks and making them one of the most effective

ecosystems for storing soil carbon. Different types of wetlands contain approximately

350-535 Gt C, which is 20-25 per cent of world's soil organic carbon. The amount of

various pools of SOC in flooded rice soils is small although it has the largest C pool

size formed due to waterlogging. The anaerobic conditions lower the microbial

decomposition of organic matter. But on draining, decomposition proceeds rapidly

leading to a reduction in long term storage and release of C to the atmosphere from

paddy fields. Hence, wetlands are dynamic ecosystems where significant quantities of

C may also be trapped and stored in sediments.

In the current scenario of climate change, wetland paddy fields act as major

sources of greenhouse gases, especially methane (CH4) and carbon-di-oxide (CO2) as

they experience both dry and wet conditions depending on water availability. The

total annual global emission of methane amounts to be 500 Tg yr"' and nearly a

quarter of this is attributed to wetland rice fields. According to OECD (2000),

agricultural activity produces 1 per cent of the excess CO2 to global emissions. The

emission of greenhouse gases results in a decrease in stored soil carbon and thus

affects the process of soil carbon sequestration. The soil type, temperature, vegetation

type, erosion and land management has a great influence on the loss and gain of

organic C in soils. Decomposition of SOC in cultivated soils has contributed
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approximately 50 Pg C to the atmosphere (Paustian et al., 1997). This has promoted a

strategy of enhancing soil carbon sequestration in agricultural systems to offset CO2

increase.

Sequestration of SOC is one of the most effective methods to increase SOM

reserves and for mitigating the potential greenhouse effect (Lai, 2004). As per IPCC

(2000), carbon sequestration by terrestrial ecosystem is the net removal of carbon-di

oxide from the atmosphere or the avoidance of emission of carbon-di-oxide into the

atmosphere from terrestrial ecosystems. The carbon sequestration potential of the

world crop land soils was reported as 0.4-0.9 Pg C yr"' within a 50 year period. The

size and nature of the stable SOC pool varies with soil and ecosystem properties like

land use, climate, soil type, soil texture and soil depth. In general, with increase in

soil depth, the proportion of stable SOC pool increases. This increase in SOC content

reduces soil erosion, enhances soil quality, improves water quality, increases crop

growth and agronomic productivity. It also promotes environmental quality by

adsorbing pollutants from water and reducing CO2 concentrations in the atmosphere.

According to Goyal et al. (1999) usage of different organic sources like manures,

plant residues and waste materials in farming could improve chemical and biological

properties of soils. In addition, judicious and combined use of organic and inorganic

sources of nutrients augments soil fertility and crop productivity. The OC in soils of

variable charge (e.g. Andisols and Oxisols) is more stable compared to other soils

cropping regime (Parfitt et al. 1997).

Recently, perennial cropping systems have gained importance as this prevents

the loss of C into atmosphere which helps in soil carbon sequestration and mitigating

climate change. However, in the tropics short-term manipulations may yield larger

responses, where turnover times for fast-cycling soil C are shorter (Trumbore, 1997).

Little attention has been paid on the short-term effects of a wide range of organic

sources on carbon sequestration and on its fractions. In light of this, the present study

was undertaken for two continuous cropping seasons in rice crop under rainfed
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condition to assess the effect of four contrasting organic sources [Farm yard manure,

Artocarpiis (jack tree) leaves, Sesbania aculeata (daincha) and rice husk biochar] in

the absence or presence of N mineral fertilizer. The main objectives of the study were

to assess the effect of different organic sources on carbon sequestration and soil

health in wetlands (Ultisols) under rice -rice cropping system and to compare carbon

distribution and fluxes with that of adjoining fallow land.
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2. REVIEW OF LITERATURE

The Soil organic carbon (SOC), an important component of soil contributes

significantly to soil fertility, soil tilth, crop production and overall soil sustainability.

Rice- rice cropping system is the most prevalent and dominant cropping system

adopted by the farmers in the southern part of peninsular India. According to

Cassman et al. (1995) growing rice especially in low land flooded ecology could

increase stable SOC levels compared to upland rice cropping system. When organic

sources like green manure, animal waste and farmyard manure (FYM) are

traditionally applied to rice soils, soil organic matter content enhances. This in turn

has effect on levels of plant nutrients to improve the physical, chemical and

biological soil properties that directly or indirectly affect soil fertility. The effect of

different organic and inorganic nutrients on C sequestration and soil health in wetland

soils are discussed under the following headings:

2.1. Soil carbon sequestration

2.2. Soil carbon pools

2.3. Soil quality and carbon sequestration

2.4. Integrated nutrient management and crop productivity

2.5. Wetland rice soil as carbon sink

2.6. Nutrient management and greenhouse gas emission

2.1. SOIL CARBON SEQUESTRATION

Soil organic matter (SOM) or organic carbon (SOC) is a key attribute of soil

fertility and productivity because of its importance to soil physical, chemical as well

as biological properties (Stevenson, 1986; Reeves, 1997). Lai (2000) stated that

global pool of SOM is 1500 Pg of carbon upto I m depth and the total soil organic

pool in India varies from 21 to 63 Pg for 150 cm depth. He also observed from his

research work that nutrient is one of the crucial factors controlling biomass
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production and decomposition of residues, which is important for soil carbon

sequestration (Lai, 2003).

Sundermeir et al. (2005) defined soil carbon sequestration as the process of

transferring carbon-di-oxide from the atmosphere into the soil through crop residues

and other organic solids, and in a form that is not immediately re-emitted.

Pathak et al. (2011) reported that C sequestration potential across different

agro-climatic zones of India under various nutrient management practices ranged

between 2.1 and 4.8 Mg C ha"' with a total potential of 300 to 620 Mt. The effects of

chemical fertilizer and manure application were influenced by cropping intensity,

climate, soil type and even the manure type and its management (Lu et al., 2009;

Ding et al., 2014).

In this section, works pertaining to carbon sequestration capacity of different

organic and inorganic materials, their residue decomposition rates and sequestration

as affected by depth are discussed.

2.1.1. Manures and fertilizers

Fertilizer application has proved to be a lucrative strategy for strengthening C

sequestration (Lai et al., 1999). Organic sources such as manures, composts and bio-

char could lead either to a gain of soil C over time (Marek and Lai, 2003), or a

reduction in the rate at which organic matter would be lost from soils (Goyal et al.,

1992).

Lai (2004) studied the carbon sequestration potential in different types of soils

and the results revealed that soil carbon sequestration increased in cultivated soils

with practices such as manuring, cover cropping, mulch farming and conservation

tillage.

Fertilizer additions had a positive effect on soil C, which was primarily

attributed to increased plant biomass production (Campbell et al., 1991; Mazumder

and Kuzyakov, 2010). In contrast, fertilizer addition had also aggravated the rate of

decomposition of SOM, thereby depleting C content. For instance, a recent New
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Zealand study on SOM revealed that in some highly productive dairy pastures, soil C

had decreased but on low fertility hill country pastures, it was increased (Schipper et

ai, 2007). Thus changes in management which prevents major limitation on crop

growth resulted in increased productivity and a greater C return to the soil. However,

any increase in C inputs to the soil may be cancelled by increased decomposition

rates, especially when the productivity gains are the result of fertilization and

irrigation.

Lin et al. (2008) analyzed the change of soil organic carbon (SOC) under

different cropland management regimes by estimating carbon sequestration under

cropland management in China. They found that the most successful management

system for increasing SOC was using inorganic and organic fertilizers together,

which could increase SOC by 0.889 t ha"' yr"'. Lu et al. (2008) found that the

application of synthetic nitrogen fertilizer alone could bring about a carbon

sequestration potential of 21.9 Tg C in current situation and 30.2 Tg C with

fertilization as recommended. However, under the two scenarios, the greenhouse gas

leakage caused by fertilizer production and application would reach 72.9 and 91.4 Tg

C and thus, the actual available carbon sequestration potential would be -51.0 and

-61.2 Tg C, respectively. The situation was even worse under the 'fertilization as

recommended' scenario, because the increase in the amount of nitrogen fertilization

would lead to 10.1 Tg C or more net greenhouse gas emission. All these results

indicated that the application of synthetic nitrogen fertilizer could not be taken as a

feasible measure for the carbon sequestration of cropland soil.

Bradley et al. (2008) studied net global warming potential (GWP) and carbon

sequestration rates by cover crop {Secale cereale L.), manure and compost on a short-

term, in a corn-soybean (Glycine max L.) rotation with complete com stover removal

in America over a three year period. Manure and compost raised soil C levels in the

surface soil but not in the subsurface soil. Total soil organic C (SOC) in the surface

soil increased by 41 and 25 per cent for the compost and manure treatments



respectively and decreased by 3 per cent for the untreated check. Accordingly the net

GWP were also of -1811 and -1060 g CO2 yr ' respectively, compared to 12 g

COsm'^ yr"' for the untreated.

Kukal et al. (2009) studied two long term experiments involving application

of FYM and inorganic fertilizer in rice-wheat and maize-wheat cropping systems.

The results showed that in FYM plots, the SOC sequestration rate was higher in

comparison to NPK plots in both cropping systems. Further, the sequestration rate

was three times higher in rice-wheat than in maize-wheat cropping system.

Combined application of organic and inorganic fertilizers increased SOC

stock by enhancing biomass production and decreasing decomposition of soil CM.

For example, Srinivasarao et al. (2012) found regular application of biomass-C with

chemical fertilizer enhanced the SOC sequestration in central India by improving soil

quality and minimizing the depletion of SOC stock under continuous cropping.

From a nutrient study conducted in India, Benbi (2013) reported that balanced

usage of fertilizers could enhance SOC concentration by 6 to 100 per cent and C

sequestration by 20-600 kg ha"' yr"', while integrated nutrient management practices

could increase C by 100-1200 kg C ha"' yr"' with an enhanced SOC concentration of

17-132 per cent under various soil, crop and climatic conditions. Under rainfed

production systems, the carbon-sequestration potential of different nutrient

management practices ranged between 0.04 to 0.45 Mg ha"' yr"' (Srinivasarao et at.,

2014).

2.1.2. Legumes and plant residues

Enhanced crop management could sequester 258 MMT of SOC in 2040

(IPCC, 2000). Sudha and George (2011) experimented with crop residue surface

mulching in coconut gardens for a period of two years and found that this could

sequester organic carbon up to 1.37 per cent. Soil C sequestration to great depths

could be achieved by incorporating legumes in soil, which might be due to better

utilisation of soil water (Ganeshamurthy, 2011).



Benbi and Khosa (2014) reported that adding partially decomposed manures

and composts in the field could provide greater C stabilisation with longer residence

time than those with low C/ N ratio such as green manures.

2.1.3. Bio-char

Bio-char is gaining importance as a viable option of storing carbon

permanently. It is different from charcoal in the mode of usage, which is mainly for

atmospheric carbon capture and storage, and application to soil. Black carbon, having

aromatic structure, is resistant to decay and can therefore be stored as stable organic

carbon for a prolonged period within the soil (Kuhlbusch et al, 1996).

Lehmann et al. (2006) conducted a study with biomass-derived black C or

biochar with an aim to improve the stabilisation of added C in soil and he found that

upto 50 per cent of the initial biomass C could be sequestered through conversion of

plant material to biochar. Estimates suggest that around 0.05-0.20 Pg C yf' of black

carbon or charcoal are stored annually in soil (Kuhlbusch, 1998; Lehmann et at.,

2005 and Nguyen et al, 2008).

It has been shown that biochar has multiple uses. When added to soil, it could

significantly reduce greenhouse gas emission and increase carbon sequestration

(Lehmann et al, 2007) and also improve soil fertility (Rodriguez et al., 2009).

Biochar increased the mean residence time of soil organic C (OC) content and soil

fertility (Glaser and Amelung, 2009).

Durenkamp et al. (2010) illustrated bio-char as an excellent soil amendment

and easily accessible cheap source of organic carbon (OC) and it improved water

retention as well as microbial biomass carbon in soil. Globally, the technical potential

for C sequestration over a century through biochar application has been estimated as

130 Pg C (Woolf et al, 2010). A study of rice straw and biochar compost revealed

that organic source decomposition depended on the quantity of decomposable and

recalcitrant C pools (Benbi and Yadav, 2015). They also reported that biochar and
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rice straw compost with high MRT (1100- 2000 days) would lead to long term C

sequestration.

Plant-derived biochar could be a potential source of plant-available Si (Abbas

et al., 2017). The form of Si in biochar depends upon the producing temperature. At

low producing temperature (300 °C), Si in biochar mostly exists in amophous form,

whereas high producing temperature converts Si from amorphous to crystalline form

(Guo and Chen, 2014). Biochar from rice straw has higher plant available Si contents

than other feedstocks studied, such as miscanthus, sugarcane harvest residues, and

switch grass (Wang et al., 2018).

A very brief description on decomposition of plant residues and influence of

residue composition on it is reviewed hereunder:

2.1.4. Decomposition

The method of addition of plant residues to the soil affects the rate of

decomposition and buildup of organic matter reserves. The rate of decomposition

varies with depth of placement as depth affects temperature, aeration and moisture.

When left on the surface as mulch, it would be desiccated and decomposed more

slowly than when incorporated (Shield and Paul, 1973).

Jenkinson and Ayanaba (1977) opined that plant residue remaining on the soil

surface in the field could serve as carbon and energy sources for microbes and newly

formed humic compounds were less stable than the old ones, as the latter decomposes

at the rate of 1.5 - 2.0 per cent per year.

Decomposition is a key ecological process for maintaining the supply of most

essential plant nutrients. In natural ecosystems, nutrient recycling via decomposition

often accounts for more than 90 per cent of plant-available N and P and more than 70

per cent of K and Ca (Chapin et al, 2002). According to Sanderman et al. (2010)

three concurrent processes viz., fragmentation, leaching of soluble compounds and

microbial catabolism contribute to the process of decomposition.
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2.1.4.1. Residue composition and their influence on decomposition

Nitrogen rich fresh plant residues are decomposed more rapidly than N-poor

residues. Labile nutrients would make the residues more vulnerable to microbial

decomposition by supplying nutrients for microbes (Theng et al., 1989). Gusewell

and Gessner (2009) observed residues with different chemical composition had a

variable decomposition rate. Therefore, residue composition either by nutrient

content or different substrates (eg. lignin, cellulose and so on) in the residues could

affect its decomposition or by nutrient amendment in soil for plant uptake. Similar

results were also reported by Bengtsson et al., 2012.

2.1.4.2. Nature of residues

In general, fresh or green plant residues are decomposed rapidly by soil

microbes due to the difference in their chemical composition. Theng et al. (1989)

from their study found that fresh organic residues or labile constituents of SOM

decomposed within few weeks or months.

Zech et al. (1997) pointed out that different plant parts also differ in the

decomposition rate: for example, root xylem, epidermis and leaf veins rich in lignin

proved to be more resistant to decomposition.

According to Carreiro et al. (2000), first rapid decomposition occured in

nutrient poor especially in N poor, and easily decomposable substances such as

carbohydrates and cellulose through nutrient addition by removing nutrient limitation

for microbes. In later stage of litter decomposition when relatively recalcitrant

compounds were degraded, nutrient additions would suppress C decomposition.

Sridevi et al. (2003) studied the dynamics of C mineralisation and microbial

biomass in soil amended with residues and residue fractions like sorghum straw and

Glyricidia prunings and found that the peak rate of C mineralisation was immediately

following incorporation in case of sorghum straw, Glyricidia prunings and fibre

fractions of prunings whereas in fibre fractions of sorghum straw it reached peak only

after 10 days.
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The decomposition rate may be slower in fresh plant litter if there is a lack of

macronutrients, such as N, P and S. Decomposition of organic matter was affected by

its biochemical composition - i.e. sugars, cellulose, hemicelluloses, lignin and so on

(Comwell et al, 2008). Carrillo et al. (2011) opined that decomposition of plant

residues was also affected by variation in the substrate quality of the residues,

environmental factors and availability of decomposing community in the system.

Similar results were also reported by Alamgir et al., 2012.

2.1.4.3. Elemental stoichiometry

Jama and Nair (1996) observed a slower decomposition rate in the second

phase of Leucaena leucocephala and Cassia siamea mulch decomposition due to

higher C: N ratio of 36 and 31, respectively whereas the initial C; N ratio was 18.9

and 23.4, respectively. It is expected that decomposition of organic material and N

release would be rapid if the C: N ratio is below 20 or N concentration in organic

matter is above 2.5 per cent (Datta and Devi, 2001). Stevenson and Cole (1999)

reported that decomposition of organic materials was accelerated at C:N and C:P

ratios of less than 20 and 200 respectively and was reduced at higher ratios.

As decomposition of organic residues is the result of microbial enzymatic

action and enzyme production requires nutrients, the elemental composition of

organic residues {i.e. elemental stoichiometry) may have a significant impact on the

decomposition rate (Schimel and Weintraub, 2003; Leitner et al., 2012). Plants could

fix a greater amount of C through photosynthesis by increasing atmospheric CO2,

thereby resulting in higher C :N or C:P ratios of plant components (Dodds and Martin,

2004).

Microbial decomposition processes seem to be limited by N when the N:P

supply ratio is low and by P when the N:P supply ratio is high. The N:P ratio of litter

is a useful parameter to determine the relative importance of bacteria and fungi in the

decomposition process where low N:P ratio promotes bacteria and high N:P ratio

promotes fungi. Thus, the N:P ratio of the crop residues seem to be a vital factor in
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decomposition. Gusewell and Gessner (2009) reported that the N:P ratio of plant

biomass could vary with variation in N and P supply ratio in the system and this N:P

ratio of plant litter might indicate whether N or P limits the decomposition rate.

Moreover, biomass production was positively related to the N and P supply rates in

the system while microbial decomposition rates depended on N and P content of plant

residues.

Elemental stoichiometry or C:N:P ratios could act as quality indexes of

decomposing organic matter in different ecosystems (Hattenschwiler and Jorgensen,

2010). These ratios indicate the relative abundance of nutrients considered and some

thresholds have been established where decomposition readily occurs (Manzoni et al.,

2010). Residue stoichiometry can be changed by varying atmospheric CO2

concentration and soil nutrient availability.

The initial N content of plant residues is one of the vital factors for

accelerating or inhibiting residue decay by microbes in soil. Usually, the

decomposition rate of plant litter is primarily regulated by its N concentration

(Sardans et al., 2012). It is well documented that the activities of extracellular C-

acquiring enzymes such as cellulases and amylases were limited by N supply and N

availability in plant residues with low C: N could enhance the activities of these

enzymes (Berg, 2000; Leitner et al., 2012). There is strong positive correlation

between P concentration of residues and decomposition of organic materials.

Generally, plant material with high P concentration (> 5 mg P kg"') decompose faster

than that of low P concentration because these plant residues contain enough P (and

N) to satisfy the P and N demand of the microbes which have low C:N and C:P ratios

(Alamgir et al., 2012). Plant materials poor in P concentration (high in C:P ratio)

often show slow decomposition in soil with low P levels.

2.1.5. Cropping intensity and distribution of SOC

Gupta and Rao (1994) reported that OC stock of surface to subsurface depth

of 186 cm in the soils is 24.3 Pg. Integrated nutrient management with legumes and
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cover crops in the cropping systems resulted in increasing SOC density and

distribution of SOC in the subsoil (Lai, 1997).

Plant production and patterns of biomass allocation strongly influenced

relative distribution of C with soil depth (Jobbagy and Jackson, 2000). The deeper in

the soil profile, the older stored SOC is likely to be. They also reported that both

oxidisable and total organic carbon significantly decreased with depth in all the land

uses which might be due to the decreasing input of surface litter.

Fontane et al. (2007) proposed an increase of mean residence time of SOC of

upto 2000 - 10000 years for depths beyond 20 cm which reduced the microbial

activity and SOC turn over at greater depths. Alvaro-Fuentes and Lopez (2008)

compared the effect of tillage treatments such as conventional, reduced and no tillage

on the SOC content in various depths of the soil. They reported that the lowest SOC

concentration values corresponded to conventional tillage in surface layer whereas at

deeper depths it recorded higher values.

Benbi and Brar (2009) observed that the intensive rice-wheat cropping in

Punjab could improve SOC concentration in the surface (0-20 cm) soil by 38 per cent

over the 25 year period from 2.9 g kg"' to 4.0 g kg"\ On the other hand, Lu el al.

(2009) from their study reported the average sequestration rate was 157 and 198 kg C

ha yf' with double crop in the north and south China. These values were lower than

the average rates of 225 and 390 kg C ha yf' in the north east and north west China

which were of single-crop regions. Luo et al. (2010) conducted a meta analysis on the

SOC response to change in tillage practices and illustrated that an increase in

cropping intensity and crop species could enhance SOC sequestration.

The influence of tree species such as Leucaena, Dalbergia, Acacia sps, on

organic matter and nutrient content of soil in varying depths of sub montane zone of

Punjab were evaluated by Singh and Sharma (2012) and they reported that OC and

nutrient contents decreased with increase in depth irrespective of tree species.
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Available nitrogen and micronutrients were higher in soil under subabul in the

surface soil as well as whole soil profile.

Datta et al. (2015) studied the effect of horticultural land uses on soil

properties and organic carbon distribution in a reclaimed sodic soil and found that in

all the land uses, with increase in depth, there existed a significant decrease and

increase in active and passive pools of carbon.

2.2. SOIL CARBON POOLS

The total SOC pool size in Indian soil is about 24.3 Pg (Gupta and Rao,

1994). Certain fractions of soil organic carbon are more important in maintaining soil

fertility and are, therefore, more sensitive indicators of the effects of management

practices compared with the soil TOC (Cambardella and Elliott, 1992; Freixo et al.,

2002).

The total SOC consists of (i) labile or active pool and (ii) non labile or

resistant /recalcitrant or passive pool with varying residence time. Labile C pool is the

fraction of SOC with rapid turnover rates which serves as the energy source for the

microbes and thus influences nutrient cycling for maintaining soil quality and its

productivity.

Mandal et al. (2008a) demonstrated that management of soil could have a

significant impact not only on the total organic carbon (TOC) content of arable soils

but also on the proportion of SOC fractions present. However, TOC might not be

sensitive to changes in soil quality resulting from soil management practices after a

relatively short time.

As soil organic carbon is a heterogenous mixture of organic substances, the

different forms or fractions of SOC might have different effects on soil fertility and

quality. Physical fractionation of SOM according to size and/ or density is considered

useful for the study of its functions and turnover in soil. Particulate organic matter

representing uncomplexed organic matter such as plant residues in various stages of

decomposition along with microbial biomass and microbial debris had been shown to
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be a sensitive indicator of management effects on SOC (Benbi et al., 2012). They

also quoted that in rice -wheat system, application of organic amendments influenced

light fraction organic C (LFOC) or POC to a greater extent than the sand sized heavy

fractions (HF) and silt and clay sized mineral associated organic C (Min OC) and

these represented active, slow and passive pools of SOC respectively. Particulate

organic matter (POC) constituted 23- 34 per cent of SOC and majority of SOC (46-

68%) was associated with the silt and clay fraction.

Sulaiman (2017) found that after 20 years of long term fertilizer experiment at

Pattambi, the percentage contribution of each pool to total soil organic carbon in

paddy soils was in the order: passive (55%) > slow (36%) > active (9%).

2.2.1. Active pool

Active pool of soil carbon refers to the accumulation of carbon in labile form

with short residence time. Estimates of microbial biomass carbon (MBC) in wetland

soils (Marumoto, 1984) exhibited higher ratios to total soil C (4-8%) than that

reported for upland arable lands (Jenkinson, 1981).

Parton et al. (1987) observed that active pools of SOC consisted of living

microbes and microbial products along with soil organic carbon with a short turnover

time (1 to 5 years). Nannipieri et al. (1990) pointed out that the living soil organic C

pool or MBC, another important component of the active SOC and soil enzyme

activity is an index of functional microbial activity. Goyal et al. (1994) reported that

biomass C in the soil was considerably higher, 90 days after incorporation of wheat

straw than the initial level. MBC is recognised as sensitive indicator of cultivation -

induced changes in both SOC and biological properties of soil quality and soil health

(Karlen et al, 1997). Microbial biomass has been assigned important role in rice soils

as a nutrient pool, driving force of nutrient turnover and early indicator of soil/ crop

management (Shibahara and Inubushi, 1997). Total MBC may be larger in flooded

soils because of the development of the aquatic microbial community.The pool size

of microbial biomass carbon in rice soils accounts for only 2-4 per cent of total C that
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represents an important and most labile fraction of SOM and this pool is turned over

very rapidly (Reichardt et al., 1997).

The capacity of a soil to supply nutrients is often defined by the proportion of

total soil organic carbon that is labile. The active or labile fraction consists of smaller

pools that can be readily utilized by micro-organisms. A decline in active fractions of

C and N after long-term cultivation of soil leads to depletion of soil fertility through

reduction of labile sources of nutrients, faster decomposition and lower bio-available

nutrients. This fraction originates from new residues and living organisms (including

micro-organisms) and turnover generally occurs within 2-3 years and represents only

1-5 per cent of total soil organic matter (Curtin and Wen, 1999). However, since this

soil fraction is more sensitive to changes in management practices, significant

differences can generally be measured earlier than in the larger, more stable pools.

Datta et al. (2001) reported that the content of biomass carbon was the

highest under organic treatment followed by integrated nutrient management in

French bean grown soil in acid Alfisol. Lupwayi et al. (2005) applied cattle manure,

hog manure or inorganic fertilizers annually or triennially in field trials conducted at

two sites over 3 years along with a control treatment without manure or fertilizer.

Canola (Brassica napus) was grown in year 1, hulless barley (Hordeum vulgare) in

year 2 and wheat (Triticum aestivum) in year 3. Cattle manure increased MBC by 26

per cent to three-fold, hog manure by 31 per cent to two-fold and inorganic fertilizers

reduced MBC by 20-64 per cent. Similar effects, except the reduction by inorganic

fertilizers, were observed for functional diversity of soil bacteria and Shannon

index, H.

Stabilized fraction is composed of organic materials that are highly resistant

to microbial decomposition and hardly serves as a good indicator for assessing soil

quality and productivity (Majumder et al., 2008). Active carbon fractions are energy

sources for the soil food web and thus influence nutrient cycling (Chan and Xu,
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2009). Moreover, the labile fractions of SOC respond rapidly to changes in C supply

and are considered to be important indicators of soil quality.

Nakhro and Dkhar (2010) worked on the impact of organic and inorganic

fertilizers on microbial populations and biomass carbon in paddy field soil. Results

showed that the organically treated plot recorded the maximum microbial population

counts and MBC, followed by the inorganically treated plot and control. The

application of organic fertilizers increased the OC content of the soil and thereby

increasing the microbial counts and MBC while the reverse happened with the use of

inorganic fertilizers although it increased the soil's NPK level which could be

explained by the rates of fertilizers being applied.

Basak et al. (2012) studied the comparative effectiveness of value added

manures on soil carbon pools and CO2 emission in an Inceptisol and they found that

mineralisable C increased with combined application of value added manures and

chemical fertilizers which might be due to increased plant growth and biomass

production including greater root biomass.

An experiment was conducted during Kharif season by Khursheed et al.

(2013) to ascertain the response of different organic sources viz., wheat straw, farm

yard manure (FYM), vermicompost and poultry manure to rice {Oryza sativd) and

also to monitor the effect of manuring on soil carbon pools. Application of poultry

manure and vermicompost along with chemical fertilizers for supply of nitrogen,

phosphorus and potassium (NPK) resulted in highest grain yield. Soil carbon, labile

carbon and water soluble carbon contents also improved with application of organic

sources of N.

2.2.2. Slow pool

Cambardella and Elliott (1992) isolated the particulate organic matter (POM)

in soil which is more sensitive to soil management practices than total soil organic

matter (SOM). Particulate organic C (POC) representing the slow pool of SOC is a
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sensitive indicator of soil management effects on SOC, particularly in the upper soil

layer (0-10 cm) (Elliott et ai, 1996).

Hassink (1997) from his study showed a more stabilised SOM fraction than

the POC, termed as min-C (mineral associated carbon), a fraction chemically

stabilised on silt and clay surfaces and less sensitive to soil management. Lai et al.

(1998) concluded that soil fertility/nutrient management practices on cropland could

enhance the SOC pool from 50 to 150 kg ha"' yr"'. Soil water soluble carbon and light

fraction organic carbon (LFOC) responded more rapidly under different tillage and

stubble treatments. Hence potentially they are the most sensitive indicators of

agricultural management - induced changes than soil TOG. The use of organic

manures and compost enhanced the SOC pools more than the application of the same

amount of nutrients as inorganic fertilizers (Gregorich et al, 2001).

The chronic fertilizer additions increased the turnover of labile soil carbon

pool (Neff et al, 2002), compounds that were derived from recent additions and

important for increasing soil carbon pools over time. Different pools of soil C

changed rapidly in response to land use change and contributed to nearly 20 per cent

of greenhouse gas emissions (UN REDD 2009). John et al (2005) reported that the

POM contributed approximately 13 per cent in fields, 14 per cent in grassland and 52

per cent in forest to the total SOC stored in the A horizon. Sophi et al (2012) studied

the soil organic pools in apple orchards of Kashmir at different depths and found that

total soil organic carbon, labile soil organic carbon, microbial biomass carbon

decreased significantly at lower depths while particulate soil organic carbon pool

showed a reverse trend.

2.2.3. Passive pool

Galdo et al (2003) found that most of the relatively recalcitrant C was

associated with micro-aggregates in the silt and clay fraction, indicating more

pennanent C sequestration. Under long periods of soil submergence in rice
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cultivation, formation of passive pools of SOC was promoted to a tune of 29 per cent

of stabilized recalcitrant C pools (Mandal et ai, 2008b).

Verma et al. (2010) found that organic amendments with wider C: N ratio had

more impact on relatively stabilized fractions of SOC, while the same with narrower

C: N ratio exerted more impact on the active fractions of SOC. In a study to assess

the impact of land-use change on soil carbon sequestration in agricultural soils,

Benbi et al. (2012) reported that the POM had wider C/N ratio and the ratio narrowed

down as the SOM fractions degraded into finer particle size suggesting that the crop

and organic matter derived C would be first transferred to POM which on

decomposition could get stabilised into silt and clay sized fractions.

2.3. SOIL QUALITY AND CARBON SEQUESTRATION

Soil organic matter, an indicator of soil quality due to its nutrient sink and

source character could improve soil physical, chemical and biological properties

(Salazar et ai, 2011).

2.3.1. Soil physical properties

Whalen and Chang (2002) reported that manure application promoted the

formation and stabilization of soil macro aggregates. Incorporation of organic matter

either through crop residues or organic manure improved the SOC, soil structure and

water retention capacity and decreased bulk density (Liu et at., 2003).

Biochar can act as a soil conditioner, enhancing plant growth by supplying,

more importantly, retaining nutrients and by providing other services such as

improving the physical and biological properties of soils (Lehmann and Rondon,

2005; Glaser and Amelung, 2009). The improvement of physical properties of soil by

aggregation was also proposed to explain the strong SOC sequestration in paddy soils

(Zhou et at., 2008).

Tweeten et al. (2009) worked on the possibilities and constraints for

consideration of organic agriculture within carbon accounting system and found that
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carbon sequestration through soil organic amendments improved soil tilth, nutrient

release and moisture holding capacity.

2.3.2. Soil chemical properties

Kaleemulla (1984) conducted a manurial study in Alfisol at Bangalore and

found that relatively higher available nitrogen content was observed in FYM applied

plot compared to the plots treated with N alone and no fertilizer treatment. Kumar

and Singh (1997) noted that application of FYM @ 10 t ha"' to both wheat and rice

crop increased available N and P status of soil over no application of FYM and initial

value. The available potassium status was found to be declined with FYM application

as compared to initial values.

Duraisami et al. (2001) reported that inorganic N along with other sources

applied to soils registered significantly higher available N than the inorganic N source

alone in soils.

Selvi and Selvaseelan (2003) pointed out that continuous application of

inorganic nitrogen increased the available nitrogen content of soil and this was more

pronounced when applied along with P and K. Immobilization of N could also lead to

maintenance of definite levels of available N under the addition of organic matter and

crop residue management. Similar results were also published by Mairan et al., 2005.

Kumar and Prasad (2008) found that the application of crop residues along with FYM

and green manure significantly increased the available N content of soil.

Behera and Singh (2009) noticed that the highest P was achieved under 100

per cent NPK+FYM treated plots than the plots where inorganic fertilizers were

applied alone.

Dhull et al. (2010) worked on the effect of chemical fertilizers and organic

amendments on soil chemical and microbiological properties over a period of 3 years.

Soil organic carbon and total N increased in treatments receiving a combination of

organic amendments and different doses of chemical fertilizers compared to soils
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receiving chemical fertilizers alone. Mineral N and available P in the soil were

greater with the integrated use of chemical fertilizers and organic inputs. Microbial

biomass carbon increased significantly with the combined application of chemical

fertilizers and organic amendments, in comparison to soils receiving chemical

fertilizers alone. The results indicated an improvement in soil organic matter,

microbial activities and crop yields due to the use of chemical fertilizers along with

organic manures. Such positive effects of organic inputs could help in maintaining

organic matter level and sustain good crop yields over a period of time without

deteriorating soil health.

Glyricidia leaves mixed in the soil before crop sowing serve as soil mulch,

manure, provides nutrients as well as water during intermittent drought spells

(Srinivasarao et al., 2011). Ge et al. (2011) reported that increasing soil organic

matter content improves soil fertility; however, conventional farming practices

generally lead to a reduction in such organic material. A comparative study of organic

and conventional arable farming systems was conducted in China to determine the

influence of management practices on soil chemistry, microbial activity and biomass.

Organic production systems significantly improved soil microbial characteristics and

increased soil organic C, thus improving soil quality and fertility.

Dong et al. (2012) observed substantial increase in SOC, available N, P and K

under organic manure and NPK treatments in red soil regions of southern China.

Application of FYM showed a significant increase in major nutrient concentration of

soil by mineralisation and release of these elements from reserve source of FYM

(Ghosh et al., 2012). Total organic carbon (TOC), soil microbial biomass carbon

(SMBC), available N, P and K status of the soil were maximum when 50 per cent

recommended dose of NPK was applied through inorganic and remaining 50 per cent

through poultry manure (Kumar et al., 2012).

Jien and Wang (2013) found that biochar application improved the physico-

chemical and biological properties of highly weathered soils. Soil pH increased
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significantly from 3.9 to 5.1, CEC from 7.41 to 10.8 cmol (p^ kg"', base cation

percentage from 6 to 26 per cent and microbial biomass carbon from 835 to 1262

mg kg"'.

2.3.3. Soil biological properties

High rates of N-fertilization caused a reduction of soil microbial biomass

which might be attributed to fertilizer-induced acidification, unfavourable for

microbial growth (Smolander et al., 1994).

It has been well-documented that more biologically active soils are

characterized by higher microbial biomass leading to enhanced soil enzyme activities

and soil respiration (Doran et al., 1996). Apama (2000) reported that application of

organic amendments such as vermicompost in combination with lime and fertilizers

recorded higher activities of dehydrogenase, urease, phosphatase, protease and

cellulase in an alluvial soil than that of FYM or green leaf manure. The increase in

dehydrogenase and phosphatase activities with increasing dose of chemical fertilizers

as well as organic amendments were reflections of organic matter build up which led

to an increase in microbial activities (Pascual et al, 2002).

Goyal et al. (2006) worked on soil organic matter level, microbial biomass C

and N, mineralizable C and N and dehydrogenase activity in soils from a field

experiment under rice-barley rotation receiving inorganic fertilizers and a

combination of inorganic fertilizers and organic amendments. The amounts of soil

organic matter and mineralizable C and N increased with the application of inorganic

fertilizers. Microbial biomass C and N increased significantly with the addition of

organic along with inorganic fertilizers (536 mg kg"') than unfertilized soil (241 mg

kg"'). The results indicated that improvement in organic matter, microbial activities

and crop yields due to use of inorganic fertilizers along with organic manures could

help in sustaining the long-term productivity of the soil. Therefore, soil fertility build

up was essential to improve soil organic carbon and enliance crop yield (Stark et al.,

2007).
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Saha et al. (2008) found that activity of urease was significantly higher in

plots under control followed by NPK + FYM treated plots in a long term fertility

experiment. On the other hand, Dinesh et al. (2008) worked on the influence of short

term incorporation of organic manures and biofertilizers on biochemical and

microbial characteristics of soils under an annual crop (turmeric) and concluded that

application of organic manures and biofertilizers positively influenced microbial

biomass carbon, nitrogen mineralization, soil respiration and enzyme activities. The

findings imply that even short tenn incorporation of organic manures and

biofertilizers promoted soil microbial and enzyme activities and these parameters are

sensitive enough to detect changes in soil quality.

Xie et al. (2009) reported that the application of inorganic fertilizers had fairly

less effect on the dehydrogenase activity of soil enzymes than organic fertilizers.

Dehydrogenases play a major role in the biological oxidation of SOM by transferring

hydrogen from organic substrates to inorganic receptors (Zhang et al, 2010).

As per the findings of Singh et al. (2010) microbial population, microbial

biomass C and N served as good indices of soil health on the basis of results of long

term experiments in a rice-rice cropping sequence. Katkar et al. (2011) reported that

the biological parameters viz., soil microbial biomass carbon, soil microbial biomass

nitrogen and dehydrogenase activities were highest in the plots with application of

100 per cent NPK + FYM compared to 150 per cent NPK through chemical fertilizers

without organics. Soil microbial biomass C was found to increase by 24.1 per cent

with the integrated use of 100 per cent NPK and FYM than with 100 per cent of NPK

fertilizers alone (Bhatt et al., 2015).

Sarma et al. (2017) in an incubation study to find the response of enzymes

and carbon mineralisation to applied organic amendments like FYM, vermicompost

and biochar in acidic sandy loam soil found that vermicompost and FYM application

recorded enhanced activities of soil enzymes such as urease, phosphatase and

dehydrogenase and C mineralisation rate while biochar application noted higher C
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half-life and soil pH. Thus addition of biochar in acid soil would be a sustainable

option to reduce the C mineralisation and also to maintain nutrient status of sandy

loam soils.

2.4. INTEGRATED NUTRIENT MANAGEMENT AND CROP

PRODUCTIVITY

Swarup (1998) indicated that integrated application of both chemical

fertilizers and organic manures has a promising effect not only for sustaining higher

productivity but also in intensive farming systems for providing maximum stability to

crop production. Application of 10 t FYM ha ' significantly increased the grain and

straw yields of rice and wheat (Singh el al., 1999).

Combined application of chemical nitrogen fertilizer and organic manures like

FYM or Sesbania resulted in higher rice grain and straw yield compared to the

treatment where nitrogen fertilizer as urea alone was applied (Ram and Saha, 1999).

Sharma et al. (2000) observed that green manuring along with 40 kg N ha"' in

rice produced highest grain and straw yields than application of green manure alone

or over dose of 120 kg N ha''.

The highest plant height, number of tillers per hill, leaf area index and dry

matter production was observed in in situ incorporation of daincha plots (Hemalatha

et al, 2000). Combined application of NPK through inorganic fertilizers + organic

manures (FYM or Sesbania) produced significantly higher yield in rice and wheat

than those supplied under the application of 100 per cent NPK through chemical

fertilizers alone. It was found that FYM produced highest grain yield of rice when

compared to other organics such as rice straw, green manure and succeeding wheat

crop (Singh et al, 2001; Yaduvanshi, 2001).

Mendhe et al. (2002) reported that increase in nitrogen levels up to 150 kg N

ha"' increased the number of panicles, 1000 grain weight and grain yield. On the other
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hand, Pramanik et al. (2004) documented that plant height and total number of tillers

per hill of rice were significantly higher in daincha applied plots.

Manna et al. (2005) studied the long term effect of fertilizer and manure

application on soil fertility, organic carbon storage and crop yield of some sub humid

tropical soils and opined that the application of N alone or with P led to decline in

soil biomass carbon and nitrogen, which improved with the addition of N, P, K or

NPK+ FYM. In Punjab, Benbi and Chand (2007) reported that increase in SOC pool

by 1 Mg C ha"' increased the yield of wheat by 15 to 33 kg ha"', while Srinivasarao et

al. (2014) found an increase of 160 kg ha"' for rice and 145 kg ha"' for soy bean. They

also found that application of chemical fertilizer increased SOC sequestration rates

more in double crop than in single crop regions.

Regular applications of manure on rice, wheat and maize rotation increased

the SOC concentration and grain yield in China (Zhang et al., 2009). A pot

experiment was set up by Xinjian et al. (2009) to investigate the effects of different

organic fertilizers on soil microbial biomass and yield of groundnut. The results

showed that economic and biological yields of groundnut were improved by applying

fertilizers. It was found that certain microbial population increased by application of

various organic fertilizers compared with treatments of inorganic fertilizer. Also the

application of different organic fertilizers improved microbial biomass though to

different degrees. Therefore, it can be concluded that different organic fertilizers

affected both soil microbial biomass and diversity trait.

A field experiment was conducted by Babu et al., (2010) during Rabi season

of 2008-09 on clay loamy soil under long term organic manorial trial at TNAU,

Coimbatore, to study the effect of green manure and different sources of organic

manures on yield and soil chemical properties of rice. Green manure incorporation

along with poultry manure application resulted in higher soil available N, P, K status

and increased uptake.
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Organic mulches provide better soil water status and improved plant canopy

in terms of biomass , root growth , leaf area index and grain yield which subsequently

resulted in higher water and N uptake and improved their use efficiencies

(Chakraborty et al., 2010). Incorporation of green manure in situ, vermicompost and

poultry manure decreased the soil electrical conductivity, pH and increased the

organic carbon content of soil compared to all other combination of treatments

(Deshpande and Devasenapathy, 2010).

A field experiment to evaluate soil organic carbon and maize grain yield

under different soil amendments and cropping systems was conducted in 2006 and

2007 at the Soil Research Institute, Ghana. It was observed that poultry manure +

chemical fertilizer produced the highest range of SOC (1.14-1.37%) and the least

(0.98-1.28%) in control plots. Plots amended with chemical fertilizer alone or in

combination with poultry manure out yielded the control in maize grain yield (Logah

et a/., 2011).

Adebayo et al. (2011) worked on assessment of organic amendments on

vegetative development and nutrient uptake of Moringa oleifera L. and results

indicated that treatments significantly affected (p <0.05) growth parameters, except

stem girth. Cow dung application significantly had higher number of leaves and also

recorded higher plant height throughout the observation period. Dry matter

accumulation was also influenced by organic amendment. Significant higher stem,

leaf and root dry weights were recorded under cow dung application.

Yan et al. (2011) worked on the role of chemical and organic fertilizers on

yield, yield variability in rice and soil carbon sequestration and concluded that use of

organic fertilizers increased soil organic matter and soil fertility and consequently

resulted in a higher yield trend when compared to balanced chemical fertilizers. Long

term use of organic fertilizer also contributed to carbon sequestration by favouring

root development.
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2.5. WETLAND RICE SOIL AS CARBON SINK

The rate of soil organic matter decomposition is lessened in submerged rice

soils, apparently due to excessively reduced conditions (Jenkinson, 1988).

Kobak et al. (1998) estimated C sequestration in wetlands/ peat soils since

the post-glaciation period and it was found C accumulated at the rate of 0.1 Pg C yr'

over 10,000-18,000 years. However, drainage of peat lands and their subsequent

cultivation made these ecosystems a net source of CO2. It was estimated that different

kinds of wetlands contain 350-535 Gt C, corresponding to 20-25 per cent of world's

soil organic carbon (Gorham, 1998). However, long term storage is often limited by

rapid decomposition processes and release of C to the atmosphere from paddy fields.

Hence, wetlands are dynamic ecosystems where significant quantities of C may also

be trapped and stored in sediments.

The rate of SOC sequestration on cropland by adopting improved systems of

crop management ranges from 0.02 to 0.76 Mg C ha"' yf' and 0.25 to 0.5 Mg C ha '

yr"' for rice land management (Lai, 2000; IPCC, 2000). The soil CO2 efflux generally

increased with temperature (Fang and Moncrieff, 2001).

Jarecki and Lai (2003) reported for rice, the potentials of SOC sequestration

as 401 kg C ha"' yr"'. Despite the known importance of wetlands in global carbon

budgets, the lack of systematic studies and adequate models, and limited information

on their carbon turnover rates and temporal dynamics, has probably led to an

underestimation of their relevance to global and regional levels, to the point that they

were typically omitted from large-scale assessments (Trettin and Jurgensen 2003).

The methane efflux from the lateritic soils of Kerala is generally low, to the tune of

1.64 mg m"" hr"' during the first crop season and 3.5 mg m"* hr"' during the second

crop season and emission pattern revealed evening peaks (Mathew, 2003).

Kolar et al. (2006) reported that high SOM content with a high TOG value in

permanently waterlogged soils could be blocked in inert form by the limited

mineralization process. On the other hand, the reduction of TOG under critical limit
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affected soil properties and productivity negatively and hence balanced organic

matter turnover is necessary for sustainable ecosystems (Stewart ei at., 2008).

Prolonged submerged soil conditions stimulated SOM accumulation and C

sequestration in wetland soils and sediments. (Pampolino et at., 2008) studied the

land use transitions (between C3 and C4 systems ) using stable isotopes '^C and found

that areas under C3 had approximately 124 per cent more soil carbon than C4, while

SOC concentrations were 37.3 and 14.8 g Mg C kg"' respectively.

Joseph (2010) found that the methane emission production from rice field

under continuous flooding was more (0.19 to 1.92 kg ha"' day"') than aerobic

cultivation (0.12 to 0.27 kg ha"' day"').

2.6. NUTRIENT MANAGEMENT AND GHG EMISSION

The management practices adopted in rice farming are keyfactors for the

greenhouse gas emission. Shalini et at. (1997) reported that the physiology of rice

plants regulated methane emission by making available sources of methanogenic

substrates through carbon in the roots, including exudates, and also by transporting

CH4 through aerenchyma. Several studies have confirmed variations in the emission

levels of different rice cultivars (Ghosh et at., 1995; Dong et at., 2013).

Use of fertilizer has gained importance in increasing crop production but the

negative aspect is the aggravation of methane emission. Govaerts et at. (2006)

reported that increased percentage of easily decomposable organic matter in soil

could lead to higher evolution of CO2. Application of biochar could significantly

reduce greenhouse gases emission from flooded rice soils (Haefele, 2007). The

aromatic nature and presence of highly stable C in biochar provided resistance to

microbial mineralisation thereby reducing the CO2 emission from soil (Novak et at.,

2010; Lehmann et at., 2011).

Methane and nitrous oxide emission are impacted directly by water

management and fertilizer application respectively.The mineralisation rate of SOM
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and CO2 emission varied according to the nature and composition of the organic

amendments, rate of application and soil type (Luo et al., 2011; Case et al., 2012).

Khosa et al., (2012) studied the effects of organic materials on methane

emission from straw, farmyard manure, green manure, and rice-straw amended plots

over two farming seasons. The emission was higher from all plots except rice-straw

compost amended plots. This might be due to the effect of carbon (C): Nitrogen (N)

ratio of the material.

Sampanpanish (2012) assessed the impact of organic and inorganic fertilizers

on the emission levels of carbon dioxide (CO2), methane (CH4), and nitrous oxide

(N2O) and found that emission from chemical fertilizers were higher when compared

with organic fertilizers. Linguist et al. (2012) found that CH4 emission from farmyard

manure increased by 26 per cent when compared with urea applied at the same rate.

Green manure (Sesbania) also increased CH4 emission by as much as 192 per cent

and many research works showed that different green manure species varied in CH4

emission. The study also showed lesser doses of inorganic fertilizers (upto 75 kg N

ha"') increased CH4 emission while higher application rates (249 kg N ha"') decreased

emission. Nungkat and Kusuma (2015) agreed with the above results and in their

study to determine the effects of the use of organic manures on methane emission

from rice fields in Indonesia, they foimd no correlation between the use of organic

fertilizers and methane emission.
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3. MATERIALS AND METHODS

The present study entitled "Carbon sequestration and soil health under

different organic sources on soil health" was carried out in rice crop for two

continuous seasons in 2015-16 in Thrissur district of Kerala. The study was carried

out in three phases as given below:

1. Effect of combined organic and inorganic sources on carbon stock and soil

health

2. Evaluation of greenhouse gas flux from cultivated and fallow wetlands

3. Soil profile characterisation of cultivated and fallow wetland

3.1. EFFECT OF COMBINED ORGANIC AND INORGANIC SOURCES ON

CARBON STOCK AND SOIL HEALTH

3.1.1. General experimental conditions

3.1.1.1. Location

The experiment was conducted at farmer's field in Varadium of Thrissur

district during 2015-16. The field is located at 10''31'49" N latitude and 76°12'53" E

longitude and at an altitude of 10 m above MSL. The soil of the experimental site was

sandy clay loam in lateritic lowland region.

3.1.1.2. Climate

The annual rainfall in this area is normally around 3000 mm, 70 to 75 per cent

of which is received from the South West Monsoon, coinciding with the first crop

season (Virippu) of June- September; 15 to 30 per cent from the North East Monsoon

during the second crop season (Mundakan) from October to January and the rest

during summer months. In the experimental season in 2015- 2016, the temperature

ranged from a maximum of 35.5°C during April -May 2015 to a minimum of 19.9°C

during December - January 2016. The relative humidity varied from a minimum of

75 to 80 per cent during the summer months to around 97 per cent during July-
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August. Highest total evaporation of 159.40 mm was recorded during January, while

the lowest during June (77.00 mm).

3.1.1.3. Cropping history

The cropping sequence of the experimental field during the preceding years

was rice- rice - fallow. Generally the first crop is taken as direct seeded crop followed

by a transplanted one.

3.1.2. Experimental methods

3.1.2.1. Design

The experiment was taken up during Virippu (Kharif) season of 2015-16 and

continued thereof in the Mundakan (Rabi) season using five organic sources in

combination with an inorganic nitrogen source destined to yield nitrogen at four

different levels. The organic sources were farmyard manure (FYM), Artocarpus sp.

(ART) leaves, daincha (DNC), rice husk biochar (RHB) and no organic manure

(NOM). The inorganic nitrogen source, urea was applied at different levels viz., 0,

35, 70 and 105 kg N ha"' represented as No, Ni, N2 and N3 respectively. The design

used was factorial RBD with twenty treatments and three replications. The treatment

details are as follows (Table 1).

3.1.2.2. Variety

Jyothi, a short duration variety of 105- 110 days duration, tolerant to brovm

plant hopper and rice blast was used for the study.

3.1.2.3. Layout of experimental field

The lay out of the field was done as shown in Fig.2.

3.1.2.4. Land preparation

The experimental area was ploughed well and plots of 5m x 4m were prepared

by constructing bunds of 30 cm width. Irrigation channels (20cm width) were

provided between each plot (Plate 1). Representative samples of soil and organic

sources such as FYM,
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Table 1. Treatment combinations

Si.No. Treatments Details of treatments

1 T, No organic manure + 0 kg N ha"'

2 T2 No organic manure + 35 kg N ha"'

3 T3 No organic manure + 70 kg N ha"'

4 T4 No organic manure + 105 kg N ha"'

5 Ts Farmyard manure @ 5t ha"' + 0 kg N ha"'

6 T6 Farmyard manure @ 5t ha"' + 35 kg N ha"'

7 T7 Farmyard manure @ 5t ha"' + 70 kg N ha"'

8 Tg Farmyard manure @ 5t ha"' + 105 kg N ha"'

9 T9 Artocarpus sp. @ 5t ha"' + 0 kg N ha"'

10 Tio Artocarpus sp. @ 5t ha"'+ 35 kg N ha"'

11 Tn Artocarpus sp. @ 5t ha"' + 70 kg N ha"'

12 T,2 Artocarpus sp. @ 5t ha"' + 105 kg N ha"'

13 T,3 Daincha @ 5t ha"' + 0 kg N ha"'

14 Ti4 Daincha @ 5t ha"'+ 35 kg N ha"'

15 Ti5 Daincha @ 5t ha"' + 70 kg N ha"'

16 Ti6 Daincha @ 5t ha"'+ 105 kg N ha"'

17 Ti7 Rice husk biochar @ 5t ha"' + 0 kg N ha"'

18 T,8 Rice husk biochar @ 5t ha"'+ 35 kg N ha"'

19 T,9 Rice husk biochar @ 5t ha"' + 70 kg N ha"'

20 T20 Rice husk biochar @ 5t ha"' + 105 kg N ha"'
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Ts II T,8 16 14 Tt

14 20 Ti Ts Tn 17
N

Tt T2 10 T4 T,5

T9 15 T6 17 19 Tio

T,9 T,2 T,3 T4

Ti3 T20 T7 T9 T20 T,3

10 T, 14 Ts T3

Ts T,6 18 11 T,6 T9

Tt2 T3 T6 T,9 T, T,s

17 T,5 T2 T,2 Ts

Hg. 2. Layout of experimental field
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Artocarpus, daincha and RHB were collected and tested for nutrient content (Tables 2

and 3). The organic amendments were applied @ 5t ha"' at the time of land

preparation and they were incorporated into the plots 15 days prior to transplanting.

3.1.2.5. Cultivation practices

Phosphorus and potassium were applied as per the POP recommendations

(KAU, 2011). The full quantity of phosphorus, half the quantity of nitrogen and half

the quantity of potassium were applied in the field as basal dressing. Eighteen days

old rice seedlings were transplanted in the field at a spacing of 15 cm x 10 cm @ 2-3

seedlings per hill (Plate 2, Appendix 1). The remaining quantity of nitrogen and

potassium were applied as top dressing one week prior to panicle initiation (Plates 3

and 4). After harvest of the crop, the observations were recorded.

3.1.3. Observations recorded

3.1.3.1. Biometric observations

Observations on biometric characters like plant height at panicle initiation

stage and at harvest, leaf area index (LAI) at panicle initiation stage and root biomass

were recorded. Yield contributing characters viz., number of productive tillers,

percentage of filled grains per panicle, thousand grain weight were also noted. Grain

and straw yield of rice and harvest index were calculated.

3.1.3.2. Analysis of soil and plant samples

The soil samples of surface and sub-surface depths viz., 0-15 and 15-30 cm

and plant samples were analysed after harvest of the crop to asess the impact of

different treatments.

3.1.3.2.1. Soil analysis

Soil samples (Plate 5) drawn from each plot from the two depths were dried

under shade, sieved and analysed for pH, EC, OC and available nutrients N, P, K, Ca,

Mg, S and micronutrients Fe, Mn, Zn, Cu and B as per the procedure (Table 4). The

biological analyses were done in the freshly collected samples.
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Table 2. Physico- chemical properties soils of experimental site

Sl.No Property
Surface Sub-surface

0-15 cm 15-30 cm

1 pH 4.66 4.68

2 EC (dS m-') 0.058 0.044

3 CEC (cmol (p+) kg"') 6.02 6.00

4 Bulk density (Mg m"^) 1.36 1.38

5 WHC (%) 48.47 48.03

6 OC (%) 1.05 1.00

7 Available N (kg ha"') 401.76 360.43

8 Available P (kg ha"') 18.46 17.74

9 Available K (kg ha"') 87.34 84.14

10 Available Ca (mg kg"') 300.42 268.36

11 Available Mg (mg kg"') 31.25 26.56

12 Available S (mg kg"') 5.89 5.04

13 Available Fe (mg kg"') 235.73 213.45

14 Available Mn (mg kg"') 5.43 4.36

15 Available Zn (mg kg"') 2.84 2.44

16 Available Cu (mg kg"') 6.87 6.39

17 Available B (mg kg"') 0.27 0.23

18 MBC (mg kg"') 153.30 131.27

19 Phosphatase (pg PNP h''g"') 59.17 51.23

20
Dehydrogenase (pg TPF day "'
kg-')

60.34 54.05

21 Texture
Sane y clay loam
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Table 3. Physico- chemical properties of organic sources

Sl.No. Property Farmyard

manure

Rice husk

biochar

Daincha Artocarpus

1 PH 7.50 9.10 5.80 4.35

2 EC (dS m-') 0.31 0.26 0.45 0.14

3 OC (%) 22.32 43.7 9.17 20.36

4 Total N (%) 1.73 0.64 3.40 2.60

5 Total P (%) 0.33 0.16 0.38 2.10

6 Total K (%) 0.73 0.56 3.20 0.93

7 C:N ratio 12.90 68.28 2.70 7.83

8 Total Ca (mg kg"') 25.60 39.06 27.40 34.00

9 Total Mg (mg kg"') 15.80 1.17 26.62 37.00

10 Total S (mg kg"') 5.00 4.93 2.55 4.90

11 Total Fe (mg kg"') 352.50 21.76 200.00 0.60

12 Total Mn (mg kg"') 200.90 23.82 440.00 0.19

13 Total Cu (mg kg"') 24.30 11.37 5.00 24.99

14 Total Zn (mg kg"') 36.30 37.91 40.00 42.00

15 Total B (mg kg"') 20.00 12.17 19.34 4.70

16 WHC (%) 38.15 233.52 45.34 4.10
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Platel. Field preparalion

•r-.'i.1 IL

Plate 2. View of transplanted paddy field
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Plate 3. Rice crop at tillering stage

Plate 4. Rice crop at harvest stage
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Fractions of organic matter

a. Size fractions

Physical fractions such as coarse and fine paniculate organic matter were

estimated as per the method described by Cambardella and Elliott (1992). In this

method, soil was dispersed using sodium hexametaphosphate and then passed

through a set of sieves to obtain the fractions.

b. Density fractions

The density fractions of organic matter were isolated in accordance with the

method described by Janzen et al. (1992) and Hassink (1995). Here the soil was

shaken with a solution of sodium iodide of specific gravity 1.72 and the material was

filtered through sieves after equilibrating at room temperature. The floating material

was aspirated and separated by suction. The process was repeated to obtain all the

fractions.

The soil organic carbon (SOC) stock was calculated from the organic carbon

content and bulk density of soil at 30 cm depth and expressed in Mg ha"'.

SOC (Mg C ha ') = BD (kg m"^) x DC (%) x depth (m)

38



Table 4. Standard procedures followed for the soil analysis

Sl.No. Characteristics Method Reference

Extraction Estimation

1 Bulk density Keen- Raczkowski brass cup

method

Piper, 1942

2 Water holding

capacity

3 pH 1:2.5 soil water

suspension

Potentiometry Jackson, 1958

4 EC Conductometry

5 Texture International

pipette method

Sedimentation Piper, 1942

6 Organic carbon Wet digestion Walkley and Black,

1934

7 Available N Alkaline permanganometry Subbiah and Asija,

1956

8 Available P Bray No. 1 Colorimetry Bray and Kurtz, 1945

9 Available K 1 N NH4OAC Flame

photometry

Jackson, 1958

10 Available Ca ICP OES (Mode : Optima 8x00 series)

11 Available Mg Jackson, 1958

12 Available S Turbidimetric

method

Chesnin and Yien, 1951

13 Micronutrients

(Available Fe,

Mn, Zn, Cu)

0.1 HCl ICP OES

(Model Optima

8x00 series)

Sims and Johnson,

1991

Available B Hot water Colorimetry Berger and Troug,

1939; Gupta, 1979

14 Total C CHNS analyser (Model: Elementar's vario EL cube)

15 Total N

16 Microbial

biomass carbon

Chloroform

fumigation

Wet oxidation Jenkinson and

Powlson, 1976

17 Phosphatase

activity

P-nitrophenol

phosphate

Colorimetry Tabatabai and

Bremner, 1969

18 Dehydrogenase

activity

TTC TPF Casida et al. (1964)
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3.1.3.2.2. Analysis of plant samples

Samples of straw, grain and root of rice plant were collected from each plot,

dried and powdered and analysed for the nutrient contents as per standard procedures

(Table 5).

Table 5. Standard procedures followed for plant analysis

SI. No. Element

Method
Reference

Extraction Estimation

1 Total N
Modified kjeldahls

digestion
Kelplus distillation Jackson, 1958

2 Total P

Diacid digestion

Vanado

molybdophosphoric

yellow colour method
Piper, 1966

3 Total K Flame photometry

4

Total Ca ICP OES

(Model Optima 8x00

series)
Total Mg

5 Total S Spectrophotometer

6

Total

micronutrien

ts (Fe, Mn,

Zn, Cu)

Diacid digestion

ICP OES

(Model Optima 8x00

series)
Hart, 1961

Total B Dry ashing Spectrophotometer

Gaines and

Mitchell, 1979;

Bingham, 1982
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3.2. EVALUATION OF GREENHOUSE GAS FLUX FROM CULTIVATED AND

FALLOW WETLANDS

3.2.1. Measurement of soil CO2 flux, soil temperature and moisture

The soil CO2 fluxes were measured from bare plot (5m x 4m) established at

the site for the crop growth period and from cultivated plots using the closed chamber

method (Hutchinson and Mosier, 1981).

Here, iron channel bases were fixed permanently well in advance of sampling

at the measurement sites. The bases were mounted with a U-shaped channel to hold

water. An acryllic box (30 cm x 40 cm x 95 cm) with one end open and the other end

equipped with a sampling port fitted with a rubber septum was placed over the iron

base. The open end of the acryllic box rested in the charmel. The water in the channel

acted as a seal making the system airtight. Six hills per chamber were measured at

booting stage of the crop (Plates 6 and 7).

At the start of the sampling (time, t = 0), air sample from the box was drawn

into a 20 ml plastic syringe fitted with a three way stop-cock and closed. A second

sample was collected in the same manner after a time interval of 20 minutes (time, t =

20 min). Sampling was done between 11 AM to 1 PM. The samples were brought to

the laboratory and carbon di oxide and methane concentration were determined by

gas chromatography on a Flame lonization Detector (FID).

Water level in the chamber

Water
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Plate 5, Biochar treated plot with earthworms
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Plate 6. Box chamber with hills placed in the field for GHG collection
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Side 'a' of chamber = a

Side 'b' of chamber = b

Height above water level in the chamber = h

Aperture (mouth) area of chamber = a x b = A m

Volume of chamber =axbxh = Axh = Vm^

Collection duration = T hours

Density of GHG = D

Initial concentration of GHG in chamber = Ci ppmV

Final concentration of GHG in chamber = C2 ppmV

Increase in concentration of GHG in chamber= [C2 - Ci] ppmV

Volume of GHG collected during T hrs = [C2 - Ci] x V m^

Mass of GHG collected during T hrs = [C2 - Ci] x V x D kg

Mass of GHG collected per unit area per hour = [C2 - Ci] x V x D x A"' x T' kgm"^

GHG Efflux = [C2 - Ci] X V X D X A"' X T' X 10^ mg m ' hr '

The soil temperature and soil moisture were recorded next to each chamber

using digital thermometer and soil moisture meter respectively at the time of gas flux.

Insitu measurement of oxidation-reduction potential at the time of gas sampling was

also noted.

3.2.1.1. Collection of gas samples

Gas samples for the emission studies were collected at three stages of

the crop viz., active tillering, panicle initiation and near harvest from the cultivated

and fallow wetland plots in Mundakan season (Plate 8). Out of the total number of 20

treatments, 15 treatments in integrated nutrient management involving fertilizer

nitrogen application were selected for the evaluation of green house gas flux. The

emission of gases from the fields with N fertilizer were compared with the emission

from the fallow wetlands.
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3.2.1.2. Analysis of carbon dl oxide (CO2) and methane (CH4) efflux

Gas chromatographic facilities at Centre for Earth Science Studies (CESS),

Aakkulam, Thiruvananthapuram (Plate 9) were used for the measurement of

greenhouse gas concentrations in the samples.

3.3. SOIL CHARACTERISATION OF CULTIVATED AND FALLOW

WETLANDS

Soil profiles were taken in the cultivated (Plate 10) and fallow wet lands and

differentiated into horizons. The soil samples were collected from each horizon and

they were analysed for the physico-chemical characteristics similar to soil samples.

3.4. STATISTICAL ANALYSIS

Analysis of variance (ANOVA) was done using OP-STAT and WASP to test

the level of significant difference between treatment means (Sheoran et al., 1998).
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Plate 9. AnalysLs of GHG using GLC
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Plate 10. View of soil profile in biochar treated plot
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4. RESULTS

The study entitled "Carbon sequestration and soil health under different

organic sources in wetland rice" to unravel the significance of carbon sequestration

leading to a healthy soil profile when the crop - wetland rice, amended using organic

sources along with inorganic fertilizers was carried out in farmers field. The results of

the experiments are presented in this chapter.

4.1. EFFECT OF COMBINED ORGANIC AND INORGANIC SOURCES ON

CARBON STOCK AND SOIL HEALTH

4.1.1. Effect of organic sources on inherent soil characteristics

4.1.1.1. Soil physical characteristics

Bulk density (BD)

The impact of organic amendments on bulk density of surface soil is given in

Table 6a. The seasonal effect was significant on surface soil bulk density. Among

orgnic sources, RHB had the maximum effect in reducing the BD. The treatment with

ART at No nitrogen level was on par with it. In virippu, bulk density was significantly

minimum with a value of 1.10 Mg m'^ for the treatment RHB without N. The

treatments ART without N and RHB with 35 kg N ha'' showed same value of 1.12

Mg m'^ while it was the highest in the treatment where 105 kg N ha"' alone was

applied (1.38 Mg m"^). In mundakan season also, RHB without N / with 35 kg N ha"'

recorded the lowest value of 1.06 Mg m"".

The sub-surface soil BD was higher than in the surface soil. The seasonal

effect was significant and bulk density was minimum for the treatment ART with no

added nitrogen in sub-surface soil in virippu and mundakan seasons (Table 6b) with

values of 1.14 Mg m"^ and 1.12 Mg m"^ respectively.
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Water holding capacity (WHC)

The results (Table 7a) revealed that significant seasonal effect was exhibited

on WHC. The maximum WHC of surface soil during virippu season (51.54 %) was

attained in the treatment RHB with no added inorganic nitrogen. The same organic

source with higher dose of nitrogen also received value more than 50.00 per cent. The

results showed the same trend during mundakan season also, with the highest value of

51.66 per cent in the RHB treatment.

The seasonal effect was smilar to that of surface soil. The significant

maximum WHC of sub-surface soil was obtained for the treatment daincha without

nitrogen with values 49.05 per cent and 49.66 per cent in virippu and mundakan

seasons respectively (Table 7b).

4.1.1.2. Soil chemical characteristics

pH

The data on pH of surface soil is presented in Table 8a. There was no

significant seasonal effect. Maximum pH of 5.10 was observed in virippu season in

the treatment RHB without N source and was significant over other treatments.

During mundakan season also, the highest and significant pH value of 5.28 was

recorded for the same treatment. In both seasons, the treatment with 105 kg nitrogen

source showed minimum pH of 4.58.

The sub-surface soil pH (Table 8b) was significantly higher during mundakan

season. It was maximum in the treatment with RHB alone in both virippu and

mundakan seasons with values of 5.14 and 5.32 respectively.

Electrical conductivity (EC)

It is inferred from data (Table 9a) that neither the seasons nor the organic

sources and nitrogen levels individually had significant effect on EC. The highest

significant EC value of 0.164 dS m"' of surface soil was obtained for the treatment

daincha with 105 kg N ha"' during virippu season. The minimum value was found to

be significant with values of 0.092 dS m"' and 0.036 dS m"' in virippu and mundakan
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seasons respectively in RHB treatment without nitrogen. In general, there was a

decrease in EC values in the second season.

The seasonal effect was nil in the sub- surface soil and even the conductivity

was lesser in the sub-surface soil. The treatments, ART and / no organic manure

showed lesser EC and it was on par with FYM. The No nitrogen level had significant

low EC value. Minimum EC value (Table 9b) for sub-surface soil was obtained for

the treatment with RHB without N source in virippu season (0.044 dS m"'). The

treatment, ART without N also showed an on par EC value of 0.085 dS m'^ But

during mundakan season, the value was minimum in the treatment ART without N

(0.015 dS m"').

Cation exchange capacity (CEC)

The CEC was found to be significantly higher in mundakan season (Table

10a) than in virippu season. The surface soil showed higher CEC values compared to

the sub-surface soil. The significantly higher CEC value of surface soil (6.58 cmol

(p+) kg"') in virippu season was obtained in daincha with 35 kg N ha"'. The

treatments, FYM along with 35/70 kg N ha"' and daincha with 105 kg N ha"' were on

par with each other. During mundakan season, FYM with 70 kg N ha"' showed the

maximum significant CEC value of 6.66 cmol (p+) kg"'. Treatments with daincha

supplemented with 35 and 70 kg N ha"' showed values of 6.59 and 6.58 cmol (p+)

kg"' which were on par with the highest.

The seasonal effect was found to be similar to that of surface soil. The

maximum CEC value for sub-surface soil of 6.35 cmol (p+) kg"' was obtained in

daincha with 70 kg N ha"' (Table 10b) followed by the same organic source

supplemented with higher dose and FYM with 35 kg N ha"' (6.33 cmol (p+) kg"').

FYM with higher doses and RHB with 35 kg N ha"' also showed an on par value. In

mundakan season, the maximum CEC was found in the plot treated with daincha with

70 kg N ha"' (6.45 cmol (p+) kg"'). The treatment with same organic source and 35 kg

N ha"' also showed an on par value of 6.43 cmol (p+) kg"'.
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Organic carbon (OC)

A significant higher seasonal effect was noticed in the virippu season. During

virippu season, application of RHB alone recorded the highest OC value of 1.67 per

cent for surface soil which was also significant followed by the same organic source

with 35 kg N ha"' (1.58 %) (Table 11a). Farm yard manure with 35/70 kg N ha"'

recorded the same value of 1.38 per cent. The control treatment at level No, showed

minimum value of 1.13 per cent. In mundakan season also, RHB applied alone

recorded maximum value of 2.05 per cent. The OC values showed a decreasing trend

in the second season under different organic sources except RHB where higher values

were obtained in the lowest levels of inorganic N (Nq and Ni).

In the sub-surface soil, the OC values were lower than that of surface soil and

during virippu season, the maximum significant OC value of 1.33 per cent (Table

lib) was obtained for the treatment FYM with 35 kg N ha"'. But in mundakan

season, the maximum value of 1.08 per cent was recorded for the treatments, ART

with 35 kg N ha"' and daincha with 35 kg N ha"'. Rice husk biochar with no added N

also showed an on par value of 1.07 per cent.

Available nitrogen

The data on available nitrogen of surface soil is presented in Table 12a. The

values were significantly higher in mundakan season. The treatment with daincha and

105 kg N ha"' recorded significant maximum value of 521.78 kg ha"'. A non

significant and low value of 513.14 kg ha"' was obtained in the treatment with same

organic source and recommended dose of N as per KAU package of practices. The

treatments FYM with 70 kg N ha"' and daincha with 35 kg N ha"' recorded 502.95 kg

ha"' and 502.46 kg ha"' and they were on par. In mundakan season, available nitrogen

was maximum in daincha with 105 kg N ha"' with a value of 596.38 kg ha"'. The

treatment daincha with 70 kg N ha"' (595.71 kg ha"') was on par with the maximum

value.
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Available N of the sub-surface soil was significantly higher in virippu season.

The highest (Table 12b) and also significant available nitrogen was recorded with

daincha and 105 kg N ha"' (512.56 kg ha"') during virippu season. A slightly lesser

value of 500.45 kg ha"' was recorded in daincha with 70 kg N ha"'. During mundakan

season, application of daincha with 35 kg N ha"' showed significant maximum value

of 531.49 kg ha"'. In general, the treatment RHB with or without N recorded lower

values in the second season.

Available phosphorus

A perusal of data in Table 13a showed that available phosphorus of surface

soil was maximum during virippu season in the treatment consisting of FYM with 35

kg N ha"' (55.62 kg ha"'). The treatment ART with 35 kg N ha"' and RHB with 70 kg

N ha"' recorded values of 55.38 and 55.02 kg ha"' respectively. During mundakan

season, the amount was the highest in the treatment, RHB with 105 kg N ha "' (60.38

kg ha"'). Slightly lesser values of 59.66 and 59.46 kg ha"' were obtained in the

treatments ART combined with 35 kg N ha"' and RHB with 70 kg N ha"'.

It was found that in sub-surface soil the values were significantly higher

during virippu season and application of daincha and 105 kg N ha"' showed a

significant maximum value of 42.45 kg ha"' (Table 13b) followed by the same

organic source with 70 kg N ha"' (41.62 kg ha"'). In mundakan season, FYM with 70

kg N ha"' showed maximum value of 56.17 kg ha"'. The treatment, FYM with 35 kg

N ha"' (46.34 kg ha"') was on par with ART supplied with 35 kg N ha"' with a value

47.90 kg ha"'.

Available potassium

The data on the amount of available potassium of surface soil revealed that it

was significantly higher in virippu season (Table 14a). The highest and also

significant value of 174.28 kg ha"' was obtained in daincha supplemented with 35 kg

N ha"'. The treatment of daincha with higher doses of N recorded values of 154.40

and 154.82 kg ha"' which were on par with each other. During mundakan season, the
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treatments, daincha with 70/105 kg N ha"^ recorded values of 120.35 and 120.38 kg

ha"' and they were on par with each other.

The seasonal effect was found to be similar to that of surface soil but available

potassium contents were lesser. The treatment with ART and 105 kg N ha"' showed

significant maximum value of 157.55 kg ha"'in sub-surface soil (Table 14b). During

mundakan season, the highest value was obtained for daincha with 105 kg N ha"'

(110.56 kg ha"').

The secondary nutrients in soil were foimd to be affected by seasons and

organic + inorganic sources. These nutrients were significantly higher in virippu

season than in mundakan and they were high in surface soil than the sub-surface soil.

Available calcium

In virippu season, the available calcium of surface soil was significantly

highest in the treatment which included organic source daincha with 105 kg N

ha"' (444.73 mg kg"') (Table 15a). In mundakan season, the values showed a decrease

compared to the first season and RHB without N source recorded a value of 302.14

mgkg"'.

Available Ca content of sub-surface soil was significant and the highest value

(Table 15b) was recorded for daincha with 105 kg N ha"' (384.07 mg kg"') in virippu

season. During mundakan season, it was significantly higher in the treatment daincha

without any nitrogen source (294.01 mg kg"'). Treatments, ART with 35 kg N ha"'

and RHB with 35 kg N ha"' were on par. In general, the values of available Ca

decreased during the second season.

Available magnesium

The data presented in Table 16a showed that available magnesium content of

surface soil was significantly higher in the treatment daincha with no added nitrogen

(39.67 mg kg"'). Daincha with 35 kg N ha"' (38.69 mg kg"') was on par with it. The

treatment, RHB without nitrogen showed a significantly higher value of 42.27 mg

kg"' during mundakan season.
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It was observed that in sub-surface soil, the maximum value of 28.74 mg kg"'

was obtained for the treatment, daincha with 105 kg N ha"' (Table 16b). During

mundakan season, a higher significant value of 30.49 mg kg"' was observed in the

treatment RHB with 105 kg N ha"' followed by daincha with 35 kg N ha"' (28.53 mg

kg"').

Available sulphur

A perusal of data presented in Table 17a revealed that in the surface soil, the

maximum sulphur content of 8.46 mg kg"' was recorded in the treatment, daincha

with 70 kg N ha"' and the same trend was observed in mundakan season also with a

value of 6.74 mg kg"' for the same treatment.

Available S of sub-surface soil was significantly higher (Table 17b) in

treatment daincha with 70 kg N ha"' (5.43 mg kg"'). The treatment with same organic

source in combination with next higher dose of N showed a lesser value of 5.38 mg

kg"'. During mundakan season, the highest value was observed for the treatment

daincha with 105 kg N ha"' (4.73 mg kg"'). The same organic source with 35 and 70

kg N ha"' showed on par values of 4.69 and 4.70 mg kg"' respectively.

Available iron

The status of available Fe content of surface soil (Table 18a) was significantly

higher in virippu season and it was reduced to half the content in mundakan season.

The amount was significantly minimum for RHB with 70 kg N ha"' (123.34 mg kg"')

in the first crop season of virippu. The same organic source with 105 kg N ha"'

showed Fe content of 146.59 mg kg"'. The treatments with organic and inorganic

sources showed an irregular pattern in the Fe content with increasing N levels.

The seasonal effect was similar to that of surface soil. Tlie available Fe

content of sub-surface soil (Table 18b) was minimum with RHB and 0 kg N ha"'

(143.57 mg kg"') but during mundakan season minimum value was obtained for ART

with 0 kg N ha"' (74.93 mg kg"').
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Available manganese

It was found that Mn content of surface soil was significantly maximum in

mundakan season than in virippu season. It was minimum in RHB with 0 kg N ha"'

with a value of 3.54 mg kg"' and was significantly superior over other treatments

(Table 19a). In mundakan season, Mn content was significantly minimum in the

treatment ART with 0 kg N ha"' (4.22 mg kg"'). The organic source, daincha with 0

kg N ha"' also recorded a lesser value of 4.25 mg kg"'.

But in sub-surface soil, reverse was the seasonal effect. The lowest and

significant value (Table 19b) of manganese of sub-surface soil was obtained for

NOM with 0 kg N ha"' (3.62 mg kg"') during virippu season. In mundakan season, the

significant minimum value was recorded in the treatment RHB with 0 kg N ha"'(2.67

mg kg"'). The same organic source with 35 kg N ha"' reeived 2.74 mg kg"' which was

on par with the lowest value.

Available zinc

The seasonal effect was significant and it was higher in virippu season. In

mundakan season, the amount was found to be very meagre. From the perusal of data

in Table 20a. available zinc of surface soil was found to be significantly maximum in

the treatment RHB with 105 kg N ha"' (8.01 mg kg"') in virippu season. But during

the mundakan season, significant higher value of 3.70 mg kg"' was recorded for the

treatment, FYM applied without any N source. Similarly, rice husk biochar applied at

0 kg N also recorded a value of 3.21 mg kg"'. All other treatments showed lesser

values for zinc during this season.

The available zinc of sub-surface soil was the highest (Table 20b) in virippu

season, in the treatment daincha with 35 kg N ha"' (10.15 mg kg"'). This value was

found to be significant over all other values in virippu season. The same pattern was

observed during mundakan season also where the highest maximum value was 2.18

mg kg"' for the same treatment.
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Available copper

The seasonal effect was significantly higher in virippu season than in

mundakan season. The data presented in Table 21a revealed that available copper

content of surface soil was significantly higher during virippu season in the treatment

ART without any N source (9.75 mg kg"') which was followed by daincha without

any N source with a value 9.38 mg kg"'. During mundakan season, the Cu content

was maximum in the plot treated with FYM and 70 kg N ha"' (7.71 mg kg"'). The

treatments with same organic source supplemented with 35 kg N ha"' and without N

also recorded values of 7.69 and 7.62 mg kg"' which were on par with the highest

value obtained.

The treatment FYM with 70 kg N ha"' showed significant maximum value

(Table 21b) of 10.66 mg kg"' in sub-surface soil followed by daincha with 70 kg N

ha"'(9.30 mg kg"'). The value was significant and also highest in ARTwith 35 kg N

ha"' (9.16 mg kg"') during mundakan season.

Available boron

Available boron of surface soil was significantly maximum (Table 22a) in

virippu season. But the interaction effect of treatments on boron content was non

significant. The content ranged between 0.26 and 0.49 mg kg"' in virippu, while in

mundakan season, the content was in between 0.22 and 0.42 mg kg"' ). In general, the

organic sources FYM, DNC and RHB were acting as good sources of B than ART in

the integrated treatments.

As in the case of manganese, the available boron content of sub-surface soil

was also not significant between treatments (Table 22b). The seasonal effect was

similar to the surface soil. The values of boron ranged between 0.22 and 0.46 mg kg"'

in virippu and 0.20 and 0.44 mg kg"' in mundakan season respectively. Here also, the

higher values were obtained for the integrated treatments involving FYM, DNC and

RHB than ART treatment.
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4.1.1.3. Soil biological characteristics

The seasonal effect on enzyme activities in both surface and sub-surface soil

was significant and it was higher in mundakan season. The enzyme contents were

high in the treatments with organic sources and the values increased with increase in

nitrogen content.

Microbial biomass carbon (MBC)

The data regarding MBC of surface soil is given in Table 23a. Maximum

value of MBC was obtained for the treatment ART with 70 kg N ha"'(468.49 mg

kg"') and it was also significant. The same organic source with higher dose of N

recorded a lesser value of 436.48 mg kg '. The values of MBC were lower in the

treatments where inorganic source of N alone was applied. During mundakan season,

the maximum MBC was obtained in the treatment RHB with 70 kg N ha"' (500.72 mg

kg "'). The treatments RHB + 35 and 105 kg N ha"', ART + 75 kg N ha"' and daincha

+105 kg N ha"' recorded values of 477.36, 477.29, 478.43 and 478.65 respectively

and were on par with each other. In general, the MBC values were higher during

mundakan season compared to the virippu.

The treatment, RHB + 70 kg N ha"' showed significant maximum value of

445.75 mg kg "' in virippu season (Table 23b) of sub-surface soil. The treatment with

the same organic source and lesser dose of nitrogen showed slightly lesser value of

438.74 mg kg"'. In mundakan season, the highest value of microbial activity (455.62

mg kg"') was obtained in RHB with 70 kg N ha"'.
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Phosphatase activity

The highest phosphatase activity (Table 24a) of surface soil was recorded for

the treatment daincha with 105 kg N ha"' (467.62 pg PNP h"' g"'). The treatment,

ART when applied along with 105 kg N ha"' showed a value of 456.87 pg PNP h"' g"'

and it was on par with the highest value. During mundakan season, the maximum

value was recorded in the treatment daincha with 105 kg N ha"' (489.59 pg PNP h"'

g"'). The treatment, RHB with 105 kg N ha"' recorded an on par value of 478.72 pg

PNP h"' g"'. As was the case in MBC, the en2yme activity was also higher during the

second crop season.

The phosphatase activity (Table 24b) of sub-surface soil was also significantly

higher in daincha with 105 kg N ha"' (465.67 pg PNP h"' g"'). In mundakan season,

maximum significant value of 368.35 pg PNP h"' g"' was obtained for RHB with 105

kg N ha"'. Treatments, daincha as well as RHB with 70 kg N ha"' showed on par

values of 346.23 and 346.51 pg PNP h"' g"' respectively.

Dehydrogenase activity

The table 25a showed that maximum value of dehydrogenase activity of

surface soil was obtained for the treatment RHB with 105 kg N ha"' (214.64 pg TPF

day ' kg"') and an on par value of 200.40 pg TPF day"' kg"' was shown for the same

organic source with 70 kg N ha"' in virippu season. Similar result was recorded

during mundakan season where RHB with 105 kg N ha"' showed the highest

dehydrogenase value of 218.07 pg TPF day"' kg"'. The treatment, daincha with 105

kg N ha"' also recorded an on par value of 206.34 pg TPF day"' kg"'. The values were

maximum during the second season.

In virippu season the dehydrogenase activity of sub-surface soil (Table 25b)

was significantly maximum in RHB with 105 kg N ha"' (187.87 pg TPF day"' kg"')

but in mundakan season it was maximum for daincha with 105 kg N ha"' (179.43 pg

TPF day"' kg"') and the value significantly differed from other tretaments.

72

115



Ta
bl
e 
24

a.
 E
ff
ec
t 
of

 d
if
fe
re
nt
 o
rg

an
ic

 s
ou
rc
es
 o
n
 p
ho
sp
ha
ta
se
 a
ct

iv
it

y 
of
 su

rf
ac
e 
so
il

Ph
os
ph
at
as
e (
 pg

 P
N
P
 h
 '
 g"
')

T
r
e
a
t
m
e
n
t
s

Vi
ri
p
)
U

M
u
n
d
a
k
a
n

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
o

8
9
.
2
7

2
6
7
.
4
9

3
1
4
.
9
7

3
6
7
.
7
5

3
4
5
.
4
6

9
5
.
6
4

2
3
2
.
1
8

3
4
8
.
9
2

3
7
9
.
1
4

3
6
7
.
7
6

N
,

1
4
5
.
2
8

3
1
6
.
0
7

3
7
8
.
1
9

4
1
1
.
1
2

3
6
7
.
6
3

1
5
7
.
0
0

2
6
8
.
0
3

3
8
7
.
6
7

4
1
2
.
9
1

3
8
8
.
3
8

N
2

1
6
7
.
1
8

3
7
8
.
6
6

4
2
5
.
6
3

4
3
5
.
6
9

3
8
8
.
6
0

1
7
7
.
1
0

3
2
3
.
5
4

4
2
1
.
9
4

4
5
6
.
5
0

4
3
7
.
5
4

N
3

2
0
0
.
9
2

3
9
8
.
4
3

4
5
6
.
8
7

4
6
7
.
6
2

4
0
1
.
8
0

2
1
1
.
1
9

3
1
9
.
3
0

3
9
6
.
8
8

4
8
9
.
5
9

4
7
8
.
7
2

C
D
 (
0.
05
)-
 A
 -
 N
S
;
 B
 -
 4
.8
90
 ;
 C
 -
 4
.3

74
 ;
 A
x
B
-
6
.
9
1
5
;
 
A
 x
C
-
6
.
1
8
5
;
 
B
x
C
-
9
.
7
8
 ;
 A
x
B
x
C
-
3
.
8
3
1

T
a
b
l
e
 2
4
b
.
 E
ff
ec
t 
o
f
 d
if
fe
re
nt
 o
rg
an
ic
 s
ou

rc
es

 o
n
 p
h
o
s
p
h
a
t
a
s
e
 a
ct
iv
it
y 
o
f
 s
ub
-s
ur
fa
ce
 s
oi
l

Ph
os
ph
at
as
e (
pg
 P
N
P
 h
"'
 g"

')

T
r
e
a
t
m
e
n
t
s

V
i
r
i
p
p
u

M
u
n
d
a
k
a
n

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
o

7
6
.
1
3

1
6
7
.
9
0

2
4
8
.
8
5

3
7
7
.
7
2

3
6
7
.
9
8

8
9
.
9
9

1
6
8
.
2
0

1
9
7
.
7
5

2
6
8
.
4
1

3
0
0
.
5
7

N
,

9
8
.
1
2

1
9
8
.
8
5

2
7
8
.
7
8

4
0
0
.
5
5

3
8
9
.
7
4

9
5
.
9
7

1
9
9
.
3
5

2
3
5
.
4
9

3
0
5
.
1
5

3
1
6
.
1
3

N
2

1
1
4
.
2
5

2
0
1
.
5
8

3
3
0
.
6
5

4
2
6
.
3
2

4
0
1
.
1
3

1
2
4
.
5
0

2
1
4
.
4
7

2
5
7
.
1
6

3
4
6
.
2
3

3
4
6
.
5
1

N
3

1
3
4
.
4
3

2
4
7
.
5
8

3
6
7
.
1
1

4
6
5
.
6
7

4
2
4
.
5
6

1
5
6
.
9
4

2
4
5
.
9
3

2
9
9
.
8
5

3
6
6
.
2
7

3
6
8
.
3
5

C
D
(
0
.
0
5
)
 -
A
 -
 0
.2

96
 ;
 B
 -
 0
.4

68
 ;
 C
 -
 0
.4
19
 ;
 A
 x
 B
 -
 0.

66
2 
;
 A
 x
 C
 -
 0
.5
92
 ;
 B
 x
 C
 -
 0.
93

6 
;
 A
 x
 B
 x
 C
 -
 1
.3

23

A
-
 C
ro

pp
in

g 
se

as
on

 ;
 B
-
 O
rg
an
ic
 s
ou
rc
e 
;
 C
-
 N
it
ro
ge
n 
le

ve
l

7
3



Ta
bl

e 
25

a.
 E
ff
ec
t 
of
 d
if
fe
re
nt
 o
rg

an
ic

 s
ou

rc
es

 o
n 
de

hy
dr

og
en

as
e 
ac

ti
vi

ty
 o
f 
su
rf
ac
e 
so

il

De
hy
dr
og
en
as
e (
^g
 T
P
F
 d
ay
 

kg
"'

)

T
r
e
a
t
m
e
n
t
s

Vi
ri
p
p
u

M
u
n
d
a
k
a
n

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
o

7
6
.
5
1

1
3
3
.
6
3

1
2
3
.
5
6

1
3
4
.
4
1

1
5
6
.
5
4

9
8
.
4
7

1
4
5
.
8
9

1
4
6
.
1
1

1
5
7
.
8
7

1
5
7
.
1
1

N
,

8
7
.
2
9

1
5
4
.
7
8

1
4
5
.
8
0

1
5
6
.
1
6

1
8
9
.
7
2

1
2
0
.
5
2

1
5
7
.
4
3

1
5
7
.
5
2

1
7
8
.
3
2

1
7
0
.
0
7

N
2

1
2
3
.
8
5

1
6
4
.
9
2

1
7
5
.
9
3

1
7
8
.
6
3

2
0
0
.
4
0

1
3
5
.
1
7

1
7
8
.
3
5

1
7
8
.
1
8

1
9
5
.
9
3

1
8
7
.
6
6

N
3

1
3
4
.
4
2

1
7
6
.
9
5

1
8
6
.
3
9

1
9
8
.
5
2

2
1
4
.
6
4

1
5
7
.
3
7

1
9
8
.
6
1

1
6
7
.
8
6

2
0
6
.
3
4

2
1
8
.
0
7

C
D
 (0

.0
5)

 
- 
A
 -
 3
.2
75
 ;
 B
 -
 5
.1

78
 ;
 C
 -
 4
.6
31
; 
A
 x
 B
 -
 7
.3
22
 ;
A
x
C
-
N
S
;
 
B
x
C
-
N
S
;
 A
x
B
x
C
 -
 1
4.
64
4

A
-
 C
ro
pp
in
g 
se
as
on
 ;
 B
- 
Or
ga
ni
c 
so
ur
ce
 ;
 C
- 
Ni

tr
og

en
 l
ev

el

Ta
bl

e 
25

b.
 E
ff
ec
t 
of
 di

ff
er

en
t 
or

ga
ni

c 
so

ur
ce

s 
on
 d
eh

yd
ro

ge
na

se
 a
ct
iv
it
y 
of
 su

b-
su
rf
ac
e 
so

il

De
hy
dr
og
en
as
e (
pg
 T
P
F
 d
ay

kg
"'
)

T
r
e
a
t
m
e
n
t
s

V
i
r
i
p
p
p
u

M
u
n
d
a
k
a
n

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
O
M

F
Y
M

A
R
T

D
N
C

R
H
B

N
o

7
0
.
0
3

1
0
0
.
6
2

1
2
4
.
8
0

1
3
5
.
1
3

1
5
7
.
7
8

7
5
.
4
8

1
1
1
.
8
2

1
0
7
.
5
6

1
2
1
.
8
3

1
2
4
.
6
8

N
,

7
5
.
3
9

1
3
1
.
3
5

1
4
5
.
9
9

1
5
6
.
9
4

1
7
0
.
4
6

8
5
.
9
4

1
3
7
.
9
1

1
1
1
.
2
3

1
4
6
.
4
2

1
4
8
.
5
1

N
2

8
8
.
3
0

1
4
6
.
8
3

1
6
8
.
5
7

1
6
6
.
5
7

1
7
6
.
4
9

9
6
.
2
2

1
5
7
.
8
9

1
1
3
.
6
4

1
6
8
.
3
1

1
5
8
.
0
9

N
3

9
1
.
1
7

1
5
7
.
5
0

1
5
5
.
5
6

1
7
4
.
9
8

1
8
7
.
8
7

1
0
1
.
7
9

1
6
8
.
5
7

1
4
9
.
7
2

1
7
9
.
4
3

1
6
5
.
7
0

C
D
 (
0.

05
) 
- 
A
 -
 0
.
2
8
4
 ;
 B
 -
 0
.
4
4
9
 ;
 C
 -
 0
.4
()
1;

 A
 X
 B
 -
 0
.6

34
 ;
 A
 x
 C
 -
 0
.5

67
 ;
 B
 x
 C
 -
 0
.8
97
 ;
 A
 x
 B
 x
 C
 -
 1
.2

69

A
-
 C
ro

pp
in

g 
se
as
on
 ;
 B
- 
Or
ga
ni
c 
so

ur
ce

 ;
 C
- 
Ni

tr
og

en
 l
ev

el

7
4



4.1.4. Soil carbon characteristics

The data showed that the total carbon content was sigificantly higher in

virippu season than mundakn season and in the sub-surface soil the content was lesser

than that of surface soil. The organic sources had high impact on the OC content and

it decreased with increase in nitrogen content.

Total carbon

The treatment with FYM at 0 kg N ha"' recorded significant higher value of

4.04 per cent in virippu season in surface soil followed by RHB at the same dose,

with a value of 3.45 per cent (Table 26a). In mundakan season, all the treatments

which received RHB as organic source, recorded higher carbon content and RHB at 0

kg N ha"' showed the highest significant value of 4.06 per cent.

Similar results (Table 26b) were obtained in the sub-surface soil also with a

significant maximum value of 3.98 per cent for the treatment FYM used alone. The

RHB alone treatment attained values of 3.91 and 3.17 per cent during virippu and

mundakan seasons respectively.

Soil carbon stock

The carbon stock in soil was also influenced by seasons and organic sources

and it showed similar pattern as that of the total carbon content. The data in table 27

revealed that the significant maximum value of soil carbon stock was attained in

virippu season in FYM with 35 kg N ha"' as organic source which recorded a value of

51.89 Mg ha"'. The same organic source and 70 kg N ha"' also showed an on par

value of 50.15 Mg ha"'. But in mundakan season, the treatment with RHB without

any N source recorded a significant maximum value of 51.11 Mg ha"'.
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4.1.2. Effect of organic sources on soil organic carbon fractions and on rice

grain, straw and root nutrient contents

4.1.2.1. Fractions of soil organic carbon

Soil organic carbon can be classified based on particle size and density.

Accordingly, they are classified as coarse paniculate organic carbon and fine

paniculate organic carbon (on panicle size) and light fraction organic carbon, intra

light fraction organic carbon, heavy fraction organic carbon and mineral associated

organic carbon (on density).

Coarse particulate organic carbon (CPOC)

The data presented in Table 28a revealed that in virippu season, the carbon

fractions were higher than mundakan season. The coarse particulate organic carbon

content of surface soil was significantly higher in RHB with 105 kg N ha"' (23.6 g

kg"'). All treatments of the same organic source with/ without inorganic N dose

showed values more than ten. The results showed similar trend during mundakan

season also, where the highest value was 20.70 g kg"' for the treatment RHB with

same nitrogen dose.

The CPOC of sub-surface soil also followed the same pattern similar to that of

surface soil except for the no organic manure treatment. It was the highest (Table

28b) in control without N fertilizer or organic manure application (24.50 g kg"') in

virippu season and was also significant. During mundakan season, the highest value

of 24.70 g kg"' was noticed in the same treatment.

Fine particulate organic carbon (EPOC)

From a perusal of the data in Table 29a, it was seen that the FPOC content of

surface soil increased in the second season and the content was the highest in both

seasons in ART with 105 kg N ha"' with values of 5.80 g kg"' and 6.30 g kg"'

respectively. The treatments did not differ significantly.

The FPOC content of sub-surface soil (Table 29b) also followed the same

pattern as that of surface soil except in the no organic manure treatment, where the
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content decreased. It was significantly maximum in the treatment FYM with 105 kg

N ha"' (14.00 g kg"'). Treatments with the same organic source and different levels of

nitrogen showed FPOC values above 10.00 g kg"' (1.00 %). All other treatments

recorded lesser values. During mundakan season, the values were found to be slightly

lesser (than virippu season) with the highest being 5.60 g kg"' for the treatment

consisting of DNC and 35 kg N ha"'.

The organic carbon fractions according to density were influenced

significantly by seasons and organic sources and the contents were higher in the

mundakan season for all fractions except for heavy fraction, although the change was

very meagre. The contents were higher in the surface soil than in sub-surface soil for

all fractions, while the treatment with no organic manure increased the mineral

associated organic carbon fraction of sub-surface soil.

Light fraction organic carbon (LFOC)

It is inferred from the Table 30a, that the LFOC content of surface soil was

significantly higher in the treatment with RHB and no added nitrogen (171.30 g kg"').

In general, treatments with RHB had higher LFOC content with values above 100.00

g kg"' compared to other treatments.During mundakan season also the same trend was

observed with the highest value of 174.00 g kg"' for RHB treatment without added N.

The significant highest value for sub-surface soil (Table 30b) of LFOC was

observed in the treatment FYM without any nitrogen which showed values of 66.10 g

kg"' and 66.40 g kg"' in virippu and mundakan seasons respectively.
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Iiitra light fraction organic carbon (iLFOC)

As in case of LFOC, the iLFOC values of surface soil (Table 31a) were also

maximum in the treatment RHB without any nitrogen source with values of 143.00 g

kg"' and 147.00 g kg"' during virippu and mundakan seasons respectively. The

treatments with RHB had higher iLFOC values and the treatment interaction effects

were non significant.

The highest value (Table 31b) of sub-surface soil iLFOC was found in the

treatment RHB without any nitrogen during virippu season (75.00 g kg"') followed by

ART with 70 kg N ha"' (64.10 g kg"'). In mundakan season the highest value was

observed in the treatment RHB without nitrogen (75.30 g kg"'). All the treatments

were non significant to each other.

Heavy fraction organic carbon (HFOC)

The data regarding HFOC content of surface soil are given in Table 32a. The

HFOC content was significantly maximum in the control treatment without nitrogen

showing a value of 49.50 g kg"' and 49.30 g kg"' during virippu and mundakan

seasons respectively.

The highest value (Table 32b) of sub-surface soil HFOC was observed in the

treatment RHB without nitrogen with values of 38.10 g kg"' during virippu season

and 38.00 g kg"' during mundakan seasons. The treatment effects were non

significant to each other.

Mineral associated organic carbon (Min OC)

The fraction, min OC of surface soil ranged fi-om 0.20 to 1.40 g kg"' in

virippu (Table 33a) and 0.30 to 1.70 g kg"' in mundakan seasons respectively. The

treatments were found to be non-significant.

The highest value (Table 33b) of sub-surface soil Min OC was observed in the

treatment daincha with 105kg N ha"' (1.30 g kg"') during virippu and 1.40 g kg"'

during mundakan seasons. The treatments were non significant with each other.
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4.1.2.2. Fractions of soil nitrogen

The organic nitrogen fractions in surface and sub-surface soil were

significantly influenced by seasons and organic and inorganic sources. The seasonal

effect was positively significant in mundakan season and the contents were higher in

the treatments with orgnic sources. The surface soil had higher organic nitrogen

content than sub-surface soil except in mineral associated organic nitrogen.

Coarse particulate organic nitrogen (CPON)

The data in table 34a revealed that significantly maximum value of surface

soil coarse particulate organic nitrogen was observed in the treatment RHB with 105

kg N ha"' with values 1800 and 2000 mg kg"' in virippu and mundakan seasons

respectively.

The maximum values (Table 34b) of sub-surface soil CPON were observed in

the treatments, daincha without nitrogen which recorded 2200 and 2600 mg kg"'

during virippu and mundakan seasons respectively. The values were found to be

significant.

Fine particulate organic nitrogen (FPON)

The highest and significant value of surface soil FPON was seen in ART with

35 kg N ha"' (1400 mg kg"') in virippu season (Table 35a). During mundakan season,

value was the highest with 35 kg N ha"' alone (1600 mg kg"'). The treatment ART

with 35 kg N ha"' also recorded an on par value of 1500 mg kg"'.

The highest value (Table 35b) of sub-surface soil FPON was obtained in the

treatments with 105 kg N alone and in the control with values 2900 mg kg"'during

virippu and 3100 mg kg"' during mundakan seasons respectively.

Light fraction organic nitrogen (LFON)

The highest and significant value of surface soil LFON (Table 36a) was

recorded in the treatment ART with 105 kg N ha"' with values 8.60 and 8.80 g kg"'

during virippu and mundakan seasons respectively.
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The sub-surface soil value for this parameter was the highest (Table 36b) in

the treatment FYM without nitrogen which showed values of 5.20 and 5.40 g kg"'

during virippu and mundakan seasons respectively.

Intra light fraction organic nitrogen (iLFON)

Data from Table 37a revealed that the maximum value of surface soil iLFON

was in the treatment ART with 70 kg N ha"' with values 7.00 and 9.00 g kg"' in

virippu and mundakan seasons respectively. The treatments did not differ

significantly from each other.

The maximum value of sub-surface soil iLFON (Table 37b) was recorded in

the treatment, daincha with 35 kg N ha"' with values 5.70 and 6.10 g kg"' during

virippu and mundakan seasons respectively.

Heavy fraction organic nitrogen (HFON)

A perusal of data in the Table 38a stated that surface soil HFON value was

maximum with 35 kg N ha"' alone with values 6.10 and 6.30 g kg"' in virippu and

mundakan seasons respectively.

The highest value (Table 38b) was observed in FYM with 35kg N ha"' (4.80 g

kg"') for sub-surface soil followed by daincha without N with a value 4.70 g kg"' in

virippu season. During mundakan season the value was significantly highest in FYM

with 35 kg N ha"' (5.20 g kg"'). The treatments with daincha without N and FYM

with 70 kg N ha"' showed the same value of 4.80 g kg"'.

Mineral associated organic nitrogen (Min ON)

The highest value of surface soil Min ON (Table 39a) was recorded in

daincha with 70 kg N ha"' which recorded values of 0.36 and 0.37 g kg"' in virippu

and mundakan seasons respectively. In control and also in treatments where fertilizers

were applied, the values for Min ON were less than 1.00 g kg"' in both seasons.

The maximum sub-surface soil Min ON (Table 39b) value was obtained in

FYM with 35 kg N ha"' with values 0.33 and 0.35 g kg"' in virippu and mundakan

seasons respectively.
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4.1.2.3. Fractions of carbon nitrogen (C:N) ratio

Coarse particulate C:N ratio (CCN)

It was observed from the data (Table 40a) the treatment ART with 105 kg N

ha"' resulted a maximum C:N ratio of 15.83 in surface soil. The treatments, RHB with

35 and 70 kg N ha"' showed values of 14.54 and 14.56 which were on par with the

highest value. During mundakan season, RHB with 35 kg N ha"' recorded the

maximum (11.31). The same treatment with 70 kg N ha"' also recorded a value of

11.04 and these two treatments were on par with each other. In general, the

treatments where the organic sources were ART or RHB, recorded comparatively

higher values than the other organic sources and also the ratios were higher during

virippu season.

The highest and significant sub-surface soil CCN value (Table 40b) was

observed in the treatment without any organic or inorganic source (15.35) followed

by the treatment with 35 kg N ha"'alone (12.97). During mundakan season, the above

treatments recorded the highest values of 17.71 and 12.40 respectively.

Fine particulate C:N ratio (FCN)

The highest value of surface soil FCN, 8.49 was observed (Table 41a) for

ART with 70 kg N ha"'. The same organic source with 105 kg N ha"' also showed

value of 7.94 which was on par with each other. During mundakan season, ART with

105 kg N ha"'showed significant maximum value of 8.95 followed by ART with 70

kgNha"'(7.76).

The sub-surface soil CN ratio ranged between 1.14 in 105 kg N ha"' and 8.15

for the treatment RHB with 105 kg N ha"' in virippu season (Table 41b). During

mundakan season, the value was maximum for the same treatment with a value of

10.96.

Light fraction C:N ratio (LCN)

From the perusal of data in Table 42a, the surface soil CN ratio was found to

be the highest in the treatment, RHB with 105kg N ha"' (34.14). All the treatments

95
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with RHB showed very high values compared to other treatments. During mundakan

season, the CN ratio was slightly reduced to a value of 32.56 for the same treatment.

The treatments did not differ significantly with each other.

The sub-surface soil LCN value was significantly higher (Table 42b) for the

treatment, no organic source with 35 kg N ha"' with values of 13.45 and 13.00 in

virippu and mundakan seasons respectively. The treatments with higher doses of

nitrogen were on par.

Intra light fraction C:N ratio (iLCN)

The data regarding surface soil iLCN are given in Table 43 a. The ratio was

also maximum in RHB treatment (33.27) in virippu season and 32.44 in mundakan

season. The treatments did not differ significantly with each other. Similar to the

LCN, iLCN values were also higher for the RHB treatments.

Maximum value (Table 43 b) of sub-surface soil iLCN was recorded in the

treatment RHB without any N dose (27.82) in virippu season and 26.90 in mundakan

season respectively.

Heavy fraction C:N ratio (HCN)

The Table 44a show that in surface soil, the maximum value was obtained for

the treatment without any organic or inorganic source with values being 8.11 during

virippu and 8.04 during mundakan seasons.

The highest sub-surface soil HCN value (Table 44b) was observed for the

treatment 105 kg N ha"' alone (14.75) in virippu season. Rice husk biochar without

any N source also showed an on par value of 14.12. Similar trend was observed in

mundakan season also with the highest value of 13.56 observed in the control

treatment. The treatment with 105 kg N ha"' alone also recorded value of 13.55 which

was on par with the highest value.

Mineral associated C:N ratio (MCN)

The data on surface soil MCN indicated that the maximum (Table 45 a) value

was noticed in the control treatment (1.33) in virippu season and 2.17 in mundakan

K
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season. The highest sub-surface soil MCN value (Table 45b) was recorded in the

treatment daincha + 105 kg N ha"' showing values of 0.46 and 0.48 in virippu and

mundakan seasons respectively. The treatments did not differ significantly with each

other.
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4.1.3. Plant nutrient characteristics

4.1.3.1. Nutrient content in grain

Nitrogen

The highest N content of 1.25 per cent was observed during virippu season in

the treatment daincha with 35 and 70 kg N ha"' (Table 46a) and FYM with 70 kg N

ha"'. Daincha+105 kg N ha"' and FYM + 35 kg N ha"' also recorded an on par value

of 1.24 per cent.

Maximum value (Table 46b) in mundakan was obtained with FYM + 70 kg N

ha"' (1.29%). Daincha with various doses of nirtrogen and FYM with higher level of

N were found to be on par with this value.

Phosphorus

Table 47a showed that maximum phosphorus content in virippu was in the

treatment, daincha with 35 kg N ha"' and FYM with 70 kg N ha"' with a value of 0.19

per cent. Daincha with higher doses of N, FYM with 35 kg N ha"' and RHB with 70

kg N ha"' were on par with each other.

The highest value for the phosphorus content in mundakan (Table 47b) was

observed in ART with 105 kg N ha"' (0.31%). During this season, the treatment

daincha without N showed a very close value of 0.30 per cent.

Potassium

The data in Table 48a revealed that maximum K content in virippu was for

FYM with 70 kg N ha"' (0.26%). The treatments, daincha and FYM with 35 kg N ha"'

showed same value of 0.25 per cent.

The highest content in mundakan (Table 48b) was obtained with FYM + 105

kg N ha"' (0.27%) followed by FYM + 70 kg N ha"' and daincha + 35/105kg N ha"'

which recorded a value of 0.26 per cent.
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Table 46a. Effect of different organic sources on nitrogen content in rice

grain in virippu season

Nitrogen (%)

Treatments No N, N2 N3

NOM 1.15 1.17 1.17 1.20

FYM 1.18 1.24 1.25 1.23

ART 1.16 1.17 1.20 1.19

DNC 1.20 1.25 1.25 1.24

RHB 1.16 1.17 1.21 1.20

CD(0.05) - A-0.010; B-0.009 ; A X B-0.020

A- Organic source ; B- Nitrogen level

Table 46b. Effect of different organic sources on nitrogen content in rice

grain inmundakan season

Nitrogen (%)

Treatments No N, N2 Ns

NOM 1.16 1.18 1.21 1.22

FYM 1.21 1.23 1.29 1.26

ART 1.16 1.21 1.23 1.24

DNC 1.23 1.28 1.28 1.26

RHB 1.18 1.19 1.19 1.22

CD(0.05)- A-0.0161; B-0.015; AX B-0.033

A- Organic source ; B- Nitrogen level
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Table 47a. Effect of different organic sources on phosphorus content in

rice grain in virippu season

Phosphorus (%)

Treatments No Ni N2 N3

NOM 0.14 0.17 0.16 0.17

FYM 0.16 0.18 0.19 0.16

ART 0.14 0.16 0.14 0.16

DNC 0.15 0.19 0.18 0.18

RHB 0.14 0.16 0.18 0.16

CD (0.05) - A-0.008 ; B-0.007 ; AXE -0.016

A- Organic source ; B- Nitrogen level

Table 47h. Effect of different organic sources on phosphorus content in

rice grain in mundakan season

Phosphorus (%)

Treatments No N, N2 N3

NOM 0.18 0.18 0.20 0.24

FYM 0.23 0.24 0.24 0.21

ART. 0.19 0.20 0.25 0.31

DNC 0.30 0.25 0.24 0.23

RHB 0.19 0.22 0.26 0.26

CD(0.05) - A- 0.024 ; B- 0.021 ; A X B -0.047

A- Organic source ; B- Nitrogen level
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Table 48a. Effect of different organic sources on potassium content in rice

grain in virippu season

Potassium (%)

Treatments No N, Na Ns

NOM 0.19 0.22 0.22 0.22

FYM 0.23 0.25 0.26 0.22

ART 0.20 0.20 0.23 0.22

DNC 0.23 0.25 0.23 0.23

RHB 0.19 0.19 0.22 0.18

CD(0.05) - A -0.016 ; B- 0.014 ; A X B- NS

A- Organic source ; B- Nitrogen level

Table 48b. Effect of different organic sources on potassium content in

rice grain in mundakan season

Potassium (%)

Treatments No Ni Na N3

NOM 0.21 0.23 0.24 0.24

FYM 0.24 0.25 0.26 0.27

ART 0.22 0.23 0.20 0.22

DNC 0.24 0.26 0.25 0.26

RHB 0.22 0.22 0.23 0.25

CD (0.05) - A- 0.009 ; B- 0.008 ; A X B -NS

A- Organic source ; B- Nitrogen level
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Calcium

It can be inferred from the Table 49a that in virippu season the treatment,

FYM with 70 kg N ha"' recorded a maximum value of 598.69 mg kg'\ The

treatments of same organic source with higher level of N daincha /RHB with 70kg N

ha"' also showed on par values.

In mundakan season the significant highest Ca content was shown in RHB +

35 kg N ha"' (1986.38 mg kg"') followed by RHB + 70 kg N ha"' and daincha + 70 kg

N ha"' with values 1367.51 mg kg"' and 1362.22 mg kg"' respectively (Table 49b).

Magnesium

The Mg content was significantly higher (Table 50a) in virippu in daincha

with 105 kg N ha"' with a value 1122.19 mg kg"'. The treatment ART with 105 kg

Nha"' showed a value of 1044.57 mg kg"' whereas other treatment combinations

showed relatively lower values.

The maximum Mg content was seen in mundakan in RHB with 70 kg N ha"'

(1387.67 mg kg"'). The same organic source with lesser dose of N and daincha with

70 kg N ha"' were on par with the maximum value (Table 50b).

Sulphur

The data from Table 51a on sulphur content indicated that it was significantly

maximum in virippu in the treatment FYM with 105 kg N ha"' (414.58 mg kg"'). The

treatment FYM with 70 kg N ha"' also showed a closer value of 400.89 mg kg"'.

In mundakan season, the S content (Table 51b) was significantly maximum in

FYM with 105 kg N ha"' with a value 328.49 mg kg"'. The treatment FYM + 70 kg N

ha"' and ART + 105 kg N ha"' showed on par values of 325.50 and 325.56 mg kg"'

respectively.

Iron

Data in Table 52a showed that iron content in virippu season ranged from

302.51 to 612.48 mg kg"' and was significantly maximum in daincha with 105 kg N

ha"' (612.48 mg kg"') followed by the control showing a value of 504.28 mg kg"'.
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Table 49a. Effect of different organic sources on calcium content in rice

grain in virippu season

Calcium (mg kg"')

Treatments No N, Nz N3

NOM 389.45 415.42 425.04 450.35

FYM 436.41 510.24 598.69 545.70

ART 420.26 435.49 505.21 517.01

DNC 335.41 531.05 560.19 520.93

RHB 510.35 520.80 556.01 535.07

CD(0.05) - A-32.284; B-28.875; A X B-64.567

A- Organic source ; B- Nitrogen level

Table 49b. Effect of different organic sources on calcium content in rice

grain in mundakan season

Calcium (mg kg"')

Treatments No N, Nz N3

NOM 387.55 406.43 436.93 467.12

FYM 512.24 528.50 425.39 477.51

ART 489.39 494.40 510.38 515.46

DNC 535.92 646.45 1362.22 1144.93

RHB 1147.13 1986.38 1367.51 534.01

CD(0.05)- A-2.366 ; B-2.116; AXE -4.732

A- Organic source ; B- Nitrogen level
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Table 50a. Effect of different organic sources on magnesium content in

rice grain in virippu season

Magnesium (mg kg"')

Treatments No Ni N2 N3

NOM 374.19 418.00 408.24 843.68

FYM 646.78 545.53 529.30 458.20

ART 389.08 613.78 994.10 1044.57

DNC 677.59 812.45 934.64 1122.19

RHB 489.20 610.35 672.47 659.04

CD(0.05) - A-18.982; B-16.978; AXB-37.964

A- Organic source ; B- Nitrogen level

Table 50b. Effect of different organic sources on magnesium content in

rice grain in mundakan season

Magnesium (mg kg ')

Treatments No N, N2 Nj

NOM 824.51 994.43 1024.48 1057.33

FYM 1044.05 1067.93 1145.31 1113.76

ART 1015.07 1024.44 1053.75 1074.65

DNC 1076.87 1267.13 1311.83 1278.38

RHB 1152.42 1371.13 1387.67 1181.67

CD - A-44.018; B-39.371; AXB-f18.036

A- Organic source ; B- Nitrogen level
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Table 51a. Effect of different organic sources on sulphur content in rice

grain in virippu season

Sulphur (mg kg"')

Treatments No N, N2 N3

NOM 344.61 347.07 348.45 351.87

FYM 347.46 378.22 400.89 414.58

ART 347.30 350.53 353.08 354.73

DNC 349.34 367.60 365.24 365.59

RHB 346.48 350.64 353.43 354.04

CD(0.05) - A- 0.932 ; B- 0.833; A X B -1.863

A- Organic source ; B- Nitrogen level

Table 51b. Effect of different organic sources on sulphur content in rice

grain in mundakan season

Sulphur (mg kg"')

Treatments No N, No N3

NOM 302.64 307.50 308.53 311.49

FYM 307.65 309.81 325.50 328.49

ART 308.57 310.49 312.53 325.56

DNC 309.36 313.43 318.17 321.28

RHB 312.35 313.46 311.54 311.66

CD(0.05)- A-0.962 ; B-0.861; A XB-1.924

A- Organic source ; B- Nitrogen level
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Table 52a. Effect of different organic sources on iron content in rice grain

in virippu season

Iron (mg kg^)

Treatments No N, N2 Nj

NOM 504.28 476.55 444.41 420.44

FYM 302.51 389.49 435.55 402.58

ART 305.55 376.91 398.91 323.60

DNC 348.49 410.45 467.50 612.48

RHB 303.60 375.71 343.61 465.25

CD(0.05) - A- 1.286; B- 1.150 ; A X B- 2.572

A- Organic source ; B- Nitrogen level

Table 52b. Effect of different organic sources on iron content in rice

grain in niundakan season

Iron (mgkg"')

Treatments No N, Ns Nb

NOM 3,390.89 3,692.76 3,829.76 4,736.63

FYM 3,466.05 3,702.39 3,260.99 3,453.24

ART 2,989.95 2,546.78 2,228.21 1,733.18

DNC 1,579.42 1,350.48 1,084.28 1,141.48

RHB 1,031.16 1,346.37 1,265.11 1,072.54

CD (0.05)- A-24.305 B-21.739 AX B-48.609

A- Organic source ; B- Nitrogen level
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In mundakan season, significantly maximum Fe content (Table 52b) was

noted in the treatment with 105 kg N ha"' alone with a value 4736.63 mg kg"'

followed by treatment with 70 kg N ha"' (3829.76 mg kg"'). The values ranged from

1031.16 to 4736.63 mg kg"'.

Manganese

Maximum Mn content in virippu season was seen in daincha with 35 kg N

ha"' with a value 46.90 mg kg"' (Table 53a) followed by 44.18 mg kg"' recorded in

the treatment using the same organic source with 105 kg N ha"'.

The Mn content (Table 53b) in mundakan was significantly maximum in

RHB with 70 kg N ha"' (33.95 mg kg"'). The treatments of the 105 kg N ha"' alone

showed an on par value of 33.56 mg kg"'.

Zinc

It can be inferred from Table 54a that in virippu, the zinc content was

significantly maximum in FYM with 105 kg N ha"' (3.85 mg kg '). It was also seen

that FYM with 70kg N ha"' showed a closer value of 3.57 mg kg"'. The data also

showed that zinc content could not be detected in the treatments where organic source

was not integrated, except the highest level of nitrogen dose applied.

In mundakan season the Zn content (Table 54b) was significantly maximum

in FYM + 105 kg N ha"' with a value 3.80 mg kg"' followed by FYM with 70 kg N

ha"' which had a value of 3.58 mg kg"'. The zinc content was below detectable level

in the treatments where inorganic nitrogen alone was applied as in the case of virippu

season.

Copper

A perusal of data in Table 55a showed that in virippu, copper content was

significantly maximum in FYM with 105 kg N ha"' (1.56 mg kg"'). Farm yard manure
with 70 kg N ha"' showed an on par value of 1.52 mg kg"'. The treatments where

fertilizer alone was applied showed non detectable levels of copper.
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Table 53a. Effect of different organic sources on manganese content in

rice grain in virippu season

Manganese (mg kg"')

Treatments No N, N2 N3

NOM 17.39 21.41 23.31 18.18

FYM 21.56 36.76 35.28 25.86

ART 20.19 22.32 25.54 24.60

DNC 29.01 46.90 43.49 44.18

RHB 25.42 31.40 39.52 36.55

CD(0.05)- A-0.622 B-G.55; AXB- 1.244

A- Organic source ; B- Nitrogen level

Table 53b. Effect of different organic sources on manganese content in

rice grain in mundakan season

Manganese (mg kg"')

Treatments No N, Nz N3

NOM 24.82 27.03 29.44 33.56

FYM 28.38 30.95 28.68 31.22

ART 18.73 20.46 23.65 24.43

DNC 25.07 27.01 30.10 30.89

RHB 28.51 30.56 33.95 31.84

CD(0.G5) - A- G.815; B-G.729; AXB-1.631

A- Organic source ; B- Nitrogen level
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Table 54a. Effect of different organic sources on zinc content in rice grain

in virippu season

Zinc (mg kg')

Treatments No Ni N2 N3

NOM ND ND ND 1.84

FYM 2.58 3.45 3.57 3.85

ART 2.19 2.20 2.24 2.28

DNC 2.78 2.84 2.96 3.05

RHB 2.24 2.31 2.33 2.35

CD(0.05)- A-0.056; B-0.D50; AXE-0.112

ND - Not Detectable;

A- Organic source ; B- Nitrogen level

Table 54b. Effect of different organic sources on zinc content in rice grain

in mundakan season

Zinc (mg kg ')

Treatments No N, N2 N3

NOM ND ND ND 1.24

FYM 2.47 3.23 3.58 3.80

ART 2.81 2.20 2.26 2.28

DNC 2.66 2.81 2.95 3.04

RHB 2.54 2.33 2.35 2.36

CD (0.05)- A~ 0.3211; B-0.287; AXB~0.642

ND - Not Detectable

A- Organic source ; B- Nitrogen level
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Table 55a. Effect of different organic sources on copper content in rice

grain in virippu season

Copper (mg kg"')

Treatments No Ni N2 Ns

NOM ND ND ND ND

FYM 1.30 1.43 1.52 1.56

ART 1.01 1.00 1.05 1.10

DNC 1.10 1.12 1.15 1.20

RHB 1.10 1.10 1.13 1.15

CD(0.05) - A- 0.038 ; BS- 0.034; AXE- 0.076

ND - Not Detectable

A- Organic source ; B- Nitrogen level

Table 55b. Effect of different organic sources on copper content

in rice grain in mundakan season

Copper (mg kg"')

Treatments No N, N2 N3

NOM ND ND ND ND

FYM 1.31 1.44 1.53 1.57

ART 1.00 1.00 1.06 1.20

DNC 1.13 1.14 1.15 1.17

RHB 1.12 1.13 1.13 1.14

CD (().05)- A- 0.(128; B-0.025; AXE- 0.05

k

ND - Not Detectable

A- Organic source ; B- Nitrogen level
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In mundakan season, the Cu content was significantly maximum (Table 55b)

in FYM + 105 kg N ha"' with a value 1.57 mg kg"'. Farmyard manure with 70 kg N

ha"' showed a slightly lower value of 1.53 mg kg"'. The same trend of non-detectable

levels were noticed here also.

Boron

The B content in virippu season ranged from 1.03 mg kg"' in the control to

1.36 mg kg"' in FYM with 105 kg N ha"' (Table 56a). The treatments were found to

be non significant with each other.

The B content in mundakan (Table 56b) was significantly maximum in

daincha with 70 kg N ha"' (1.30 mg kg"'). The treatments of the same organic source

with different levels of N and FYM + 70 kg N ha"' showed on par values.

4.1.3.2. Nutrient content in straw

Nitrogen

The highest significant nitrogen content was observed (Table 57a) in virippu

in the treatment, FYM with 105 kg N ha"' (0.64%). The treatment, daincha with 35 kg

N ha"' and FYM with 70 kg N ha"' recorded on par values of 0.61 and 0.60 per cent

respectively.

The significant highest content of nitrogen with a value of 0.65 per cent was

seen in FYM with 105 kg N ha"' (Table 57b) in mundakan season. The treatment with

same organic source and 70 kg N ha"' also recorded an on par value of 0.63 per cent.

Treatments, daincha and FYM with 35 kg N ha"' were on par with each other with

values of 0.60 and 0.59 per cent respectively.

Phosphorus

Data from Table 58a revealed that in virippu season, phosphorus content was

the highest (1.18%) in daincha with 35 kg N ha"'. Treatments with the same organic

source with higher doses of N also recorded values above one per cent.

Plants which received the treatment, daincha with 105 kg N ha"' showed

maximum value of 0.20 per cent (Table 58b) for phosphorus in mundakan season.
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Table 56a. Effect of different organic sources on boron content in rice

grain in virippu season

Boron (mg kg"')

Treatments No N, N2 N3

NOM 1.03 1.16 1.16 1.17

FYM 1.29 1.30 1.35 1.36

ART 1.14 1.22 1.32 1.33

DNC 1.25 1.32 1.33 1.33

RHB 1.18 1.20 1.22 1.23

CD (0.05) - A- 0.039; B- 0.034; AXE1-NS

A- Organic source ; B- Nitrogen level

Table 56b. Effect of different organic sources on boron content in rice

grain in mundakan season

Boron (mg kg ')

Treatments Nq N, N2 Na

NOM 0.93 1.05 1.08 1.21

FYM 1.22 1.17 1.25 1.24

ART 0.98 1.13 1.13 1.13

DNC 1.21 1.25 1.30 1.26

RHB 1.12 1.17 1.18 1.18

CD(0.05)- A- 0.040; B- 0.036; A X B- 0.079

A- Organic source ; B- Nitrogen level
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Table 57a. Effect of different organic sources on nitrogen content in rice

straw in virippu season

Nitrogen (%)

Treatments No Ni N2 N3

NOM 0.35 0.37 0.42 0.47

FYM 0.46 0.55 0.60 0.64

ART 0.40 0.43 0.46 0.50

DNC 0.47 0.61 0.55 0.50

RHB 0.42 0.45 0.47 0.48

CD (0.05)- A-0.013;; B-0.011; AXlB- 0.025

A- Organic source ; B- Nitrogen level

Table 57b. Effect of different organic sources on nitrogen content in rice

straw in mundakan season

Nitrogen (%)

Treatments No N, N2 N3

NOM 0.40 0.42 0.44 0.46

FYM 0.46 0.59 0.63 0.65

ART 0.42 0.44 0.45 0.51

DNC 0.49 0.60 0.56 0.52

RHB 0.43 0.45 0.48 0.50

CD (0.05)- A -0.008; B -0.007; A X B- 0.016

A- Organic source ; B- Nitrogen level
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Table 58a. Effect of different organic sources on phosphorus content in

rice straw in virippu season

Phosphorus (%)

Treatments No N, N2 N3

NOM 0.05 0.07 0.08 0.39

FYM 0.08 0.76 0.12 0.08

ART 0.06 0.07 0.39 0.08

DNC 0.08 1.18 1.11 1.10

RHB 0.06 0.08 0.44 0.42

CD (0.05)- A- 0.225; B -0.2()1; A X B- 0.449

A- Organic source ; B- Nitrogen level

Table 58b. Effect of different organic sources on phosphorus content in

rice straw in mundakan season

Phosphorus (%)

Treatments No N, N2 N3

NOM 0.07 0.09 0.12 0.14

FYM 0.12 0.15 0.18 0.19

ART 0.13 0.13 0.15 0.17

DNC 0.12 0.18 0.19 0.20

RHB 0.13 0.14 0.16 0.17

CD (0.05)- A- 0.009; B- 0.008; A X B- 0.(319

A- Organic source ; B- Nitrogen level
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Daincha with lesser doses of N (35 kg N ha"^) and also FYM + 105 kg N ha"'

also showed on par values of 0.18 and 0.19 per cent respectively.

Potassium

The K content was maximum in virippu for the treatment, daincha + 35 kg N

ha"' and control with a value of 1.24 per cent (Table 59a). Treatments with same

organic source and higher levels of nitrogen and FYM with same levels of nitrogen

were on par with each other.

The highest K content in mundakan (Table 59b) was seen in daincha with 105

kg N ha"' (1.51%). The treatments, daincha + 70 kg N ha"' and FYM +105 kg N ha"'

showed similar value (1.50 %).

Calcium

The significant highest Ca content in virippu was found to be in (Table 60a)

daincha with 105 kg N ha"' which recorded a value of 6954.06 mg kg"'. Rice husk

biochar with 35 kg N ha"' also recorded a value of 5803.96 mg kg"'.

During mundakan season, rice husk biochar with 35 kg N ha"' recorded

significant maximum content (Table 60b) of 5590.11 mg kg"' followed by daincha

with 105 kg N ha"' with a value of 4946.73 mg kg"'.

Magnesium

It can be seen from the Table 61a, in virippu the treatment daincha with 105

kg N ha"' recorded significant maximum content of magnesium of 867.39 mg kg"'.

Farmyard manure with 105 kg N ha"' showed a slightly lesser value of 853. 56 mg

kg-'.

Magnesium was significantly highest in mundakan (Table 61b) in daincha

with 105 kg N ha"' (1114.73 mg kg"'). Fannyard manure with 105 kg N ha"' recorded

a closer value of 1009.55 mg kg"'.

Sulphur

The highest content of 473.92 mg kg"' in virippu was obtained for daincha

with 70 kg N ha"'(Table 62a). Treatment with same organic source and higher dose of
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Table 59a. Effect of different organic sources on potassium content in rice

straw in virippu season

Potassium (%)

Treatments No N, N2 N

NOM 0.95 1.12 1.17 1.24

FYM 1.19 1.22 1.23 1.23

ART 1.12 1.15 1.20 1.19

DNC 1.20 1.24 1.23 1.23

RHB 1.15 1.15 1.17 1.23

CD (0.05)- A -0.017; B- 0.015; A X B -0.034

A- Organic source ; B- Nitrogen level

Table 59b. Effect of different organic sources on potassium content in

rice straw in mundakan season

Potassium (%)

Treatments No Ni Nz N3

NOM 1.18 1.25 1.35 1.42

FYM 1.36 1.41 1.48 1.50

ART 1.29 1.32 1.35 1.39

DNC 1.42 1.48 1.50 1.51

RHB 1.28 1.30 1.34 1.36

CD (0.05)- A-0.011; B-0.010; A XB-0.022

A- Organic source ; B- Nitrogen level
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Table 60a. Effect of different organic sources on calcium content in rice

straw in virippu season

Calcium (mg kg"')

Treatments No Ni N2 N3

NOM 2,536.36 3,114.47 4,605.45 3,535.79

FYM 3,353.56 3,547.82 3,559.57 3,409.77

ART 3,341.31 3,553.26 2,442.94 2,652.27

DNC 2,794.46 3,229.71 2,901.61 6,954.06

RHB 3,422.30 5,803.96 3,621.63 2,428.99

CD (0.05)- A-28.39; B-25.40; AX B-56.78

A- Organic source ; B- Nitrogen level

Table 60b. Effect of different organic sources on calcium content in in

rice straw in mundakan season

Calcium (mg kg"')

Treatments No Ni N2 Na

NOM 2,352.57 3,703.52 4,113.43 3,313.09

FYM 3,235.79 3,343.55 3,458.00 3,210.31

ART 3,166.39 3,636.40 3,114.73 4,027.78

DNC 4,136.27 4,080.88 2,573.54 4,946.73

RHB 2,627.92 5,590.11 3,419.77 2,131.83

CD(0.05)- A-22.34; B-19.98; AXB-44.68

A- Organic source ; B- Nitrogen level
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Table 61a. Effect of different organic sources on magnesium content in

rice straw in virippu season

Magnesium (mg kg"')

Treatments No N, N2 Na

NOM 649.39 727.03 746.44 808.93

FYM 782.81 823.25 843.65 853.56

ART 708.61 763.34 627.68 714.05

DNC 610.29 648.16 687.51 867.39

RHB 713.60 713.81 768.32 784.98

CD(0.05) - A- 2.5141; B-- 2.248; A X I1- 5.027

A- Organic source ; B- Nitrogen level

Table 61b. Effect of different organic sources on magnesium content in

rice straw in mundakan season

Magnesium (mg kg"')

Treatments No N, N2 Na

NOM 753.23 724.64 773.46 777.80

FYM 773.72 864.55 902.15 1009.55

ART 958.12 605.05 610.30 931.22

DNC 863.76 893.46 715.74 1114.73

RHB 744.39 729.41 805.58 851.20

CD (O.O5)- A-2.88; B-2.58; A X B.-5.76

A- Organic source ; B- Nitrogen level
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Table 62a. Effect of different organic sources on sulphur content in rice

straw in virippu season

Sulphur (mg kg"')

Treatments No N, N2 Ns

NOM 411.31 415.54 423.67 427.43

FYM 412.35 435.44 445.29 448.37

ART 411.26 422.46 426.20 436.50

DNC 420.37 445.89 473.92 472.30

RHB 421.30 427.37 435.73 444.81

CD(0.05)- A-l.U ;  B-1.02 ; A X B-2.28

A- Organic source ; B- Nitrogen level

Table 62b. Effect of different organic sources on sulphur content in rice

straw in mundakan season

Sulphur (mg kg"')

Treatments No N, N2 N3

NOM 414.72 422.51 425.96 429.46

FYM 417.03 445.34 457.46 457.85

ART 416.37 422.71 428.92 439.59

DNC 430.55 459.44 484.44 480.63

RHB 428.69 431.19 441.32 451.42

CD (0.05)- A-1.531; B-1.370; A X B~ 3.063

A- Organic source ; B- Nitrogen level
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N also recorded an on par value of 472.30 mg kg"'. Treatments, daincha with 35 kg N

ha"' and FYM with 70 kg N ha"' also showed on par values.

During mundakan season also, the same treatment daincha with 70 kg N ha"'

recorded the highest content (Table 62b) of 484.44 mg kg"' followed by an on par

value of 480.63 mg kg"' for the treatment with same organic source and inorganic N

at 105 kg ha"'.

Tron

Iron content in virippu was found to be significantly highest (Table 63 a) in

RHB with 105 kg N ha"' with value 3219.10 mg kg"'. The same organic source with

70 kg N ha"' also recorded a closer value of 2167.00 mg kg"'. In general, the

treatments with RHB had distinctly higher content of Fe than other treatments.

The results showed that the same trend was repeated for the content of Fe in

straw in mundakan season also and a significant higher Fe content (Table 63b) was

seen with RHB withl05 kg N ha"' (5220.65 mg kg"') followed by the treatment, ART

with 105 kg N ha"' (3808.10 mg kg"').

Manganese

The significant maximum Mn content in straw in virippu season was seen

(Table 64a) with ART+ 35 kg N ha"' (345.84 mg kg"'). Treatments with ART and

RHB recorded higher values compared to other organic sources.

The treatment, ART without any added N recorded the highest Mn content of

837.15 mg kg"' (Table 64b) in mundakan. With increasing level of added fertilizer, all

the treatment combinations where FYM was the organic source showed an increase in

Mn content.

Zinc

It was seen from Table 65a that in virippu the treatment ARTwith 35 kg N

ha"' recorded significant maximum zinc content of 50.50 mg kg"'. The treatment ART

with 70 kg N ha"' showed a lower content of 45. 23 mg kg"'. The treatments, FYM as

well as RHB in combination with graded doses of N fertiliser showed relatively
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Table 63a. Effect of different organic sources on iron content in rice

straw in virippu season

Iron (mg kg"^)

Treatments No Ni N2 Ns

NOM 603.37 972.70 1051.16 1587.21

FYM 725.88 955.27 1207.95 840.69

ART 1019.66 1097.26 743.18 1357.21

DNC 1141.95 1316.56 1116.47 1323.51

RHB 1236.49 1713.60 2167.00 3219.10

CD (0.05) - A- 25.282; B-22.6113; A XB--50.564

A- Organic source ; B- Nitrogen level

Table 63b. Effect of different organic sources on iron content in rice

straw in mundakan season

Iron (mg kg"^)

Treatments No Ni N2 N3

NOM 2,013.39 1,907.00 1,765.93 1,962.66

FYM 1,123.59 1,347.47 1,427.16 919.31

ART 1,242.91 1,537.68 1,235.79 3,808.10

DNC 1,242.88 1,536.15 1,430.87 1,181.82

RHB 1,350.71 2,294.26 3,543.70 5,220.65

CD (0.05)- A-3.077; B-2.752 ; A X B-6.155

A- Organic source ; B- Nitrogen level
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Table 64a. Effect of different organic sources on manganese content in

rice straw in virippu season

Manganese (mg kg"')

Treatments No N, N2 N3

NOM 168.89 150.56 208.77 229.29

FYM 167.05 189.87 201.90 237.38

ART 257.66 345.84 235.87 247.44

DNC 173.05 195.00 309.24 136.81

RHB 212.08 235.40 274.22 205.47

CD (0.05)- A- 3.430; B- 3.068; A X B~ 6.860

A- Organic source ; B- Nitrogen level

Table 64b. Effect of different organic sources on manganese content in

rice straw in mundakan season

Manganese (mg kg"' )

Treatments No N, N2 Ns

NOM 198.75 224.60 228.67 248.18

FYM 238.71 278.91 298.99 365.18

ART 837.15 211.32 193.54 226.79

DNC 255.95 268.33 200.84 303.75

RHB 252.40 258.15 223.84 180.16

CD (0.05)- A-NS; B-NS; AXB -NS

A- Organic source ; B- Nitrogen level
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Table 65a. Effect of different organic sources on zinc content in rice

straw in virippu season

Zinc (mgkg"*)

Treatments No N, N2 N3

NOM 5.57 5.80 5.90 6.10

FYM 25.50 27.45 30.23 30.34

ART 34.78 50.50 45.23 43.56

DNC 7.34 8.45 9.58 11.45

RHB 8.50 10.46 37.50 39.34

CD (0.05)- A~ 0.034; B~ 0.030; AXB~ 0.067

A- Organic source ; B- Nitrogen level

Table 65b. Effect of different organic sources on zinc content in rice

straw in mundakan Season

Zinc (mg kg"' )

Treatments No N, N2 N3

NOM 3.45 3.57 3.50 3.70

FYM 23.34 25.13 27.06 28.00

ART 35.00 38.67 50.35 49.00

DNC 7.89 8.95 9.60 9.50

RHB 8.50 15.36 35.56 34.21

CD (0.05)- A-0.036; B-0.032; AXB-0.072

A- Organic source ; B- Nitrogen level
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higher values of Zn than those of daincha. Here with increase in the fertilizer doses,

the content of zinc also increased.

The results (Table 65b) were found to follow the same pattern during

mundakan season also. Zn was significantly higher in ART +70 kg N ha"' (50.35 mg

kg"'). It was found that the treatmentART with 105 kg N ha"' also recorded an on par

value of 49.00 mg kg"'. The treatment combinations, where daincha was the organic

source, exhibited the lowest value for this nutrient among integrated treatment

combinations.

Copper

The treatment, FYM with different doses of N fertiliser recorded higher

values than all other treatments in virippu season. The significant highest Cu content

was seen in the treatment (Table 66a) FYM with 105 kg N ha"' which recorded 10.34

mg kg"'. The treatment FYM with 70 kg N ha"' recorded a value of 5.70 mg kg"'. All

the treatment combinations of other organic sources, exhibited values less than 1.00

mg kg"' for copper.

Farmyard manure +105 kg N ha"' recorded significant maximum content

(Table 66b) of 11.25 mg kg"'in mundakan season followed by the same organic

source with 70 kg N ha"' (5.83 mg kg"').

Boron

Data from Table 67a showed that in virippu, the B content was found to be

stable with values ranging from 4.12 mg kg"' for control treatment to 5.21 mg kg"' for

daincha treatment supplemented with 35 kg N ha"'.

The control treatment and ART without any fertilizer showed the lowest

values of 3.79 and 3.91 mg kg"' (Table 67b) respectively in mundakan season. The

content was maximum in the treatment with DNC + 35 kg N ha"' (4.61) followed by

the same organic source with 70 kg N ha"' (4.60 mg kg"') which was on par with it.
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Table 66a. Effect of different organic sources on copper content in rice

straw in virippu season

Copper (mg kg"^)

Treatments No N, N2 N3

NOM ND ND ND 1.00

FYM 3.00 4.50 5.70 10.34

ART 0.56 0.50 0.50 0.52

DNC 0.54 0.59 0.51 0.64

RHB 0.50 0.50 0.50 0.50

CD (0.05)- A-0.061; B~ 0.054; AXB~0.121

ND - Not Detectable

A- Organic source ; B- Nitrogen level

Table 66b. Effect of different organic sources on copper content in rice

straw in mundakan season

Copper (mg kg ')

Treatments No N, N2 N3

NOM ND ND ND 1.23

FYM 3.23 4.58 5.83 11.25

ART 0.78 0.89 0.95 1.00

DNC 0.60 0.75 1.00 0.87

RHB 0.60 0.55 0.48 0.20

CD (0.05)- A~ 0.039; B~ 0.035; A X B~ 0.077

ND - Not Detectable

A- Organic source ; B- Nitrogen level
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Table 67a. Effect of different organic sources on boron content in rice

straw in virippu season

Boron (mg kg'^)

Treatments No Ni N2 N3

NOM 4.12 4.36 4.48 4.69

FYM 4.42 4.66 4.90 4.82

ART 4.40 4.54 4.74 4.78

DNC 4.52 5.21 4.84 4.83

RHB 4.37 4.47 4.63 4.70

CD (0.05)- A -0.066; B- 0.059; A X B -0.132

A- organic

Table 67b. Effect of different organic sources on boron content in rice

straw in mundakan season

Boron (mg kg'^)

Treatments No N, N2 N3

NOM 3.79 4.03 4.12 4.23

FYM 4.13 4.32 4.51 4.52

ART. 3.91 4.08 4.10 4.20

DNC 4.22 4.61 4.60 4.50

RHB 4.10 4.20 4.30 4.40

CD (0.05)- A-0.025; B-0.022 ; A X B~ 0.049

A- organic source ; B- nitrogen level
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4.1.3.3. Nutrient content in root

Nitrogen

The treatment daincha with no added N (Table 68a) recorded maximum value

of 0.97 per cent in virippu season. Daincha with 35 kg N ha"' and FYM with different

levels of N showed on par values.

In mundakan, daincha with 35 kg N ha"' showed maximum N content (Table

68b) in the root (1.12%). Daincha with 105 kg N ha"' also showed on par value of

1.09 per cent.

Phosphorus

The treatment FYM with 105 kg N ha"' recorded (Table 69a) highest value of

0.19 per cent in virippu season followed by FYM with 70 kg N ha"' with value of

0.18 per cent. The treatment daincha with lower and higher levels of N showed same

value of 0.17 per cent which was on par with the highest value.

The P content of root in mundakan (Table 69b) was maximum in the

treatemnt FYM with 105 kg N ha"' (0.20%). Treatments, FYM with 70 kg N ha"' and

daincha with lower and higher doses of N showed on par values.

Potassium

The maximum K content of root was seen in virippu in FYM with 105 kg N

ha"' with a value 0.64 per cent (Table 70a). Daincha with 70 kg N ha"' also showed

0.62 per cent which was on par with this value.

In mundakan season, the significantly highest value (Table 70b) of K was

seen in the treatment, daincha with 105 kg N ha"' and also FYM with 70 kg N ha"'

(0.62%).
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Table 68a. Effect of different organic sources on nitrogen content in rice

root in virippu season

Nitrogen (%)

Treatments No N, N2 N3

NOM 0.82 0.85 0.87 0.88

FYM 0.86 0.94 0.93 0.94

ART 0.83 0.83 0.86 0.93

DNC 0.97 0.94 0.85 0.84

RHB 0.82 0.85 0.88 0.88

CD (0.05)- A- 0.019; B- 0.017 ; A X B -0.038

A- Organic source ; B- Nitrogen level

Table 68b. Effect of different organic sources on nitrogen content in rice

root in mundakan season

Nitrogen {%)

Treatments No Ni N2 N3

NOM 0.90 0.92 0.94 0.96

FYM 0.96 0.99 1.03 1.02

ART 0.93 0.94 0.95 1.00

DNC 1.03 1.12 1.06 1.09

RHB 0.94 0.95 0.98 1.00

CD (0.05)- A- 0.014;  B- 0.013; AXE1- 0.029

A- Organic source ; B- Nitrogen level

>
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Table 69a. Effect of different organic sources on phosphorus content in

rice root in virippu season

Phosphorus (%)

Treatments No Ni N2 N3

NOM 0.09 0.10 0.11 0.12

FYM 0.11 0.14 0.18 0.19

ART. 0.10 0.13 0.14 0.15

DNC 0.14 0.17 0.17 0.17

RHB 0.11 0.12 0.14 0.14

CD (0.05)- A~ 0.006; B~O.OC16; AXB~ 0.012

A- Organic source ; B- Nitrogen level

Table 69b. Effect of different organic sources on phosphorus content in

rice root in niundakan season

Phosphorus (%)

Treatments No Ni N2 Ns

NOM 0.12 0.13 0.15 0.16

FYM 0.16 0.17 0.18 0.20

ART 0.14 0.15 0.16 0.16

DNC 0.15 0.19 0.18 0.18

RHB 0.14 0.14 0.15 0.17

CD(0.05)- A-0.008; B~ 0.007; AX B-0.017

A- Organic source ; B- Nitrogen level
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Table 70a. Effect of different organic sources on potassium content in rice

root in virippu season

Potassium (%)

Treatments No N, N2 Ns

NOM 0.42 0.45 0.47 0.50

FYM 0.49 0.54 0.60 0.64

ART 0.44 0.46 0.48 0.51

DNC 0.50 0.56 0.62 0.59

RHB 0.46 0.47 0.48 0.49

CD (0.05)- A-0.012; B-0.011; A X B-0.()24

A- Organic source ; B- Nitrogen level

Table 70b. Effect of different organic sources on potassium content in

rice root in mundakan season

Potassium (%)

Treatments No N, N2 Nj

NOM 0.46 0.48 0.48 0.50

FYM 0.50 0.58 0.62 0.56

ART 0.53 0.47 0.51 0.52

DNC 0.49 0.59 0.59 0.62

RHB 0.49 0.51 0.55 0.56

CD (0.05)- A -0.010; B- 0.009 ; A X B- 0.020

A- Organic source ; B- Nitrogen level
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Calcium

Maximum Ca content in virippu was seen (Table 71a) in FYM + 35 kg N ha"'

which recorded a value of 2508.92 mg kg"'. In general, the treatments with FYM as

organic source recorded higher values of Ca in the root followed by RHB.

The treatment without any added organic source but with 35 kg N ha"'

recorded maximum Ca content (Table 71b) in mundakan season (4817.24 mg kg"').

The treatment with no added nitrogen and organic source showed a value of 2289.04

mg kg"' during this season.

Magnesium

From a perusal of data shown in Table 72a, it was found that the Mg content

was significantly the highest with RHB + 35 kg N ha"' (819.87 mg kg"'). The

treatment consisting of same organic source with lower and higher doses of N

showed on par values.

Magnesium content in mundakan (Table 72b) was found to be the highest

and significant (881.25 mg kg"') in the treatment with ART and 105 kg N ha"'

followed by FYM without any N with a value of 863.76 mg kg"'.

Sulphur

The maximum significant S content in virippu (Table 73a) was observed in

the treatment, daincha with 70 kg N ha"' with a value of 380.51 mg kg"' followed by

daincha with 105 kg N ha"' (372.59 mg kg"'). Farmyard manure either with 70 or with

105kg N ha"' showed values of 354.20 and 354.07 mg kg"' which were on par.

The S content in mundakan (Table 73b) was maximum in daincha with 70 kg

N ha"' with a value 383.78 mg kg"' followed by the value of 375.95 mg kg"' shown by

daincha with higher dose of N. As in case of virippu, FYM with 70/105 kg N ha"'

were on par.
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Table 71a. Effect of different organic sources on calcium content in rice

root in virippu season

Calcium (mg kg ')

Treatments No Ni N2 N3

NOM 623.38 609.61 371.28 662.30

FYM 1044.31 2508.92 1446.36 920.28

ART 477.81 510.47 464.52 577.75

DNC 378.42 384.39 643.51 555.22

RHB 674.48 830.10 990.23 1315.68

CD (0.05)- A -1A11-, B- 6.687; A X B -14.954

A- Organic source ; B- Nitrogen level

Table 71b. Effect of different organic sources on calcium content in rice

root in mundakan season

Calcium (mg kg"')

Treatments No N, N2 N3

NOM 2289.04 4817.24 879.85 1513.71

FYM 1641.70 370.07 963.94 869.60

ART 662.39 779.23 3085.84 1643.18

DNC 962.59 1148.60 1353.50 664.63

RHB 693.05 1330.32 1870.81 585.03

CD (0.05)- A-38.968; B-34.854; AX B-77.936

A- Organic source ; B- Nitrogen level
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Table 72a. Effect of different organic sources on magnesium content in

rice root in virippu season

Magnesium (mg kg ')

Treatments No Ni N2 N3

NOM 412.23 598.86 359.88 561.27

FYM 635.56 392.10 642.12 524.07

ART 514.10 625.65 516.64 424.17

DNC 402.90 405.35 524.61 712.47

RHB 794.65 819.87 787.27 664.42

CD (0.05)- A-8.103; B-7.248; AXl8~ 16.207

A- Organic source ; B- Nitrogen level

Table 72b. Effect of different organic sources on magnesium content in

rice root in mundakan season

Magnesium (mg kg'')

Treatments No N, N2 N3

NOM 327.91 510.25 675.34 589.77

FYM 863.76 350.24 551.94 578.87

ART 538.34 597.78 569.74 881.25

DNC 567.25 588.18 621.79 498.33

RHB 540.35 483.52 844.94 451.37

CD (0.05)- A~ 11.997; B~ 10.73t1; A XB-23.993

A- Organic source ; B- Nitrogen level
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Table 73a. Effect of different organic sources on sulphur content in rice

root in virippu season

Sulphur (mg kg"')

Treatments No N, N2 N3

NOM 311.12 319.41 321.98 325.24

FYM 313.37 341.68 354.20 354.07

ART 313.24 316.97 322.95 333.95

DNC 327.66 355.14 380.51 372.59

RHB 332.14 328.36 334.29 347.15

CD (0.05)- A- 3.434; B- 3.0711; AX]B~ 6.867

A- Organic source ; B- Nitrogen level

Table 73b. Effect of different organic sources on sulphur content in rice

root in mundakan season

Sulphur (mg kg"*)

Treatments No N, N2 N3

NOM 313.36 321.49 323.63 327.06

FYM 315.55 344.72 356.19 357.31

ART 315.85 319.29 328.60 339.11

DNC 329.53 358.88 383.78 375.95

RHB 334.42 331.15 338.01 350.63

CD (0.05)- A-3.203; B-2.865; AXB~ 6.406

A- Organic source ; B- Nitrogen level
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Iron

Table 74a showed that Fe content in virippu was significantly maximum in

the treatment with RHB applied alone as organic source (28692.67 mg kg"') followed

by daincha with 105 kg N ha"' with a value 26939.00 mg kg"'. The treatments, FYM

without N, with 70 kg N ha"' and also 105 kg N ha"' inorganic source were on par

showing values of 25766.00 and 25348.00 mg kg"' respectively.

In mundakan season, the Fe content (Table 74b) was significantly maximum

in RHB with 35 kg N ha"' (39536.33 mg kg"'). The treatment ART with 35 kg N ha"'

showed a closer value of 38725.67 mg kg"' followed by ART with 105 kg N ha"'

(37445.00 mgkg"').

Manganese

The content of Mn in virippu was significantly higher (Table 75a) in FYM

alone (46.29 mg kg"'). Rice husk biochar without any N and FYM with 70 kg N ha"'

showed on par values of 42.22 mg kg"' and 42.18 mg kg"' respectively.

During mundakan season, Mn content was maximum (Table 75b) in RHB

with 70 kg N ha"' (77.58 mg kg"') with an on par value of 76.88 mg kg"' from the

control treatment.

Zinc

Zn content in virippu was significantly the highest (Table 76a) for RHB with

105 kg N ha"' (25.00 mg kg"'). Rice husk biochar with lesser doses of N showed on

par values of 24.50 and 24.60 mg kg"' respectively. In control and treatments with

only graded doses of N fertilizers, the zinc content could not be traced.

During mundakan season, Zn content was maximum (Table 76b) in RHB with

105 kg N ha"' (26.70 mg kg"' ) with an on par value of 26.12 mg kg"' from the lower

N dose (70 kg N ha"' ).
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Table 74a. Effect of different organic sources on iron content in rice root

in virippu season

Iron (mg kg"*)

Treatments No N, N2 N3

NOM 19,749.67 23,938.67 23,624.67 25,715.33

FYM 25,766.00 17,081.00 25,348.00 23,801.33

ART 22,266.00 22,850.33 18,697.67 19,317.33

DNC 15,159.00 16,517.33 20,447.67 26,939.00

RHB 28,692.67 17,962.33 15,457.00 17,798.00

CD (0.05)- A -885.078 ; B- 885.078 ; A X B —1,770.155

A- Organic source ; B- Nitrogen level

Table 74b. Effect of different organic sources on iron content in rice root

in mundakan season

Iron (mg kg'*)

Treatments No Ni N2 N3

NOM 22,722.00 20,175.00 37,249.00 17,524.00

FYM 33,526.00 21,332.67 25,011.00 22,548.33

ART 32,442.33 38,725.67 28,169.00 37,445.00

DNC 33,888.00 34,559.00 35,619.00 22,904.67

RHB 28,325.33 39,536.33 30,652.67 33,230.67

CD (0.05)- A- 119.709 ; B- 107.071 ; A X B -239.419

A- Organic source ; B- Nitrogen level
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Table 75a. Effect of different organic sources on manganese content in

rice root in virippu season

Manganese (mg kg"')

Treatments No Ni N2 N3

NOM 35.84 33.73 24.90 37.59

FYM 46.29 18.29 42.18 43.50

ART 35.38 35.68 33.88 31.17

DNC 20.80 21.52 0.81 33.22

RHB 42.22 34.01 37.34 25.37

CD (0.05)- A-1.228; B-1.099; AXE -2.457

A- Organic source ; B- Nitrogen level

Table 75b. Effect of different organic sources on manganese content in

rice root in mundakan season

Manganese (mg kg"')

Treatments No N, N2 N3

NOM 76.88 33.06 54.88 26.85

FYM 55.07 46.12 31.73 27.33

ART 45.52 54.00 52.08 55.42

DNC 58.76 36.09 46.33 33.03

RHB 45.92 47.59 77.58 64.41

CD (0.05)- A -2.052 ; B -1.836; A X B- 4.105

A- Organic source ; B- Nitrogen level
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Table 76a. Effect of different organic sources on zinc content in rice root

in virippu season

Zinc (mg kg"')

Treatments No N, N2 N3

NOM ND ND ND ND

FYM 11.50 11.70 12.40 12.80

ART 1.00 1.45 1.78 2.00

DNC 12.00 12.30 12.34 12.54

RHB 24.00 24.50 24.60 25.00

CD (0.05)- A~ 0.040 ; B~ 0.035; A X B~ 0.079

ND - Not Detectable

A- Organic source ; B- Nitrogen level

Table 76b. Effect of different organic sources on zinc content in rice root

in mundakan season

Zinc (mg 1^"')

Treatments No N, N2 N3

NOM ND ND ND ND

FYM 10.39 10.90 8.56 8.85

ART 2.45 2.57 2.98 3.00

DNC 13.40 13.45 14.37 14.65

RHB 25.00 25.56 26.12 26.70

CD (0.05)- A -0.034; B- 0.([)30; AXB- 0.068

ND - Not Detectable

A-Organic source ; B- Nitrogen level
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Copper

The maximum significant Cu content in virippu (Table 77a) was observed in

RHB applied with no added inorganic N (23.67 mg kg"') followed by ART alone with

an on par value of 21.49 mg kg '.

The Cu content in mundakan (Table 77b) was maximum in ART + 0 kg N

ba"' with a value 25.31 mg kg ' followed by the value of 22.45 mg kg"' shown by

FYM with higher dose of N. The two treatments were found to be on par with each

other.

Boron

The maximum B content in virippu was observed (Table 78a) in 105 kg N ha"'

alone was applied, which showed a value 5.62 mg kg"'. The treatments, daincha with

70 kg N ha"' and FYM with 105 kg N ha"' showed the same value of 5.59 mg kg"' and

this was on par with the highest value.

During mundakan season B content (Table 78b) was significantly maximum

for daincha with 105 kg N ha"' (5.60 mg kg"'). Treatments daincha and FYM with 70

kg N ha"' showed same value of 5.40 mg kg"'.

4.1.4. Growth and yield attributes of rice

Plant height at panicle initiation (PI) stage

The data are presented in Table 79a. The differential response of rice to five

different organic sources in combination with four levels of inorganic nitrogen was

explicitly seen. The maximum plant height of 76.95 cm in virippu was achieved when

daincha was supplied with 70 kg N ha"'. Under the same nitrogen regime, FYM

application gave a non-significant response of 76.83 cm. Both these sources of

organic manure were effective in producing an on par plant height even at a lower

level of nitrogen supply @ 35 kg ha"'. But a very high dose of nitrogen @105 kg ha"'

significantly decreased the plant height.
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Table 77a. Effect of different organic sources on copper content in rice

root in virippu season

Copper (mg kg ')

Treatments No Ni N2 Na

NOM 12.00 18.00 10.00 12.17

FYM 20.67 10.00 20.17 16.00

ART 21.49 17.67 14.17 14.00

DNC 17.14 17.50 16.00 20.67

RHB 23.67 18.83 16.00 11.83

CD (0.05)- A~ 0.955; B~ 0.854; AX B-1.910

A- Organic source ; B- Nitrogen level

Table 77b. Effect of different organic sources on copper content in rice

root in mundakan season

Copper (mg kg"')

Treatments No N, N2 Na

NOM 13.17 15.00 20.00 4.73

FYM 15.00 16.20 14.73 22.45

ART 25.31 18.21 21.16 16.77

DNC 10.98 13.42 15.31 12.71

RHB 12.77 13.11 9.50 7.47

CD (0.05)- A- 1.779; B- 1.592; AXl8- 3.559

A- Organic source ; B- Nitrogen level
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Table 78a. Effect of different organic sources on boron content in rice

root in viripp season

Boron (mg kg"')

Treatments No N, N2 Na

NOM 5.40 5.47 5.54 5.62

FYM 5.40 5.41 5.50 5.59

ART 5.01 5.20 5.30 5.30

DNC 5.31 5.50 5.59 5.51

RHB 5.03 5.12 5.20 5.21

CD (0.05)- A-0.025 ; B-0.023; AXE -0.050

A- Organic source ; B- Nitrogen level

Table 78b, Effect of different organic sources on boron content in rice

root in mundakan season

Boron (mg kg"')

Treatments No N, N2 Na

NOM 5.12 5.03 5.10 5.30

FYM 5.20 5.31 5.40 5.50

ART. 4.73 4.82 4.88 4.99

DNC 5.20 5.31 5.40 5.60

RHB 4.80 4.90 4.90 4.90

CD (0.05)- A- 0.02(); B- 0.018; AXE -0.040

A- Organic source ; B- Nitrogen level
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Table 79a. Effect of different organic sources on plant height at panicle

initiation stage in virippu season

Plant height (cm)

Treatments No Ni N2 Na

NOM 66.71 68.78 70.39 74.05

FYM 72.39 75.28 76.83 74.55

ART 69.11 69.34 72.34 72.28

DNC 74.89 76.16 76.95 73.78

RHB 70.28 72.00 73.28 73.11

CD (0.05)- A- 1.09; B-0.9Jt; AxB- 2.19

A- Organic source ; B- Nitrogen level

Table 79b. Effect of different organic sources on plant height at panicle

initiation stage in mundakan season

Plant height (cm)

Treatments No Ni N2 Na

NOM 69.49 70.28 70.69 71.46

FYM 70.41 72.57 73.89 72.34

ART 69.46 70.66 70.88 71.06

DNC 70.59 72.57 73.68 72.94

RHB 69.23 69.53 70.49 70.79

CD (0.05)- A-0.079; B-0.070; AxB-0.157

A- Organic source ; B- Nitrogen level
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Maximum plant height of 73.89 cm in mundakan was attained (Table 79b)

when FYM was amended with 70 kg N ha"' and was significantly superior to all other

treatments. A slightly less plant height of 73.68 cm, which was not significant was

recorded with daincha + 70 kg N ha"'.

Plant height at harvest

During virippu the maximum plant height of 106.65 cm was achieved (Table

80a) when FYM was supplied with 105 kg N ha"' and was significantly superior to all

other treatment combinations. When FYM was applied with 70 kg N ha"', a

significantly reduced plant height of 105.94 cm was attained followed by daincha

applied with 70 kg N ha"' (105.51cm).

In mundakan, the maximum plant height of 106.53 cm (Table 80b) could be

attained with the application of FYM along with 105 kg N ha"'. A slightly reduced

dose of 70 kg N ha"' along with the organic source daincha also resulted in a much

closer value of 106.47 cm.

Leaf area index (LAI)

The data on LAI at panicle initiation stage in virippu is presented in Table

81a. Application of daincha with 35 kg N ha"' resulted in LAI of 6.65. There was no

differential response to the treatments where organic manures were applied in

combination with augmented nitrogen supply.

Maximum LAI of 6.77 (Table 81b) was recorded in mundakan with

application of daincha along with 70 kg N ha"' and was significantly different from

the rest of the treatments.

Root biomass

Application of daincha with 70 kg N ha"' could produce a root biomass of

136.95 g m"^ (Table 82a) in virippu which was significantly different Irom all other

treatments. When the application of N was increased, slight reduction in root biomass
•)

was observed and the value was 136.29 g m"'.
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Table 80a. Effect of different organic sources on plant height at harvest

in virippu season

Plant height (cm)

Treatments No Ni N2 N3

NOM 98.42 99.42 100.47 101.31

FYM 101.70 103.30 105.94 106.65

ART 99.29 101.53 104.41 104.62

DNC 100.89 103.68 105.51 104.81

RHB 99.37 101.78 103.33 103.65

CD (0.05)- A-0.110;  B- 0.098; AxB-0.220

A- Organic source ; B- Nitrogen level

Table 80a. Effect of different organic sources on plant height at harvest

in mundakan season

Plant height (cm)

Treatments No Ni N2 N3

NOM 100.48 101.55 102.32 102.71

FYM 100.45 103.68 105.60 106.53

ART 99.26 102.78 103.37 104.65

DNC 100.60 104.51 106.47 105.45

RHB 100.41 101.71 104.14 103.66

CD (0.05)- A-0.158; B-0.142; AxB-0.317

A- Organic source ; B- Nitrogen level
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Table 81a. Effect of different organic sources on leaf area index at panicle

initiation stage in virippu season

Leaf area index (LAI)

Treatments No Ni N2 N3

NOM 6.43 6.47 6.50 6.52

FYM 6.50 6.52 6.56 6.55

ART 6.48 6.51 6.54 6.54

DNC 6.59 6.65 6.63 6.63

RHB 6.50 6.42 6.56 6.57

CD (0.05)- A- 0.036; B- 0.032; AxB- NS

A- Organic source ; B- Nitrogen level

Table 81b. Effect of different organic sources on leaf area index at

panicle initiation stage in mundakan season

Leaf area index (LAI)

Treatments No Ni N. N3

NOM 6.51 6.54 6.58 6.60

FYM 6.54 6.57 6.61 6.59

ART 6.54 6.57 6.58 6.57

DNC 6.72 6.75 6.77 6.73

RHB 6.55 6.59 6.62 6.64

CD (0.05)- A- 0.007; B-0.006; AxB- 0.014

A- Organic source ; B- Nitrogen level
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Table 82a. Effect of different organic sources on root biomass in virippu

season

Root biomass(g m'^)

Treatments No N, N2 N3

NOM 125.57 127.44 127.88 130.77

FYM 130.18 133.72 135.55 135.04

ART 126.08 128.28 130.85 132.46

DNC 130.66 135.68 136.95 136.29

RHB 127.57 129.07 130.64 132.48

CD (0.05)- A-0.069;  B-0.062; AxB- 0.138

A- Organic source ; B- Nitrogen level

Table 82b. Effect of different organic sources on root biomass in

mundakan season

Root biomass(g m"^)

Treatments No N, N2 N3

NOM 126.43 128.67 129.43 132.02

FYM 132.98 135.46 137.01 136.67

ART 128.45 129.70 131.69 132.60

DNC 133.74 135.75 137.80 136.62

RHB 128.68 129.62 130.83 133.15

CD (0.05)- A-0.270; B- 0.242; AxB- 0.541

A- Organic source ; B- Nitrogen level
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A significantly high root biomass of 137.80 g m"^ (Table 82b) was obtained

for daincba with 70 kg N ba"' in mundakan season. The treatment, FYM with the

same dose of nitrogen produced a root biomass of 137.01 g m'^. Root biomass of

136.67 g m"^ for FYM with 105 kg N ba"' and 136.62 g m'^ for daincba with 105 kg

N ba"' were found to be on par.

Number of productive tillers

The data on number of productive tillers in virippu season are given in Table

83a. The highest number (6.50) was obtained for the treatment, daincba with 35 kg N

ba"'. The number of productive tillers formed under the application of daincba (6.39)

and FYM (6.33) treatments receiving 70 kg N ba"' were on par.

During mundakan season, the maximum number of productive tillers (6.50)

was obtained with FYM with 70 kg N ba"' (Table 83b).

Percentage of filled grains

The data on the percentage of filled grains per panicle in virippu is presented

in table 84a. During this season, there was no significant response between treatments

for the various doses of N. On an average, the filled grain percentage was 76.13.

The highest value of 82.60 per cent was achieved in mundakan with FYM and

70 kg N ba"' during mundakan season (Table 84b). Here also the lowest value was

noticed for the control treatment (71.08%).

Thousand grain weight

Application of FYM with 70 kg N ba"' recorded highest thousand grain

weight of 27.86 g (Table 85a) in virippu. Increased application of nitrogen could not

attain a better yield except for fertilizer N alone applied treatments.

In mundakan, thousand grain weight of 28.10 g (Table 85b) was obtained

under the application of FYM with 70 kg N ba"' and it was significantly superior with

respect to the application of any other organic source supplemented with N fertilizer.
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Table 83a. Effect of different organic sources on number of productive

tillers per hill in virippu season

Number of productive tillers per hill

Treatments No Ni N2 Na

NOM 4.36 4.55 4.60 4.59

FYM 4.78 5.28 6.33 5.78

ART 4.39 4.83 4.89 5.22

DNC 5.39 6.50 6.39 5.50

RHB 4.72 5.22 5.67 5.83

CD (0.05)- A- 0.228; B - 0.204; AxB- 1.456

A- Organic source ; B- Nitrogen level

Table 83b. Effect of different organic sources on number of productive

tillers per hill in mundakan season

Number of productive tillers per hill

Treatments No N, N2 Na

NOM 4.84 5.16 5.69 5.29

FYM 5.56 5.57 6.50 5.94

ART 4.94 5.18 5.50 5.63

DNC 5.48 6.37 6.39 5.66

RHB 5.27 5.33 5.67 5.68

CD (O.C5)- A- 0.193; B- 0.172 ; AxB-0.385

A- Organic source ; B- Nitrogen level
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Table 84a. Effect of different organic sources on percentage of filled

grains in virippu season

Filed grains (%)

Treatments No N, N2 N3

NOM 67.16 69.06 73.72 75.89

FYM 77.22 80.67 80.56 79.11

ART 73.61 74.45 75.83 76.33

DNC 77.67 80.39 82.11 78.10

RHB 74.06 74.50 75.95 76.17

CD (O.C5)- A- 1.987; B- 1.778; AxB-NS

A- Organic source ; B- Nitrogen level

Table 84b. Effect of different organic sources on percentage of filled

grains in mundakan season

Filled grains (%)

Treatments No N, No N3

NOM 71.08 73.82 73.72 74.56

FYM 79.38 80.21 82.60 82.06

ART 73.74 74.45 75.83 76.33

DNC 76.18 80.19 81.31 77.88

RHB 74.41 74.69 75.95 76.09

CD (0.05)- A-0.821; B-0.734; AxB-1.642

A- Organic source ; B- Nitrogen level
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Table 85a. Effect of different organic sources on thousand grain weight in

virippu season

1000 grain weight (g)

Treatments No N, N2 N3

NOM 21.86 23.37 23.40 24.30

FYM 24.81 24.95 27.86 27.17

ART 23.10 24.08 25.31 25.16

DNC 24.35 25.54 26.96 26.26

RHB 24.76 25.15 25.06 24.50

CD (0.05)- A- 0.440; B -0.393; AxB-0.879

A- Organic source ; B- Nitrogen level

Table 85h. Effect of different organic sources on thousand grain weight

in mundakan season

1000 grain weight (g)

Treatments No N, N2 N3

NOM 23.37 23.40 23.69 24.36

FYM 25.01 25.21 28.10 27.27

ART 23.59 24.53 25.47 25.78

DNC 24.71 26.82 27.17 26.70

RHB 25.53 25.62 25.53 25.58

CD (0.05)- A- 0.363; B- 0.325; AxB- ).726

A- Organic source ; B- Nitrogen level
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Grain yield

The treatment, daincha with 35 kg N ha"' yielded 3780.33 kg ha"' (Table 86a)

in virippu. The treatment with same organic source at higher doses of N and FYM

with 70 kg N ha"' produced yields which were on par with this treatment.

Maximum significant yield of 3940.33 kg ha"' (Table 86b) was attainable with

the treatment daincha in combination with 35 kg N ha"' in mundakan season. The

data clearly showed that the treatment, FYM with 70 kg N ha"' could only produce

3894 kg ha"' grain yield during this season. In general, the yields were higher during

mundakan season as was seen from the data.

Straw yield

In contrast to grain yield, the treatment with organic source, RHB

supplemented with 105 kg N ha"' recorded the highest straw yield of 4861. 33 kg ha"'

in virippu season. The data pertaining to this is given in Table 87a. The treatments

with daincha as organic source supplemented with inorganic N yielded more straw in

comparison with others and they were on par.

The treatment with organic source RHB in combination with nitrogen at 105

kg ha"' produced maximum straw yield (4879 kg ha"') in mundakan. In general, the

crop treated with RHB as organic source recorded higher straw yields (Table 87b).

Harvest index (HI)

Maximum value of HI (47.75) was obtained in virippu in daincha and 70 kg N

ha"' and is shown in table 88a. The treatment with same organic source and higher

level of nitrogen and FYM with 70 kg N ha"' could also result in HI values of 46.95

and 47.62 respectively. These were on par with the maximum value.

Harvest index in mundakan was the highest (47.45) in FYM along with 70 kg

N ha"'. The treatment FYM with higher dose of nitrogen and daincha with 35 kg N

ha"' were on par with each other (Table 88b).

157



Table 86a. Effect of different organic sources on grain yield in virippu

season

Grain yield (kg ha '*)

Treatments No N, N2 N3

NOM 3,272.67 3,528.00 3,591.67 3,616.67

FYM 3,583.00 3,674.67 3,760.00 3,721.67

ART 3,362.67 3,466.00 3,515.33 3,585.67

DNC 3,643.67 3,780.33 3,773.67 3,766.33

RHB 3,489.67 3,546.33 3,639.00 3,728.67

CD (0.05)- A- 12.139; B- 10.857; AxB-24.277

A- Organic source ; B- Nitrogen level

Table 86b. Effect of different organic sources on grain yield in mundakan season

Grain yield (kg ha "^)

Treatments No N, N2 N3

NOM 3,339.33 3,489.00 3,529.33 3,562.33

FYM 3,542.33 3,771.67 3,894.00 3,831.67

ART 3,450.33 3,536.00 3,576.67 3,662.33

DNC 3,728.33 3,940.33 3,866.67 3,813.33

RHB 3,609.67 3,699.67 3,767.00 3,791.00

CD (0.05)- A-14.304; B - 12.794; AxB- 28.608

A- Organic source ; B- Nitrogen level
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Table 87a. Effect of different organic sources on straw yield in virippu

season

Straw yield (kg ha"')

Treatments No N, N2 N3

NOM 4,485.33 4,674.00 4,666.33 4,695.00

FYM 4,124.00 4,192.00 4,135.33 3,914.33

ART 4,261.00 4,298.00 4,385.67 4,543.33

DNC 4,601.33 4,314.33 4,130.33 4,256.00

RHB 4,463.00 4,456.00 4,472.00 4,861.33

CD (0.05)- A- 147.009; B- NS; AxB-294.017

A- Organic source ; B- Nitrogen level

Table 87b. Effect of different organic sources on straw yield in

mundakan season

Straw yield (kg ha

Treatments No Ni N2 N3

NOM 4,604.67 4,722.33 4,606.00 4,582.00

FYM 4,457.33 4,374.67 4,477.33 4,294.33

ART 4,322.67 4,360.00 4,431.67 4,590.00

DNC 4,616.67 4,416.67 4,496.00 4,445.67

RHB 4,561.33 4,651.67 4,689.33 4,879.00

CD (0.05)- A- 67.570; B- NS; AxB-135.140

A- Organic source ; B- Nitrogen level
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Table 88a. Effect of dilTerent organic sources on harvest index in virippu season

Harvest index

Treatments No Ni N2 Ns

NOM 42.19 43.01 43.49 43.51

FYM 46.49 46.71 47.62 46.70

ART 44.11 44.64 44.49 44.11

DNC 44.20 46.70 47.75 46.95

RHB 43.37 44.08 44.87 43.42

CD (0.05)- A- 0.432; B- 0.386; AxB-0.864

A- Organic source ; B- Nitrogen level

Table 88b. Effect of different organic sources on harvest index in mundakan

season

Harvest index

Treatments No N, N2 N3

NOM 42.03 42.49 43.38 43.74

FYM 44.28 46.30 47.45 47.15

ART 44.39 44.78 44.66 44.38

DNC 44.68 47.15 46.24 46.18

RHB 44.18 44.30 44.55 43.73

CD (0.05)- A- 0.252; B- 0.225; AxB- 0.504

A- Organic source ; B- Nitrogen level
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4.1.5, Correlations of surface soil properties and yield

Correlation analysis of physico-chemical properties in surface soil and yield

The correlation matrix presented in Table 89a shows the correlation

coefficients between different soil properties and yield. It was found that soil pH had

significant positive correlation with OC (0.73**) and WHC (0.73**) and significant

negative correlation with BD (-0.67**). Electrical conductivity had positive

correlation with OC (0.06), BD (0.15) and significant negative correlation with WHC

(-0.20*). Organic carbon and CEC were significantly positively correlated with WHC

(0.53** and 0.27**). Bulk density had significant negative correlation with WHC

(-0.74**) while the latter was significantly and positively correlated with yield.

Table 89a. Correlation coefficients between physico-chemical properties

of surface soil and yield of rice crop

Physico- chemical properties

Treatments pH EC OC CEC BD WHC Yield

pH 1 - 0.73** - -0.67** 0.73** -

EC 1 0.06 - 0.15 -0.20* 0.03

OC 1 0.03 -0.49** 0.53** 0.07

CEC 1 - 0.27** 0.76**

BD 1 -0.74** -

WHC 1 0.34**

Yield 1

** Correlation is significant at 0.01 level (2-tailed)

* Correlation is significant at 0.05 level (2-tailed).

Correlation analysis of soil available nutrients in surface soil and yield

Correlation between different soil nutrients with the surface layer of soil and

yield were worked out and they are presented in Table 89b. An analysis of the data

showed that soil nutrients except available calcium, sulphur, iron, manganese and
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Table 89b. Correlation coefficients between available nutrients of surface soil

and yield of rice crop

Available nutrients

N P K Ca Mg S Fe Mn Zn Cu B Yield

N 1 .1 .35** 28** .42** .27** .07 .25** .13 .62** .67**

P 1 - .04 .32** - - -.22* .16 - .13 .29**

K 1 .67** 4^** .70** .59** .56** .46** .35** .58** .33**

Ca 1 .58**

00
00
*
*

.84** .66** .21* 24** 4Q** .03

Mg 1 .45** .50** .51** .27** .30** .38** .32**

S 1 .84** y j ** .09 .37** .54** .03

Fe 1 .67** .11 .43** .46** -

Mn 1 .08 .63* .19* -

Zn 1 28** .32** 4]^**

Cu 1 .17 .03

B 1 64**

Yield 1

* Correlation is significant at the 0.05 level (2-tailed).

copper had positive and significant correlation with yield. Significant positive

correlations were obtained for available nitrogen with potassium, calcium,

magnesium, sulphur, iron, zinc and boron. Available phosphorus had significant

positive correlation with available magnesium (0.32**) and significant negative

correlation with available manganese (-0.22*).

Secondary and micronutrients had significant positive correlation with each

other while it was found that available iron and available manganese had no

correlation with yield.

Correlation analysis of biological properties in surface soil and yield

Significant positive correlations were obtained for the biological

properties such as MBC, phosphatase (0.91**) and dehydrogenase activity (0.79**)

with yield (Table 89c).
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Table 89c. Correlation coefficients between biological properties of

surface soil and yield of rice crop

Biological properties

Treatments MBC Phosphatase Dehydrogenase Yield

MBC 1 0.91** 0.79** 0.59**

Phosphatase 1 0.82** 0.59**

Dehydrogenase 1 0.68*

Yield 1

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

4.1.6. Correlations of sub-surface soil properties and yield

Correlation analysis of physico-chemical properties in sub-surface soil and yield

It was found that soil pH had significant positive correlation (Table 90 a) with

EC (0.61**) and WHC (0.36**) and negative correlation with BD (-0.45**). Organic

carbon (0.10), CEC (0.16) and yield (0.16) are only positive correlated with pH.

Electrical conductivity also had significant positive correlation with yield (0.24**).

Cation exchange capacity had significant positive correlation with WHC (0.34**) and

yield (0.75**) while BD had significant negative correlation with WHC (-0.53**).

Table 90a. Correlation coefficients between physico-chemical properties

of sub-surface soil and yield of rice crop

Physico- chemical properties

pH EC OC CEC BD WHC Yield

pH 1 0.61** 0.10 0.16 -0.45** 0.36** 0.16

EC 1 - 0.14 -0.22 0.06 0.24**

OC 1 - - 0.07 0.07

CEC 1 - 0.34** 0.75**

BD 1 -0.53** -

WHC 1 0.34**

Yield 1

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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Correlation analysis of soil available nutrients in sub-surface soil and yield

Analysis of correlation coefficients of available nutrients in the sub

surface soil showed that they were positively correlated with yield (Table 90b).

Available nitrogen, phosphorus, sulphur, zinc, copper and boron were found to have

significant positive correlation with yield.

Table 90b. Correlation coefficients between available nutrients of sub-surface

soil and yield of rice crop

Available nutrients

N P K Ca Mg S Fe Mn Zn Cu B Yield

N 1 .47** .29** .01 .13 .34** - - .11 .15 .61** .80**

P 1 - - - -.19* -37 -.25** - - .21' .46**
K 1 43** .28** .67** .51** .60** .36** 3y** .36** .11

Ca 1 .66** .57** .41** .38** .13 .32** .27** .04

Mg 1 .59** .40** .36** .37** .46** 3Q** .17

S 1 .69** ll** .17 .59** 44** .23*

Fe 1 11** .12 .51** .06 -

Mn 1 .06 .60** .10 -

Zn 1 2 30** .19*

Cu 1 .42** .19*

B 1 .69**

Yield 1

** Correlation is significant at the O.OI level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)

Correlation analysis of biological properties in sub-surface soil and yield

As seen in the surface soil, significant positive correlations were obtained for

the biological properties such as MBC, phosphatase activity and dehydrogenase

activity with yield (Table 90c) showing values of 0.64 **, 0.88** and 0.90**

respectively.
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Table 90c. Correlation coefficients between biological properties of sub

surface soil and yield of rice crop

Biological properties

Treatments MBC Phosphatase Dehydrogenase Yield

MBC I 0.88** 0.90** 0.64**

Phosphatase I 0.91** 0.48**

Dehydrogenase I 0.53**

Yield I

** Correlation is significant at the 0.01 leve (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)

4.2. ESTIMATION OF GREENHOUSE GAS (GHG) FLUX FROM CULTIVATED

AND FALLOW WETLANDS

The gas samples from the treatment plots of organic sources with nitrogen

fertilizer at various levels (Ni, N2 and N3) were collected using closed chamber

method and the quantity of GHG contents present were compared with that of fallow

wetland.

4.2.1. Measurement of GHG flux, soil temperature and moisture

The GHG gas samples from the experimental plots were collected during

mundakan season at three different stages of rice crop viz., active tillering, panicle

initiation and near harvest. The samples were analysed for CH4 and CO2 content

using gas chromatograph and the results obtained were as follows.

4.2.1.1 Analysis of carbon di oxide flux

Active tillering stage

The data presented in the Table 9Ia shows that the highest emission of

carbon-di-oxide was recorded in the treatment, RHB with 35 kg N ha"' with a value
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104.52 mg m"^ hr"' whereas other treatments of the same organic source and lower

nitrogen levels showed very low values (52.48 and 49.58 mg m'^ hr'^). The carbon di

oxide gas emission from the fallow plot was 15.14 mg m'^ hr"'. The treatment,

nitrogen fertilizer alone with 105 kg N ha"' had a value of 61.17 mg m'^ hr"'. The
1 2

least emission was noticed in the treatment FYM with 105 kg N ha" (26.47 mg m"

hr"'). Comparing the effect of FYM and daincha, FYM recorded lesser emission of

CO2.

Panicle initiation stage

A perusal of data (Table 91b) clearly stated that the emission was maximum

in daincha with 105 kg N ha"' (129.93 mg m"^ hr"'). This was followed by RFIB with

105 kg N ha"' (56.03 mg m"^ hr"') while that from the fallow plot was 21.27 mg m"^

hr"'. The treatments with organic sources recorded higher emission with increase in

quantity of N fertilizer and the reverse was with inorganic fertiliser alone. The

organic sources daincha, RHB and Artocarpus with the highest nitrogen level showed

values more than 50 mg m"^ hr"'. FYM with 105 kg N ha"' recorded minimum value

of 29.03 mg m"^ hr"'.

Near harvest

The treatment with daincha and 35 kg N ha"' recorded the maximum

significant value of 86.20 mg m"^ hr"' (Table 91c) and the minimum value was
1  2

recorded in the treatment with inorganic nitrogen alone at 35 kg N ha" (37.30 mg m"

hr"'). The emission rate followed the order; daincha > FYM >ART > no organic

manure > RHB. The rate of emission increased as the amount of N fertilizer increased

in the treatments viz., inorganic fertiliser alone and FYM. The increase was nearly

double in the former compared to the latter. However in treatments with other organic

sources, the emission pattern followed first a decrease with increase in N fertiliser

and after that an increase was noticed. The treatment with FYM showed an increase

in emission at all the nitrogen levels compared to other stages of rice crop. The

emission from fallow plot was 29.74 mg m"" hr"'.
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Table 91a. Effect of different organic sources on carbon di oxide emission

at active tillering stage

Carbon di oxide (mg m"^ hr"')

Treatments Ni N2 Ns Mean

NOM 47.34 52.79 61.17 53.77

FYM 50.58 44.88 26.47 40.64

ART 43.54 43.11 43.79 43.48

DNC 44.58 45.43 48.88 46.30

RHB 104.52 49.58 52.48 68.86

Mean 47.70 47.16 56.97

CD(0.05) - 0.013

Table 91b. Effect of different organic sources on carbon di oxide emission

at panicle initiation stage

Carbon di oxide (mg m'^ hr"')

Treatments N| N2 N3 Mean

NOM 45.29 44.91 39.64 43.28

FYM 44.44 46.63 29.03 40.03

ART 44.22 49.01 54.17 49.13

DNC 46.17 48.27 129.93 74.79

RHB 45.93 44.00 56.03 48.65

Mean 45.21 46.56 61.76

CD (0.05) -- 0.013
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Table 91c. Effect of different organic sources on carbon di oxide emission at

near harvest stage

Carbon di oxide (mg m"^ hr"')

Treatments N, N2 N3 Mean

NOM 37.30 60.05 61.42 52.92

FYM 54.64 56.89 77.45 62.99

ART 57.25 40.67 77.22 58.38

DNC 86.20 66.73 81.07 78.00

RHB 55.21 40.96 56.98 51.05

Mean 58.12 53.06 70.83

CD(0.05) - 0.014

4.2.1.2. Analysis of methane flux

Active tillering stage

Methane emission was the highest in the treatment (Table 92a) with FYM and

35 kg N ha"' (15.30 mg m"^ hr"') while that from the same organic source and 105 kg

N ha"' recorded the least value (0.86 mg m"~ hr"'). The emission from fallow plot was

1.36 mg m"^ hr"'' The emission rate of methane from the treatments was in the

following order: FYM > daincha > no organic manure > Artocarpus > RHB. The

value was higher when the organic sources were amended with lower levels of N.

When the amount of fertilizer was the highest, the rates of emission from the

treatments with artocarpus and daincha were reduced to half but in RHB the

reduction was meagre.

Panicle Initiation stage

It was observed that the methane emission was the highest (Table 92b) in the

treatment with FYM and 35 kg N ha"' (19.89 mg m"^ hr"') and was the lowest in
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Table 92a. Effect of different organic sources on methane emission at active

tillering stage

Methane (mg m'^ hr ')

Treatments N, N2 N3 Mean

NOM 7.47 5.76 6.46 6.56

FYM 15.30 12.86 0.86 9.67

ART 6.63 8.41 3.95 6.33

DNC 9.57 5.06 4.43 6.35

RHB 3.74 3.68 3.63 3.68

Mean 8.54 7.15 3.87

CD (0.05) - 0.01-4

Table 92b. Effect of different organic sources on methane emission at panicle
initiation stage

Methane (mg m'^ hr"')

Treatments N, N2 Na Mean

NOM 10.40 13.38 4.88 9.55

FYM 19.89 17.32 1.23 12.81

ART 15.19 13.01 12.10 13.43

DNC 12.03 18.21 0.11 10.12

RHB 13.77 12.10 10.36 12.08

Mean 14.26 14.80 5.74

CD (0.05) -- 0.014
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daincha +105 kg N ha"' (0.11 mg m"^ hr"'). In the case of treatments involving

combined application of the organic sources treatments like FYM, daincha as well as

with inorganic fertilizer alone, the rate of emission decreased when the quantity of N

fertilizer was the highest. Treatments with Artocarpiisl'RHB recorded values ranging

from 10-15 mg m'^ hr"'. The fallow plot recorded an emission value of 2.97 mg m"^

hr"').

Near harvest

The methane emission was very meagre in this stage of rice crop

compared to other two stages (Table 92c). Maximum emission was noted in the

treatment with inorganic nitrogen fertiliser @35 kg N ha"' (2.21 mg m"^ hr"') and it

was minimum in the treatment with daincha and 105 kg N ha"' (0.12 mg m"'^ hr"').

Among the treatments with organic sources, RHB with 70 kg N ha"' recorded highest

value of 1.15 mg m"'^ hr"' followed by daincha with 35 kg N ha"' (1.1 mg m"^ hr"').

The emission values of all other treatments were found to be less than one. When the

treatments were amended with 70 kg N ha"' the rate of emission was increased except

in daincha and without organic source.

Table 92c. Effect of different organic sources on methane emission at

near harvest stage

Methane (mg m"^ hr"')

Treatments N, N2 N3 Mean

NOM 2.21 0.14 0.12 0.82

FYM 0.15 0.94 0.13 0.41

ART 0.13 0.87 0.14 0.38

DNC 1.10 0.16 0.12 0.46

RHB 0.18 1.15 0.23 0.52

Mean 0.75 0.65 0.15

CD (0.05) ~ 0.(912
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As the quantity of N was further increased, the emission value reduced to the initial

value. The emission from the fallow plot was found to be 0.14 mg m"^ hr"'"

4.2.2. Comparison between GHG flux, soil temperature and moisture

A regression analysis was done between GHG gases like carbon di oxide

and methane with soil temperature and soil moisture at the above mentioned crop

stages in mundakan season (fig. 87a, 87b and 87c to 90a, 90b and 90c). The value

was found to be very poor to fit.

4.3. SOIL CHARACTERISATION OF CULTIVATED AND FALLOW

WETLANDS

The soils of this series are deep to very deep, moderately well drained,

moderately coarse to moderately fine textured, brownish or greyish and acidic. These

soils are found to occur on narrow and broad valleys with 1-5% slope located in

between undulating laterite plains along the central region of Thrissur district. The

climate is humid tropical with a mean annual rainfall of 3091.6 mm and a mean

annual temperature of 27. 590C. It comes in taxonomic class- Fine loany mixed,

isohyperthermic, aquic ustifluvents. The description of profile is given below:
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Horizon Depth

(cm)

Description

Ap 0-16 Light greyish brown (lOYR 6/2 M) sandy loam; weak medium sub

angular blocky; friable; slightly sticky and slightly plastic; abundant fine

roots; moderate permeability; faint brownish yellow (lOYR 6/6 M);

strongly acid (pH 5.5); clear wavy boundary

A2 16-32 Brown ( lOYR 5/3 M ) sandy loam; weak medium sub angular blocky;

fnable, slightly-sticky and non- plastic; common fine roots; rapid

permeability; many coarse faint grey mottling ( lOYR 6/1 M ); neutral

(pH 7.0); clear smooth boundary

ACl 32-47 Greyish brown (10 YR 5/2 M) sandy loam; weak fine sub angular

blocky; slightly sticky and slightly plastic; common fine roots, moderate

permeability, common coarse prominent brownish yellow mottles

(lOYR 6/6); very slightly alkaline (pH 7.4); clear wavy boundary

AC2 47-68 Greyish brown (lOYR 5/2 M)sandy clay loam; weak medium sub-

angular blocky; finable slightly sticky and slightly plastic; few coarse

roots; moderate permeability; medium faint brownish grey mottles (10

YR 6/2); neurtral (pH 6.7); gradual smooth boundary

AC3 68-120 Grey (lOYR 5/1 M) clay; moderate medium sub-angular blocky; sticky

and plastic; common distinct mottles; many fine brownish yellow (lOYR

6/1) and yellowish red mottlings (5YR 5/8); neutral (pH 7.0); gradual

diffuse boundary

AC4 120-

160

Grey (lOYR 5/l)sandy clay; moderate medium sub angular blocky;

sticky and plastic; many fine distinct brownish yellow (lOYR 6/6 M) red

(2.5 YR 4/8) mottlings; neutral (pH 6.9); gradual diffuse boundary

C 160-

200

Grey (lOYR 6/l)sandy clay; moderate medium sub angular blocky;

sticky and plastic; many fine distinct brownish yellow (lOYR 6/6 M)

mottlings; neutral (pH 7.3)
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Range in characteristics

The thickness of the solum is more than 150cm. The MAST is 28.590C. The

texture of the A horizon ranges from sandy loam to sandy clay loam and clour ranges

from pale brown to grey in hue lOYR , value 5to 6 and chroma Ito 3. The colour of B

horizon ranges from grey to light brownish grey in hue 10 YR, value 5 to 6 and

chroma Ito 2. Texture ranges from sandy loam to sandy clay and weathered gneiss

are noticed in the profile. The soils are moderately well drained with moderately

rapid permeability. Paddy is the main crop grown in these soils. The general fertility

status for primary nutrients is low to medium. The soils come under land capability

sub classes IIw, lllw and land irrigability class 2d and 3d.

Soil profiles of cultivated (Plate 10) and fallow lands were taken after harvest

of the second crop and their morphological as well as physico-chemical

characteristics were studied and are detailed below.

4.3.1. Soil characteristics

Soil profile in the fallow land had a depth of 115 cm and five horizons were

delineated in it. A soil profile depth of more than 70 cm with six horizons was

noticed in the cultivated land. The horizon wise description regarding depth, colour,

texture, structure etc are given below in table.
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4.3.1.1. Morphological characteristics

Fallow land

Horizon Depth

(cm)

Description

Ap 0-14 Dark yellowish brown (lOYR 4/4 M) sandy clay loam; weak fine

sub angular blocky; friable; slightly sticky and slightly plastic; many

fine roots; moderate permeability; very strongly acid (pH 4.6); clear

smooth boundary

AC! 14-35 Brown ( lOYR 4/3 M ) sandy clay loam; weak fine sub angular

blocky; friable non-sticky and non- plastic; common fine roots;

moderate permeability; very strongly acid (pH 4.7); clear wavy

boundary

AC2 48-70 Yellowish brown (10 YR 5/4 M) sandy loam; weak sub angular

blocky; slightly sticky and slightly plastic; commonfine roots,

medium faint mottles (lOYR 5/8); moderate permeability, very

strongly acid (pH 4.6); clear wavy boundary

AC3 38-53 Yellowish brown (lOYR 5/4 M)sandy clay; weak sub-angular

blocky; sticky and plastic; few coarse roots; medium faint mottles

(10 YR 5/6);moderate permeability; very strongly acid pH 4.8;

gradual smooth boundary

AC4 70-115 Greyish brown (lOYR 5/2 M) sandy clay; moderate medium sub-

angular blocky; sticky and plastic; common distinct mottles; dark

yellowish brown; (lOYR 4/4) and red mottling( 2.5YR 5/6) 60%

coarse fragments; strongly acid- pH 5.2

C 115+ Stone and laterite bed
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Cultivated land

Horizon Depth

(cm)

Description

Ap 0-8 Greyish brown (lOYR 5/2 M) sandy clay loam; weak fine sub-

angular blocky; friable; slightly sticky and slightly plastic;

abundant fine roots; moderate permeability; strongly acid (pH

5.28); clear smooth boundary

A2 8-16 Brown (lOYR 5/3 M) sandy clay loam; weak medium sub

angular blocky; friable; slightly sticky and non plastic; few fine

roots; rapid permeability; crotovinas present; strongly acid (pH

5.29); clear smooth boundary

ACl 16-25 Grey (lOYR 5/1) sandy clay; moderate medium sub angular

blocky; many coarse faint red (2.5 YR 4/6) mottles; firm sticky

and plastic moderately slow permeability; strongly acid (pH

5.32); gradual diffuse boundary

AC2 25-37 Grey (lOYR 5/1) sandy clay; moderate medium sub angular

blocky; firm sticky and plastic; many fine distinct grey and red

(2.5 YR 3/0) mottles; moderately slow permeability; strongly

acid (pH 5.30); clear smooth boundary

AC3 i■ l-53 Brownish yellow (lOYR 6/6) sandy clay; moderate medium sub

angular blocky; firm sticky and plastic; many fine distinct red

(2.5YR 4/8) and very dark grey (2.5YR 3/0) mottles; very

strongly acid (pH 4.8); gradual diffuse boundary

AC4 53-70+ Grey (lOYR 5/1 M) clay; moderate medium sub angular blocky;

firm sticky and plastic; many fine faint prominent grey (2.5YR

3/0) mottles; moderately slow permeability; very strongly acid

(pH 5.2).

ACS 70+ Water saturated layer
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4,3.1.2. Physico- chemicalcharacteristics

The parameters like organic carbon, water holding capacity, pH, electrical

conductivity, cation exchange capacity and nutrient contents in soil were studied and

they are as follows:

Fallow land

The data in Table 93a shows that in the fallow land, there had been a decrease

in all parameters as the depth of the profile increased except electrical conductivity.

The ranges of values for organic carbon, water holding capacity, pH, cation exchange

capacity were 0.84 to 1.05 per cent, 46.26 to 48.47 per cent, 4.60 to 5.20 and 5.80 to

6.02 c mol kg ' respectively. The value for electrical conductivity was 0.01 dS m"'.

An analysis of the available nutrient contents in soil indicated that the nutrient

contents in the fallow land was lesser than that of the cultivated land and they are

presented in table 93b. Further it was found that the values decreased as the depth

increased in the profile.
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Table 93a. Physico-chemical characteristics of soil profile of fallow land

oc WHC EC CEC

Horizons (%) (%) pH (dS m ') (c mol kg"')

Ap 1.05 48.47 4.60 0.01 6.02

ACl 1.00 48.03 4.70 0.01 6.00

AC2 0.95 47.65 4.60 0.01 6.20

ACS 0.87 47.34 4.80 0.01 6.00

AC4 0.84 46.26 5.20 0.01 5.80

Table 93h. Available nutrient contents of soil profile of fallow land

Horizons

Macro nutrients

(kg ha"')

Secondary nutrients

(mg kg"')

Micro nutrients

(mg kg"')

N P K Ca Mg S Fe Mn Zn Cu B

Ap 401.76 18.46 87.34 300.42 31.25 5.89 235.73 5.43 2.84 6.87 0.27

ACl 360.43 17.74 84.14 268.36 26.56 5.04 213.45 4.36 2.44 6.39 0.23

AC2 342.56 17.56 83.23 265.41 24.35 5.00 210.47 4.32 2.24 6.31 0.22

AC3 327.84 17.34 81.24 264.89 24.17 4.57 205.78 4.27 2.20 6.23 0.20

AC4 313.58 15.45 80.45 264.12 22.56 4.34 205.57 4.20 2.12 6.20 0.18

Cultivated land

The maximum organic carbon, water holding capacity, pH, electrical

conductivity, cation exchange capacity in the cultivated land (Table 94a) were 2.05

per cent, 54.66 per cent, 5.28, 0.04 dS m"' and 6.37 c mol kg"' respectively. The

values of the parameters were found to be high in the surface and they decreased as

we moved down the profile. The available nutrient content (Table 94b) also had the

same trend like that of other physico- chemical properties.
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Table 94a. Physico-chemical characteristics of soil profile of cultivated land

Horizons
oc

(%)

WHC

(%) PH

EC

(dS m ')

CEC

(c mol kg*)

Ap 2.05 54.66 5.28 0.04 6.37

A2 2.03 54.56 5.29 0.03 6.37

ACl 1.07 51.23 5.32 0.03 6.36

AC2 1.00 50.23 5.30 0.02 6.32

ACS 0.98 48.23 4.80 0.05 5.84

AC4 0.95 48.06 5.20 0.05 5.36

Table 94b. Available nutrient contents of soil profile of cultivated land

Horizons

Macro nutrients

(kg ha')

Secondary nutrients

(mg kg'*)

Micro nutrients

(mg kg ')

N P K Ca Mg S Fe Mn Zn Cu B

Ap 454.18 50.35 80.55 302.14 42.27 5.96 193.12 4.74 3.21 5.37 0.25

A2 453.02 50.25 80.50 302.00 42.13 5.76 193.04 4.02 3.03 5.14 0.24

ACl 380.45 32.65 55.43 133.67 15.97 3.78 111.77 2.67 1.80 5.42 0.24

AC2 365.34 30.45 52.36 127.43 14.37 2.45 110.45 2.63 1.54 5.32 0.20

ACS 354.26 27.43 50.56 125.37 13.46 2.25 110.24 2.62 1.45 5.25 0.18

AC4 321.45 27.37 50.24 124.67 13.21 2.13 110.00 2.62 1.36 5.18 0.17
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5. DISCUSSION

The results of the various experiments conducted in "Carbon sequestration

and soil health under different organic sources in wetland rice" were studied and

presented in chapter 4. The details pertaining to the various findings are discussed

below:

5.1. EFFECT OF COMBINED ORGANIC AND INORGANIC SOURCES ON

CARBON STOCK AND SOIL HEALTH

5.1.1. Soil physical characteristics

The effect of organic sources in combination with inorganics on physical

attributes of soil was presented in section 4.1 and it was clearly seen that the

treatments had significant effect on the soil properties.

Bulk density (BD)

The study revealed that there existed a significant effect of organic and

inorganic sources on the surface layer bulk density. Bulk density decreased from 1.39

Mg m"^ to 1.06 Mg m'^ in the surface layer and from 1.39 Mg m"^ to 1.15 Mg m'^ in
the subsurface layer (Tables 6a and 6b). Among the different treatments, bulkdensity

was found to be comparatively lower in the treatments amended with rice husk

h\ochdLxlArtocarpus which might be due to increased pore space. A significant

decrease in the surface layer bulk density of the manured fields was also reported by

Shirani et ai, 2002. Application of organic amendments such as composts, manures,

crop residues and bio-solids had been often shown to decrease soil bulk density

which is attributed to the increase in pore space (Tian et ai, 2009). Therefore, the

lower BD in soil may be contributed to input of organic material in this system.

The effect of organic amendments on BD was more pronounced in the surface

layer (0-15 cm) than lower depth (15-30 cm) and it increased with depth (Fig.3a and

3b). The increase of BD with depth was largely because of decreasing organic matter

content and reduced aggregation with depth.

179

^10



Water holding capacity (WHC)

The results revealed that the treatments which received addition of organic

sources either alone or in combination with inorganic fertilizers had higher WHC,

while treatments in which inorganic fertilizers alone were applied recorded the lowest

values. The values ranged from 44.76 per cent to 51.66 per cent in the surface soil

and from 43.37 per cent to 49.66 per cent in the subsurface soil (Fig. 4a and 4b). The

improvement in moisture retention characteristics of soil by organic matter addition

has been suggested by several workers (Manickam and Venkitaramanan, 1972;

Tadesse el al., 2013) particularly in the top soil, where the organic matter content is

greater. Increase in the moisture retention of the soil and improvement in dissolution

of nutrients particularly phosphorus could be due to the high amount of organic

matter in the manures (Choudhary et al., 2013). The highest WHC in the RHB

amended plot showed macro-aggregates fonnation in the rice soil as a result of

biochar addition which increased total porosity and soil water retention (Sharma and

Uehara, 1986).

5,1.2. Chemical characteristics of soil

pH

The data on pH of the samples revealed that the soil exhibited strong acidic

reaction (Tables 8a and 8b). The soil pH ranged between 4.58 and 5.28 in the top 15

cm of the soil, while the soil from 15-30 cm had the pH range between 4.62 and 5.32

(Fig. 5a and 5b). The highest pH value found in the treatment with biochar was due to

neutralizing effect on the acidic soil. This is related to the liming value of the biochar

(Arocena and Opio, 2003), which is preferable for the soils of Kerala. Biochar had

alkaline properties with a pH of 9.1 (Table 3) which is higher than all other organic

sources.The preferable variation in pH due to the application of biochar was generally

attributed to the presence of ash residues that contain alkali and alkaline earth metals,

amounts of silica, heavy metals, sesquioxides, phosphates and small amounts of

organic and inorganic N (Raison, 1979). The organic materials application in acidic
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soils, in addition to increasing the soil pH due to its liming effect also increases the

SOC content (Haynes and Mokolobate, 2001).

Electrical conductivity (EC)

Significant variation in EC of the soil was depicted by the estimated values of

EC of the soils (Fig.6a and 6b). It ranged between 0.038 dS m"' and 0.144 dS m"' in

the top 15 cm of the soil while the soil from 15 cm to 30 cm showed the values of EC

ranging from 0.015 dS m"' to 0.252 dS m'" (Tables 9a and 9b). Generally, the EC

values decreased over a period of time (mundakan) and also with increase in soil

depth which is possibly due to the leaching of salts of various ions during NE

monsoon and to slow mobility towards lower horizons.

Cation exchange capacity (CEC)

The values varied from 6.16 cmol (p+) kg"' recorded by eontrol treatment to

6.58 cmol (p+) kg"' in the treatment with daincha and 35 kg N ha"'(Fig.7a and 7b).

Increase in CEC of rice soil due to application of organic sources is probably due to

the negative charges arising from the carboxyl groups of the organic matter (Kaur et

al., 2008). Organic matter addition had shown increase in CEC and pH of soil (Bot

and Benites, 2005). In addition to the presence of higher amount of humus, presence

of sandy clay loam soil hadalso helped in boosting the eation exchange capacity. Jien

and Wang (2013) had also reported that organic amendments such as biochar added

to soil improved the soil structure, especially by the formation of macroaggregates

and CEC and base saturation percentage.

Organic carbon (OC)

The perusal of data in Fig. 8a and 8b showed that organic

manureapplication increased the OC content of soil. The organie earbon content of

soil was influenced significantly due to treatments in the surface layer and it was the

highest in treatment with biochar (Fig. 8a and 8b). The positive effect of biochar on

SOC levels was due to its high carbon content (43.70%). The highest values of

organic carbon in biochar treated soils indicated the presence of recalcitrant organic
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carbon in biochar (Nigussie et al., 2012). The treatments, daincha (DNC) + NPK and

^  daincha (DNC) alone had recorded comparatively lower organic carbon content. This

can be attributed to the rapid decomposition of fresh daincha leaves. The subsurface

soil samples from RHB applied plots recorded lower OC content compared to other

organic sources and it might be due to the low density of the material which might

'  have led to lesser downward movement.

The OC values decreased after virippu season and it ranged between 0.64 and

2.05 per cent. The inability of organic manures to enhance the organic carbon content

of soil considerably in spite of their application at same doses is mainly due to the

effect of continuous cropping and tropical conditions of high rainfall and temperature

prevailing in the region. This might have resulted in higher rate of decomposition of

organic matter. Under water logged anaerobic conditions prevailing in the field, the

rate of degradation of organic matter is low compared to upland aerobic situation. But

towards the end of second cropping season in January 2015, the increase in

^  temperature might have resulted in oxidation of accumulated humus in the soil
thereby decreasing the OC content. This result is in lieu with the findings of Fang and

Moncrieff, 2001.

j  5.1.2.1. Available nutrients
Nutrient contents in soil varied significantly with soil depth. Nutrient contents

were higher in the treatments with organic sources and inorganic fertilizers than the

ones without organics in both virippu and mundakan seasons. The amount of

nutrients decreased with increasing soil depth. Top soil gained a higher amount of

nutrients due to surface application of organic amendments.

Available nitrogen

Higher available soil N was noticed in soil profile from 0-15 cm depth, i.e.,

411.75 - 596.38 kg ha"' (Table 12a). This could be attributed to the higher available N

in soil due to the application of nitrogenous fertilizer continuously over a period of

time which became more pronounced when applied with P and K. The soil N content
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decreased with depth as seen from the value for lower horizon (Table 12b). Available

N was the highest where application of daincha {Sesbania acuteala)was adopted

along with fertilizer application (Fig. 9a and 9b). The values were found to be 521.78

and 596.38 kg ha"' during virippu and mundakan seasons respectively. Chaphale et al.

(2000) found that green manuring combined withfertilizer application increased the

available N content in soil. Green manuring significantly reduced both leaching and

gaseous loss of fertilizer N as reported by Bhattacharyya and Mandal (1996). Further

it can be seen from the tables that the soil nitrogen content in the treatments with

organic sources increased in the second cropping season. Eghball et al. (2004)

pointed out that only certain portion of the N and some elements from organic

manures become available for plants in initial period and this could have resulted in

an increase in the N content in mundakan season.

Available phosphorus

Data on available P content in soil (Fig. 10a and 10b) clearly revealed that

application of P through fertilizers along with organics resulted in increase in

available P. There wasincrease in available P with the combined use of organic

sources along with inorganic fertilizers and the highest values were 55.62 and 60.38

kg ha"' in FYM and RHB treated plots in virippu and mundakan seasons respectively.

The increased release of P can be ascribed to the fact that organic anions competed

with the phosphate ions for binding sites on soil colloids thereby reducing the P

fixation (Paneerselvam et al., 2000). Tejedae/ al. (2009) showed that soils amended

with composts originating from leguminous residues had an optimum balanced C/N

ratio (10-12), where organic matter mineralization overcomes immobilization. The

buildup of P status is very low in the soil where only inorganic fertilizers was applied

due to fixation of P as Al or Fe phosphate.

During mundakan season, the treatment with RHB (rice husk biochar) /ART

(Artocarpus) resulted in an increase in the content compared to other organic sources.

Availability of phosphorus depends on soil pH, which is a function of organic anions
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in soil (Nye, 1981 and Haynes, 1990). Increased retention of P with biochar addition

was also observed by Prabha et al., 2013. Organic acids derived from roots and

microorganisms helped in increasing the labile P in soil. Further deficiency of P in

soil stimulates root exudation of organic acids in rhizosphere. Results summarized

above, with respect to available phosphorus are closely in consonance with findings

reported earlier by Chang et a/. (2004) in rice.

Available potassium

Analysis of Fig. 11a and lib showed that the values of available

potassium increased in virippu season (174.28 kg ha' ') and then decreased during

mundakan season (120.35 kg ha' '). The increase might be attributed to the greater

capacity of organic colloids to hold K"" on the exchange sites. The higher values of K

obtained through the addition of daincha (174.28 kg ha" ') can also be due to the

decomposition of organic matter which helped to release appreciable quantities of

COaand this ondissolving in water, forms carbonic acid, which is capable of

decomposing certain primary minerals resulting in release of nutrients. The decreased

availability of K in absolute control treatments (96.45 and 76.21 kg ha' ') may be

attributed to the nutrient mining from the already impoverished soils of control plots

coupled with its higher uptake by crops. Similar results were also reported by

Elangovan (1984) from his study at Coimbatore.

Available calcium and magnesium

It can be inferred from the result (Fig. 12 and 13) that the organic

sources in combination with inorganics had significant effect on exchangeable

calcium and magnesium content in soil. Available Ca and Mg were higher in

treatments receiving combinations of organic manures and fertilizers. The positive

effect on Ca and Mg content in soil was owing to the release of these nutrients during

the decomposition of organic manures. This is in conformity with the results reported

by Kurumthottical, 1982. Application of daincha as organic source had the highest

positive effect (444.73 and 39.67 mg kg"') on soil available calcium and magnesium
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content in virippu season, while in mundakan season the effect of RHB was

prominent. Significant variations between the treatments in available Ca and Mg

content of soils might be ascribed to the variation of nutrient content in organics and

their interaction with inorganics applied in the experimental plots. Further it was seen

that a reduction occurred in available calcium and magnesium contents to nearly half

the amount in the mundakan season. High and intense rainfall events mighthave

increased leaching of basic cations which is a characteristic of low CEC of soil; thus,

increasing soil acidity.

Available sulphur

The highest sulphur content of 8.46 mg kg"' was obtained for daincha with 70

kg N ha"^ and the same trend was observed in mundakan season also with a value of

6.74 mg kg"' for the same treatment (Table 18a). The treatments had significant effect

with respect to available sulphur (Fig. 14 b) in subsurface soil only and its content

decreased considerably in mundakan season and with increased depth. During

mundakan season, maximum value was observed for daincha with 105 kg N ha"'

(4.73 mg kg"'). When compared to the initial sulphur content (Table 2) though a

slight increase had occurred in virippu and mundakan seasons in the surface layer, the

contents were very less in the subsurface layer. The reasons for this difference can be

attributed to the contribution from organic sources and crop uptake respectively.

Available micronutrients

The available micronutrients were lower in the soil treated with N fertilizer

alone and in control and higher in the treatments with organic sources (Fig. 15a and

15b to 19a and 19b). The increase in the soil available form of micronutrients due to

organic manure application may be attributed to the fomiation of water-soluble

complexes called chelates which prevents the reaetion with the other soil constituents.

Chelating action of FYM during decomposition of organic manures increased the

availability of nutrient cations. Moreover, organic manures protected the cations thus

rendering unavailable for fixation. Singh et al. (1999) also reported increased
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micronutrient content in balanced fertilization over control. The data revealed that the

effects of the treatments were not significant in the available boron content in the soil.

In general, organic fertilizer application and/or INM system significantly

increased availability of nutrients when compared to control or inorganic fertilizer

applications. The available nutrients were found to be maximum in the treatments

with daincha / RHB. The effect of RHB was more pronounced during the second

season. The availability of nutrients in the biochar-added soil may also be due to the

greater surface area of biochar material providing more adsorption sites.Biochar

application can reduce nutrient leaching from soil with resulting increase in fertilizer

use efficiency. Moreover, the increase in the water holding retention of biochar-added

soils may improve nutrient retention in the topsoil. Increased nutrient retention may

also due to attachment of organic matter or minerals with sorbed nutrients

(aggregation) and biochar (Prabha et al., 2013).

5.1.3. Biological characteristics of soil

The analyzed enzyme activities showed improved soil quality in treatments

consisting of organic sources compared to treatments with mineral fertilizers and the

increase was more in the surface soil than the subsurface. Kaiyong et al. (2011)

reported that with increasing soil depth, there existed a consistent decrease in SOC

and enzymatic activity. The soil biota increased when large amounts of energy were

released increasing enzyme activity during straw decomposition. (Steenwerth and

Belina, 2008).

Microbial biomass carbon

It was seen that (Tables 23a and 23b) various organic sources along with

inorganic fertilizers improved (NPK) MBC than inorganic alone and control. This

proved that soil management practices strongly affected the size of the microbial

biomass pool (Fig. 20a and 20b). The control and inorganic fertilizer treatments

showed less MBC while there was significant increase with organic manure

application. The readily available C and N in organic sources along with root
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exudates might have led to increased crop growth and microbial biomass carbon.

Ladha el al. (2011) pointed that even application of N fertilizers alone enhanced plant

biomasswhich resulted in higher SOM and MBC.

When organic matter was added to the soil in the form of organic sources, the

microbial biomass increased in size. In the surface soil (0-15 cm depth), organic

materials contained higher MBC concentrations (ranged between 300.66 - 500.72 mg

kg"') than the inorganics (Fig. 20a and 20b). The MBC concentrations declined with

increasing soil depth but to various levels. However, the integrated approach

including organic sources resulted in significantly higher MBC concentrations than

the chemical fertilizers in 15-30 cm depth. The biomass in the treatment plots was

mainly confined to the surface layers because of the accumulation of SOC near the

soil surface resulting from mineralization and limited macrofaunal mixing (Hopkins

et al., 1996). Application of organic sources increased the MBC to higher values as

compared to the control and NPK alone in the surface soil since exogenous organic

amendments served as a substrate for microorganisms.

Tu etal. (2006) indicated that the quality of organic inputs is one of the most

important factors affecting microbial biomass. This might be due to varying

composition of organic materials which in turn affect utilization of C and nutrients by

microbes. The porous structure of biochar, its high internal surface area and its ability

to adsorb soluble inorganic matter, gases and inorganic nutrients might have provided

a highly suitable habitat for microbes to colonize, grow and reproduce, particularly

for bacteria (Lehmanne/ al., 2003).

Phosphatase activity

The data in tables 24a and 24b revealed that the phosphatase activity was

higher in organic treated plots in comparison with inorganic fertilizer alone and it was

the highest in daincha with 105 kg N ha"' (467.62 pg PNP h"' g"'). It could also be

seen that the activity of enzymes increased with increase in inorganic fertilisers

(Fig.21a and 21b). Theenhancement in dehydrogenase and phosphatase activities
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with increasing dose of chemical fertilizers as well as organic amendments is

reflection of organic matter build up which leads to increase in microbial activities.

This is in line with the findings of (Pascual et al, 2002).Apama (2000) also reported

the same behaviour of enzymatic activity in soil.This might be due to complexation

of clay and humus in SOM, being substrate of enzymes.

Dehydrogenase activity

As in the case of MBC, dehydrogenase activity was also significantly

affected by the treatments and the response was more in the surface soil than in the

subsurface soil (Fig. 22a and 22b). The maximum value of dehydrogenase activity

was obtained for the treatment RHB with 105 kg N ha"' (214.64pg TPF day*' kg"').

Dehydrogenase activity is a measure of overall microbial activity (Masciandaro et al.,

2001) which is an intracellular enzyme in heterotrophic microorganisms having

oxidative phosphorylation processes (Trevors, 1984). Organic application enhanced

the soil microbial activity which could be correlated to dehydrogenase activity, as

evidenced from increased soil polysaccharide content.

5.1.4. Soil carbon characteristics

Total organic carbon (TOC)

The total carbon contentin various treatments varied from 1.72 per cent to

4.06 per cent in surface soil and fi-om 1.11 per cent to 3.98 per cent in subsurface soil

(Fig. 23 a and 23 b ). Addition of organic materials alone or along with fertilizer NPK

significantly resulted in an increase in TOC in the 0-15 and 15-30 cm soil depths due

to external C input to soil. The treatment with FYM alone recorded the significant

and highest value of 4.04 per cent in virippu season followed by the RHB as organic

source alone treatment with a value of 3.45 per cent (Table 26a). The increase in

TOC concentration was much larger with cattle manure and RHB than with

Artocarpus as well as daincha in the 0-15 cm depth, compared to the treatment NPK

alone. The organic residue mainly resulted in accumulation of TOC in the surface

soil, while organic C input into the subsoil was derived from dissolved organic
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matter, plant roots and root exudate. The increase of TOC content on addition of

chemical fertilizer was attributed to greater inputs of rhizo-deposited organic matter,

root biomass and crop stubble. On the other hand, Zhao et a/.(2014) had pointed that

extraneous C input from manure was more effective in soil organic carbon

sequestration.

The current experiment was carried out without ameliorating soil acidity. This

was because on liming, increase in soil respiration decreases the SOC stock (Moore el

ai, 2012). This can be ascribed to the fact that when lime is applied in an acid soil, it

would react with active acidity (H"", and CO2) in the soil solution and reserve

acidity (exchange sites on soil colloid surfaces) releasing CO2. The dissolution of

carbonate minerals could act as either a net source or sink of CO2 (Hamilton et al.,

2007). He pointed out that when the soil pH is <5, if H"" comes in contact with HCO3',

it will be consumed and CO2 will be produced. During nitrification of NH4'^ to NO3"

strong acids such as HNO3 may be present, and the dissolution of carbonaceous

minerals act as a CO2 source.

CaMg (C03)2 + 4 HNO3 — Ca^^ + Mg^^ + 4 NO3+ 2 CO2 + 2 H2O

This negative feedback of the SOC turnover involved in C cycling is again

dependent on climate change such as C input level and temperature.

Soil organic carbon (SOC) stock

Figure 24 showed the increase insoil organic carbon, as a result of application

of several organic sources. Soil organic carbon, a key detemiinant in soil quality is

built up in soil in a slow process due to change in management practices (Malhi et al.,

2008). The results in table 27 also revealed that the stock of SOC was higher when

the soil was amended with organic manures and inorganic fertilizers rather than

organic fertilizers alone. The possible reasons for this decrease in SOC on adding

exclusively organic sources might be ascribed due to the following mechanisms.

The addition of organic sources in soils not only increased the SOC content,

but also has the potential to increase the soil pH in acidic soils due to its liming effect
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(Haynes and Mokolobate, 2001). This pH rise reducedthe adsorption of SOC by

minerals (Curtin et al, 1998; Haynes, 2005; Mayer and Xing, 2001) and increased

the chances for decomposition. In addition, enhanced soil water retentioncould

aggravate the SOC decomposition (Rawls et al., 2003). Further the increase in soil

pH also enhanced the microbial activity in acidic soils (Andersson and Nilsson, 2001;

Fuentes et al., 2006). Finally, dark colors, usually associated with high SOC contents

(Schulze et al., 1993), would absorb more heat and subsequently strengthen the SOC

decomposition resulting in a decrease in carbon sequestration.

The soil conditions would influence the stock of OC associated with the

minerals and that the extent of surface loading in acid soils depends on pH (Mayer

and Xing, 2001). Differences in the soil's hydrologic conditions can change shifts of

both soil pH and redox conditions, which would result in the alteration of the reactive

soil minerals, like Fe/Al oxides (Berhe and Kleber, 2013). The higher concentrations

of SOC in biochar applied soil ranging from 48.20 Mg ha"' to 51.11 Mg ha"' might be

due to the potential of biochar to increase the recalcitrant pool of soil carbon which

would persist in the soil environment much longer than carbon added in the form of

residues or biogenic soil organic matter (Jeffrey et al., 2009). Shenbagavalli and

Mahimairaja (2012) reported that application of biochar significantly increase the

SOC content and would probably add to the decadal soil carbon pool.

Glaser et al. (2000) found that iron and aluminum oxide plaques on mineral

surfaces embedded a large portion of black carbon.These oxides occur in many acidic

soils and are characterized by surfaces that are inhabited by single coordinated

hydroxyl groups (Keogel- Knabner et al., 2008). Qian and Chen (2014) studied the

interactions of aluminum with black carbon and found that carboxylic functional

groups on black carbon surfaces could serve as binding sites for Al^^. Energetically

strong adsorption mechanisms lies betweenthe aromatic p-systems of organic

compounds and the sorption sites at the mineral surfaces (Keiluweit and Kleber,

2009). Mineral-SOC complexes can be combined with other inorganic and/or organic
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materials to form aggregates of SOC, protected by adsorption to minerals which

would be further occluded by aggregation. Hence, these two operations, namely,

sorption to minerals and occlusion within aggregates, co-operate or interact.

The results also showed that the carbon stock decreased after virippu season

(Table 27). This may be ascribed to the overall soil carbon turnover rates variation

according to location, meteorological conditions, soil characteristics and land use

(Franzluebbers, 1999). In addition to that, soil fertility was closely related to soil

texture and this would have affected the turnover times and maximum C retention

capacity of the soil. Post and Kwon (2000) reported that conversion from nearly all

other land uses to cropping or monoculture could result in losses of SOC. Carbon loss

can occur through tillage due to short term bursts of mineralization of organic C

substrates. At all events, eventually, most of the carbon will be re-respired to the

atmosphere as CO2, potentially leading to reduction in soil C content.

5.1.5. Fractions of soil organic matter

5.1.5.1. Fractions of soil organic carbon

Particle size fractions and density fractionsin physical fractions of soil organic

matterclearlydescribethe nature of soil minerals in SOM stabilization and turn over

(Christensen, 1992).

Particle size fractions

Labile organic C is one of the important fraction of TOC. Particulate organic

C (POC), a major labile component represents a small proportion of TOC, is

characterized by rapid turnover times and responds more quickly to changes than

TOC (Blair et al., 1995; Needelman et al., 1999). Hence, this fraction serves as an

early indicator of changes in soil organic C.

Particulate organic carbon (POC)

Labile soil organic carbon fraction such as particulate organic carbon is an

important indicator of soil C dynamics, which is affected by different management

practices. It comprises of both coarse particulate organic carbon (CPOC) as well as
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fine particulate organic carbon (FPOC). From the perusal of data (Tables 28a and

28b), it can be inferred that RHB contributed more CPOC in the surface soil ranging

from 14.60g kg"' to 23.60g kg"' in virippu and 13.50g kg"' to 20.70g kg"' in mundakan

seasons. High POC content in the biochar treatments represented the accumulation of

the dominant form of organic carbon normally noted under more conservative

management practices of organic farming. The major contribution of POC especially

CPOC to SOC detected in the biochar trial shows the ability of biochar-amended soil

to stabilize and retain C in lower fractions of clay and silt. Studies suggest that

biochar sequestered approximately 50 per cent of the carbon available within the

biomass feedstock being pyrolyzed, depending upon the feedstock type (Lehmann et

al, 2006).

Particulate organic C consisted of decomposing plant residues, animal and

microbial residues (Feller and Beare, 1997). In this study, all organic materials were

incorporated in the soil which increased the concentration of POC under treatments

with organic sources and was the highest in the 0-15 cm depth, declining with

increasing soil depth (Fig.25 and 26). Increase in SOC as well as particulate organic

C were closely associated with macro aggregates, indicating Ca"^ formed cationic

bridges between kaolinitic clay and SOC in the Oxisol(Briedis et al., 2012 ).

Similarly, Rudrappa et al. (2006) reported that POC accumulation in the subsurface

soil would be only half compared to upper soil layers, probably because the greatest

proportion of organic substances remains in the surface soil layers. Cattle

manure/green manure addition resulted in significantly higher concentrations of POC

than RHB /Artocarpus in the subsurface soil. This may be explained by the lower

C/N ratio in the cattle or green manure, causing rapid decomposition than that of the

other two organic sources and its downward movement. Previous studies also pointed

that soil labile organic C especially POC could reflect in higher management impacts

on soil quality than total organic C. Continuous cropping decreases the amount of

CPOC in soil. The SOC pool at 0-15 cm depth was also more in the treatment with
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Artocarpus, though the difference was not statistically significant. However,

^  calculation of the total pool below 15 cm depth revealed that carbon pool under
control treatment was more or less similar to other treatments.

Density fractions

Soil carbon fractions as affected by different nutrient management practices

are given in Fig. 27a and 27b to 30a and 30b). All the carbon pools were higher in the

plots where integrated nutrient management practice was followed than chemical

fertilizers alone. Yang et al. (2005) found on combined application of chemical

fertilisers and manures, LFOC, POC in TOC increased in paddy soil followed by

alternate wetting and drying of soil.

In this study, more significant variations in soil organic carbon fractions of

LFOC as well as POC were observed than in soil total organic C among the different

nutrient treatments. More POM in the soil means that carbon and other nutrients are

stored in the intermediately available pool and are not lost, yet are available when

^  needed. This was achieved by the use of RHB in soil. In the surface soil, LFOC had

the highest C concentration (36.20-171.30 g kg"') followed by iLFOC, HFOC and

MinOC. Application of organic amendments significantly increased the LFOC

concentration as compared to inorganic fertilizers (Table 25). Compared to the

integrated treatments comprising of FYM, artocarpus and daincha, the treatment with

RHB enlarged the LFOC pool by 150 per cent, ILFOC pool by 175 per cent (Fig. 27a

and 28a). The RHB application did not influence HFOC and Min OC significantly

but they were improved by other organic sources. Organic residues in various stages

of decomposition, also containing appreciable amounts of microbial debris made up

largely light fraction organic matter (Gregorich and Janzen, 1996). It was

characterized by rapid mineralization due to labile nature of its constituents and to the

lack of protection by soil colloids (Turchenek and Oades, 1979).

Addition of daincha in the soil had only little effect on LFOC and iLFOC

fractions. Fronning et al. (2008) reported that the addition of plant residues or other
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organic amendments increased total organic carbon and its associated POM carbon.

Organic residues with a low C/N ratio (high nitrogen content) might be decomposed

quickly and reduce the accumulation of POM. Soil disturbances such as destruction

of aggregates by cultivation and alternating periods of wetting and drying also expose

organic matter to microbial decomposition and reduce POM content in soils.

It was seen in this study that tne surface soil had highest organic carbon

content than the subsurface soil. John et al. (2005) pointed out greater concentration

of SOC in the A horizon of soil was due to larger amounts of SOC stored in various

pools of particulate organic matter.

In cold and/or semiarid region, the carbon stocks in labile particulate SOC

fraction constituted approximately 50 per cent of total soil organic carbon and is the

most affected by management practices (Chan, 2002). On the other hand, hot and

humid environment favored microbial activity that led to intensive decomposition and

humification of labile SOC fractions (Bayer and Bertol, 1999). Due to such intensive

humification activities in the humid tropics, the labile carbon fractions get aromatised

to chemically recalcitrant pools. In the case of rice systems, though microbial

activities may be limited, long periods of soil submergencepromoted the formation of

passive pools of SOC. The results were in line with the findings of Mandal et al,

2008 who observed that as much as 29 per cent of the organic C applied to the soil

was stabilized into recalcitrant C pools in rice systems.

5.1.5.2. Fractions of organic nitrogen

The particle size as well as density fractions of organic nitrogen

responded well with the addition of organics and inorganics (Fig. 31a and 31b to 36a

and 36b). The treatments showed a slight increase in nitrogen content during

mundakan season compared to virippu season. Soil organic nitrogen concentrations in

the 0- 15 cm and 15-30 cm depths were increased than in the control following NPK

addition alone (Fig.31 a and 31b). This might be due to residual nitrogen fertilizer

leaching down the soil profile, with a further contribution from the mineralization of
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crop biomass resulting in more labile N in the soil.Inorganic fertilizer along with

daincha resulted in significantly higher N concentrations than other treatments in the

surface and subsurface soil depths (Fig.Slb). This is attributed to larger extraneous

nitrogen input and nitrogen released by rapid decomposition of daincha and

mineralization of biomass of crop residues in the soil (Liang et al, 2012). Addition of

N through legumes significantly increased CPON content in soil.

5.1.6. Effect of treatments on nutrient content in plant parts

The data (Tables 46a and 46b to 78a and 78b) indicated an increase in

nutrient content in various plant parts like grain, shoot and root of rice crop when

amended with organics and inorganics. The nutrient content varied significantly and

it differed between treatments among the plant parts (Fig. 43 to 60).

A higher value of leaf N content could be attributed to the ability of organic

manure to supply nutrients continuously during the growth period of crop as a result

of mineralization and improvement of the physical and chemical properties of the

soil. Majority of the nutrients were found to be high in the plant parts when the

organic sources like FYM and daincha were amended with medium dose of nitrogen

(70 kg N ha"') than at higher levels. This result was in line with the findings of

Sharma et al., 2000.This could be ascribed tothe inhibition of SOM decomposition by

adding urea which necessitates additional C requirement for microbes.Many scientists

have also observed negative or nonsignificant effects of N on the decomposition of

organic matter. (Ramirez et al., 2010; Vallack et al. 2012).

Among the organic sources, the nutrient contents in plant parts treated with

daincha and FYM werehigher and during mundakan season, the amount increased.

This might be due to the low C/N ratio of organic materials which could have

provided higher amounts of nutrients slowly during the cropping period. Tejeda et al.

(2009) foud that the optimum balanced C/ N ratio (10-12) for soils amended with

composts originating from leguminous residues, due to organic matter mineralization

overcoming immobilization. Eghball et al. (2004) observed that from organic sources

195
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only a fraction of N and other nutrients are available to plants during the initial

period. There was also an increase in nutrient contents in plant parts in the treatments

with biochar during mundakan season. Increased microbial activity due to application

of biochar could also be another reason for the highest nutrient uptake in biochar

treated soils. Biochar acted as a habitat for soil microorganisms involved in N, P or S

transformations (Pietikainen et al., 2000). Soil organic matter through chelation

process would have strongly held micronutrients like iron, aluminum, zinc, copper

and manganese and made them readily available for plant uptake. Improved soil

physical properties resulted in greater root distribution and penetration and hence

greater nutrient and water uptake (Dexter, 1988).

5.1.7. Yield and yield characteristics

The results under yield and yield attributes of rice clearly showed

significant variation among the treatments and an increase in these characteristics.

Daincha, a rich organic source is justified by the fact that the supply of daincha with

no additional source of nitrogen was effective to the extent of producing an on par

plant height of 74.89 cm with the treatments with added nitrogen at the rate of 35 and

70 kg N ha ' which resulted in plant heights of 76.16 and 76.95 cm respectively. But

such an observation could not be made when FYM alone was applied.

Plant height, leaf area and dry matter production (Fig. 61 to 64) are the growth

attributes which significantly affect the dry weight of leaves and shoots. Higher plant

growth as a result of organic amendment application maybe associated with the fact

that the organic materials release considerable amount of nutrients especially nitrogen

for plant use, which is essential for chlorophyll and protoplasm formation. The

cementing action of polysaccharides and other organic compounds released during

the decomposition of organic matters, thus leading to taller plants. Babu et al. (2001)

also reported that plant height was significantly influenced by the application of

organic manure and chemical fertilizers. These observations are in line with the

findings of Mansour (2002) in Senna; Selvaraj et al. (2003) in Rosemary and Thyme.
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Agronomic practices such as appropriate nutrient supply can increase the total

amount of both root and shoot biomass (Grechi et ai, 2007).

Organic amendments and inorganic fertilizers enhancedcrop yield (Fig. 65 to

66) by releasing readily available nutrients to crops. The enhanced soil biological

properties provided resiliency and buffering capacity of soil to ameliorate stress

(Karlen et al. 1992). Application of green manure or other organic fertilizers

improved soil physico-chemical and microbiological parameters which could have

contributed to sustainable productivity in flooded rice soil.

Liming effect of biochar has been suggested as one of the probable reasons

for improved crop yields on acidic soils. Increased nutrient retention by biochar may

be the most important factor for increased crop yields (Ding et al., 2010). Improved

crop yields may be due to'fertilizer effect'of added biochar, supplying important

plant nutrients such as K, N, Ca, and P. The availability of soil nutrients remained

higher in the treatments with biochar despite greater nutrient removal due to plant

growth and higher grain yields.

5.2. EVALUATION OF GREENHOUSE GAS (GHG) FLUX FROM

CULTIVATED ANDFALLOW WETLANDS

The key GHG of concern in paddy cultivation are methane and carbon di

oxide respectively. Soil type, temperature and water regimes before and during

cultivation period, and organic and inorganic soil amendments all affect GHG

emission. The soil in our experimental field was sandy clay loam and clay could lock

organic C by adsorption to colloidal surface and aggregate formation (Franzluebbers

et al., 1996). Emissions from paddy cultivation and urea fertilization during the

experiment were typically small, often negligible for both periods. Tables 91 a, b, c

and 92a, b, c present emission details.

5.2.1. Measurement of soil CO2 flux, soil temperature and moisture

During the rice ropping season, the level of CO2 was high in the initial phase

and final phase of crop growth while that of CH4 was found to be higher in the
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panicle initiation phase. The highest emission of carbon di oxide was observed (Fig.

67) in the treatment RHB with 35 kg N ha"'with a value 104.52 mg m"' hr"' whereas

other treatments of the same organic source and lower nitrogen levels showed very

low values (43.54 and 43.11 mg m"^ hh'). Biochar/ daincha amendments produced

significantly higher CO2 but comparatively lower CH4. The effect of biochar on the

GHG emissions obviously depends on the soil environment and the microbial

community present, as well as the physicochemical characteristics of the biochar. The

increase in CO2 could be attributed to the wide C;N ratio of the material which could

have favoured the escape of C into the atmosphere. But, in the near harvest stage of

the crop, it was seen that maximum emission occurred from the treatment with

daincha and 105 kg N ha"'. This was due to the rise in carbon level in soil following

microbial death from organic source with narrow C:N ratio. Low levels of moisture

near the harvest stage of crop also might have favoured an increase in the emission of

CO2. Hanson et al. (2000) reported that differences in root respiration and microbial

decomposition of soil organic matter reflect in soil CO2 flux.

Further it could be seen that the methane production was the highest (Fig. 68)

in the FYM treated plots in all three phases. Maximum emission was seen at panicle

initiation stage when compared to other two stages and this result is in line with the

study by Linquist et al., 2012. This may be attributed to the activity of higher

microbial populations, especially methanogens in FYM supplied soil. Addition of

inorganic fertilizer might have acted as sources of electron donors, thus increasing

methanogens in these treatments under flooded rice soil system. Biochar-amended

soil showed reduced methane emission and hence low global warming potential

(GWP) and this can be attributed to the biological stabilization of carbon and nitrogen

in soil. Dubey (2005) pointed out that CH4 emissions depends on nature, quantity and

method of fertilizer application. Urea could enhance CH4 emissions over the growing

seasons which might be due to increase in soil pH following urea hydrolysis and a

decrease in redox potential. These two processes enhance methanogenic activities.
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As products of carbon and nitrogen mineralization, considerable amounts of

CO2 and CH4 were produced during the cropping period. Total CO2 production,

however, varied in a much wider range from 26.47 mg m"' hr ' to 129.94 mg m'^ hr"^

in soil as shown in Fig.67. Apparently, CO2 production predominated over CH4 in the

majority of cases. Fertilization affects CO2 production differently compared to CH4,

although both were significantly influenced by the different amendments. It has been

well addressed that application of different amendments could enhance the bio

available pool of organic carbon (Xu et al., 2015).

Soil temperature and soil moisture are important factors (Fig. 69 to 72)

controlling CO2 fluxes by their influence on organic matter decomposition. Rainfall

can influence soil CO2 fluxes through soil moisture fluctuations in surface layers

where most of the biological activity occurs. It can also strongly increase soil CO2

fluxes by a drying and rewetting effect (Lee et al., 2002). Changes in instantaneous

soil CO2 fluxes among treatments could further be explained by the soil C/N ratio and

clay content percentage. Both soil C/N ratio and clay content were negatively related

to instantaneous soil CO2 fluxes. In contrast, the highest input of inorganic fertilizer

did not result in the highest soil CO2 flux. So we can conclude the temporal variation

in soil CO2 fluxes was mainly due to soil temperature and moisture.

More rapid rates of C accumulation and loss may occur over shorter time

scales as the large component of fast-cycling soil C responds to disturbance such as a

change in vegetation. As discussed above, soils may lose a significant portion of their

carbon after cultivation; these changes represent a loss of fast-cycling C rather than

passive C pools (Ghosh et al, 1995).

The relationship between GHG emission and redox potential was studied.

Redox potential, an important soil parameter governing GHG emission, declined

rapidly within a few days after submergence and attained steady level.
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5.3. PROFILE CHARACTERISATION OF CULTIVATED AND FALLOW

WETLANDS

The study showed that the profile from biochar treated plots had higher values

for morphological and physico-chemical characteristics than the fallow land.

The profiles from fallow land and cultivated land showed six and seven

horizons delineations respectively. The horizons identified common to both profiles

were Ap, AC, AC2, AC3, AC4 and C. In addition, the cultivated land had A2 horizon

also. The colour of Ap horizon soil in cultivated land was greyish brown (lOYR 5/2

M) and was darker than that of fallow land which was dark yellowish brown. This

could be due to the addition of organic matter from the organic source. This is in lieu

with the findings of Ge et al, 2011. A gradation of soil colour was noticed from top

soil to bottom layer of the profile which could be attributed due to the decrease in

organic matter content. In case of clay content of soil, an increase was observed with

increasing depth. The number of mottlings, its colour and distinctness also increased

from top to bottom layer.

The values of pH for both fallow and cultivated lands were found to increase

from the surface soil values. The pH values increased upto a certain depth and then

got stabilized. Finally the pH values for both cultivated as well as fallow lands bcame

equal (5.20). Similar results were also recorded by Haynes and Mokolobate, 2001.

The biochar treated plot recorded higher organic carbon content (0.95- 2.05%)

when compared to the fallow alnd (0.84- 1.05%). Nigusse et a/.(2012) also obtained

the same results and he indicated the presence of recalcitrant carbon in biochar could

increase the OC content in soil. Similar trend was observed for the available nutrient

content also. This might be due to the combined effect of increased physical,

chemical and biological parameters in the cultivated land and were in agreement with

the results obtained by Dhull et al., 2010 and Ghosh et ah, 2012.
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6. SUMMARY

The present study entitled "Carbon sequestration and soil health under

different organic sources in wetland rice" was carried out in a farmer's field (10° 31'

49" N latitude and 76°12' 53"E longitude) cultivating paddy situated on the typical

lateritic lowland region in the tropical monsoon land scape zone of Kerala. The

experimental field was located in the flat floodplains of village, Varadium in Thrissur

district with sandy clay loam soil. The experiment was conducted for two continuous

cropping seasons of Virippu and Mundakan in rice crop during 2015-2016. The

objectives of the experiment was to assess the effect of different organic sources on

carbon sequestration and soil health in wetlands (Ultisol) under rice -rice cropping

system and to compare carbon distribution and fluxes with that of adjoining fallow

land.

In this study, the treatments included fertilization with four organic sources

[no organic manure, farm yard manure (FYM), jack tree {Artocarpus heterophyllus)

leaves, daincha (Sesbania aculeata) and rice husk biochar] in combination with

inorganic nitrogen at various levels. The soil and plant samples after the field

experiment were collected and analysed for nutrient contents. In the case of soil,

analysis of the surface (0-15 cm) and subsurface (15-30 cm) samples were done.

The salient results of the study done in the field and laboratory are

summarized below;

Physical properties of surface soil

•  The treatment, rice husk biochar (RHB) at No level showed least bulk density and

highest WHC of soil compared to other treatments in both seasons. With

increasing levels of nitrogen, the BD of soil was found to be increased while the

trend was reverse with WHC of soil.
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Chemical properties of surface soil

•  In both seasons, pH of soil was significantly maximum with the treatment rice

husk biochar (RHB) at No level. The pH of the soil increased with increasing

levels of nitrogen.

•  The significant minimum value for EC was obtained in the treatment RHB

without nitrogen in both seasons. The highest significant EC value of 0.164 dS

m"' was obtained during virippu season in the treatment daincha with 105 kg N

ha''. In general, there was a decrease in EC values in the second season.

•  CEC of soil was the highest with the treatment daincha with 35kg N ha"' which

was also significant. In the inorganic nitrogen source, 70 kg N recorded the

highest value. Similar results were obtained during mundakan season also.

•  The soil organic carbon content was higher in the treatments with organic

sources than with inorganic sources. The significantly higher OC content was

observed in the treatment with rice husk biochar (RHB) at No level. The same

trend was observed in mundakan season also. Total carbon content of the soil

showed the same trend as the organic carbon content of soil.

Physical properties of sub-surface soil

•  The bulk density of subsurface soil was higher than the surface BD. The

treatment Artocarpus at Nq level showed least bulk density. The highest WHC of

soil was obtained for the treatment daincha with Nq level compared to other

treatments in both seasons. Here as the depth increased, the WHC of soil

decreased. With increasing levels of nitrogen, the BD of soil was found to be

increased while the trend was reverse with WHC of soil.

Chemical properties of sub-surface soil

•  The treatments with inorganic sources alone showed lesser values of pH. The

subsurface pH values were found to be lower than that of surface soil and was
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significantly maximum with the treatment rice husk biochar (RHB) at No level in

both seasons.

•  The minimum EC was recorded in the treatment with RHB at Nq level in virippu

season and with Artocarpus at No level during mundakan season. CEC of soil

was the highest with treatment, daincha with 70 kg. N which was also significant.

In the inorganic nitrogen source, 70 kg N recorded the highest values. Similar

results were obtained during mundakan season also.

•  The highest significant OC content was observed in the treatment with FYM at

35 N. The same trend was observed in mundakan season also. Rice husk biochar

with no added N also showed an on par value. The total carbon content of soil

was in line with the organic carbon content of the soil.

Nutrient contents of surface soil

•  The treatment with daincha and 105 kg N ha"' recorded significant maximum

value in both seasons. The nitrogen content in soil increased with the doses of

nitrogen levels and the highest nitrogen content was with the greater amount of

nitrogen ie. 105 kg N. The treatments with inorganic sources alone showed

minimum values.

•  The available phosphorus content was maximum with the treatment Artocarpus

and RHB in virippu and mundakan seasons respectively. Nitrogen level at 35 kg

showed maximum phosphorus content.

•  The treatment with daincha and 35 kg N ha"' showed a significant maximum

value of available potassium content in both seasons.

•  Available calcium and magnesium were higher with the organic source daincha.

The levels of nitrogen had varied effect in the availability of nutrients. The

contents showed a decrease in the mundakan season.
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•  The highest sulphur content of 8.46 mg kg"' was recorded in the treatment

daincha with 70 kg N ha"' and the same trend was observed in mundakan season

also.

•  The micronutrients like iron and manganese were lower in soil with treatment

using RHB as organic source. The nutrient contents were higher with 0 and 35 kg

N in case of iron while the contents showed an increasing trend with nitrogen

level for magnesium.

•  The available zinc content was found to be maximum in the treatment RHB with

105 kg N ha"' (8.01 mg kg"').

•  Available copper content was significantly the highest during virippu season in

the treatment Artocarpus without any N source.

•  Available boron was maximum with the treatment FYM application with 105 kg

N ha"' (0.49 mg kg"').

Nutrient contents of sub-surface soil

•  The available nitrogen content did not show variation in the subsurface soil.

However, during mundakan season, treatment with daincha and 35 kg N had

maximum value. The treatment RHB with or without N recorded lower values in

the second season.

•  The treatment with daincha and 105 kg N ha"' showed a significant maximum

value of available phosphorus content.

•  The available potassium content was maximum with the treatment daincha and

105 kgN.

•  The treatment, daincha and 105 kg N ha"' showed significant maximum values

for available calcium and magnesium contents in virippu season but the contents

were significantly higher using RHB with / without N in mundakan season.

•  Available S was significantly higher in the treatment daincha with 70 kg N ha"'

(5.43 mg kg"').
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•  The subsurface soil recorded lower values for iron and manganese contents and

they showed a decrease at 105 kg N. Available Mn was the least when inorganics

alone were applied.

•  The available zinc was the highest in the treatment daincha with 35 kg N ha"'

(10.15 mg kg"').

•  The treatment FYM with 70 kg N ha"' showed a significant maximum value of

10.66 mg kg"'.

•  The highest value of boron was observed for the treatment FYM with 70 kg N

ha"'

Biological characteristics of surface soil

•  The microbial biomass carbon and phosphatase activity of soil were significantly

higher with the treatment Artocarpus at 70 kg N and with RHB at 35/105 kg N in

virippu and mundakan seasons respectively. Maximum value of dehydrogenase

activity was obtained for the treatment RHB with 105 kg N ha"' in both seasons.

Biological characteristics of sub-surface soil

•  The biological characteristics were similar to that of surface soil. The

phosphatase activity was significantly higher in the treatment, daincha with 105

kg N ha"' in virippu season and it was maximum in RHB at 105 kg N in

mundakan season while the reverse trend was observed for the dehydrogenase

activity.

Fractions of soil organicmatter

Fractions of surface soil organiccarbon

•  The coarse particulate organic carbon content was significantly the highest in the

treatment RHB with 105 kg N ha"'(23.6 g kg"'). All the treatments of the same
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organic source with/ without inorganic N dose showed values of more than one

per cent.

•  The fine particulate organic carbon content was the highest in virippu and

mundakan seasons in the treatment Artocarpus with 105 kg N ha"'.

•  The light fraction and intra light fraction organic carbon contents were

significantly higher in the treatment with RHB and no added nitrogen. In general,

treatments with RHB had higher light and intra light fractions compared to other

treatments. During mundakan season also the same trend was observed.

•  The heavy fraction organic carbon content was significantly maximum in the

control treatment without nitrogen.

•  Mineral associated organic carbon was the highest in the treatment RHB with 70

kgN ha"'.

Fractions of sub-surface soil organiccarbon

•  The coarseparticulate organic carbon was the highest in the treatment, control in

both seasons.

•  The fine particulate organic carbon content was significantly maximum in the

treatment FYM with 105 kg N ha"' During mundakan season, the values were

found to be lower.

•  The significantly higher value of light fraction organic carbon was observed in

the treatment FYM without any added nitrogen but intra light fraction organic

carbon was maximum in the the treatment, RHB without any nitrogen in both

seasons.

•  The highest value of heavy fraction organic carbon was observed in the treatment

RHB without nitrogen.

•  The highest mineral associated organic carbon was observed in the treatment

daincha with 105 kg N ha"'.
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Fractions of surface soil organicnitrogen

•  Significant maximum values of coarse particulate organic nitrogen was observed

in the treatment RHB with 105 kg N ha"' in virippu and mundakan seasons

respectively.

•  The significant and highest value of fine particulate organic nitrogen was seen in

the treatment Artocarpus with 35 kg N ha"'.

•  The significantly higher value of light fraction organic nitrogen was recorded in

the treatment Artocarpus with 105 kg Nha"'.

•  The maximum value of intra light fraction organic nitrogen was in the treatment

RHB with 35 kg N ha"'.

•  The highest heavy fraction organic nitrogen value was recorded in the treatment

with 35 kg N ha"'alone.

•  Mineral organic nitrogen was the highest in the treatment daincha with 70 kg N

ha"'.

Fractions of sub-surface soil organicnitrogen

•  Coarse particulate organic nitrogen was observed significantly higher in the

treatment daincha without nitrogen in both seasons.

•  The highest value of fine particulate organic nitrogen was observed in the

treatment with 105 kg N alone.

•  The light fraction organic nitrogenvalue was the highest in the treatment FYM

without nitrogen.

•  The maximum intra light fraction organic nitrogen was recorded in the treatment,

daincha with 35 kg N ha"'.

•  The highest heavy fraction organic nitrogen value was observed in the treatment

FYM with 35 kg N ha"'.

•  Mineral associated organic nitrogen was the highest in the treatment FYM with

35 kg N ha"'.
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Fractions of surface soil C:N ratio

•  The treatment, Artocarpus with 105 kg N ha"' resulted in the highest coarse

particulate C;N value of 15.83which was also significant. The treatments, RHB

with 35/70 kg N ha"' showed on par values.

•  The highest fine particulate C:N value was observed in the treatment Artocarpus

with 70 kg N ha"''

•  The light fraction C:N and intra light Ifaction C:N ratio were found to be the

highest in the treatment, RHB with 105kg N ha"'.

•  The highest heavy fi-action C:N value was observed in the treatment without any

organic or inorganic source.

•  Mineral associated C:N value was maximum in the control treatment.

Fractions of sub-surface soilC:N ratio

•  The highest and significant coarse particulate C:N value was observed in the

treatment without any organic or inorganic source.

•  The fine particulate CN ratio was the highest in the treatment RHB with 105 kg

N ha"'.

•  The light fraction C:N value was significantly higher for the treatment no organic

manure with 35 kg N ha"' andintra light fraction C:N ratio was maximum in the

treatment RHB without any N dose.

•  The highest heavy fraction C;N value was observed for the treatment 105 kg N

ha"' alone.

•  The highest mineral associated C:N value was observed in the treatment daincha

with 105 kg N ha"'
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Plant nutrient characteristics

Grain

•  The treatment daincha at 35/70 kg N had higher primary nutrient

contents.Calcium and magnesium contents were maximum in the treatments with

daincha /RHB at 70kg N. Sulphur content was significantly maximum in the

treatment FYM with 105 kg N ha"'. Iron content was minimum with Artocarpus

and RHB at various levels of nitrogen while manganese was found to be the

lowest with no organic source and Artocarpus in virippu and mundakan seasons

respectively.The micronutrients zinc, copper and boron were maximum with

FYM as organic source. Zinc and copper were below the detectable level in the

treatment with inorganic source alone.

Straw

•  The highest significant nitrogen content was observed in the treatment FYM with

105 kg N ha"'. Phosphorus and potassium contents were maximum with daincha

at 35/105 kg N. Similarly daincha at 105 kg N showed higher values of calcium

magnesium and sulphur while in mundakan RHB with 35 kg N ha"' recorded

significant maximum calcium content. Iron content was found to be significantly

higher in the treatment RHB with 105 kg N ha"'. The treatment Artocarpus with

35 kg N ha"' recorded significant maximum content of zinc.

Root

Nitrogen, phosphorus and potassium contents were the highest with daincha and

FYM as organic source. Calcium and magnesium contents were maximum with

FYM and RHB while sulphur was high with daincha. Zn content was

significantly the highest in the treatment, RHB with 105 kg N ha"''
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Plant biometric characters

•  Plant biometric characteristics like plant height at panicle initiation and at

harvest, 1000 grain weight and harvest index were maximum with FYM while

leaf area index, percentage of filled grains, root biomass and B:C ratio were

higher with daincha as organic source. Grain yield was higher with daincha at 35

kg N while straw yield was maximum with RHB at 105 kg N.

Comparison betweenGHG flux from cultivated and fallow land

•  The greenhouse gas emission of carbon di oxide and methane from cultivated

lands were higher than that of fallow lands. The emission of CO2 was more

prominent in active tillering and harvest stages and the emission was minimum at

panicle initiation stage.On the other hand, methane emission was higher at

panicle initiation than at active tillering stage. At harvest stage, the emission of

methane was nearly nil. The treatment with FYM showed highest emission of

methane while the ones with RHB and daincha had highest CO2 emission.

Soil profile study of cultivated and fallow land

•  Soil profiles of cultivated (RHB with 0kg N ha"') and adjoining fallow lands

were taken after harvest of the second crop and their morphological as well as

physico-chemical characteristics were studied. Soil profile in the fallow land had

a depth of 115 cm and five horizons were delineated while a soil profile depth of

more than 70 cm with six horizons was noticed in the cultivated land. Analysis of

the available nutrient contents in soil indicated that the nutrient contents in the

fallow land was lesser than that of the cultivated land. The values of the

parameters were found to be high in the surface and they decreased as we moved

down the profile.
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Conclusion

The study indicates that organic sources are the best means of incorporating organic

matter to the soil and increasing the soil carbon pool. Application of FYM,

Artocarpus, daincha and biochar stimulated plant growth through out crop period

by slowly releasing nutrients which ultimately increased the biomass which in

turn promoted the soil fertility. Decomposition and accumulation of organic

matter varied with the materials used in the experiment. Biochar increased

maximum allocation of carbon both in the soil and biomass, thus portraying its C

sink capacity. Moreover, due its alkaline nature, it enhanced tlie pH of soil. Thus

it can be considered to reclaim acidity instead of lime in acid soils of

Kerala.However, the organic sources with higher doses of N had enhanced

emission of CO2 and CH4. Hence a suitable balance between the organic +

inorganic N sources is advocated in wetland rice cultivating tracts towards

attaining maximum yield without affecting our climate system.

Future line of research

•  Liming effect of biochar in acid soils of Kerala may be examined.

•  Impact of organic sources and land management practices over a period of 2-3

yearson carbon sequestration and SOC pools shall be studied.

•  Assessmentof C stabilizing mechanismsin soils can be deduced.
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Incorporation of daincha

Date of transplanting

First fertiliser application

Second fertiliser application

Harvest

Incorporation of daincha

Date of transplanting

First fertiliser application

Second fertiliser application

Harvest

Appendix

Important cultural operation dates

virippu

5-6-15

17-6-15

24-6-15

4-8-15

17-9-15

mundakan

12-10-15

16-10-15

24-10-15

5-12-15

4-2-16
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Abstract

In the current scenario of global climate change, wetland paddy fields are

considered as major sources of greenhouse gases (GHG), especially methane (CH4)

and carbon dioxide (CO2) as they experience both dry and wet situations depending

on water availability. On the other hand, wetland characteristics promote the

accumulation of organic matter in the soil and sediment, serving as carbon (C) sinks

and making them one of the most effective ecosystems for storing soil carbon. In this

context, the present study was undertaken with the objective to assess the combined

effect of organic and inorganic sources on carbon sequestration and soil health under

rice -rice cropping system and to compare the carbon distribution and fluxes with

that of adjoining fallow land.

The experiment was conducted in the farmer's field at Varadium, Thrissur

with rice as test crop in sandy clay loam soil for two continuous cropping seasons

viz., Virippu and Mundakan during April 2015 - January 2016. The treatments

consisted of different organic sources like farm yard manure (FYM), jack tree

{Artocarpus heterophyllus) leaves, daincha (Sesbania aculeata), rice husk biochar

and no organic manure. These were applied in combination with four levels of

nitrogen (N) viz., 0, 35, 70 and 105 kg ha"' represented respectively as No, N35, N70

and N105. The soil samples from surface (0-15 cm) and subsurface (15-30 cm) and

plant samples were analysed at harvest stage in both seasons to assess the impact of

treatments.

Gas samples were collected during the second cropping season at three stages

viz., active tillering, panicle initiation and near harvest of the crop from fifteen

treatments (except Nq level) so as to evaluate the GHG flux (CO2 and CH4) fi-om the

cultivated land and it was compared with that of adjoining wetland.

Soil characterization of cultivated land (biochar treatment with No level) and

fallow wetland (1 m depth) was also carried out after the field experiment.
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Combined use of both organic and inorganic sources improved the physico-

chemical properties of soil over inorganics alone. The impact was more pronounced

with biochar + No treatment and its effect on increasing soil pH was also note-worthy.

The build- up of soil organic carbon (SOC) as well as total carbon (TC) contents were

more in the surface layer compared to the subsurface. Irrespective of treatments, the

carbon content decreased after Virippu season as a result of high temperature. The

high carbon content noted in the biochar with all levels of N had positive effect even

in the second season. The soil carbon storage was also high with this organic source.

The distribution of organic C among physical pools of soil organic matter

viz., coarse paniculate organic carbon (cPOC), fine paniculate organic carbon

(fPOC), light fraction organic carbon (LFOC), intra light fraction organic carbon

(iLFOC), heavy fraction organic carbon (HFOC) and mineral associated organic

carbon (MinOC) separated on size and density basis using standard procedures were

also studied. Though the organic sources had positive effect on various pools, biochar

with all levels of N had a strong impact in the carbon content of cPOC, LFOC and

iLFOC. The cPOC concentration decreased over time while the reverse happened

with fPOC. However, in the density fractions with biochar treated soils, the LFOC

had the highest C concentration followed by iLFOC and the effect was more

prominent in the surface layer.

Combined application of organic sources and inorganic fertilizers

significantly increased the cation exchange capacity and nutrient availability in soil

than that of inorganic fertilizers alone. The amount of nutrients decreased with

increasing soil depth. Levels of N also had varied effect on these contents. The

nutrient content in plant parts like grain, shoot and root of rice crop varied among

treatments. Adequate improvement in soil physical, chemical and microbiological

parameters on application of green manure contributed to increased grain yield at 35

kg N ha"' in flooded rice soil while the straw yield was maximum in the treatment

with biochar at N105.
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Measurement of GHG emission during the rice growth stages showed that the

^ i level of CO2 was high in the active tillering phase and near harvest phase of crop

growth, while that of CH4 was found to be higher in the panicle initiation phase.

Application of biochar as well as green manure with 105 kg N ha"' resulted in

greatest emission of CO2, whereas the FYM + N105 showed highest emission of CH4.

Soil profile study carried out after the field experiment indicated that the soil

profile in the fallow land had a depth of 115 cm and five horizons while a soil profile

depth of more than 70 cm with six horizons in the cultivated land. The effect of

biochar on distribution of carbon and available nutrients within 30 cm depth was

maximum in cultivated land in comparison with fallow wetland.

The study revealed that the application of biochar without N had great impact

on soil pH and various pools of carbon but its effect at this level on soil available

nutrients was reverse. The soil available nutrients were higher with FYM and daincha

and their effects increased with higher levels of N which subsequently improved the

plant nutrient contents and rice yield. However, the organic sources with higher doses

of N had enhanced emission of CO2 and CH4. Hence a suitable balance between the

organic + inorganic N sources is advocated.
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