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1 

General introduction 

Groundnut (Arachis hypogaea L.) has been accepted and considered as a 

vegetable oil seed crop in India during mid to late 19th century and since then 

occupied the first place among the oil seeds grown in the country. In the oil seed 

scenario of India, groundnut is the largest component, which occupies 45% of the 

total oil seeds area and 55% of the country's total oil seed production. In 

Meghalaya, groundnut was introduced during the middle of 1980's and the 

experimental results on production potential revealed that the crop was highly 

potential for its cultivation in this region (Munda et al., 1997). Groundnut is grown 

in the region as a kharif crop and also predominantly grown as a sole crop at 

ICAR, Barapani, which significantly increases the total productivity. It can also be 

grown as intercrop in rice and maize based cropping systems under upland 

situations. Groundnut is usually sown in the month of May to middle of June and 

completes its life cycle from 115 to 120 days. Seed germination, flowering and 

pod formation start after 7, 30 and 60 days of sowing respectively. 

Since groundnut is a leguminous crop, it can easily fix atmospheric 

nitrogen through its nodule present in the root system. The host legumes can 

enrich their immediate soil environment with rhizobia through rhizosphere effects. 

The extent to which this enrichment occurs, the specificity of the process and its 

interaction with soil management factors remain poorly described (Thies et al., 

1995). Several microbes present in the soil are believed to be beneficial for plant 

growth. Intensification of agriculture in the tropics has resulted from a shortage of 

farmland and insufficient food production to satisfy the needs of an expanding 
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population. Many tropical farmers are challenged by the prospect of intensifying 

their production while sustaining or improving the fertility and productivity of soils 

with only locally available natural resources (Beare et al., 1997). 

It has been now recoanized that productivity of agriculture cannot be 

maintained solely by input of energy and fertilizer but biological components that 

maintain productivity also cannot be ignored any longer. Natural productivity of 

soil depends upon many known and unknown interactions of these components. 

Looking to the prospect and potential of groundnut cultivation in the region, it 

would be of great interest to study the microbial status from the agricultural soil 

with a view to know their distribution, density, ecology and their ability to colonise 

in the soil. Increased insight into these relationships will without doubt, contribute 

a better appraisal of microbial species essential component of various agro­

ecosystems. 

The diversity of plant communities in forests and agro-ecosystem has 

received a great deal of scientific attention but the microbial diversity is often 

ignored7 Dick (1992, 1994) described that soil is a fundamental component of 

agro-ecosystem; it acts as a biological entity with complex biochemical reaction. 

Little is known of the importance of the functional diversity of soil microbial 

communities for the sustained functioning of terrestrial ecosystems (Beare et al., 

1995; Moore et al., 1995; Pankhurst et al., 1996). Limited information is available 

in the North-Eastern Region regarding the importance of microbial diversity in the 

functioning of soil (Pankhurst et al., 1996; Giller et al., 1997). However, meagre 

information is available on distribution of soil organic matter, nitrogen, 
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phosphorus, microbial populations and enzyme activities under hilly region in 

general (Nayak and Srivastava, 1995), while no significance attempt has been 

made so far to study the microbiology of agricultural soil system of the region in 

particular. 

It is important to determine optimum diversities of soil microbial populations 

of both natural and agricultural systems for their sustainable management. The 

management of soil fertility through the manipulation of soil biological processes 

is central to the sustainability of both natural and managed ecosystems (Swift, 

1987). Sustainability focuses on the quality of soil resources, and the relationship 

between its uses, management and the environment (Larson and Pierce, 1994 ). 

An understanding of soil microbial processes and community structure is essential 

for developing sustainable management systems (Swift, 1987; Miller, 1990). In 

order to maximize the beneficial effects of microbial activity, we need a greater 

understanding of the factors influencing microbial diversity and activity. The 

abundance and activities of soil microorganisms are influenced by various 

environmental (e.g. soil type, nutrient status, pH, moisture) as well as plant factors 

(e.g. species, age). Microbial growth in soil is carbon limited and therefore, the 

presence of organic matter has the greatest influence on microbial populations 

(Lynch and Whipps, 1990; Wardle, 1992). 

Microbial diversity indices ca~ fun~tion as bio-indicator to show community 

stability and describing the ecological dynamic of community (Atlas, 1984) and 

analysis of soil microbial diversity is important to evaluate the importance of 

perturbations on soil systems (Turco et al., 1994 ). Microbial population can also 
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provide an early indication of changes in soil long before it can be measured by 

changes in organic matter (Powlson et al., 1987). It has been generally 

hypothesized that reduction in soil microbial diversity will result in reduction in the 

functional capability of soil (Giller et al., 1997). However decline in soil microbial 

diversity does not consistently result in reductions in the functional diversity of 

microbial communities (Klein et al., 1986). 

The knowledge of complex relationship between plant and microorganisms 

and also among different microorganisms is an important aspect to understand 

plant behavior. The diversity of soil fauna and microorganisms is influenced by ..__... 

vegetation, soil factors, climate and management practices (Gupta and Malik, 

1996). Microorganisms perform a vital role in the soil as they are responsible for 

the decomposition of the organic matter and they play an important role in the 

transformation of various nutrients from non-available to available form. Soil 

microorganisms play a very important role in soil fertility not only because of their 

ability to carry out biochemical transformation but also due to their importance as 

a source and sink of mineral nutrients (Jenkinson and Ladd, 1981). The soil 

organisms have a key role in the cycling and availability of nutrients required by 

the biological systems, the formation of soil organic matter, and decomposition of 

organic residues and detoxification of soil contaminants (Swift et al., 1979; Miller, 

1990; Hendrix et al., 1990; Lavelle et al., 1994). There have been studies on the 

distribution of microbial diversity in various environmental niches (Stolp, 1988), 

extremely limited work has been carried out on microbial diversity of various 

management practices (Wardle, 1995; Bhatti and Mulia, 1995). 
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A number study is available in the literature on temporal and depth wise 

distribution of microorganisms and their activities in forest, grassland and 

abandoned land soil (Tiwari and Mishra, 1995). It has been recognised that there 

is a wide scope of study regarding the occurrence and distribution of microbes in 

the rhizosphere of different crops as well as in the agriculture soil, as this may 

lead to better understanding of the organisms and their role in maintaining 

sustainability of agriculture. Moreover, their population study with respect to their 

ecological preference may help in employing them suitably as potent biofertilizer. 

Recognition of the importance of soil microorganisms has led to increased 

interest in measuring the nutrients held in their biomass (Martikainen and 

Palojarvi, 1990). With increased study, more precise information has been gained 

on the influence of the microbial biomass on carbon and nutrient cycling, 

controlling turnover and mineralization of organic substrates (Sparling, 1985) and 

influencing crop productivity (McGill et al., 1986). Estimation of soil microbial 

biomass is now frequently made because of the importance of soil organisms in 

nutrient cycling and their role as a source and sink of plant nutrients (Smith and 

Paul, 1990). Study of microbial communities and biomass in agriculture soil may 

give insight into the role of microbes in restoring soil fertility. 

Soil life is highly diverse and consists of interacting population of 

microorganisms and soil fauna, whose activities influence physical, chemical and 

biological properties of the soil. Doran and Parkin ( 1994) defined soil quality as, 

"The capacity of a soil to function within ecosystem boundaries to sustain 

biological productivity, maintain environmental quality, and promote plant and 
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animal health." Determination of the optimum diversities of soil microbial 

populations of both natural and agricultural systems for their sustainable 

management is very important. 

The main function of soil organism is to restore the nutrients in a form that 

can be used by the plants (Gupta and Malik, 1996). Cycling of elements in soils 

and thus, ecosystem functioning is governed largely by microbial activity, the 

effects of cropping systems and fertilization on the soil biota are ecological 

important (Kennedy and Smith, 1995). Disturbing the biological equilibria with 

changes in the composition and the activity in the microflora can damage soil 

fertility both in the short and long-term (Brookes, 1995). 

Recent interest in agro ecosystem research has been focused on the 

introduction of sustainable management practices in agriculture, including crop 

rotations and fertilization systems to maintain soil quality and productivity and to 

minimize the negative effects of agriculture production on the environment. 

Agriculture is an important sector of the global economy and since it is most 

sensitive to and highly dependent on weather conditions, climate changes could 

have important repercussions on the world food supply (Rensenzweig and Parry, 

1994 ). Agricultural soils receive nutrients in the form of organic matter, manure, 

chemical fertilizers and through weathering of parent rocks. Physico-chemical 

characteristics of agricultural soil are also determined by the type of crop and 

agricultural practices (Fujisaka, 1990; Lewis et al., 1991 ). Agricultural practices 

particularly input of manure and cover crops could have large impacts on the size 

and activity of soil microbial communities (Kirchner et al., 1993; Powlson et al., 
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1987). Land used activities particularly related to agricultural and forestry can 

have considerable impact on the biological health of soils (Parinkina and Klyueva, 

1995). Changes in soil microorganisms may have an important effect on the 

productivity of soil, since they influence the crop production by acting as catalyst 

for bio-transformations (Roder et al., 1988). 

N_itrogen fertilizer has indeed caused a significant increase in crop yield; it 

has also brought about some unfavorable result. Besides the impairment of 

environmental quality, this practice also caused a decline in soil productivity 

through excessive soil erosion, nutrient runoff and deteriorated soil chemical 

properties (Moldenhauer et al., 1967; Kang, 1993). The addition of certain organic 

fertilizers causes a net immobilization of soil nitrogen (Murwira and Kirchmann, 

1993). Inorganic N fertilization can _have significant effect on soil microorganisms ---
and enzymes through higher plant yields and thus, crop residues, and through its 

impact on soil pH depending on the amount and type of fertilizers (Tabatabai et 

al., 1992). 

An understanding of microbial processes is important for the management 

of farming systems, particularly those that rely on organic inputs of nutrients 

(Smith and Paul, 1990). It was observed that larger microbial biomass in soils ____ .,. 

receiving cover crops and manures than in the same soils receiving only mineral 

fertilizers (Nannipieri et al., 1990; Kirchner et al., 1993). Soils are inhabited by 

microorganisms and are responsible for breaking down of organic matter and 

mobilization of nutrients. In order to understand the fertility of soil, it is very 

important to analyse the soil microorganisms both quantitatively and qualitatively. 
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Field studies on different soil enzymes have been made on soils under 

monoculture (Das and Mishra, 1986; Dkhar and Mishra, 1987). The analysis of 

soil enzymes is important indicator to know the fertility levels of soils. Since 

enzymes carry out most of the biological processes, knowledge about enzyme 

activity and their variation in soil has considerable biological significance. 

Investigation on a limited number of enzymes shows that agriculture management 

practices affect their activities (Dick, 1994). Soil enzyme activity is often used as 

an index of microbial activity in soil as well as their fertility. Urease and 

phosphatase have been the most commonly studied soil enzymes along with 

dehydrogenase activity, which provides an index of total biological activity 

(Macfadyen, 1970). Enzymes catalyse all biochemical reactions and are an 

integral part of nutrient cycling in the soil. 

Soil enzymes are believed to be primarily of microbial origin (Ladd, 1978) 

but also originate from plants and animals (Tabatabai, 1994). Soil enzymes have 

been suggested as potential indicators of soil quality because of their relationship 

to soil biology, ease of measurement and rapid response to changes in soil 

management (Dick, 1994; Dick et al., 1996). Such an index would integrate 

chemical, physical and biological characteristics and be used to monitor the 

effects of soil management on long-term productivity (Doran and Parkin, 1994). 

The activity of soil microorganisms is strongly linked to the activity of enzymes, 
; - -· --.---< 

and soil management (including crop rotations, fertilization, tillage and crop 

residue placement) strongly influences the activity of soil enzymes (Miller and 

Dick, 1995; Deng and Tabatabai, 1996a, b, 1997; Klose et al., 1999). Most of the 
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enzymes are added to soils by decaying microbial tissues, plant residues and 

animal remains. 

The phys~ical properties of soils can directly influence the 

structure, spatial distribution and activity of microbial population and enzymes in 

soils, which are potential early indicators of soil health and quality (Schnurer et al., 

1985; Dick, 1994 ). Each of the organic and microbial fractions in soil has special 

influence on enzyme activity (Mclaren, 1975; Skujins, 1976). Soil microbial 

activity contributes to the regulation of soil carbon storage, soil respiration and 

ecosystem productivity (Bauhus et al., 1998). Urease activity can suppress by 

long term N fertilizer application (Dick et al., 1998; McCarty et al., 1992). Few 

reports are available on the activity of enzymes in agricultural soils (Nannipieri, 

1984). 

Carbon storage in agricultural and forest soils has attracted attention 

recently due to its potential as a substantial carbon sink (Hu et al., 1997). The 

microbial biomass is a sensitive indicator of changes resulting from agronomic 

practices and other perturbations of the soil ecosystem (Doran, 1987; Smith and 

Paul, 1990). Management practices significantly affected organic carbon C, 

carbohydrate contents, microbial biomass C and organic C turnover rates in 

agricultural soils (Hu et al., 1997). Although small in mass, the microbial biomass 

is among the most labile pools of organic matter and thus serves as an important 

reservoir of plant nutrients, such as N and P (Jenkinson and Ladd, 1981; 

Marumoto, et al. 1982). The role of soil microbial biomass as a relatively labile 
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nutrient pool in the cycling of C, N and P is well established (Marumoto et al., 

1982; Van Veen et al., 1987; Duxbury et al., 1989; Jenkinson and Parry, 1989). 

The soil microbial biomass is of importance in most ecosystems because it 

forms the base of the detritus food web and serves as a sink and source for most 

plant-available nutrients (Anderson and Domsch, 1980; Jenkinson and Ladd, 

1981 ). This biomass thus has the potential to influence plant growth (Okano et al., 

1987). Studies have documented an increase in microbial biomass and activity 

(Mahmood, et al., 1997) as well as decrease of these parameters (Burket and 

Dick, 1998) with increasing N fertilizer application. Estimation of soil microbial 

biomass is now frequently made because of the importance of soil organisms in 

nutrient cycling and their role as a source and sink of plant nutrients (Smith and 

Paul, 1990). Study of microbial communities and biomass in agriculture soil may 

give insight into the role of microbes in restoring soil fertility. 

The microbial communities are influenced by soil moisture and temperature 

(Cambell and Biederbeck, 1976), physical disturbance of soil (Doran, 1987) and 

interaction with soil fauna (Beare et al., 1992). Soil microbial activity contributes to 

the regulation of soil carbon storage, soil respiration and ecosystem productivity. 

Soil respiration provides insights into the rates of organic matter breakdown and 

mineralization (Dalal, 1975). Long-term cropping systems and N fertilization can 

influence important soil properties such as soil structure and density, soil pH, the 

quantity, quality, and distribution of soil organic matter and of nutrient cycles 

within the soil profile (Tabatabai et al., 1992; Miller and Dick, 1995; Omay et al., 

1997; Senwo and Tabatabai, 1998). 
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Various agricultural management practices such as cropping system, 

fertilizer application, cultivation practices, soil organic amendments and pesticide 

application can lead to the alteration of the microbial dynamic in the agro­

ecosystem {Tilak et al., 1995). In agro ecosystems, human intervention may affect 

soil biota and therefore it has a crucial impact on system productivity and its 

maintenance. Therefore, the depletion of organic matter level in heavily cultivated 

agricultural situations could considerably affect the future productivity of some 

soils. Since soil microorganisms can act as an indicator to show the fertility level 

and quality of soil, the assessment and precise study on microbial composition, 

their activity and quality of soil in an agro ecosystem is necessary. By keeping 

these views, the research has been carried out under the following heads: 

1. Diversity of soil microorganisms (fungi and bacteria) in agro-ecosystem. 

2. Soil microbial biomass carbon (Cmic) and soil respiration in agro-ecosystem. 

3. Estimation of soil enzymes (dehydrogenase, urease and phosphatase) in 

agro-ecosystem. 

4. Physico-chemical characteristics of soil (moisture content, pH, organic 

carbon, N, P and K) in agro-ecosystem. 

5. Performance and nutrient contents of groundnut in agro-ecosystem. 
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Review of literature 

Soil microorganisms 

The microbiological analyses of soil provide a sensitive index of fertility and 

the relative numbers of bacteria, actinomycetes and fungi, and also indicate the 

chemical composition of the soil (Waksman, 19271 Considering their importance, 

various workers have studied the microbial population in soil and also indicated 

that soil factors such as acidity and temperature play an important role in the 

distribution of fungal species (Warcup, 1951 ). The ecological factors like organic 

matter, pH, moisture content, aeration, temperature, soil depth, season and state 

of litter decomposition govern the distribution of microbes in soil (Mishra, 1966). 

Prakash and Khan (1971) observed that soil moisture was an important 

factors governing population of soil microflora, which are profoundly influenced by 

seasonal fluctuations. Hattori (1973) reported that agriculture activities of man 

greatly modify the distribution of soil microbes. 

Jalaluddin (1975) studied the quantitative and qualitative changes in 

microbial population of IR-8 rice field and soils. He observed that highest numbers 

of fungal and bacterial colonies were found in the rhizosphere region of fertilized 

plots. 

Many soil microorganisms are known to be intolerant to low soil moisture 

contents (Harris, 1981; Paul and Clark, 1989) and changes in soil moisture status 

can result in rapid shifts in the magnitude of soil microbial biomass (Bottner, 1985; 

Schnurer et al., 1986). 
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Dkhar and Mishra (1987) observed that the microbial populations were 

higher in the soils of permanent agriculture as compared to that of old slash and 

burn type of shifting agriculture. They further reported that the soil of the valley 

land harboured maximum microbial populations followed by terrace land 

agriculture and minimum in the soil of jhum land agriculture. 

Tiwari et al. (1989) reported that soil moisture significantly alters the 

microbial population, its activity and relationship b~tween parameters. 

Miller (1990) revealed that the soil organisms have a key role in the cycling 

and availability of nutrients required by the biological systems, the formation of soil 

organic matter decomposition of organic residues and detoxification of soil 

contaminants. 

Kaiser et al. (1992) showed that the size and activity of the microbial 

populations depend on quantity and quality of soil organic matter, soil texture, soil 

pH and other properties of soil. The soil microbial community has not been well 

characterized in agro-ecosystem (Wardle, 1995), particularly in conventional tillage 

and no-tillage. 

Conyers et al. (1995) proposed that changes in temperature and water 

potential determine changes in microbiological activity, which in turn determines 

changes in the H+ budget and its physicochemical consequences. 

Lima et al. (1996) showed that the bacterial populations increased as a 

function of sewage sludge and phosphate application. Fungal population was not 

affected by the application of phosphate alone but was increased by the 

application of sewage sludge. 
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Giller et al. (1997) hypothesised that reduction in soil microbial diversity will 

result in reduction in the functional capability of soil. Garland (1997) also showed 

that microbial communities have great potential for temporal or spatial change and 

thus represent power tool for understanding community dynamic variation in 

microbial community structure, which may effect on ecosystem process. Beare et 

al. ( 1997) describe the effects of changing land-use and agricultural intensification 

on the structure and diversity of decomposer communities in the tropics and 

suggest some priorities for future research. The specific impact of soil 

management, seasonal conditions affect an amount of soil microbial activity as 

well as enzymatic activities (Batra et al. 1997). 

Frey et al. (1999) mentioned that microbial community composition might 

be important determinant of soil organic matter decomposition rates and nutrient 

turnover and availability in agricultural soils. 

Taylor et al. (2002) stated that knowledge of microbial numbers and activity 

in sub-soils is essential for understanding the transformation and downward 

movement of natural and synthetic organics. Tiwari et al. (2002) stated that 

microbial activities in soil, despite their importance in many of the soil processes, 

are frequently disturbed as shown by altered soil enzyme activities as a result of 

agricultural exploitations and tillage practices. 

Fungal population 

Ghatak and Roy (1939) studied the soil fungi of paddy field and reported 

that microflora of cultivated soil was characteristically different from virgin soil. 



15 

Saksena (1955) did pioneer work in India on the ecological factors governing the 

distribution of fungi. He also observed that there is a direct correlation between 

fungal population and phosphate and nitrate contents of the soil. Dutta and Ghosh 

(1964) isolated 165 species of fungi from 22 soil samples collected at various 

stages of cultivation and crop growth from paddy fields of Orissa. 

Latter et al. (1967) in their comparative study on four moorland soils in 

England observed that marked differences in the fungal flora was due to pH, 

temperature, waterlogging and oxygenation conditions in these soils. In addition 

they noticed that Trichoderma sp. and Penicillium sp. and unidentified white 

sporulating fungal species were isolated with greater frequency in summer than 

other seasons. 

Clark and Paul (1970) estimated that fungal biomass is twice the biomass 

of bacteria in many soils and fungi are responsible for about 80% of the total soil 

respiration. Morrall (1974) found limited correlation between soil fungi and a 

number of edaphic and vegetational factors, which influence the soil environment. 

Dedalauri (1975) pointed out that the distribution of soil fungi is determined 

by the combined effect of moisture, temperature and organic carbon. Wong 

(1975) reviewed the literature on soil fungi and concluded that distribution of soil 

fungi is based primarily upon various soil factors. According to him moisture and 

pH are most important factors. 

Saprophytic soil fungi are active in decomposition of cellulose and lignin 

(Alexander, 1977). Upadhyay and Rai (1979) reported that Trichoderma was 

recorded very frequently and in high population from forest and some other 
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containing high organic matter and low pH. Aspergil/us dominated over Penicillia in 

cultivated soils. 

Tate and Terry (1980) indicated that, within the moisture ranges detected in 

the surface soils, increased moisture stimulated microbial activity, where as 

moisture ranges reach saturation, increased moisture inhibited aerobic activities 
-·---

and stimulated anaerobic process. 

According to Widden (1981) the great amount of spatial heterogeneity in 

distribution of microfungi population may sometimes mask the effects of seasonal 

changes. Baath and Soderstrom (1982) studied the soil biomass at three sites. 

They found that in the organic soil layer the amount of hyphae showed seasonal 

periodicity at all three sites and this periodicity was correlated to the soil moisture 

content. 

Mirchink (1988) and Christensen (1989) reported that soil fungi are main 

decomposers of organic matter in soils and play an essential role in the processes 

that form humus. 

Rygiewicz and Anderson (1994) mentioned that fungi have been shown to 

contribute as much as 19% to total soil C02 evolution. 

Bacterial population 

Winogradsky (1925) was one of the first soil bacteriologists to 

systematically observe soil particles and record the types of bacterial colonies and 

cells found on them. Seasonal variation in bacterial numbers in several European 

forest soils was studied by Feher (1933). By separating particles into different size 
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groups by centrifugation, he was able to observe that the majority of bacteria in the 

soil were either large cocci or coccobacilli, some of which resembled Azotobacter. 

Jones and Mollison (1948) showed that if bacteria were suspended in 

nutrient agar when making soil-agar films for counting, and then incubated for a 

short time, the colonies that developed could be stained and observed. It has been 

estimated that only 0.1 % of the soil bacteria exist in a free state in the 

gravitational water (Novogrudsky, 1950). 

It has been stated from time to time that most of the bacteria that occur in 

soil are attached to soil particles and do not occur in large numbers in the soil 

solution (Waksman, 1952 ). Rouatt and Katznelson ( 1961 ) showed that, whilst 

Pseudomonas sp. was common in the rhizophere, Arthrobacter sp. occurred more 

commonly in the soil. 

Allison (1973) also reported that cultivation has markedly influenced the 

bacterial population. Acidity significantly influences microbial abundance and it has 

been observed that high acidity (pH<4.2) contains the lowest population of algae, 

cellulolytic microbes, Nitrosomonas, Nitrobacter and denitrifiers (Ayanaba and 

Omayuli, 1975). 

The number of bacteria found in soils is usually higher than those of other 

groups (Alexander, 1977) and is the principle agents for the cycling of nitrogen, 

sulphur and phosphorus. 

Hayashi and Furusaka (1979) studied the anaerobic bacteria occurring in 

paddy soils and reported that Propioni bacterium was most dominant (34% of all 

isolates) isolate. 
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Alexander (1980) showed that the activity of many common bacteria is 

inhibited or suppressed by strong acidic conditions in soils but the relative 

abundance of fungi rises at lower pH because of their greater tolerance to acidity 

and through reduced competition from other microorganisms. 

Baldensperger ( 1981) studied the diurnal variations of the number of colony 

forming bacteria and total bacteria and discussed their relationship with physico­

chemical characters of the rice field soil. Lie ( 1981) reported that low soil pH 

restricts legume productivity and adversely affects the survival, growth and 

nitrogen fixation of rhizobia as well as legume-Rhizobium symbiosis. 

Osa-Afiana and Alexander ( 1982) stated that a biotic factors greatly alter the 

survival of a bacterial species either promoting its decline or favouring its 

persistence. 

Merrien et al. (1989) reported that in France, N2 fixation supplied 10% to 

80% of the plant N in field, with the greatest fixation occurring with low amount of 

soil N assimilation. In soil with high level of available N, nodule formation is 

decreased or even inhibited at very high N levels. 

Liljeroth et al. (1990) stated that the total numbers of rhizosphere bacteria 

increased at higher nitrogen fertilization level while the numbers of Nr fixing 

bacteria decreased. 

The application of farmyard manure and NPK fertilizers improved 

population of Azotobacter, soil microorganisms and nodulation of soybean 

(Nambiar, 1994 ). 
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Thies et al. (1995) suggested that enrichment of soil bradyrhizobial 

populations was host-specific, that symbiotic legumes can enrich their soil 

environment with microsymbionts up to a threshold level and that such enrichment 

can be curtailed by soil management practices that suppress nodulation. 

Kahindi et al. (1997) reported that among the nitrogen (N2)-fixing bacteria, 

the rhizobia in symbiosis with legumes are generally the most important in 

agriculture, although Frankia, cyanobacteria and heterotrophic free-living N2-fixers 

may fix significant amounts of nitrogen under specific conditions. Rhizobial 

populations generally increase in response to the presence of the host legume. 

Due to the high degree of host-specificity between legume hosts and rhizobial 

species, loss of a single rhizobial species can result in loss of N2-fixation by that 
~-· 

legume, although many legumes can be nodulated by several species of rhizobia. 

Hu et al. (1999) reported that bacterial response to alteration in C availability is 

important in understanding the microbial community structure and microbial 

interactions in soil ecosystems. 

Lahav (Lavian) and Steinberger (2001) showed that sequencing bacterial 

functional diversity in agroecosystems would be affected by plant growing stages 

and human activity (agricultural practice). 

Maccio et al. (2002) reported that optimal bacteria root attachment to 

excised peanut roots was dependent on pH and calcium limitation in the medium. 

Fertilizer 

Waksman (1922) studied the effect of chemical fertilizers on the soil 

microflora and he established that plot receiving commercial fertilizers, applied 
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separately and in combination gave higher total fungal population than controls. 

Waksman and Starkey (1924) reported that various chemicals fertilizers like 

potassium chloride, calcium phosphate, potassium nitrate, ammonium sulphate 

and wood ash extract exert a beneficial effect on the fungal population. 

Sumner and Somers (1953) showed that a large number of microorganisms 

including bacteria, actinomycetes and fungi might hydrolyse urea intracellularly. 

Macura (1958) reported marked increase in the number of bacteria and fungi in 

the rhizosphere following the spraying of urea. 

Broadbent et al. (1958) reported that when urea is added to soil it can be 

rapidly hydrolyzed to NH4+ ions and C02 by urease enzymes in the soil, especially 

when the soil is warm and moist. 

Kaufman and William (1964) studied the effect of mineral fertilization and 

soil reaction on total number and types of soil fungi. They reported that the 

nitrogenous fertilizers had the greatest effect on composition of the soil fungal 

population followed by phosphorus and potassium. Gasser (1964) reported that 

the hydrolysis of urea to ammonium carbonate in soil through urease activity is the 

main cause for the rise in pH of the soils on urea application. 

Bagyaraj and Rangaswami (1967) stated the effect of fertilizers on the 

microflora of soil and the rhizosphere of Ragi. They also reported that ammonium 

sulphate increased bacteria and fungi, superphosphate increased actinomycetes 

while muriate of potash had little effect on soil microbial population. 

Kuster and Gardiner (1968) examined the influence of fertilizers on 

microbial activities in soil. They reported that the addition of K2HP04 increased 
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microbial activity, while CaC03 either singly or in combination with other fertilizers 

resulted in a slight decrease. 

Cook (1969) had drawn attention to the growing importance of urea as a 

nitrogen fertilizer in world agriculture and to the need for research to reduce the 

problems encountered in use of these fertilizers. Bache and Heathcote (1969) and 

Heathcote (1970), also reported the positive effects of farmyard manures or cow 

dung increasing nutrient supply, pH, organic carbon and cation exchange capacity 

of savanna soils. 

Dooley and Dickinson (1970) recorded slightly larger population of fungi in 

peat soils amended with high levels of ammonium sulphate in comparison to the 

soils where potassium concentrations were increased. 

Mishra ( 1971) while working on the rhizosphere fungal flora of Oryza sativa 

L. grown in pots containing different doses of ammonium nitrate, urea, super 

phosphate and potassium sulphate, stated that rhizosphere and non-rhizosphere 

fungal population was always higher in fertilized soils than those of corresponding 

controls. 

Trolldenier (1973) reported that number of bacteria in the rhizosphere 

depends on the chemical state of nitrogen and potassium fertilizers. With 

ammonium as a nitrogen source a greater number of bacteria are found than 

nitrate. Lloyd and sheaffe (1973) indicated that continuous application of urea for 

10 years did not alter the proportion of ureolytic bacteria (24%) in field conditions. 

Mishra and Das (1975) studied the effect of six different combinations of 

inorganic fertilizers and farmyard manure on the bacterial flora in the rhizosphere 



22 

of a transplanted paddy, at tillering, pre-flowering and grain formation stages. The 

bacterial population of rhizosphere in both treated and untreated soils was 

significantly higher than that found in corresponding non-rhizosphere soils. In 

rhizosphere soils there was no discernable trend in change of bacterial population 

at varying fertilizers levels. 

Ventura and Yoshida (1977) stated that the most of the ammonia 

volatilization losses occurred during the first 9 days application of nitrogen 

fertilizers to rice soils. 

Schinner et al. (1980) reported that compound fertilization inhibits urease 

activity after six weeks but activities of intracellular dehydrogenase and microbial 

biomass increased significantly. They also reported that addition of cupric sulphate 

inhibited dehydrogenase and urease activities. 

Trolldenier (1981) reported that rhizosphere microorganisms are influenced 

directly and indirectly by fertilization. Direct effect concerns with changes in pH by 

limiting or nitrogen application. As the microbial population in the rhizosphere 

depends on decomposable organic substances released from roots, the qualitative 

and quantitative changes brought about in these substances by the fertilizers 

indirectly affects microorganisms. 

Sahrawat (1982) suggested that for efficient and judicious use of fertilizer 

nitrogen, it is imperative to assess the nitrogen supplying power of soils. According 

to his results soil organic carbon and total nitrogen contents seem to be good 

indices of available nitrogen in tropical wetland rice soils. 
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Domsch (1986) indicated that in agricultural soils, ploughing, tillage, 

application of fertilizers and biocides and type of cultivation affect the 

microorganisms. 

Stewart (1991) stated that the intensive cultivation, chemical fertilizer 

application and adverse climatic conditions influence the soil biological health and 

organic carbon. 

Kang (1993) reported that repeated application of inorganic fertilizer nutrient 

also cause a decline in soil productivity through excessive soil erosion, nutrient 

runoff and deteriorated soil chemical properties. 

However, Elliot and Lynch (1994) and Pankhurst et al. (1996) indicated that 

broad functional diversity might be additionally important in influencing the 

resilience of soils. 

Agbenin and Goladi (1997) stated that continuous cultivation caused 

significant losses of C, N and P. The N+P or N+P+K fertilization could not mitigate 

these losses. Losses of N and P were mainly in organic forms. However, 

combination of farmyard manure with N+P and N+P+K fertilization enabled C, N 

and P to be maintained equal to, or greater than, the native site soil. It was 

concluded that farmyard manure applied alone, or in combination with N+P or 

N+P+K fertilization, was effective in maintaining soil quality under continuous 

cultivation in the savanna. In contrast, continuous inorganic fertilization was 

deleterious to soil quality because of depletion of organic matter, the reservoir of 

plant available N and P in weathered, tropical soils. 
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Katayama et al. ( 1998) reported that the applications of fertilizers are known 

to directly affect often the composition of the soil microbial community under plant 

monoculture and fallow soils (Ruppel and Makswitat, 1998). Plant species are also 

known to influence microbial (Grayston et al., 1998) and micro-faunal (Yeates et 

al., 1997) diversity of the rhizosphere, and microbial activity. 

Bardgett and Shine (1999) reported that the microbial community in soil is 

indirectly affected by the changes in the plant community composition, which result 

from the application of fertilizers. The urease and alkaline phosphatase activities of 

soils increased significantly with a combination of inorganic fertilizers and organic 

amendments (Goyal et al., 1999). Saviozzi et al. (1999) reported that FYM 

treatments showed higher amounts of TOC and N, LF-C, total and water-soluble 

carbohydrates, phenolic substances, CEC, specific respiration of biomass, 

hydrolytic and urease activities, similar amounts and characteristics of humified 

organic matter and lower concentrations of Cu, Zn and Cr. Both FYM and SS were 

inadequate treatments for the restoration of soil organic matter lost as a 

consequence of cultivation. 

Levels of inorganic nitrogen (N), in particular nitrate N, were significantly 

higher in the fertilized than in the unfertilized grassland (Bardgett and McAlister, 

1999). 

Sarathchandra et al. (2001) determined the effect of fertilizer inputs on 

biological characteristic that may be used as indicator of soil quality. 

Animal manure-P is relatively more mobile but less available for plants than 

inorganic fertilizer-P. Long-term application of cattle manure did not result in 
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excessive accumulation of P in the surface 0-30 cm soils, but promoted 

microbiological activities and P cycling in soil (Parham et al., 2002). 

Microbial biomass 

Gray and William (1971) and Gray (1976) observed that the activity of much 

of the soil biomass is severely limited by nutrient availability and many soil 

organisms have very low metabolic rates or spend most of their lifetime in dormant 

or resting phases. Soil microbial biomass act as a pool of biologically active C, N, 

P and S (Jenkinson and Powlson, 1976; Jenkinson and Ladd, 1981; Brookes et 

al., 1985) and has been widely used in investigations of nutrient dynamics and 

transformation in soil. 

Jenkinson and Powlson (1976), Ayanaba et al. (1976), Anderson and 

Domsch (1978) and Brookes et al. (1982) reported that recognition of the 

importance of soil microorganisms in the functioning of ecosystem has led to an 

increased interest in measuring the nutrients held in soil biomass. Relatively 

constant relationships between biomass C and mineral N was generally 

established for some African soil (Ayanaba et al., 1976) and between biomass C 

and ATP for some Australian soil by Oades and Jenkinson (1979). 

Ayanaba et al. (1976) and Powlson et al. (1987) indicated that changes in 

soil management cause microbial biomass to increase or decrease much faster 

than the total amount of soil organic matter so that microbial biomass carbon as a 

percentage of total organic carbon can provide a sensitive indicator of less 

detectable trends in total soil organic carbon loss or accumulation. 
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Anderson and Domsch (1980), lnsam and Haselwandter (1989) and Witter 

(1996) reported that in managed systems, practices which favour the accumulation 

of organic matter in soil increase both microbial biomass and its proportion of total 

soil organic matter; conversely, microbial biomass declines rapidly if inputs of 

labile carbon to the soil are reduced. 

Jenkinson and Ladd ( 1981) stated that microbial biomass is considered to 

be a transformation agent of soil organic materials and a labile reservoir of 

nutrients. Information on its amount, activity, and composition is essential for 

evaluating the function of soil ecosystems. 

Jensson and Persson (1982) mentioned that the active phase of soil 

organic matter is intimately related to the biomass serving as the main energy 

source for the biomass and receiving its organic output and dying cells. 

McGill et al. (1986) and Anderson and Domsch (1986) mentioned that microbial 

biomass carbon reflects the long term amount of C input into a soil. 

Powlson et al. (1987) reported that the biomass measurement could reveal 

changes brought about by soil management long before such changes can be 

detected in total organic carbon and microbial biomass carbon as a percentage of 

total organic carbon can provide a sensitive indicator of less detectable trends in 

total soil organic carbon loss or accumulation. 

Jenkinson (1988) observed that soil microbial biomass is a small but labile 

component of the soil organic matter. It is thought to exert a key controlling 

influence on the rate at which N, C and other nutrient cycle through agricultural 
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and other ecosystems. The importance of soil microbial biomass in the cycling of 

C, N and Pis well documented (van Veen et al., 1989). 

Anderson and Domsch (1989) reported that generally, microbial biomass C 

comprises about 2-4% of total organic C. The soil microbial biomass constitutes a 

labile fraction of the soil organic matter and serves as a source and sink of plant 

nutrients {Singh et al., 1989). 

Smith and Paul (1990) reported that soil biomass has a key role in 

decomposition of organic matter, in the immobilization and mineralization of C, N, 

P and S in soil and nutrient turnover. 

Singh et al. (1991) mentioned that recognition of the importance of soil 

microorganisms has led to increased interest in measuring the nutrients held in 

their biomass 

Wardle (1992) stated that most of biomass consists of bacteria and fungi 

with the balance consisting of soil microflora and algae. Amount of microbial 

biomass is influenced by soil texture and quality of soil organic matter (Wardle, 

1992; Hassink, 1994). Gupta (1992) observed that soil texture affected the size 

and turnover of soil microbial biomass. In fertile soil, the soil biota may have a 

biomass of 20t ha-1 with forms ranging from microscopic bacteria to earthworms 

(Lee and Pankhurst, 1992). 

Singh and Singh (1993), Ghoshal and Singh (1994) and Singh et al. {1995) 

mentioned that the effects of cropping systems and residue placement on the soil 

microbial biomass have been characterized. Stress by heavy metal toxicity and 
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low pH has been shown to result in a reduction in the size of soil microbial 

biomass (Witter et al., 1993; Bardgett et al., 1994 ). 

Henrot and Robertson (1994) stated that microbial biomass could provide 

an index of soil fertility because it represents an important labile pool of soil 

nutrients and plays an important role in preventing nutrient loss from the soil. 

Brookes (1995) reported that the microbial biomass, which is a small 

fraction of the soil's total organic matter content, is a source and sink of nutrients 

and controls soil organic matter mineralization. Disturbing the biological 

equilibrium with changes in the composition and activity of the micro-flora can 

damage soil fertility both in the short and long term. 

Maithani (1996) revealed that values of microbial biomass could provide 

one of the most satisfactory estimates of the restoration of soil microbial 

populations. Lavahun et al. (1996) stated that the total microbial biomass and the 

ratio of bacterial to fungal biomass are affected by soil management practices 

such as tillage, manuring and fertilization and crop rotation. 

Shibahara and lnubushi (1997) and Kampichler et al. (1998) stated that 

microbial biomass has also been found to be an early indicator of changes that 

could occur in soil organic matter due to a particular management system. 

Soil respiration 

Soil respiration may be considered as the sum total of all soil metabolic 

functions in which C02 is produced (Lundegardh, 1927). Carbon dioxide evolution 

has been used as an index of microbial activity of agricultural and forest soils 

(Julia and Pedziwik, 1985). 
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Rovira (1953) showed that the evolution of C02 from soil populations 

increased with increasing soil moisture contents until near saturation. At the 

saturation point, microbial activity was depressed by poor aeration and the 

reduced availability of 02. 

Gaarder (1957) found that 0 2 uptake and C02 evolution were low when the 

soil moisture content was only 5-10% of the water-holding capacity, but increased 

rapidly with increasing moisture content. Soil organic matter content influenced the 

relationship between respiration and moisture content. According to Stotzky (1960) 

soil respiration is closely related to the other microbial parameters such as 

number, nitrogen transformation etc. 

Macfadyen (1970) reported that 50% of the total soil respiration is 

contributed by the roots. C02 evolution has been found to be closely related to 

various soil characteristics viz. organic carbon content, microbial population, 

nitrogen transformation, litter decomposition and enzyme activities (Singh and 

Gupta, 1977; Orchard and Cook, 1983; Singh, 1984; Keeney et al., 1985; Cropper 

et al., 1985). 

Gupta and Singh (1977) reported that most of the organic matter added to 

the soil in the form of litter is processed through microbial and micro faunal activity 

resulting in the production of C02 and release of nutrients. The rate of soil 

respiration is taken as a measure of the metabolic activity of soil. 

Ross and Claims (1978) studied the influence of temperature on respiratory 

activity as measured by C02 production with soils at temperature ranges from 5 to 

30° C. C02 production with time was similar in most of the soil. Nannipieri et al. 
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(1978) noted that C02 evolution and urease activity were related to bacterial and 

fungal biomass. 

Bohn et al. (1979) reported that C02 content of soil affects the soil pH, 

nutrient availability, redox potential, species composition and a number of soil 

microbes. 

Sato ( 1981) mentioned that the rate of C02 evolution correlated with the 

number of Gram-negative bacteria, while number of cellulose decomposing 

microorganisms did not. Gupta and Singh (1981) reported maximum rate of 

carbon dioxide evolution in the rainy summer months and lowest during the winter 

months. 

Parker et al. (1983) reported that total soil respiration is an important 

ecosystem attribute that provides an estimate of the turnover of soil organic 

matter). Linn and Doran (1984) observed a greater soil respiration in 0-15 cm soil 

layer due to surface accumulation of organic matter. 

Keeney et al. (1985) and Kostva and Tsilosani (1985) reported that there 

have been lots of reports on C02 evolution and microbial population in forest, 

grassland and agricultural soils. Das and Mishra (1986) found that the rate of C02 

evolution is more precise index of microbial activity than that of the dehydrogenase 

activity. 

Kursar (1989) showed that soil respiration includes microbial decomposition 

of litter, root exudation and dead roots as well as respiration by root symbionts. 

The seasonal variations in C02 evolution rates from the soil showed highest 

rates in rainy season, moderate in summer and low during winter. Microbial activity 
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(measured as output of carbon dioxide from soil) was influenced by vegetation 

type, substrate availability and abiotic factors in grassland and forest ecosystem of 

Haryana (Rout and Gupta, 1989). 

Turco et al. (1994) showed that soil metabolic activity has been assessed in 

a number of different ways indicating the status of the total community or some 

specific component of the community. 

Wardle and Ghani (1995) also found that qC02 undoubtedly provides a 

useful measure of microbial efficiency. Some disturbances such as fertilization and 

liming can either increase or decrease qC02 values depending on whether the 

disturbance alleviates stress (reducing qC02) or is more extreme than the stress it 

alleviates (enhancing qC02). Franzluebbers et al. (1995) showed crop 

management practices impact soil productivity by altering the soil environment, 

which in turn affects microbial growth and decomposition processes that transform 

plant-produced C to soil organic matter (SOM) or C02. Mean soil C02 evolution 

was greater during the growing season than during fallow in all crops. 

Silvola et al. (1996) mentioned that the C02 released in soil respiration is 

formed from organic matter, which differs in age and stability, ranging from soluble 

root exudates to more persistent plant remains. 

Alvarez et al. (2001) reported that carbon dioxide emission from soil plays 

an important role in the global carbon cycle. Temperature after tillage was higher 

in the plowed soils than under no-tillage, being higher the soil water content in the 

later treatment. Plowing the soil did not produce an immediately impact on soil 

surface C02-C emission, but induced an important COz-C flush few days later. 



32 

Eriksen and Jensen (2001) showed diurnal variations in temperature were 

important for the C02 flux. 

Nakada et al. (2002) reported that C02 flux from bare soil in agricultural 

field showed significant diurnal changes, and these patterns were highly correlated 

with the soil surface temperatures. Moreover, a negative linear relationship 

between soil C02 flux and ambient C02 concentration was found in diurnal 

fluctuations. The soil horizon above 1 Ocm depth would be a major C02 source of 

soil respiration at about 70% in August and 40% in February. The depth of soil 

horizon in which soil microbial activity was significantly higher was not settled and 

would have a seasonal variation. 

Soil enzymes 

Soil is a living system where all biochemical activities proceed through 

enzymatic process. Ramirez-Martinez and Mclaren (1966b) and Paulson and 

Kurtz (1969) reported that soil enzyme activity is independent of the microbial 

population. Most of the enzymes are added to soils by decaying microbial tissues, 

plant residues and animal remains. 

Kiss et al. (1975) showed that enzymes accumulated in soil are present as 

free enzymes, such as exoenzymes released from cells, endoenzymes released 

from proliferating cells). Each of the organic and microbial fractions in soil has 

special influence on enzyme activity (Mclaren, 1975). 

Skujins (1976) reported that the enzymatic activity of a soil depends both on 

the abiotic factors such as extracellular enzymes, active enzymes within dead and 

the living microbial cell. Soil enzymes are biologically significant as they catalyse 
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various reactions in soil and participate in nutrient cycling (Skujins, 1976; Ladd, 

1978; Dick, 1994). 

Tate (1977) mentioned that soil enzymes play an important role in soil 

mineralization processes and have been related to other soil biological properties 

(Frankenberger and Dick, 1983). Several worker have studied dehydrogenase, 

urease and phosphatase activities in different systems under different climate, 

land use and soil conditions (Seri et al., 1978; Baruah and Mishra, 1984a; Rao and 

Ghai, 1985; Tiwari et al., 1989). 

Numerous reports are available on the activity of enzymes in agricultural 

soils (Burns, 1978; Ross and Cairns, 1982; Frankenberger and Dick, 1983; 

Sarathchandra et al., 1984; Speir et al., 1984; Stott et al., 1985). 

Dash et al. ( 1981 ) reported that positive correlations between enzymes 

activities and organic C and N. 

Tabatabai (1982) showed that cropping history, soil amendments and 

environmental factors have a special influence in affecting the enzyme activity in 

soil. Studies on the extracellular enzyme activities in ecosystem have shown that 

vegetation, agriculture chemicals and industrial pollutants have marked influence 

on soil enzymes. Like other biochemical reactions in soils, however, enzymes 

activities are associated with organic matter distribution profile and generally 

decrease with depth. 

Rao and Ghai (1985) mentioned that in reclaimed alkali soils, there was 

marked improvement in physico-chemical properties and enzyme activities of soil 

under trees and grass cover for 12 years. 
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Rastin et al. (1988) showed that major biological process such as 

mineralization, immobilisation, nitrification, nitrate reduction etc. are the result of 

microbial activities and are catalysed by enzymes. 

Chrost (1991) mentioned that the enzymes regenerate the inorganic 

nutrients from organic material and have been reported as the rate-limiting step in 

the cycling process. Soil temperature affects the enzyme activities indirectly 

through influencing microbial proliferation, and also directly, by modifying enzyme 

kinetics. Hydrogen ion concentration modifies the enzyme reaction site, as well as 

the stability of immobilized enzymes in the soil matrix. Temperature, pH and 

nutrient supply have been reported as some of the controlling factors of the 

enzymes activities in upland soils (Sinsabaugh et al., 1991 ). 

Dick (1994) reported that enzymes activities in soil catalyse various 

reactions necessary for decomposition of organic matter, cycling of nutrients, and 

formation of organic matter and soil structure. The analysis of soil enzymes could 

be useful to identify positive or negative effects of residue management, soil 

compaction, tillage, crop rotation and soil contamination during reasonable time 

periods. 

Gupta and Malik (1996) revealed that soil metabolic activity, enzymatic 

activity, decomposition of litter and root and microbial biomass turnover in relation 

to vegetation, climate and resource quality factors have been analysed for both 

natural and managed systems. 
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Aon and Colaneri (2001) showed that enzymatic activities are candidate 

"sensors" of soil stress to management practice that may sensitively warn us 

about soil degradation. 

Dehydrogenase 

Lenhard (1956) first introduced the concept of estimating biological activity 

in soil by measuring dehydrogenase activity and he measured by using the 

method of reduction of 2,3,5 triphenyl tetrazolium chloride (TTC) to triphenyl 

formazan. Casida et al. (1964) detected relatively constant dehydrogenase activity 

regardless small fluctuations in microbial numbers. 

Dehydrogenase has been widely used to measure catabolic activities in 

soil, which is correlated with microbial activity (Paterson, 1967; Skujins, 1976). 

Skujins and Mclaren (1968) compared the dehydrogenase activity of geologically 

preserved soils with freshly collected desert and cultivated soils and detected 

measurable amount of dehydrogenase activity in fresh soils. The activity did not 

reflect the microbial numbers but was thought to reflect the rate of the overall 

metabolism. 

Ross (1970) reported that dehydrogenase activity depends more upon the ----
metabolic state of the microbial population of the soil than the activity of specific 

free enzymes acting on particular substrates. 

Pancholy and Rice (1972) found that there were no significant decrease in 

the activities of urease and invertase after 30 days storage at 4°C; however, 

significant loss in dehydrogenase activity was noted after 15 to 30 days at 4°C. 
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Skujins (1973) reported that dehydrogenase activity did not correlate with 

microbial numbers and phosphatase, which showed scattered activity values 

throughout the profiles. The activity of dehydrogenase may act as an indicator of 

the microbiological redox system in soils and can be considered a good measure 

of microbial oxidative activity (Casida, 1977; Tabatabai, 1982). 

Skujins ( 1978) reported that dehydrogenase activity is considered to 

because by a broad group of endocellular enzymes, which transfer hydrogen and 

electrons from substrates to appropriate acceptors during the initial stages of 

oxidation of organic compounds. 

Smith and Pugh (1979) demonstrated that the dehydrogenase assay could 

provide a valid indicator of soil microbial activity. 

Consuelo and Teodoro (2002) found that the Mediterranean forest soil 

properties (pH, K, Ca, Mg, and soil moisture) showed significant correlations with 

dehydrogenase activity. Izaguirre-Mayoral et al. (2002) indicated that in the 

legume species, acid phosphatase and dehydrogenase activities were significantly 

higher in rhizospheric than in non-rhizospheric soils. 

Urease 

Sumner (1962) first isolated the enzyme urease in crystalline form from 

bean meal. Rotini (1935) reported the presence of urease in soils and confirmed 

the enzymatic nature of urea decomposition in soils. 

Kuprevich (1951) considered urease activity as an indicator of total 

biological activity and fertility of soil. Stojanovic (1959) and Vasilenko (1962) 

reported that urease enzyme activity is not a stable indicator of the biological 
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activity of the soil. They opined that the difference in the amount of urea 

hydrolyzed could be attributed to change in the conditions of the soil due to 

season. 

It is well established; that soil microorganisms can produce urease and 

there are reports that urease activity in soils may increase on addition of organic 

substances that promote microbial activity (Chin and Kroontje, 1963; Moe, 1967; 

Balasubramanian et al., 1972). Bremner and Douglas (1971) tested 100 

compounds to evaluate the inhibitors of urease activity in soils. They found that 

dihydric phenol and thinones were the most effective organic inhibitors and silver 

and mercury salts were the most effective inorganic inhibitors. 

Zantua and Bremner (1976, 1977) showed that soil urease increased after 

. the addition of organic substances promoting microbial growth but subsequently 

decreased and eventually stabilized at the initial level. 

Burns (1978, 1982) reported that urease activity would be influenced by the 

type and density of vegetational cover, climate and soil type. 

Moller (1981) noticed that urease activity was found to correlate significantly 

with C/N ratio and soil pH values. They regarded the activity of urease as an 

indicator of the biological activity of the tested soils. Dash et al. (1981) could 

establish a positive correlation between urease activity, organic C and total N. 

McNaughton et al. (1997) revealed that urease enzyme is a microbial 

product that can accumulate in cell free form in the soil because they are highly 

resistant to environmental degradation. 
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Klose and Tabatabai (2000) found that the total, intracellular, extracellular 

and specific urease activities in the soils were significantly affected by crop 

rotation, but not by N fertilization. Urea was applied at four different rates, ranging 

from 0 to 240 kg N ha-1
. The levels of fertilizer N did not affect the urease activity, 

soil organic matter content, and Nbiom content (Roscoe et al., 2000). 

Phosphatase 

Hoffman and Elias-Azar (1965) reported that the intensity of phosphatase 

activity in soils has been found to be related to soil physical and chemical 

properties, such as soil pH, contents of nitrogen, organic matter and plant 

available phosphorus. 

Khan ( 1970) reported that the addition of fertilizer P increases phosphatase 

activity in soil. The phosphatase activity in soils mediates the release of inorganic 

phosphorus from organically bound phosphorus returned to soil in leaf-litter, dead 

root systems and other organic debris. 

In soil ecosystems, phosphatase and arylsulphatase are believed to play 

pivotal roles in phosphorous and sulphur cycle, respectively (Speir and Ross, 

1978). 

Phosphatase has also been shown to vary with soil depth (Harison, 1979), 

Seasonal (Harison and Pearce, 1979), soil type parent material (Burangulova and 

Khaziev, 1965). Plants may take up some forms of organic P from soils (Islam et 

al. 1979), however most organic P must first undergo an enzymatic hydrolysis to 

inorganic P to become available for plants. 
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Garcia et al. (1993) indicated that phosphatase activity might be an 

indicator of organic matter in the composting process. Soil microorganisms and 

plant can utilize soil organic P by means of phosphatases (Hino, 1989; Pant et al., 

1994). 

Kang and Freeman (1999) revealed that phosphatase enzyme mediates the 

release of inorganic phosphorous from organically bound phosphorous returned to 

soil as litter and other organic debris. The intensity of phosphatase is important as 

it affects the rate of phosphorous cycling. Hydrogen ion concentration is a 

dominant controlling factor for the phosphatase activities in soil. 

Nutrients 

Cambell (1978) showed that the N content of organic matter increases 

under cropping systems involving legumes. 

Berendse et al. (1987b) reported that nutrients mineralized from soil organic 

matter are the primary source of energy for plant growth in many ecosystems. 

Carbon dynamics are predictably rapid in the tropics because of high rates 

of decomposition and mineralization of labile soil organic matter; particularly 

following the conversion of tropical forest to agricultural systems (Ayanaba et al., 

1976; Mao et al., 1992; Luizao et al., 1992). Cool and humid conditions favour 

carbon accumulation in soil (Silvola et al., 1996). 

In dry land farming systems, straw and fertilizer application increased 

available nutrient pools of N and P and the rates of nitrogen and phosphorus 

mineralization also increased in wet periods (Singh and Singh, 1989). 
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Hendrix et al. (1990) and Lavelle et al. (1994) emphasized the importance 

of soil fauna in decomposition and mineralization of organic residues, formation of 

organic matter, nutrient cycling and soil structure. Long-term field studies are 

required to analyse the effects of disturbance, climate change and management 

practices on soil organic matter. 

Only limited information is available on nitrogen mineralization and N 

uptake patterns of plants in various ecosystems. Patil and Sarkar (1993) studied 

mineralization and immobilization of nitrogen in agricultural soil amended with 

straw and 15N-labelled urea, they found that soil N contributed more than labeled 

nitrogen to the inorganic N pool. 

Most of the readily decomposable organic C added to soil is rapidly 

consumed by microorganisms (van Veen and Kulkman, 1990; Ladd et al., 1995). 

Analysis of soil biological processes regulating soil fertility and nutrient 

conservation are essential for defining sustainable production systems (Gupta and 

Malik, 1996). 

Liaghat and Prasher (1996) reported that in many soils, N deficiency is 

considered to be one of the major limiting factors for crop production and N 

fertilizer is among the most widely used and effective fertilizers. However, it is 

estimated that 20-60% of the fertilizer applied by farmers is lost through run-off, 

resulting in unacceptable levels of water pollution. This can be reduced if 

biologically fixed forms of N are used. 

Aon and Colaneri (2001) stated that three properties among the physico­

chemical ones, organic carbon (OC), total nitrogen (TN), and water-filled pore 
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space (WFPS), exhibited strong relationships with the enzymatic activities 

measured (acid and alkaline phosphatases, p-glucosidase, urese, FDA hydrolytic 

activity, dehydrogenase) irrespective of season and presence of crop. 

Belay et al. (2002) opined that the levels of total N were higher in the 

balanced than in simple fertilizer treatments. Soil microbial biomass and numbers 

of bacteria, actinomycetes and fungi were influenced by, and exhibited qualitative 

changes in response to long-term fertilization. 
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Chapter-1 

Study site, climate and experimental design 

1.1. Location 

The present investigation was carried out at an upland experimental block 

of Agronomy division, Indian Council of Agricultural Research (ICAR) for North 

Eastern Hill (NEH) region complex at Barapani Shillong; Meghalaya on Groundnut 

(Arachis hypogaea L.) cultivation in northeast India. 

The geographical position of the study site is at 25° 38' N latitude and 91° 

52' E longitudes and is situated at an altitude of 850 msl. 

1.2. Soil 

The soil of Meghalaya has been broadly divided into four categories viz., (1) 

red loamy soil, (2) lateritic soil (3) red and yellow soil and (4) alluvial soil. The soil 

of the experimental site is sandy loam (54.50%) with moderate permeability, silt 

(30.80%) and clay (14.45%). The soil pH was slightly acidic and ranged from pH 

4.9 to pH 6.0. 

1.3. Climate 

The climate of the study area is humid and sub-tropical. The low clouds 

brought in by the south and west monsoon get interrupted in the southern face of 

Khasi hills and cause extremely heavy rainfall along the Cherapunjee range 

through long peninsular belt. The rain starts from middle of April and it continues 

till late October. In the first year, maximum rainfall was observed in the month of 
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July and minimum was observed in the month of April, whereas in the second 

year, the maximum rainfall was observed in the month of June and minimum was 

observed in the month of October. The maximum relative humidity and 

temperature was observed in the month of September and July in the first year, 

and in the second year it was observed in the month of July and August 

respectively. The minimum relative humidity and temperature was observed in the 

month of April both in the first and second the years (Fig. 1.2). 

1.4. Experimental design 

The experiment was designed to carry out the effect of fertilizers on soil 

microorganisms (fungi and bacteria), their activities and soil nutrients under the 

cultivation of groundnut. It was also designed to carry out the relationship of soil 

microorganisms and their activities with fertilization practice on the performance of 

groundnut. High yielding variety of groundnut ICGS-76 (International culture of 

groundnut selection-76) from International Crop Research Institute for Semi-Arid 

Tropics (ICRISAT), Hyderabad was sown for the present investigation. 

The experimental field was divided into four blocks with three replicates, 

each for different treatments and levels of fertilizer. Soil samples were collected 

from two depths i.e. surface (0-10 cm) and subsurface (10-20 cm) soil layers. The 

optimum fertilizers dosage for groundnut was applied into the field as 

recommended by ICAR (Table 1.1 ). Experimental block without treatment (control) 

was also set up to check the effect of fertilizers on microbial activities, physico­

chemical properties of soil and plant responses. The fertilizer treatments were: 
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Table 1.1. Types of fertilizer treatments and doses 

Treatments Source Dose 

1. Control (CTRL) 

2. Inorganic fertilizers 

(N+P+K) N=urea 20 kg/h} 
P=single super phosphate 60 kg/h Recommended 

dose 

K=muriate of potash 40 kg/h 

3. Organic fertilizer FYM=farmyard manure 10 t/h 

(FYM) (Cow dung) 

4. Combination of inorganic N 10kg} 
and organic fertilizers p 30 kg/h 

50% of 

[(N+P+K) + (FYM)] K 20 kg/h recommended 

FYM 5 t/h 

According to the types of fertilizer treatment, each of the experimental 

plots viz., control, inorganic, organic and combinations of inorganic and organic 

were designated as CTRL, NPK, FYM and NPK+FYM respectively. 

The experimental block was set up in a slope land terrace, with a well 

drainage system. Each of the plots has an area of 4 X 3 sq. meters with three 

replicates each. Before sowing and adding fertilizers the field was properly 

ploughed. After the application of fertilizers, groundnut was sown in a 10 X 30 cm 

spacing rows by rows as recommended by ICAR (Fig. 1.3 and 1.4). 
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1.5. Soil sampling 

Soil samples were collected randomly at monthly intervals during two crop 

cycles from each different treatment at two-depths (0-10 cm and 10-20 cm) from 

April to October in 2001 and 2002 (Fig. 1.1 ). Soil sample collected in the month of 

April was considered as pre-sowing and pretreatment of fertilizer, while that 

collected in the month of October was considered as post harvest soil sample. 

Each of the replicates soil from different treatments was mixed thoroughly in 

sterilized plastic bags to obtain a composite sample. The samples were brought to 

the laboratory on the same day and kept in the refrigerator at 4°C. 

Sowing & treatment 

1st sampling 

April 
(Pre-treatment) 

2n<1 sampling 

May 
(Post-treatment) 

Seed germination 

3«1 sampling 4'h sampling 

June 
30DAS 
(Flowering) 

July 
60DA 

(Pod formation) 

5th sampling 6'h sampling 

August 
90DAS 

September 
12 0 DAS 
(Harvest) 

7th sampling 

October 
(Post harvest) 

Fig. 1.1. Soil sampling period, stages of groundnut plant and period of soil treatment. 
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1.6. Description of groundnut 

Groundnut is grown in the region as a kharif crop and also predominantly 

grown as a sole crop at ICAR, Barapani, which significantly increases the total 

productivity. In Meghalaya, groundnut can be grown successfully in terraces, but 

due to high rainfall and high humidity, weed pauses serious problem (Hazarika et 

al., 2001 ). Groundnut is usually sown in the month of May to middle of June and 

completes its life cycle from 115 to 120 days. Seed germination starts after 7 days 

of sowing, flowering starts after 30 days and pod formation starts after 60 days of 

sowing (Table 1.2). 

Table 1.2. Details of groundnut plant 

Plant character 

Seed variety 

Crop 

Date of sowing 

Seed germination 

Flowering 

Pod formation 

Harvest 

Optimum fertilizers (NPK) 

DAS=day after sowing. 

Description 

ICGS-76 

Kharif 

May to middle of June 

7 DAS 

30 DAS 

60 DAS 

115-120 DAS 

Nzo P50 Kio kg/h 
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4m 

Soil depth 

Fig.1.3. Experimental plot showing two-soil depths (0-10 cm and 10-20 cm), plot 
area and rows spacing of groundnut plant. 

.I' CTRL 
L7 FYM10Uha 

4m 

Groundnut 

Drainage 

Fig.1.4. Experimental field showing different plots 
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Plate 1.1. Experimental field showing groundnut plants at Initial stage 

Plate 1.2. Experimental field showing groundnut plants at mature stage 
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Chapter-2 

Diversity of soil microorganisms (fungi and bacteria) in agro­

ecosystem 

2.1. Introduction 

Microorganisms in agricultural soils are known to exert profound influences 

on the soil's fertility status, in particular with respect to the availability of plant 

nutrients, as well as the suppression of soil borne plant diseases (Kennedy and 

Smith, 1995). It was also known that the soil environment can influenced the 

diversity of soil microbes; addition of organic or inorganic fertilizers plays a very 

important role for their diversity and activities. Abundant microorganisms live both 

within and on crop plants. They possess functional diversity-the diversity of 

metabolism and interspecific relationships. The selective utilization of the existing 

diversity of microbial species and functions provides opportunities to improve 

agricultural production (Shen, 1997). It is therefore, primordial to obtain a thorough 

understanding of how, and to what extent, the microbial diversity in soils is, or can 

be, affected by agricultural practices (Abawi and Widmer 2000; Mazzola, 1999; 

Nusslein and Tieje, 1999). It is often postulated that many healthy soils show a 

certain degree of resilience, i.e. they possess the capacity to return to their original 

status following a disturbance or stress (Van Bruggen & Semenov, 2000). In 

particular, disturbance of soil microbial system may not lead to great effects on soil 

functioning as a result of the functional redundancy present in the system (Turco 

et al., 1994 and Kennedy and Smith, 1995). In order to understand the effects 
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agronomical measures on soil functioning and health, it is primordial that the key 

effects on soil micro biota- such as interactions, shift in community structure and 

activities- are elucidated. 

Soil microorganisms play an important role in improving physical and 

chemical characteristics of soil. They carry out specific function such as biological 

nitrogen fixation, nitrification, denitrification, phosphate solubilization and 

mobilization, cellulose and lignin decomposition and production of growth 

promoting hormones (Tillak et al., 1995). Therefore, in order to maximize the 

beneficial effects of microbial activity, it is necessary to understand the factors 

influencing microbial diversity and activity. Agriculture activities, such as tillage, 

intercropping, rotation, drainage, use of pesticides and fertilizers have significant 

implications for the microorganisms present in the soil (Hengeveld, 1996; Lovejoy, 

1994; Mclaughlin and Mineau, 1995; Ropper and Gupta, 1995). 

Most researcher dealing with the application of fertilizers have been 

interested in how they influence plant performance, and, perhaps, leaching losses 

and soil chemistry. Few studies have examined effects on the diversity of a 

number of soil biological components. Fertilizers can have adverse effects on soil 

quality (e.g. leaching of excess nutrients such as N into the wider ecosystem). The 

applications of fertilizers are known to directly affect often the composition of soil 

microbial community under plant monoculture (Katayama et al., 1998) and fallow 

soil (Ruppel and Makswitat, 1998). 
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Most microbiological characteristics did not respond to many years of 

fertilizer treatments suggesting that the microbial communities in the soil are 

similar and the fertilizer amendments are insufficient to induce changes (either 

direct or indirect due to plant effects) in these communities. However, the 

consistent decrease in functional diversity of soil microflora and nematode 

population with the application of N, but not P, indicates that N application has 

impact on community structure (Sarathchandra et al., 2001 ). 

2.2. Methodology 

2.2.1. Enumeration of microbial populations 

Serial dilution plate method (Waksman, 1922; Parkinson et al., 1971) was 

followed for the isolation of fungal and bacterial populations. One gram of soil 

sample was taken into the 250 ml conical flask containing 100 ml of sterilized 

distilled water to give 1: 100 dilutions. To prepare homogenous solution, the flask 

was swirled for 15 minutes. Then 1 O ml of this solution was transferred to another 

flask containing 90 ml of sterilized distilled water with the help of sterilized pipette 

to get 1 :1000 dilution, 10 ml of this solution was again transferred to another flask 

containing 90 ml of sterilized distilled water to get 1:10000 dilution. 

2.2.2. Fungal population 

The rose bengal agar medium (Martin, 1950) was used for the study of 

fungal population. One milliliter of the soil dilution (1 :1000) was transferred into a 

Petridish containing rose bengal agar medium, which was then rotated gently to 

disperse the suspension. Three replicates were maintained for each sample. The 

Petridishes were incubated upside down at 25 ± 1° C for 5 days in a BOD 

..• 1. 
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incubator. Colony form unit (CFU) of fungi was estimated by counting the number 

of fungal colonies. The CFU of fungi per gram soil was calculated on the dry 

weight basis. 

if fi 
. / Number of colony form x dilution factor xinoculums 

CFUo ung1 gDw =------------------
Dry weight of soil the (g) 

Where, Dw = Dry weight of the soil (g) 

The fungal species were identified on the basis of their morphology and 

reproductive structures, consulting monographs by Subramaniam (1917), Barnet 

and Hunter (1972) and Domsch et al. (1980). The following formula was used for 

the determination of relative abundance of fungal species: 

R l 
. b d (01 ) Total number of the colonies of individual species Xl 

00 e atzve a un ance 10 = ----------------
Total number of colonies of all species 

Rose Bengal Agar medium (Martin, 1950) 

Agar 20 g 

KH2 P04 10 g 

MgS04.7H20 0.5 g 

Peptone 5g 

Dextrose 10 g 

Rose bengal 3.3 ml 

Streptomycin 30 mg 

Distilled water 1000 ml 
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2.2.4. Bacterial population 

Nutrient agar medium (Difeo manual, 1953) was used for the isolation of 

bacterial species. 0.5 ml of the soil solution from 1:10000 dilution was transferred 

to a Petridish containing nutrient agar medium. Three replicates were maintained 

for each sample. The plates were rotated to disperse the suspension uniformly. 

The inoculated plates were then incubated in upside down position at 30±1° C in 

bacteriological incubator. Colony form unit (CFU) of bacteria was estimated by 

counting the number of bacterial colonies. The CFU of bacteria per gram soil was 

calculated on the dry weight basis. 

C'Fu if b 
. 

/ 
D Number of colony form x dilution factor x inoculum 

o actena g w = ------------------
Dry weight of the soil (g) 

Where, Dw = Dry weight of the soil (g) 

The following formula was used for the determination of relative abundance of 

bacterial species: 

R l 
. b d (01 ) Total number of the colonies of individual species Xl 

00 e alive a un ance 10 = ----------------
Total number of colonies of all species 

Nutrient agar medium (Difeo manual, 1953): 

Agar 15g 

Beef extract 3g 

Peptone 5g 

NaCl Bg 

Distilled water 1000 ml 

(The final pH of the medium was adjusted to 7.3) 
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2.2.5. Statistical analysis 

Using the data obtained, the following indices of fungi and bacteria species 

structure assessed. 

(1) Index of general diversity (H'); Shannon and Weaver (1949) cited in Odum 

(1971 ). 

(2) Index of dominance (C); (Simpson, 1949) 

(3) Index of similarity (Sorensen) Sand Jaccard (J) (Krebs, 1989) 

Where, S1=the number of species in one site 1 

S2=the number of species in one site 2 

C= the number of species that are common to both site 1 and site 2 

J =jlr XlOO 

Where, j=number of species found in both of two sites 

r-number of species found in only one site or the other 

2.3. Results 

2.3.1. Fungal population 

The colony form unit (CFU) of fungi increased from pre-fertilizers treatment 

(April) to post treatment (May) throughout the investigation. The fungal population 
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dropped sharply at post harvest except at subsurface soil layer. The highest fungal 

population was recorded in NPK treated soil throughout the investigation (Fig. 2.3.1 ). 

In the first year at surface soil layer, the fungal population ranged from 7.27 X 

103 to 108.15 X 103 CFU in FYM plot and NPK plot in the months of October and May 

respectively whereas, at subsurface soil layer it ranged from 0.88 X 103 to 41.66 X 

103 CFU in NPK plot in the months of October and May respectively. 

In second year at surface soil layer, fungal population ranged from 12.998 X 

103 to 84.003 X 103 CFU in FYM and NPK plots in the month of April and August 

respectively whereas, at subsurface soil layer it ranged from 3.671 X 103 to 26.923 X 

103 CFU in NPK plot in the month of April and May respectively. 

The one-way analysis of variation (ANOVA) result showed insignificance 

variation (P< 0.05) of fungal population between treatments (Table 2.3.19). While the 

fungal population varied significantly (p< 0.001) between surface and sub-surface soil 

layers (Table 2.3.20). 

The fungal population at surface soil layer was positively correlated with the 

population at subsurface soil layer (Table 2.3.21 ). 

The correlation coefficient result also indicated that at the surface soil layer in 

CTRL plot, fungal population was positively correlated with ambient temperature, total 

nitrogen and microbial biomass carbon whereas, at subsurface soil layer the 

population was positively correlated with soil temperature, total nitrogen and 

dehydrogenase enzyme activity (Tables 2.3.22 and 2.3.23). 
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In NPK treated plot at surface soil layer, fungal population was positively 

correlated with organic carbon, microbial biomass carbon and dehydrogenase 

enzyme activity, whereas at subsurface soil layer, the population was positively 

correlated with organic carbon, total nitrogen, soil respiration and microbial biomass 

carbon (Tables 2.3.22 and 2.3.23). 

In FYM treated plot at surface soil layer, fungal population was positively 

correlated with ambient temperature, total nitrogen, soil respiration and microbial 

biomass carbon and at subsurface soil layer; fungal population was positively 

correlated with dehydrogenase enzyme activity (Tables 2.3.22 and 2.3.23). 

In NPK+FYM treated plot at surface soil layer, fungal population was positively 

correlated with ambient temperature, total nitrogen, available phosphorus and 

microbial biomass carbon, whereas at subsurface soil layer, the population was 

positively correlated with available phosphorus, soil respiration, microbial biomass 

carbon and dehydrogenase enzyme activity (Tables 2.3.22 and 2.3.23). 

The total list of fungal species isolated during the study period from CTRL, 

NPK, FYM and NPK+FYM plots at surface and subsurface soil layers is shown in 

tables 2.3.1 - 2.3.8. Altogether 56 fungal species and 2 sterile mycelia were isolated. 

Aspergillus sp., Penicil/ium sp. and Trichoderma sp. were the dominant fungal 

species. Aspergillus versicolor, Eupenicillium lapidosum, ldriella lunata were isolated 

only at surface soil layer in NPK+FYM, NPK and FYM, NPK and NPK+FYM plots 

respectively. Ramichloridium schulzeri, Uloc/adium consortia/e were isolated only at 

subsurface soil layer at NPK and FYM plots (Tables 2.3.9). 
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Shannon index of general diversity of fungal species in the first year (2001) at 

surface soil layer ranged from 1.06 to 2.83 in FYM plot in the months of May and 

August respectively whereas, at subsurface soil layer, it ranged from 0.55 to 2. 70 in 

FYM plot in the months of September and April respectively. In the second year 

(2002) at surface soil layer, it ranged from 1.35 to 2.45 in NPK+FYM and FYM plots in 

the month of April and August respectively whereas at subsurface soil layer, it ranged 

from 1.15 to 2.40 in NPK+FYM plot in the months of August and May respectively 

(Fig. 2.3.2). 

Simpson dominance index of fungal species in the first year (2001) at surface 

soil layer ranged between 0.06 and 0.57 in FYM and NPK+FYM in the months of May 

and June respectively whereas, at subsurface soil layer, it ranged between 0.08 and 

0.56 in FYM and CTRL plots in the months of April and September respectively. In 

the second year (2002) at surface soil layer, it ranged between 0.09 and 0.33 in NPK 

and NPK+FYM plots in the months of April, while at subsurface soil layer it ranged 

between 0.10 to 0.35 in CTRL and NPK+FYM plots in the month of September and 

August respectively (Fig. 2.3.3). 

Sorensen and Jaccard similarity index showed a similar result throughout the 

study period. In first year at surface soil layer, the maximum similarity index of 

Sorensen (0.892) and Jaccard (0.805) were observed at paired treatments of FYM x 

NPK+FYM plots, whereas the least index of Sorensen (0.795) and Jaccard (0.659) 

were displayed at paired treatments of CTRL x NPK+FYM plots. In the second year, 

the maximum Sorensen index (0.905) and Jaccard index (0.826) were observed at 

paired treatments of NPK x FYM plots, while the minimum of Sorensen index (0. 762) 
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and Jaccard index (0.615) were displayed at paired treatments of CTRL x FYM plots 

(Table 2.3.4). 

At subsurface soil layer in the first year, the maximum similarity index of 

Sorensen (0.816) and Jaccard (0.689) were displayed at paired treatment of FYM x 

NPK+FYM plots and a least similarity of Sorensen (0.649) and Jaccard (0.480) were 

observed at paired treatment of NPK x FYM plots. In second year, the maximum 

similarity index of Sorensen (0.906) and Jaccard (0.829) were displayed at paired 

treatments of FYM x NPK+FYM plots, whereas least index of Sorensen (0.656) and 

Jaccard (0.488) were displayed at paired treatments of NPK x FYM plots 

(Table.2.3.4). 
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Table 2.3.9. List 2rJungi isolated from control (CTRL), N20PsoK.w kg/ha, FYM 10 t/ha and N10P30K20 kg/ha 
HYM 5 t/ha soils of groundnut field at 0-10 cm and 10-20 cm depths during the study 
periods April - October (2001- 2002). 

Soil treatments 
SI. Fungal species CTRL NPK FYM NPK+FYM 
No 0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 
1 Acremonium murorum + + + + + + + + 

2 Aspergillus alutaceus + + + + + + + + 

3 A. clavatus + + + + + + + + 

4 A. flavus + + + - + + + + 

5 A. niaer + + + + + + + + 

6 A. versicolor - - - - - - + -
7 Asperaillus sp. + - + + + + + + 

8 Chaetomium alobosum + + + + + + + + 

9 Chaetomium SP. + + - + + + + -
10 Cladosporium cladosoorioides + + + - + - - -
11 C. herbarium - - + - + + + -
12 Cladosporium sp. - + + + + - + + 

13 Colletotrichum dematium + - + + + + + -
14 Cy/indrocarpon maanusianum + - + - + + + -
15 C. o/idum + + + + - - - + 

16 Eupenicillium Japidosum - - + - ·+ - - -
17 Fusarium semitectum + + + + + + + + 

18 F. sporotrichioides + + + + + + + + 

19 Gongoronella butleri + + + + - + - + 

20 Humicola fuscoatra + + + + + + + + 

21 H. grisea + + - + + - - + 

22 /driel/a /unata + - + - - - + -
23 Mammaria echinobotrvoides + + + + + + + + 

24 Mortierella hvaline - + + + + + + + 

25 M. vinacea + + + + + + + + 

26 Mucor racemosus + + + - - + - + 

27 Oidiodendron echinulatum + + - + + + + + 

28 0. griseum + - + - + + + + 

29 Penicillium artrovenetum + + + + + + + + 

30 P. canescens + + + + + + + + 

31 P. chrvsoaenum + + + + + + + + 

32 P. frequentans + + + + + + + + 

33 P. funiculosum + + + - + + + + 

34 P. aranulatum + + + + + + + + 

35 P. iensenii + + + + + + + + 

36 P. lanosum + - + - + + + + 

37 P. purpurogenum + + + + + - + + 

38 P. restrictum + + + + + + + + 

39 P. rubrum + + + + + + + + 

40 P. waksmanii + + + + + + + + 

41 Penicillium sp. + + + + + + + + 

42 Phoma eupvrena + + + + + - + + 

43 P. medicaginis + + + + + + + + 

44 Phomasp. - + + - + - + -
45 Plectosphaerella cucumerina + + + + + + + + 

46 Pvthium intermedium + + + + + + - + 

47 P. i"eaulare - + + + + + + + 

48 Pvthium sp. - - - + + - - + 

49 Ramichloridium schu/zeri - - - + - - - -
50 Rhizopus oryzae + + + + + + + -
51 Staphylotrichum coccosporum + - - - + + + + 

52 Trichoderma harzianum - + + - + + + -
53 T. po/vsporum + + + + + + + + 

54 T. viride + + + + + + + + 

55 Ulocladium consortiale - - - + - + - -
56 Verticillium albo-atrum + + + + + + + + 

57 Green Sterile mvcelia + + + + + + + + 

58 White Sterile mycelia + + + + + + + + 
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2.3.2. Bacterial population 

The colony form unit (CFU) of bacterial population increased from pre-fertilizer 

treatments to post treatments throughout the investigation. It was also observed that 

the population markedly decreased at post harvest (Fig. 2.3.6). 

The maximum bacterial population was recorded in FYM fertilizer treatment 

throughout the investigation except at subsurface soil layer in 2001. In 2001 at 

surface soil layer, bacterial population ranged between 0.551 X 105 CFU in the month 

of April in CTRL plot and 13.351 X 105 CFU in the month of September in FYM plot. 

At subsurface soil layer, it ranged between 0.216 X 105 CFU in the month of April in 

FYM plot and 8.829 X 105 CFU in the month of September in NPK plot. In 2002 at 

surface soil layer, the bacterial population ranged between 3.867 X 105 CFU in the 

month of September in NPK+FYM plot and 16.961 X 105 CFU in the month of July in 

NPK plot. At 10-20 it ranged between 1.085 X 105 CFU in the month of October in 

CTRL plot and 5. 735 X 105 CFU in the month of June in FYM plot. 

The analysis of variance (ANOVA) showed no significant variation on bacterial 

population between treatments at 0-10 cm and 10-20 cm soil layers (Table 2.3.19). It 

was also observed that the analysis of variance result showed a significant variation 

(p< 0.001) on bacterial population between 0-10 cm and 10-20 cm soil layers (Table 

2.3.20). 

The bacterial population at surface soil layer was positively correlated with the 

population at subsurface soil layer (Table 2.3.21 ). 
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In CTRL plot at surface soil layer, bacterial population was positively correlated 

with microbial biomass carbon and rainfall whereas at subsurface soil layer, the 

population was positively correlated with organic carbon and potassium (Table 

2.3.22). 

In NPK treated plot at surface soil layer, bacterial population was positively 

correlated with rainfall, whereas at subsurface soil layer, the population was positively 

correlated with pH, organic carbon, microbial biomass carbon, urease activity and 

rainfall (Tables 2.3.22 and 2.3.22). 

In FYM treated at surface soil layer, the bacterial population was positively 

correlated with available phosphorus, while at subsurface soil layer, the population 

was positively correlated with rainfall (Tables 2.3.22 and 2.3.22). 

In NPK+FYM treated plot at subsurface soil layer, the bacterial population was 

positively correlated with microbial biomass carbon and rainfall (Table 2.3.23). 

Altogether 8 bacterial species were isolated and the total list of isolated 

bacterial species is shown in tables 2.3.10 - 2.3.17. Arthrobacter sp. Bacillus sp. and 

Rhizobium sp. were the dominant bacterial species during the study period and 

Arthrobacter sp. was isolated only from NPK and FYM treated soils at subsurface soil 

layer (Table 2.3.18). 

Shannon index of general diversity of bacterial species in the first year (2001) 

at surface soil layer ranged from 0.36 to 1.67 in FYM plot in the month of May and in 
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CTRL plot in the month of June respectively whereas at subsurface soil layer it 

ranged from 0.09 to 1.58 in NPK plot in the month of October and in NPK+FYM in the 

month of May respectively. In the second year (2002) at surface soil layer, it ranged 

from 0.67 to 1.69 in NPK+FYM plot in the months of April and July respectively, while 

at subsurface soi' layer, it ranged from 0.52 to 1. 72 in CTRL and NPK+FYM plots in 

the month of October (Fig. 2.3.7). 

Simpson dominance index of fungal species in the first year (2001) at surface 

soil layer, ranged between 0.20 and 0.82 in CTRL and FYM in the months of June 

and April respectively, while at subsurface soil layer, it ranged between 0.20 and 0. 79 

in NPK+FYM and CTRL in the months of June and August respectively. In the second 

year (2002) at surface soil layer, it ranged between 0.20 and 0.84 in NPK+FYM and 

NPK in the month of July, while at subsurface soil layer, it ranged between 0.19 to 

0.65 in NPK+FYM and CTRL in the month of October (Fig. 2.3.8). 

Sorensen similarity index and Jaccard similarity index displayed a similar result 

throughout the investigation. At surface soil layer in 2001, Sorensen and Jaccard 

similarity index showed a maximum of 1.0 at paired treatment of CTRL x FYM, NPK x 

NPK+FYM plots and a minimum similarity of 0.933 and 0.875 at paired treatment of 

CTRL x NPK, CTRL x NPK+FYM, NPK x FYM, FYM x NPK+FYM plots. In 2002 

maximum similarity index of Sorensen and Jaccard was 1.0 at paired treatment of 

CTRL x NPK+FYM plots, while the minimum was 0.857 and 0.750 at paired treatment 

of CTRL x NPK, NPK x NPK+FYM plots (Fig. 2.3.9) 

At sub-surface soil layer in 2001, Sorensen and Jaccard similarity index 

showed a maximum of 1.0 at paired treatment of CTRL x NPK+FYM, NPK x FYM 
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plots and a minimum similarity of 0.875 and 0. 778 at paired treatments of NPK x 

NPK+FYM plots. In 2002, maximum similarity index of Sorensen and Jaccard was 1.0 

at paired treatments of FYM x NPK+FYM plots and minimum was 0.833 and 0.714 at 

paired treatment of CTRL x FYM, CTRL x NPK+FYM plots (Table 2.3.9). 
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Table 2.3.18. List of bacteria isolated from control (CTRL), N20Pso~ kg/ha, FYM 10 t/ha and N10P30K20 
~ kg7ha +FYM 5 t/ha soils of groundnut field at 0-10 cm and 10-20 cm depths during the 

study period April - October (2001- 2002) 

Soil treatments 
SI. Bacterial species CTRL NPK FYM NPK+FYM 
No 0-10 10-20 0-10 10-20 0-10 10-20 0·10 10-20 

1 Arthrobacter Sf). + + + + + + + + 

2 Azotobacter sp. - - + + + + + -

3 Bacillus cereus + + + + + + + + 

4 Bacillus subtilis + + + + + + + + 

5 Bacillus sp. + + + + + + + + 

6 Micrococcus Sf). + + + + + + + + 

7 Pseudomonas Sf). + + + + + + + + 

8 Rhizobium sp. + + + + + + + + 
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2.4. Discussion 

2.4.1. Effect of organic and inorganic fertilizers on soil fungal population 

The result which showed an increased in fungal population from pre-fertilizer 

treatment to post treatment could be due to the increased of soil nutrients. Agricultural 

practice particularly input of manure and cover crops could have large impact on the 

size and activity of soil microbial communities (Kirchner et al., 1993) and application 

of fertilizer increased the soil fertility level and also the number of microorganisms. 

Tilak et al., (1995) observed that various agricultural management practices such as 

cropping systems, fertilizer application, cultivation practices, soil organic amendments 

and fertilizer application can lead to the alteration of microbial dynamic in the agro­

ecosystem. 

The maximum fungal population observed at NPK treated plot is in agreement 

with the studies of soil fungal population made by Upadhayay and Rai (1979), which 

could be attributed that higher fertility and aeration of soil favored wider spectrum of 

fungal genera and species. In comparison to other treatments the maximum fungal 

population found in the NPK treated soil could be due to the highest amount of N, P & 

K and organic carbon of the soil. 

The result that showed inconsistent distribution of fungal population within 

treatments could be due to the retention of fertilizers (which was already applied in 

the field since from many years back for other experimental purposes). 

Sarathchandra et al., (1988), Perrott et al., (1992) and Bardgett and Leemans (1994) 

stated that ceassation of fertilizer application from meadow for 6 years had no effect 

on the soil microbial community. The same result is also observed by Sarathchandra 

et al., (1988) and Bardgett and Leemans (1994), they suggested that this lack of 
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effects of removing fertilizers in the short term is due in part to the long history of 

fertilization and accumulation of nutrient reserves in the soil before the various 

experiment began. It was also known that fertilizers adversely affect production of 

fungal fruit bodies in soil (Garbaye and Le Tacon, 1982). In the present study, the 

reduced fungal population in fertilized soil may also have been a reflection of shift in 

the species composition of the fungal community (Bardgett et al., 1993). 

The result, which showed the inconsistent fungal population peak, could also 

be due to the product of transformation of the fertilizers, which might have 

accumulated, became toxic to fungal populations during some months. There are 

various reports that fertilizers reduce the fungal population (Broadbent and 

Nakashima, 1971 and Bagyaraj and Rangaswami, 1976). They reported that 

fertilizers like urea and ammonium sulphate increase the rate of mineralization of 

organic nitrogen and reduce the microfungal population. Fungal population could 

tolerate the fertilizers application and possibly utilize them. 

After the soil received fertilizers treatment, there was no significant variation 

between treatments except CTRL and NPK+FYM at surface soil layer. It was 

hypothesized that this random distribution of peak population could be due to the 

enrichment of soil nitrogen through biological fixation of nitrogen by the host legumes 

and plant composition, which affected the microbial diversity (Bardgett and Shine, 

1999). Zak et al. (1994) also observed that the plant type affected significant 

differences on functional microbial diversity. It was noted that legumes could enrich 

their immediate soil environment with rhizobia through rhizosphere effect (Thies et al., 

1995) and the observation of this published research investigation had been 
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confirmed the present investigation that, lower population was shown during the 

month of April and October which was the pre-cultivation and post harvest of 

groundnut respectively. 

The abundance and activity of soil microorganisms are influenced by soil type, 

nutrient status, pH, moisture) as well as plant factors (e.g. species, age). However, 

shifts in microbial community structure linked to management have been attributed to 

changes in resource availability, particularly root exudates (Mawdsley and Bardgett, 

1997). The higher fungal population could be due to the favorable soil environment 

viz., soil moisture, relative high temperature and better availability of organic matter 

and mineral nutrients. Low population may be linked to run-off losses of fungal 

propagules along with plant materials from the hill slope due to heavy rainfall in the 

study area (Kshattriya et al., 1992; Maithani, 1996). The higher fungal population in 

the surface soil may be due to the high organic matter content, nutrient status and 

better aeration in the surface layer (Balasubramanium et al., 1972) and moisture 

regime (Selvraj and Rangaswamy, 1978; Clarholm and Rosswall, 1980). The 

decreased in the population at 10-20 cm depth was linked to the decreased in C02 

evolution (Tiwari et al., 1986). 

The Shannon-Weiner diversity index weight toward the species richness 

whereas Simpson was more influenced by abundance of most common species. The 

result showed that FYM plot at surface and subsurface soil layers contributed 

maximum species richness, wherein out of 56 fungal species isolated, 51 fungal 

species and 46 fungal species were isolated from surface and subsurface soil layers 

respectively. The maximum species richness in FYM plot except in 2002 at 
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subsurface soil layer i.e. at NPK+FYM plot could be due to the higher functional 

diversity of population than the mineral soil (Staddon et al., 1997) and the availability 

of favorable condition. The high species diversity could also be due to more 

accumulation of nitrogen in soils through biological nitrogen fixation; this observation 

result also confirmed the observation made by Campbell (1976) that the N content of 

organic matter increased under cropping systems involving legumes. 

The minimum species diversity in NPK+FYM plot could be due to the effect of 

physico-chemical characteristics of soil or products transformation of the fertilizers, 

which might have accumulated and became toxic to fungal population during later 

periods. Broadbent and Nakashima (1971) and Bagyaraj and Rangaswami (1976) 

reported that fertilizers like urea and ammonium sulphate increased the rate of 

mineralization of organic nitrogen and reduced the microfungal population. 

Simpson diversity index showed the reverse results of Shannon diversity index 

during the investigation. Since this index shows only the most abundant species, the 

least Shannon index has higher Simpson dominance index. 

The maximum similarity index of Sorensen and Jaccard were always observed 

at a paired treatments of organic and inorganic fertilizers i.e. FYM x NPK plots or at a 

combination of organic fertilizer and inorganic fertilizer i.e. FYM x NPK+FYM or NPK 

x NPK+FYM plots throughout the investigation. This observation implies that, some 

microorganisms exhibited in the soil until and unless the soil was treated with 

fertilizers (organic and inorganic) or it might be due to higher degree of tolerance of 

some species to a new soil environment. The reverse result i.e. the minimum 

similarity index of Sorensen and Jaccard was observed at surface soil layer at a 
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paired treatment of control either with organic fertilizer (CTRL x NPK+FYM) or with a 

combination of organic fertilizer and inorganic fertilizer (CTRL x NPK). Pugh (1963) 

also supported the observation of high similarity index within a treated soil that 

species composition and number of fungi were greatly influenced by physical and 

chemical properties of soil. Some fungal population could have tolerated the fertilizers 

and possibly utilize them. 

2.4.2. Effect of organic and inorganic fertilizers on soils bacterial population 

The colony form unit of soil bacteria was markedly higher than that of fungi and 

this result was in agreement with the finding of Staley and Konopka (1985) and Kuske 

et al. (1997) that the majority of soil microorganisms, which for bacteria can amount to 

99% of the total microbiota. The increased in bacterial population after the addition of 

fertilizers might be due to the increased soil fertility levels and this result is agrees 

with the finding of Tilak et al. (1995) that various agricultural management practices 

such as cropping systems, fertilizer application, cultivation practices and soil organic 

amendments could leads to the alteration of microbial dynamic in the agro­

ecosystem. Sarathchandra et al. (1993) also reported that the increased bacterial 

population (gram negative and rock phosphate-dissolving) was observed 2 weeks 

after the application of fertilizers, whereas no change in population of these bacteria 

was observed in unfertilized plot. 

The peak in bacterial population observed at FYM and NPK+FYM treatments 

could be due to the increased in nutrient supply, pH, organic carbon and cation 

exchange capacity by farmyard manures (Bache and Heathcote, 1969; Heathcote, 

1970), whereas low pH restricts legume productivity and adversely affects the 
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survival, growth and nitrogen fixation of rhizobia as well as legume-rhizobium 

symbiosis (Lie, 1981 ). Where Sarathchandra et al., (2001) reported that the N or P 

treatment had no effect on total bacteria and cellulolytic microbes. The present 

observation result is in agreement with the findings of Kandeler and Marschner 

(2003), that the ratios of Gram +ve to gram -ve bacteria and of bacteria to fungi, as 

determined signature phospholipid fatty acids, were higher in the organic treatments 

than in the inorganic treatments. They also concluded that the organic amendments 

increased the Corg content of the soil whereas Corg content and C/N ratio 

significantly affected bacteria and eukaryotic community structures. Higher bacterial 

population at manure treatment was essentially because of the low C:N ratio of the 

cow dung, a condition which would be more conductive to N mineralization 

(Asiegbu, 1984). 

From long-term manuring experiment in India, Nambiar (1994) reported that 

the application of farmyard manure and NPK fertilizers improved populations of 

Azotobacter, soil microorganisms, and nodulation of soybean (legume). It can be 

assumed that the reaction of the microbial community to the addition of manure is 

very similar to a rhizosphere response. The manured soils are likely to have higher 

levels of soluble organic C, therefore supporting higher levels of microbial activity. 

Kennedy (1998) describes the process by stating that many bacteria have a large 

rhizosphere to bulk soil ratio, indicating marked stimulation in the rhizosphere. 

Moreover, nonsporulating rods, Pseudomonas and other Gram -ve bacteria are 

especially competitive in the rhizosphere. Species capable of adapting to the 

agricultural practices will take the advantage of the situation and establish a new 
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microbial community. In a rich organic soil, such as one of those studied, the 

number of different chemical substrates will be very high. Bacteria do not specialize 

on a single substrate, but their diversity is the ability to use combinations of 

substrate under different physico chemical conditions (Brock and Madigan, 1988; 

Paul and Clark, 1989). This hypothesis suggests that the use of organic vs. 

inorganic nutrient sources results in widely diverging microbial communities with 

possibly different ecological functions. If the application of manures results in a 

rhizosphere-like response, then the microbial community in manured soils is likely 

to be more metabolically active, responding quickly to the input of fresh organic 

residue. Indeed, the use of organic nutrient sources depends on microbial activities 

for the mineralization of plant available nutrients. The long-term use of manure also 

supplied large amounts of readily available C, resulting in a more diverse and 

dynamic microbial system than in inorganically fertilized soil. Kirchner et al. (1993) 

showed that agricultural practices particularly in put of manure and cover crops 

could have large impacts on the size and activity of soil microbial communities. 

Since fertilizers treatment showed positive effects on soil microorganisms 

after a few days of application, it was assumed that the treated plot should display 

higher bacterial population than control plot. But the analysis of variance showed 

insignificant variation on bacterial population between fertilizers treated plots. While 

Campbell (1978) also showed that the N content of organic matter has been shown 

to increase under cropping systems involving legumes. This insignificant variation of 

bacterial population could be due to the enrichment of soils through biological 

fixation of nitrogen by the host legumes (groundnut), where plant composition is 
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known to affect microbial diversity (Bardgett and Shine, 1999). Thies et al. (1995) 

supported the present result and they mentioned that legumes could enrich their 

immediate soil environment with rhizobia through rhizosphere effect. The 

rhizosphere is a system exposed to environmental fluctuations due to shift on 

composition of root exudates, which has a marked influence on microbial 

communities (Lynch and Whipps, 1990). 

The lower population observed during the months of April and October, 

which were the pre-cultivation and post harvest periods of groundnut respectively 

was in agreement with the observation of Lahav (Lavian) and Steinberger (2001 ). 

This is because of the fact that the bacterial functional diversity in agro-ecosystems 

would be affected by plant growing stages. It was also known that the abundance 

and activity of soil microorganisms are influenced by various environmental factors 

(e.g. soil type, nutrient status, pH, moisture). However, shifts in microbial 

community structure linked to management have been attributed to changes in 

resource availability, particularly root exudates (Mawdsley and Bardgett, 1997). 

The reduction of bacterial population in the months of June and July in the 

first year may be due to the decreased in soil pH. Ayanaba and Omayuli (1975) 

stated that acidity significantly influences microbial abundance and it has been 

observed that high acidity (pH<4.2) contains the lowest population of cellulolytic 

microbes, Nitrosomonas, Nitrobacter and denitrifiers. The activity of many common 

bacteria is inhibited or suppressed by strong acidic conditions in soils but the 

relative abundance of fungi rises at lower pH because of their greater tolerance to 
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acidity and through reduced competition from other microorganisms (Alexander, 

1980). 

Among several factors affecting microbial population and activity, moisture 

and nutrient regime and soil depth are important factors. The peak bacterial 

population during the investigation could also be due to the favorable soil moisture, 

relative high temperature and better availability of organic matter and mineral 

nutrients. The reduction in bacterial population from surface soil layer to subsurface 

soil layer may be due to the high organic matter, nutrients status and better aeration 

in the surface layer (Balasubramanium et al., 1972) and moisture regime (Selvraj 

and Rangaswamy, 1978; Clarholm and Rosswall, 1980). The decreased in 

population at 10-20 cm in the present result may be due to the decreased in 

oxygen, the surface soil generally showed higher values for fungal and bacterial 

populations and C02 evolution decreased with increase in depth (Tiwari et al., 

1986). Alexander (1977) and Bohn et al. (1979) reported that the amount of C02 in 

soil affects the soil pH, nutrient availability, redox potential, species composition and 

number of soil microbes. 

The high species diversity observed during the study period, was likely 

influenced by the availability of host legumes plant and lower dosage of fertilizers. 

The result showed that except in first year, all of the maximum diversity was 

displayed after groundnut was sown in NPK+FYM plot. The minimum diversity of 

bacterial population was due to the absence or presence of the host legume plant 

rather than the types and doses of fertilizers treatment. This result is inconformity 

with the result of Bowen and Rovira (1991) and Bolton et al. (1992) that the variety 
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of organic compounds released by plants has been postulated to be a key factor 

influencing the diversity of microorganisms in the rhizospheres of different plant 

species. Pseudomonas, Flavobacterium, Acaligenes and Agrobacterium species 

had been stimulated particularly in the rhizosphere due to the release of exudates 

and lysates (Curl and Truelove, 1986). 

Simpson diversity index showed the reverse results of Shannon diversity 

index during the investigation. Since this index shows only the most abundant 

species, the least Shannon index has higher Simpson dominance index. 

The index of Sorensen and Jaccard, which showed a maximum similarity of 

bacterial species at paired treatment, was at the combination of inorganic and 

organic fertilizer (NPK+FYM) and other treatments as well as control plot. This 

observation showed that NPK+FYM treatment had a high diversity of population 

than the other treatments. The NPK+FYM treatment, which was the combination of 

50% of the NPK and FYM treatments alone, might be the optimum dosage for some 

bacterial population. 
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Table 2.3.19. One way analysis of variance (ANOVA) of the microbial population of soil in control 
(CTRL), N20PsoK.w kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h +farm 
yard manure 5 t/h (NPK+FYM) at surface (0-10 cm) and subsurface (10-20 cm) layers 
(P.5'0.05). 

Surface layer Subsurface layer 
Soil Source of variation (0-10 cm) (10-20 cm) 
properties F-ratio P-level F-ratio P-level 

CTRL X NPK X FYM X NPK+FYM - - - -
CTRLXNPK - - -

CTRLXFYM 4.373 0.03 - -
Fungal CTRL X NPK+FYM - - - -
population NPKX FYM - - - -

NPK X NPK+FYM - - - -

FYM X NPK+FYM - - - -
CTRL X NPK X FYM X NPK+FYM - - - -

CTRLXNPK - - - -
CTRLXFYM - - - -

Bacterial CTRL X NPK+FYM - - - -
population NPKXFYM - - - -

NPK X NPK+FYM - - - -

FYM X NPK+FYM - - - -

Note: Insignificant values are marked with ' - ' sign 

Table 2.3.20. One way analysis of variance (ANOVA) of the microbial population of soil between 
surface (0-10 cm) and subsurface (10-20 cm) soil layers of control (CTRL), N20P60K.w 
kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h +farm yard manure 5 t/h 
(NPK+FYM) (P.$0.001 ). 

Soil properties Treatments F-ratio P-level 

CTRL 71.5069 1x10~ 

Fungal NPK 30.9592 1x10-0 

population FYM 41.4555 1x10"" 

NPK+ FYM 32.3499 1 X 10-u 

CTRL 16.9029 9.3 x10·0 

Bacterial NPK 13.1599 4.9 x 10·· 

population FYM 27.0226 1 x 1o·u 

NPK+ FYM 13.8954 3.5 x 10~ 

Table 2.3.21. Correlation coefficient ( r ) values among microbial population in between surface (0-
10 cm) and subsurface (10-20 cm) soil of control (CTRL), N20PsoK.w kg/h (NPK), farm 
yard manure 10 t/h (FYM) and N10P30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) (P.5' 
0.05). 
Treatments Fungal population Bacterial population 

(0-10 X 10-20 cm) 
CTRL 0.5267" 0.7114' 

NPK 0.6404' 0.8437" 

FYM 0.3607" 0.5511' 

NPK+FYM 0.5209' 0.5411' 

Note: Values marked with a and c are significant at P.5'0.05 and P.5'0.001 respectively 
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Chapter-3 

Soil microbial biomass carbon (Cmic) and soil respiration in agro­
ecosystem 

3.1. Introduction 

The assessment and quantification of microbial biomass carbon and soil 

respiration (C02 evolution) in agro-ecosystem can be used as sensitive indicator 

for the status and changes in the agro-ecosystem and soil fertility levels, and it can 

also predict the future soil quality and ecosystem functioning. In addition, biomass 

measurement have been used to give an early indication of changes in the organic 

matter content of soils due to variation in soil management (lnsam et al., 1989 and 

Brookes, 1995). Soil microbial biomass, which represents about 1-4% of total soil 

organic C, is more sensitive indicator of changing soil conditions than direct 

analysis of the organic C content. 

Soil microorganisms are important in the cycling of almost all the major 

plant nutrients (Smith and Paul, 1990), particularly so in natural and agriculture 

ecosystems with low inputs. A number of soil microbiological parameters, notably 

microbial biomass carbon and basal respiration (Doran and Parkin, 1994; Sparling, 

1997), have been suggested as possible indicators of soil quality and have been 

employed in national and international monitoring programs. Soil microbial 

biomass can be an important pool of plant nutrients and is often highly correlated 

with the organic matter content of soils (Pankhurst et al., 1995). Consequently, a 
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close relationship has also been reported between soil fertility and microbial 

biomass (Brookes, 1995; lnsam et al., 1991; Pankhurst et al., 1995). 

Microbial biomass carbon is considered to be a transformation agent of soil 

organic materials and a labile reservoir of nutrients such as C, N, P and S 

(Jenkinson and Ladd, 1981 ). The quantity and composition of microbial biomass is 

sensitive to changes in the soil chemical and physical environments (Wolters and 

Joergensen, 1991; Wardle, 1992; Bauhus and Khanna, 1994; Beck et al., 1995). 

Carbon dioxide evolution, the major product of aerobic catabolic processes 

in the C cycle, is also commonly measured and indicates the total C turnover. The 

metabolic quotient, i.e. the ratio of basal respiration to microbial biomass, is 

inversely related to the efficiency with which the microbial biomass uses the 

indigenous substrates (Anderson and Domsch, 1990) and can be related to soil 

development and ecological succession (lnsam and Domsch, 1988). Soil 

respiration is the evolution of C02 from soil surface as a result of microbial and 

root respiration (Schlenther and Cleve, 1985; Wagai et al., 1998) and its 

measurement can be utilized to assess relative productivity and fertility of soils 

(Upadhyaya et al., 1997). Soil respiration is considered as one of the indices of 

microbial activity in soil (Anderson and Domsch, 1975 and Tiwari et al., 1989) and 

biological activity. Carbon dioxide evolution has been used as an index of 

microbial activity of agricultural and forest soils (Julia and Pedziwik, 1985). 

Soil surface C02 flux is a major transfer of carbon from terrestrial 

ecosystem to the atmosphere and land use practices, vegetation type, organic 

matter content, pool fractions, fine root biomass and biodiversity in both plant and 
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microbial communities significantly affect C02 flux (Wagai et al., 1998). Keith et al. 

(1997) reported that the nutrient availability in soil and nutritional quality of litter 

influenced microbial utilization efficiency of organic compounds. The changes in 

nutrient availability in soil can also cause changes in the composition of microbial 

population, and thus alter soil C02 efflux. 

3.2. Methodology 

3.2.1. Estimation of microbial biomass carbon (Cmic) 

The soil microbial biomass carbon was estimated by chloroform fumigation 

incubation (Fl) method of Anderson and Ingram (1993). The soil was sieved 

through 2 mm mesh sieve to remove stones, coarse roots and all visible litters. 1 O 

g of each sample was taken in a beaker and was placed in a vacuum desiccator 

containing 30 ml of alcohol free chloroform in a shallow dish. The lid was closed 

and sealed and the vacuum was used till the last trace of chloroform evaporated 

and thereafter the desiccator was kept in the dark for 5 days at 25° C. Weighted 

another 10 g of each sample for un-fumigated extraction ( cti). The sample was 

then kept in a watertight extraction bottle (125 ml) and extracted directly without 

fumigation with 50 ml of 0.5 M K2S04 and was shaken for 30 minutes. After 5 days 

the fumigated soil ( ct1) sample was extracted like the un-fumigated soil sample. 

The extracted soil was then filtered through Whatman filter paper No.42. To a 4 ml 

filtrate, 1 ml of 0.0667 M potassium dichromate and 5 ml of concentrated sulphuric 

acid were added. The mixture sample was then preheated at 150°C for 30 

minutes. Two blanks were prepared i.e. one preheated at 150°C for 30 minutes 

and the other without heating. The digested sample was then transferred to a 100 
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ml conical flask and to it 0.3 ml of indicator solution (0-phenanthroline 

monohydrate) was added. The sample was then titrated with acidified ferrous 

ammonium sulphate solution. The end point was a colour change from green/violet 

to red. Three replicates were maintained in each case. For blank, 4 ml of 0.5 M 

K2S04 solution was added in place of sample fil.trate solution. 

The microbial biomass C was calculated as follows: 

Organic C (%) ={(Ax M x 0.003)/g} X(EIS) X 100 

Where, M =Molarity of ferrous ammonium sulphate(= 0.033M) 

A = (Ml Ha- Mlsample) X {(Mlua- MIHa)IMlua} + (Ml Ha - Mlsample) 

G = Dry soil mass (g) 

E =Extraction volume (ml) 

S = Digest sample volume (ml) 

Microbial biomass C =(Extracted ct1- Extracted ct2) X 2.46 

Indicator solution 

1.485 g of 0-phenanthroline monohydrate was mixed with 0.669 g of 

ferrous ammonium sulfate hexahydrate and to this 100 ml of distilled water was 

added. 

3.2.2. Soil respiration 

Soil respiration was measured by the method of Mcfadyen (1970). One kg 

of soil from each sample was placed in a glass jar. 100 ml glass beaker containing 

20 ml of 0.1 N potassium hydroxide (KOH) solution was kept inside of each jar. The 

lid of the jar was then sealed by grease to make it air tight and kept for 24 hours. 

The jar lid was open and carbon dioxide fixed by potassium hydroxide was 

estimated by titrating the same with 0.1 N hydrochloric acid (HCI) solution using 

phenolphthalein as an indicator. While for the subtraction of atmospheric carbon 
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dioxide, a control was run by using sterilized sand instead of soil sample. 

Replicates were maintained for each sample. The soil respiration was expressed 

as C02 evolved in terms of mg C02 evolved/kg/24 hours on dry weight basis. 

Calculation 

3.3. Results 

C02 (mg)= (B-V) N XE 

Where, B = Volume of acid titrate without the sample 

V = Volume of acid titrate with soil sample 

N = Normality of the acid 

E = Equivalent weight of C02 (E=22) 

3.3.1. Microbial biomass carbon (Cmic) 

Soil microbial biomass carbon (Cmic) increased from pre-fertilizers treatment 

to post fertilizers treatment. The peak microbial biomass carbon was observed at 

NPK and NPK+FYM plots, whereas the minimum was observed at CTRL and FYM 

plots. The CTRL plot showed decreased in Cmic from September to October (Fig. 

3.3.1). 

In the first year at the surface soil layer, Cmic ranged between 42.46 and 

1061.17 µg C g-1 dry soil in FYM plot in the months of August and in NPK+FYM 

plot in the month of May respectively. At the sub-surface soil layer, it ranged from 

16.17 to 817.67 µg C g-1 dry soil in FYM plot in the month of April and in 

NPK+FYM plot in the month of May respectively. In the second year at the surface 

soil layer, Cmic ranged between 50.733 and 416.581 µg C g-1 dry soil in CTRL plot 

in the month of October and in NPK plot in the month of July respectively. While at 
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the subsurface soil layer, it ranged between 31.692 and 414.35 µg C g-1 dry soil in 

the months of October and July in NPK plot respectively. 

The analysis of variance showed insignificance variation (Ps 0.05) on Cmic 

among the treatments at surface and subsurface soil layers (Table 3.3.1 ). The 

ANOVA also showed the significant variation (Ps 0.001) on microbial biomass 

carbon between surface and subsurface soil layers except in NPK+FYM plot 

(Table 3.3.2) and Cmic at surface soil layer was positively correlated (Ps 0.001) 

with Cmic at subsurface soil layer (Table 3.3.3). 

In CTRL plot at surface layer, Cmic was positively correlated with ambient 

temperature, fungal population, bacterial population and rainfall. At subsurface soil 

layer it was positively correlated with ambient temperature and rainfall (Tables 

3.3.4 and 3.3.5). 

In NPK plot at surface layer, Cmic was positively correlated with organic 

carbon, fungal population, dehydrogenase activity and urease activity and at 

subsurface layer it was positively correlated with soil pH, fungal population, 

bacterial population and dehydrogenase activity (Tables 3.3.4 and 3.3.5). 

In FYM plot at surface layer, Cmic was positively correlated with total 

nitrogen, available phosphorus, fungal population and dehydrogenase activity and 

at subsurface layer, it was positively correlated with soil respiration, ambient 

temperature, soil pH, organic carbon, available phosphorus and rainfall (Tables 

3.3.4 and 3.3.5). 

In NPK+FYM plot at surface layer, Cmic was positively correlated with soil 

temperature, moisture content, organic carbon, total nitrogen, fungal population, 
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dehydrogenase activity and acid phosphatase activity and at subsurface layer it 

was positively correlated with soil temperature, organic carbon, fungal population, 

bacterial population and dehydrogenase activity (Tables 3.3.4 and 3.3.5). 

3.3.2. Soil respiration 

The maximum soil respiration displayed in FYM plot in the month of July 

throughout the investigation. Unlike microbial biomass carbon, the result showed 

that soil respiration decreased from pre-fertilizers treatment to post treatment 

except in NPK and NPK+FYM plots at subsurface layer in 2002 and the soil 

respiration was dropped at post harvest (Fig. 3.3.2). 

In the first year at surface soil layer, soil respiration ranged between 2. 739 

and 6.645 mg C02 100 g-1 soil 24h-1 in NPK plot in the month of October and FYM 

plot in the month of July respectively, whereas at subsurface soil layer, it ranged 

from 1.503 to 5.945 mg C02 100 g-1 soil 24h-1 in NPK plot in the month of October 

and in FYM plot in the month of July respectively. 

In the second year at surface layer, soil respiration ranged from 2.676 to 

6.363 mg C02 100 g-1 soil 24h-1 in the month of October and in the month of July 

in FYM plots respectively, whereas at subsurface layer, it ranged from 1.33 to 

4.064 mg C02 100 g-1 soil 24h-1 in CTRL plot in the month of June and FYM plot in 

the month of July respectively. 

The analysis of variance (ANOVA) showed significant variation (P::s; 0.05) of 

soil respiration between NPK and FYM treatments at 0-10 cm soil layer, whereas 

at 10-20 cm soil layer, significant variation among the treatments except in 

between CTRL and NPK plots (Table 3.3.1 ). The result also showed that 
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significant variation (P~ 0.001) of soil respiration between surface and subsurface 

soil layers {Table 3.3.2) and soil respiration at surface layer was positively 

correlated (P~ 0.001) with soil respiration at subsurface soil layer (Table 3.3.3). 

The correlation coefficient values in CTRL plot in surface layer showed that 

the soil respiration was positively correlated with ambient temperature and 

moisture content. While at subsurface soil layer it was, positively correlated with 

ambient temperature, moisture content, total nitrogen and available phosphorus 

{Tables 3.3.4 and 3.3.5). 

In NPK plot at surface soil layer, soil respiration was positively correlated 

with ambient temperature and moisture content and at subsurface soil layer it was 

positively correlated with ambient temperature, moisture content, total nitrogen, 

fungal population and dehydrogenase activity (Tables 3.3.4 and 3.3.5). 

In FYM plot at surface soil layer, soil respiration was positively correlated 

with ambient temperature, moisture content, available phosphorus and fungal 

population. While at subsurface soil layer, it was positively correlated with ambient 

temperature, moisture content, total nitrogen and available phosphorus {Tables 

3.3.4 and 3.3.5). 

In NPK+FYM plot at surface soil layer, soil respiration was positively 

correlated with ambient temperature, moisture content and total nitrogen. While at 

subsurface soil layer, it was positively correlated with ambient temperature, 

moisture content, total nitrogen, available phosphorus and fungal population 

(Tables 3.3.4 and 3.3.5). 
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3.4. Discussion 

3.4.1. Effects of organic and inorganic fertilizers on the distribution of soil 

microbial biomass C 

Microbial biomass carbon (Cm;c) increased shortly after the application of 

fertilizers throughout the investigation and this result could be due to the increased 

in soil microbial populations (fungi and bacteria) and the effect of root exudation. 

Jordan et al. (1995) reported that the main components of soil microbial biomass 

are fungi and bacteria. The present result is in agreement with the observation of 

Polyanskaya et al. (1997), that microbial biomass carbon measures the total 

biomass C (fungi + bacteria) and the specific studies have indicated that fungi are 

dominant component of the total soil microbial biomass accounting for up to 90% 

of total. It was also known that plant root exudates can influence the presence and 

growth of soil microbial population, since the host plant was leguminous plant, it 

was expected to support the soil microbial population especially those of symbiotic 

nitrogen fixing bacteria i.e. Rhizobium sp. Perfect et al. (1990) reported that higher 

Cm;c values are commonly found in crops with intensive root growth and root 

density. In addition, it was noted that there were differences in rhizosphere 

population because of the variations in the concentrations and types of organic 

compounds released by the roots of different plants (Lynch and Bragg, 1985). 

The result that showed maximum amount of Cmic in fertilized plots might be 
~ 

due to the higher accumulation of organic carbon. It was noted that manure 

applications typically result in increased soluble organic C in soil (Bhogal and 

Shepard, 1997; Gregorich et al., 1998; Liang et al., 1998). Goyal et al. (1992) 

reported that the effects of inorganic fertilizer and organic amendments on organic 
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matter-microbial biomass relationships in field experiments under tropical 

conditions have shown that soil microbial biomass C and N increased with 

balanced fertilization. They also found that addition of the organic amendments 

increased microbial biomass even when the organic C content of the soil did not 

increase. Wardle (1992) reported that soil microbial biomass is usually resource 

limited and thus microbial C and N concentrations are generally related to amount 

of soil C and N. It was also known that soil management practice i.e. manuring 

increased carbon input to the soil (Ritz et al., 1997) and therefore the ratio of 

microbial C to soil organic carbon has thus been used as an indicator for C 

availability (lnsam and Domsch, 1988). 

Since inorganic fertilizer reduced soil microbial biomass carbon (Biederbeck 

et al., 1984; McAndrew and Malhi, 1992; Ladd et al., 1994), the control and FYM 

plots were expected to show higher amount of microbial biomass carbon rather 

than those inorganic (NPK) treated plot during the investigation (Sakamoto and 

Oba, 1994; Lovell et al., 1995 and, Hopkins and Shiel, 1996). But it was observed 

that Cmic showed inconsistent distribution i.e. within sampling period higher Cmic 

was also noted in NPK (inorganic) or NPK+FYM plots. So, it can be hypothesized 

that this inconsistent distribution could be due to the retention of fertilizers which 

was already applied to this field since from some few years back for other 

experimental purposes. The hypothesis is in agreement with the observation of 

Bardgett and McAlister (1999) that the neither the cessation of fertilizer application 

nor changes in cutting and grazing management significantly affected soil 

microbial biomass or the fungal:bacterial biomass ratio and they suggested that 
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the lack of effects on the soil microbial community may be related to high residual 

fertility caused by retention of fertilizer N in the soil. The analysis of variance result 

also revealed that fertilizers treatment (inorganic or organic) showed insignificant 

variation (P~ 0.05) on microbial biomass carbon as compared to control plot. 

Studies on the effect of inorganic fertilizer application on soil microbial 

biomass have shown contradictory results. Some workers have reported increase 

in the size of microbial biomass (Fraser et al., 1994; Omay et al., 1997), whereas 

others have shown the opposite i.e. the Cmic was less in agricultural soil as 

compared to the forest soil which is in conformity with our finding (Biederbeck et 

al., 1984; Luizao et al., 1992; McAndrew and Malhi, 1992; Wardle, 1992; 

Srivastava, 1992; Singh and Singh, 1993; Henrot and Robertson, 1994 and Ladd 

et al., 1994). Blah (1999) also reported that the Cmic in the forest soil was markedly 

higher than that of the agricultural soils of the same study region. The reduction in 

Cmic under fertilizers treatment might be due to the high level of mineral N 

availability. These reductions in Cmic in fertilized soil have been discussed by 

Lovell et al. (1995) and have been attributed to changes in substrate quality and 

root growth (Ennik et al., 1980; Hassink, 1992; Lovell et al., 1995), changes in 

microbial competition and community structure, repression of enzyme activity and 

the build-up of recalcitrant and toxic compounds (Fog, 1988). Reductions in 

microbial biomass in fertilized soil have also been attributed to the acidifying effect 

of nitrogenous fertilizers (microbial production of nitric oxide) in soil (Christie and 

Beattie, 1989). On the basis of the present investigation result it is suggest that 

fertilizers application could have lowered the amount of soil microbial biomass 
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carbon. Ananyeva et al. (1999) also observed that long-term soil management 

practices (primarily tillage and fertilizers application) led to decrease in total 

microbial biomass. 

Higher accumulation of microbial biomass carbon at the surface soil layer 

could be due to higher microbial population (fungi and bacteria) and due to more 

accumulation of organic carbon than that at the subsurface soil layer. The analysis 

of variance showed significant declined (Ps 0.01) of Cm;c from surface to sub-

surface layers (Table 3.3.2). Lavahun et al. (1996) also found significant decline in 

the microbial biomass C with increasing soil depth. Maithani et al. (1996) also 

reported that microbial biomass C at the surface soil layer of disturbed sub-tropical 

humid forests was significantly (Ps 0.01) greater than that of the subsurface soil 

layer. The reason for this higher microbial biomass at the surface soil layer was 

attributed to the greater accumulation of litter and fine root biomass and presence 

of relatively dense growth of plants in the forests. 

From the result, it can be concluded that the insignificant variation of soil 
.---- ''------------_. 

microbial biomass carbon and its inconsistent distribution within treatments may 

be due to the effects of host legumes root exudation, retention of fertilizers, 

environmental factors and microbial efficiency (Wardle and Ghani, 1995). 
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3.4.2. Effects of organic and inorganic fertilizers on soil respiration 

The result that showed maximum soil respiration in the month of July at 

FYM plot, could be due to the release of high amount of root exudates, coinciding 

with groundnut plant attained 60 days old in this month and it was supposed to 

perform more metabolic activities. Franzluebbers et al. (1995) reported that mean 

soil C02 evolution was greater during the growing season than during fallow in all 

crops, and legumes could enrich their immediate soil environment with rhizobia 

through rhizosphere effect (Thies et al., 1995). Kursar ( 1989) stated that soil 

respiration includes root exudation, microbial decomposition of litter and dead 

roots as well as respiration by root symbionts. It has also been well documented 

that soil C02 evolution was a function of root biomass (Behera et al., 1990), soil 

temperature and moisture (Peterjohn et al., 1994 ), and fungal population 

(Rygiewicz and Anderson, 1994; Vose et al., 1995). 

The maximum soil respiration in FYM plot might be due to the enrichment of 

soil nutrients through the addition of high organic carbon content or the availability 

of active organic carbon of farmyard manure. It can be hypothesized that the 

maximum soil respiration in the month of July rather than at the time of initial stage 

of fertilizers application, might be due to the lower availability of organic carbon, 

where FYM was supposed to provide higher amount of organic carbon. This 

hypothesis confirmed the observation result of Lovell and Jarvis (1996). They 

reported that, after 12 weeks the labile carbon substrates from the dung were 

likely to have become depleted, leaving large amount of dead microbial materials 

as a possible energy source for other microorganisms. Fungi that were usually 
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slower to respond to substrate inputs (Cheng-Sheng Tsai et al., 1997) may then 

have capitalized on this situation. This differs from the effects of regular fertilizers 

input which tend to produce a sustained increase in plant turnover and lead to 

increased microbial activity (Fauci and Dick, 1994). ; ~ 

It can also be hypothesized that high rainfall, optimum temperature and 

high soil moisture contents in month of July influenced FYM fertilizer to enable 

more plant growth, high root respiration as well as high C02 evolution of soil 

microbes through root environment. The manure soils likely have higher levels of 

soluble organic C, therefore supporting higher levels of microbial activity. It has 

been proved that the total soil respiration in ecosystem could provide an estimate 

of the turnover of soil organic matter (Parker et al., 1983). Other soil factors 

potentially influencing rate of soil respiration in situ includes the availability of C 

substrates for microorganisms (Seto and Yanagiya, 1983), plant root densities and 

activities (Ben-Asher et al., 1994), soil organism levels (Rai and Srivastava, 1981 ), 

soil physical and chemical properties (Boudot et al., 1986). Jones et al. (2003) 

observed that manure application has significantly increased C02 evolution as 

compared to control. From long-term manuring experiment in India, Nambiar 

( 1994) reported that the application of farmyard manure and NPK fertilizer 

improved population of Azotobacter, soil microorganisms and nodulation of 

soybean (legume). It can be assumed that the reaction of the microbial community 

to the addition of manure is very similar to a rhizosphere response. The manured 

soils were likely to have higher levels of soluble organic C, therefore supporting 

higher levels of microbial activity. 
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The result which showed strong positive correlation of soil respiration with 

temperature and moisture contents, were in agreement with the findings of Kursar 

(1989), Raich and Nadelhoffer (1989), Cavelier and Penuela (1990), Maggs and 

Hewett (1990) and Jurik et al. (1991). The maximum rainfall and optimum 

temperature in this month coincided with the highest rate of C02 evolution (Rout 

and Gupta, 1989). Raich and Potter (1995) also stated that seasonal changes in 

soil microclimate play an important role in defining seasonal differences in soil C02 

evolution within the site. The inconsistent trend of soil respiration might be due to 

the influence of environment i.e. temperature, rainfall, soil moisture content. 

Carlyle and Than (1988) also stated that, rates of soil respiration largely depended 

upon soil temperature and moisture condition. Soil respiration drastically dropped 

at post harvest (October), and this observation result could be due to the ceased 

root respiration, lesser microbial population, and or lower availability of organic 

matter. This observation is supported by Silvola et al. (1996) that the C02 released 

in soil respiration was formed from organic matter which differs in age and stability, 

ranging from soluble root exudates to more persistent plant remains. 

The analysis of variance, which showed the significant variation (P:::; 0.005) of 

soil respiration within treatments at subsurface soil layer, could be due to more 

influence of fertilizers on C02 evolution as compared to surface soil layer. It can be 

hypothesized that subsurface soil regions were occupied by small amount of 

groundnut roots and organic matter which mean less root respiration. Therefore, at 

the subsurface soil layer, soil organisms contributed higher amount of C02 evolution 

rather than root respiration. This finding is in agreement with the reports of Linn and 
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Doran (1984) that greater soil respiration in surface soil layer could be due to surface 

accumulation of organic matter. 

The analysis of variance that showed the significant variation (P~ 0.005) of 

soil respiration between 0-10 cm and 10-20 cm layers were due to the higher soil 

microbial population in the surface layer or it might be due to the high 

accumulation of nutrients, availability of higher level of oxygen, occurrence of 

larger amount of host roots. Tiwari et al. (1986) also observed that surface soil 

generally showed higher values for fungal and bacterial populations and C02 

evolution decreased with increase in soil depth. 

It can be concluded that soil respiration was strongly influenced by 

temperature, soil moisture content, rainfall, and age of plant and fertilizers 

treatment. Among the fertilizers, FYM had more beneficial effects on soil 

respiration but only on when organic carbon was in the state of depletion to 

provide energy for the other soil microorganisms, which in turn increased soil 

respiration. Treatment of soil with fertilizers did not result in significant changes on 

soil respiration as compared to control plot. It was also observed that soil 

respiration at subsurface soil was much more dependent on fertilizers rather than 

the plant effects. 
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Table 3.3.1 One way analysis of variance (ANOVA) of the microbial biomass carbon (Cm1c) and soil 
respiration (SR) of soil in control (CTRL), N2oP&ol<.ro kg/h (NPK), farm yard manure 10 
t/h (FYM) and N10P30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) at surface (0-10 cm) 
and subsurface (10-20 cm) layers (P.:>0.05). 

Soil Surface layer Subsurface layer 
properties Source of variation (0-10 cm) (10-20 cm) 

F-ratio P-level F-ratio P-level 
CTRL X NPK X FYM X NPK+FYM - - - -

CTRLXNPK - - - -
CTRLXFYM - - -

Cmic CTRL X NPK+FYM - - - -

NPKXFYM - - - -

NPK X NPK+FYM - - - -
FYM X NPK+FYM - - - -

CTRL X NPK X FYM X NPK+FYM - - 12.4297 1x10~ 

CTRLXNPK - - - -

CTRLXFYM - - 15.8199 1.4 x 10"' 

SR CTRL X NPK+FYM - - 18.3974 4.9x 10"0 

NPKXFYM 4.9848 0.0282 18.7697 4.2 x 10"0 

NPK X NPK+FYM - - 21.7522 1.2 x 10~ 

FYM X NPK+FYM - - - -
Note: Insignificant values are marked with ' - ' sign 

Table 3.3.2 One way analysis of variance (ANOVA) of the microbial biomass carbon (Cm1c) and soil 
respiration (SR) of soil between surface (0-10 cm) and subsurface (10-20 cm) soil 
layers of control (CTRL), N20P&ol<.ro kg/h (NPK), farm yard manure 10 t/h (FYM) and 
N10P30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) (P.s0.001). 

Soil Treatments F-ratio P-level 
properties 

CTRL 17.3848 7.5 x 10·· 

Cmic NPK 10.8026 1.4x10·· 

FYM 9.3436 3 x 10"0 

NPK+FYM - -
CTRL 57.8895 1x10~ 

SR NPK 75.8939 1x10~ 

FYM 27.1080 1 x 10"° 

NPK+ FYM 17.1540 8.3 x 10·· 

Note: Insignificant values are marked with • - · sign 

Table 3.3.3 Correlation coefficient ( r ) values among microbial biomass carbon (Cmic) and soil 
respiration (SR) between surface (0-10 cm) and subsurface (10-20 cm) soil of control 
(CTRL), N20P&0Kro kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h +farm 
yard manure 5 t/h (NPK+FYM) (P.:>0.05). 

Treatments Cmic SR 
(0-1 O X 10-20 cm) 

CTRL 0.6409' 0.6057' 

NPK 0.7461' 0.51825' 

FYM 0.6211' 0.7100' 

NPK+FYM 0.9350' 0.8006' 

Note: Values marked with care significant at Ps0.001 
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Chapter- 4 

Estimation of soil enzymes (dehydrogenase, urease and 
phosphatase) in agro-ecosystem 

4.1. Introduction 

Soil enzyme activities are very sensitive to both natural and anthropogenic 

disturbances, and show a quick response to the induced changes (Dick, 1997). 

The analysis of .soil enzymes could be useful to identify positive or negative effects 

of residue management, soil compaction, tillage, crop rotation and soil 

contamination during reasonable time period. Enzyme activities have been found 

to be very responsive to different agricultural soil conservation practices such as 

non-tillage (Dick, 1992; Bergstrom et al., 1998), organic amendments (Dick, 1992; 

Perucci, 1992; Miller and Dick, 1995; Banerjee et al., 1997), crop rotation (Dick, 

1992; Miller and Dick, 1995), and organic cultivation (Beyer et al., 1992). 

Among different types of enzymes studied from various objectives of 

investigations, dehydrogenase, urease and phosphatase are thoroughly studied 

enzymes due to their specific importance in organic matter transformation 

processes and phosphorus cycle in agricultural practices. The measurement of 

biochemical activity in soil i.e. soil enzyme assays has been done for various 

reasons particularly, as a measure of soil fertility or productivity (Tiwari et al., 

1988), as a measure of microbial biomass (Klose and Tabatabai, 1999), as 

indicators of effects of pollutants and to conduct biogeochemical cycling, total 

microbial activity (Tiwari et al., 1988), as a predictor of bioremediation and 
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potential success (Dick et al., 1998), to understand rhizosphere effect (Boero and 

Thien, 1979), as a potential indicator of soil quality (Palma et al., 2000 and 

Pascula et al., 2000). 

Soil dehydrogenase is an extra-cellular enzyme which is considered to be a 

good tool to measure microbial oxidative activity (Ross, 1971) as an indicator of 

any disruption caused by pesticide application, trace element discharge and soil 

management practices (Reddy and Faza, 1989), as a measure of microbial 

biomass (Ladd, 1978) and measure of soil respiration. Dehydrogenase plays an 

important role in the initial stages of the oxidation of soil organic matter by 

transferring hydrogen or electron from substrates to acceptors (Ross, 1971 ). 

Because of its importance in the organic matter transformation processes and its 

potential to indicate the available microbiological activity in the soil, 

dehydrogenase has been the subject of chosen biochemical tool in various fields 

of agricultural and soil science investigations. 

Urease is a hydrolase enzyme responsible for hydrolytic conversion of the 

substrate, urea into carbon dioxide and ammonia. Owing to this property, it has an 

applied importance in the N-economy of soil. So, the enzyme assay is an 

important in understanding mineralization process of N element and its response 

to the application of inorganic fertilizers and soil management systems particularly 

its relationship to the agricultural practices led to the extensive research assay and 

has become an important and routine practice in agricultural systems. 

Urease activity is also an important factor for survival of ammonium fertilizer 

oxidizers in forest and agricultural soils (Swenson and Bakken, 1998). Studies also 
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showed that fertilization and cropping practices have significant effects on its 

activity in soils (Bolton et al., 1985; Deng and Tabatabai, 1996a; Burket and Dick, 

1998). 

Phosphatase enzyme mediates the release of inorganic phosphorous from 

organically bound phosphorous to soil as litter and other organic debris and the 

intensity of phosphatase is important as it affects the rate of phosphorous cycling. 

So, phosphatase activity is essential for conversion of organic substrates 

containing phosphorus into organic form through hydrolysis in the soil. 

Phosphatase can be inhibited by inorganic phosphate, which produces a feedback 

inhibition of this enzyme (Nannipieri et al., 1979). Acid and alkaline phosphatase 

activity assays have been used to understarl"d the phosphorus cycling which is 

related to the organic matter and its turnover in soil (Trasar-Cepeda and Gill 

Sotres, 1987). 

4.2. Methodology 

4.2.1. Dehydrogenase 

2-3-5-Triphenyl tetrazolium chloride (TTC) reduction technique (Casida, 

1977) was used for the estimation of dehydrogenase activity in soil. One g of fresh 

soil was taken in a test tube. The soil was then mixed with 0.1 g of calcium 

carbonate (CaC03) and 1 ml of 1 % TTC solution. The mixture was then shaken 

and plugged with a rubber stopper and incubated at 30° C for 24 hours in an 

incubator. Three replicates were maintained in each case. The resulting slurry was 

transferred on Whatman filter paper No.1 and extracted with successive aliquots of 

concentrated methanol. The volume of the filtrate was made to 50 ml by adding 
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methanol. The optical density of the filtrate was read at 485 nm on Hitachi 

Spectrophotometer (220), using methanol extract as a blank. The activity was 

representing in terms of concentration of Formazan, which was calculated by a 

standard curve of triphenyl formazan in methanol. Dehydrogenase activity per 

gram dry soil was expressed in terms of milligram formazan per gram dry soil per 

hour. 

4.2.2. Urease 

The activity of urease was measured by the method of McGarity and Myers 

( 1967). One g fresh soil was kept in 100 ml volumetric flask and to it 1 ml of toluene 

was added. It was then allowed to stand for 15 minutes to permit the complete 

penetration of toluene in to the soil. Thereafter, 10 ml of buffer (pH 7) solution and 

5 ml of 10% Urea solution were added. The flask was shaken and incubated at 

37°C for 3 hours in an incubator. Whereas in control, 10 ml of distilled water was 

added instead of urea solution. After incubation, the volume was made up to 100 

ml by adding distilled water. The content in the flask was mixed thoroughly and 

was filtered through Whatman filter paper No. 5. lndophenol blue method was 

adopted for the measurement of ammonia released as a result of urease activity. 

0.5 ml of filtrate was taken in a 25 ml volumetric flask and to it 5 ml of distilled 

water was added. The mixture in the flask. was treated with 2 ml of phenolate 

solution and 1.5 ml of sodium hypochloride solution containing 5% of active 

chlorine. The final volume was made up to 25 ml by adding distilled water. The 

optical density was read in a Hitachi (220) spectrophotometer at 630 nm. The 
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amount of NH4 + -N released was calculated by a reference-calibrated curve and 

was expressed as NH4 + - N mg per gram dry soil per three hours. 

Preparation of phenolate solution 

20 ml of phenol solution + 20 ml of caustic soda solution were diluted 

to 100 ml with distilled water. 

Phenol solution 

62.5g of phenol was dissolved in minimum volume of methanol denatured 

alcohol to this 18.5 ml of acetone was added and this mixture was made up to 100 

ml with alcohol. 

Caustic soda solution 

27g of sodium hydroxide were dissolved in 100 ml of distilled water. Both 

the solutions were kept in a freeze. 

4.2.3. Phosphatase 

Phosphatase activity was measured by the method of Tabatabai and 

Bremner (1969). 0.1 g of air-dried soil was taken in to a 50 ml conical flask. Then 4 

ml of modified universal buffer (pH 6.5), 0.25 ml of toluene and 1 ml of 0.115 M p-

nitrophenyl phosphate (PNP) solution was added to the flask (Skujins, 1985). The 

flask was swirled for few seconds and then incubated at 37° C for one hour in an 

incubator. After incubation 1 ml of 0.5 M calcium chloride and 4 ml of 0.5 M 

sodium hydroxide was added to the mixture. The soil suspension was filtered 

through Whatman filter paper No. I. The optical density of the filtrate was 

measured at 430 nm in Hitachi (220) spectrophotometer. Blank was maintained 

similarly without soil. The phosphatase activity in terms of concentration of p-
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nitrophenyl in each sample was calculated by a standard curve of p-nitrophenol in 

water and was expressed as mole of p-nitrophenol released per gram dry soil per 

hour. 

4.3. Results 

4.3.1 Dehydrogenase 

Dehydrogenase activity increased from pretreatment to post treatment 

throughout the investigation. It was also observed that the enzyme activity in 

NPK+FYM plot was not dropped at post harvest. In the first year, the enzyme 

activity dropped remarkable from May to June onward, whereas such activity was 

not observed in the second year (Fig. 4.3.1 ). 

At the surface soil layer in the first year, dehydrogenase activity ranged 

from 0.304 to 1.329 mg TPF g-1 dry soil 24h-1 in NPK and NPK+FYM plots in the 

month of September and May respectively. In the second year, it ranged between 

0.065 and 0.63 mg TPF g-1 dry soil 24h-1in NPK+FYM and FYM plots in the 

months of April and August respectively. 

At the subsurface soil layer in the first year, dehydrogenase activity ranged 

from 0.071 to 1.283 mg TPF g-1 dry soil 24h-1 in NPK and NPK+FYM plots in the 

month of September and May and respectively. In the second year, it ranged 

between 0.015 and 0.33 mg TPF g-1 dry soil 24h-1 in NPK+FYM and FYM plots in 

the month of April and May respectively. 

The one-way analysis of variance (ANOVA) showed insignificant variation 

(P~ 0.05) of dehydrogenase activity among treatments at two soil depths (Table 

4.3.1 ), and a significant variation (P~ 0.001) of enzyme activity between surface 
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and subsurface soil layers was observed except in NPK+FYM plot (Table 4.3.2). 

Correlation coefficient values (P~ 0.001) showed that the enzyme activity at 

surface soil layer was positively correlated with enzyme activity at subsurface soil 

layer {Table 4.3.3). 

In CTRL plot at surface soil layer, dehydrogenase activity was positively 

correlated with soil temperature, moisture content, organic carbon and total 

nitrogen. At subsurface soil layers it was positively correlated with soil 

temperature, organic carbon, total nitrogen and fungal population (Tables 4.3.4 

and 4.3.5). 

In NPK plot at surface soil layer, dehydrogenase activity was positively 

correlated with soil temperature, organic carbon, total nitrogen, fungal population 

and microbial biomass carbon. At subsurface soil layer, it was positively correlated 

with soil temperature, organic carbon, total nitrogen, soil respiration, fungal 

population and microbial biomass carbon (Tables 4.3.4 and 4.3.5). 
/ 

At FYM plot at surface soil layer, dehydrogenase activity was positively 

correlated with soil temperature, moisture content, organic carbon, total nitrogen 

and microbial biomass carbon. At subsurface soil layer it was positively correlated 

with soil temperature, moisture content, pH, organic carbon and fungal population 

{Tables 4.3.4 and 4.3.5). 

At NPK+FYM plot at surface soil layer, dehydrogenase activity was 

positively correlated with phosphatase activity, soil temperature, moisture content, 

pH, organic carbon, total nitrogen and microbial biomass carbon. At subsurface 

soil layer it was positively correlated with soil temperature, moisture content, 
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organic carbon, total nitrogen, fungal population and microbial biomass carbon 

(Tables 4.3.4 and 4.3.5). 

4.3.2 Urease 

The urease activity showed consistent trends of distribution within sampling 

month in the first and second years. It was observed that the enzyme activity 

increased from pre-treatment to post treatment and the activity dropped in the 

month of June and at post harvest period. Maximum enzyme activity was 

displayed in NPK plot in the month of May during the study periods (Fig. 4.3.2). 

In the first year at surface soil layer, urease activity ranged between 0.018 

and 0.074 NH+4-N g-1 dry soil 3h-1 in CTRL and NPK plots in the months of June 

and May respectively. At subsurface soil layer, enzyme activity ranged from 0.013 

to 0.07 NH+ 4-N g-1 dry soil 3h-1 in NPK plot in the months of May and June. 

In the second year at surface soil layer, the enzyme activity ranged 

between 0.036 and 0.11 NH\-N g-1 dry soil 3h-1 in NPK+FYM and NPK in the 

months of October and May respectively. At subsurface soil layer, the enzyme 

activity ranged between 0.035 and 0.104 and NH+4-N g-1 dry soil 3h-1 in NPK+FYM 

and NPK in the month of October and May respectively. 

The one-way analysis of variance (ANOVA) showed insignificant variation 

(P:::; 0.05) of urease activity among treatments (Table 4.3.1) and between surface 

and subsurface soil layers (Table 4.3.2). Correlation coefficient values (P:::; 0.001) 

showed that the enzyme activity at surface soil layer was positively correlated with 

enzyme activity at subsurface soil layer (Table 4.3.3). 



144 

In CTRL plot at surface soil layer, urease activity was positively correlated 

with pH and potassium. At subsurface soil layer, enzyme activity was positively 

correlated with pH and potassium (Tables 4.3.4 and 4.3.5). 

In NPK plot at surface soil layer, urease activity was positively correlated 

with phosphorus, potassium and microbial biomass carbon. At subsurface soil 

layer, enzyme activity was positively correlated with phosphorus and potassium 

(Tables 4.3.4 and 4.3.5). 

In FYM and NPK+FYM plots at surface and subsurface soil layers, urease 

activity was positively correlated with potassium (Tables 4.3.4 and 4.3.5). 

4.3.3 Phosphatase 

Phosphatase activity increased from pre-fertilizers treatment to post 

treatment and the enzyme activity was not decline at post harvest. A remarkable 

increase in activity was observed from August to September. Generally, higher 

enzyme activity was observed at surface soil than the subsurface soil layer (Fig. 

4.3.3). 

In the first year at surface soil layer, phosphatase activity ranged between 

104.96 and 501.80 µg PNP released g-1 dry soil h-1 in NPK and FYM plots in the 

months of August and September respectively. At subsurface soil layer, it ranged 

between 62.20 and 480.0 µg PNP released g-1 dry soil h-1 in NPK and NPK+FYM 

plots in the months of August and September respectively. 

In second year at surface soil layer, the enzyme activity ranged between 

160.06 and 442.0 µg PNP released g-1 dry soil h-1 in NPK+FYM in the months of 

April and July respectively. At subsurface soil layer, it ranged between 128.46 and 
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385. 73 µg PNP released g-1 dry soil h-1 in CTRL and NPK+FYM plots in the 

months of April and September respectively. 

The one-way analysis of variance showed significant variation (P~ 0.05) of 

phosphatase activity between CTRL and FYM plots at surface layer, whereas at 

subsurface soil layer, it was observed between CTRL and NPK+FYM plots (Table 

4.3.1 ). Correlation coefficient values (P~ 0.001) showed that the enzyme activity at 

surface soil layer was positively correlated with enzyme activity at subsurface soil 

layer (Table 4.3.3). 

At surface soil layer in CTRL plot, phosphatase activity was positively 

correlated with soil temperature and potassium. In NPK plot, it was positively 

correlated with soil temperature, pH and potassium. In FYM plot, it was positively 

correlated with soil temperature and organic carbon and in NPK+FYM plot, it was 

positively correlated with soil temperature and microbial biomass carbon (Table 

4.3.4). 

At subsurface soil layer in CTRL and NPK +FYM plots, phosphatase activity 

was positively correlated with soil temperature (Table 4.3.5). 
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4.4. Discussion 

4.4.1. Effect of organic and inorganic fertilizers on dehydrogenase enzyme 

activity 

Dehydrogenase activity that showed increased from pre-fertilizers treatment 

to post fertilizers treatment could be due to the increase in soil microbial 

population or due to the effects of soil management practices i.e. fertilization and 

plowing of soil for seedbed preparation. The same result was observed by Ross 

(1970) who stated that dehydrogenase activity appeared to be more dependent on 

the biological activity of microbial population than on any free enzyme present in 

the soils. Jenkinson and Powlson (1976) and Batra et al. (1997) also stated that, 

soil management practices and seasonal conditions affect the soil enzymatic 

activities. So the activity of soil microorganisms and soil management (fertilization 

and tillage) were strongly linked to the activity of soil enzyme (Miller and Dick, 

1995; Deng and Tabatabai, 1997; Klose et al., 1999). Therefore, it can be 

concluded that the result that showed dissimilar activity of dehydrogenase in the 

first year and second year could be due to the effect of soil microbial population. 

The result that showed maximum dehydrogenase activity in FYM and 

NPK+FYM plots coincided with the observation of Simek et al. (1999), that 

dehydrogenase activity was lower in soil that had received the largest amount of 

fertilizers; this suggests that dehydrogenase activity was highly sensitive to the 

inhibitory effects associated with large amount of fertilizer additions. Another 

possible reason of higher enzyme activity in the manure treated plot as suggested 

by Parham et al. (2002) is that manure promoted biological and microbial 

activities, which accelerated the breakdown of organic substances in the added 
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manure. They also reported that within each sampling period, the highest 

dehydrogenase activity was in soil treated with animal manure, while lowest was in 

the CTRL or NP-treated plots. So, the addition of FYM and NPK+FYM enhanced 

and promoted dehydrogenase enzyme activity. Ross (1971) also reported that 

increased dehydrogenase activity due to NPK+OM (organic manure), OM and 

NPK treatments appeared to be linked with increased microbial population 

associated with organic manure substrate. 

It can be hypothesized that FYM treatment was expected to influence more 

on the activity of dehydrogenase than that of NPK+FYM treatment. This 

hypothesis agreed with the result of James et al. (1996) that the addition of 

manure saturated soil's capacity to retain manure-P and the soil P status might 

also influence microbial growth directly, through its effect on plant root growth and 

consequently influence the amount of C released by roots (Perrott and 

Sarathchandra et al., 1989). So that any management practice that increase total 

C accumulation should also increase the size and activities of soil microbial 

biomass (Buchanan, 1990) and this result has strongly confirmed the result of our 

findings, which showed that dehydrogenase activity significantly correlated (P::;; 

0.05) with soil microbial biomass carbon (Cmic) except at CTRL at 0-10 cm and 

CTRL and FYM at 10-20 cm. The organic carbon also significantly correlated with 

dehydrogenase activity during the study period; this observation confirmed with 

the result of Leiros et al. (2000), that dehydrogenase activity was strongly 

correlated with soil organic carbon. Manure has been reported to improve soil 
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properties (Sommerfeldt and Chang, 1985), Parham et al. (2002) also observed 

that dehydrogenase was significantly higher in the soil treated with cattle manure. 

Since soil microbial population control the soil dehydrogenase activity, the 

fertilizers treatment that affect on the microbial population was believed to be more 

effective on the dehydrogenase activity rather than plant factors (Asiegbu, 1984 ). 

Tiwari (1996a) also observed the significant dehydrogenase activity (P~ 0.05) in 

plots treated with organic manure or with N and P or a combination of both than in 

the control plots. 

The result that showed insignificant variation of dehydrogenase activity 

within treatments coincided with the finding of Tiwari (1996) that no significant 

impact of individual treatments of the fertilizers on the dehydrogenase activity. It 

was well documented that some soil microbial activity was affected by plant 

through root exudation, but the present result showed that the plant factors might 

not influence dehydrogenase activity, because it was observed that the enzyme 

activity in FYM and NPK+FYM plots was not dropped even after post harvest. 

The analysis of variance that showed a significant variation of 

dehydrogenase activity between surface and sub-surface layers could be due to 

the differences in soil microbial population and environmental factors at these 

layers. Das (1980), Baruah and Mishra (1984) and Tiwari et al. (1987b) also 

reported that higher dehydrogenase activity in the surface soil layer was due to 

presence of higher bacterial population, organic carbon content, favorable 

moisture content and temperature. 
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It can be concluded that addition of fertilizers i.e. FYM (organic fertilizers) 

and NPK+FYM (combination of inorganic and organic) as well as soil management 

practices could have impact on the size and activity of soil dehydrogenase 

enzyme. The fertilizers treatment could have been a large impact on soil 

dehydrogenase activity rather than plant factors and the removal of plant from the 

plot does not show significant effect on enzyme activity. It was also suggested that 

the organic carbon and soil temperature have a strong positive correlation with the 

enzyme. The surface soil layer showed a higher enzyme activity than the 

subsurface soil layer. 

4.4.2. Effect of organic and inorganic fertilizers on urease enzyme activity 

The result which showed increased urease activity from pre-fertilizers 

treatment to post treatment might be due to the increased in soil microbial 

population. During our investigation, the result also showed an increased microbial 

population from pre-treatment to post fertilizers treatment. It has been well 

documented that urease activity could originate from plant materials or 

microorganisms (Tiwari et al., 1988). Zantua and Bremner (1977) also reported 

that soil urease are microbial products that could accumulate in cell free form in 

the soil because of they are highly resistant to environmental degradation, they 

occur in agricultural soils with a variety of cultural histories. 

In general, greater urease activity was observed at a fertilizers treated plots 

than the control plot. This observation result was in agreement with the finding of 

Garcia-Gil et al. (2000) that mineral fertilization plot had the greatest urease 

activity than unfertilized plot. Tiwari (1996a) also reported that urease activity was 
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considerably greater in NPK+OM (organic matter), OM and NPK than control plots. 

So, the increased activity of enzyme in treated plot could be due to higher organic 

matter and N content in these plots or because of the presence of higher soil 

microbial population in treated plots (Asiegbu, 1984). Seri et al. (1978) and Tiwari 

et al. (1989) also reported that urease activity was principally associated with the 

organic matter content of the soils. Studies from long-term field experiments have 

shown that a high portion of legumes in the rotation led to greater contents of 

organic C and N in soils (Bolton et al., 1985) and thus contributed to higher 

microbial activities. 

The result showed consistent distribution of urease activity within sampling 

period i.e. the enzyme activity drastically dropped in the month of June. This 

observation result coincided with the reports of Schiner et al. (1980), that 

compound fertilization inhibited urease activity after six weeks of application. Long­

term N fertilizer application and products formed from microbial assimilation of 

NH/ and N03- in C-amended soils could suppress the urease activity (Dick et al., 

1988; McCarty et al., 1992). 

Within each sampling months, urease enzyme showed a fluctuation activity 

among treated and untreated plots, where the observation result was expected to 

show higher enzyme activity only at treated plots. It was observed that in some 

months, CTRL plot exhibited higher activity than fertilized plot and the enzyme 

activity dropped at post harvest. So, the result that showed fluctuation in the 

enzyme activity could be due the effects of groundnut plant through its rhizosphere 

effect (Burns, 1978) and due to the retention of fertilizers. Lloyd and Sheaffe 
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(1973) also reported that due to increment in ureolytic bacteria in soils, the urease 

activity might be increased. It has also been reported that variation in urease 

activity was caused by changes in organic matter content of soils (Bremner and 

Mulvaney, 1978) and legumes rotation led to greater contents of organic C and N 

in soils (Bolton et al., 1985). 

The analysis of variance (ANOVA), which showed the insignificance 

variation (P~ 0.005) of soil urease activity between treatments, at both 0-10 cm 

and 10-20 cm may be due to the fluctuation in enzyme activity, which was led by 

the retention of fertilizers and the effect of plant. 

It can be conduded that the application of fertilizer as well as retention of 

fertilizers and host legume plant could affect the soil urease activity and its activity 

was higher in NPK treated plot during the entire investigation. 

4.4.3. Effects of organic and inorganic fertilizers on phosphatase enzyme 

activity 

The result that showed increased phosphatase activity from pre-fertilizers 

treatment to post treatment could be due to increase in microbial population. This 

observation result coincided with the report of Speir and Ross (1990), that 

phosphatase activity is originated from microorganisms, wherein the present 

investigation result also showed an increased fungal and bacterial population in 

the month of May. 

A consistent trend in distribution of phosphatase activity i.e. higher enzyme 

activity in NPK +FYM and FYM treated plots and maximum enzyme activity in 

NPK+FYM plot in the month of May was observed. This result is in agreement with 
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the findings of Spiers and McGill (1979) that greater phosphatase activity in 

NPK +OM (organic manure); NPK and OM plots were due to mainly higher organic 

matter contents and microbial population (Nilson and Eiland, 1980). Tiwari (1996) 

also reported significant greater (P~ 0.05) activities of acid phosphatase in plots 

treated with organic manure or with N and P or a combination of both than in the 

control plot. 

The soil treated with NPK+FYM and FYM fertilizers, which were highly 

bound unavailable form of organic P likely exhibited more enzyme activity. Parham 

et al. (2002) also reported that phosphatase activity was significantly higher in the 

soil treated with cattle manure than P, NP, NPK and NPK plus lime. So, it can be 

hypothesized that the phosphatase activity was activated when there was low P 

availability in soils. It can also be concluded that plants may take up some form of 

organic P from soils (Islam et al., 1979); however, most organic P must first 

undergo an enzymatic hydrolysis to inorganic P to become available for plants. 

Soil microorganisms and plant could utilize soil organic P by means of 

phosphatase enzyme (Pant et al., 1994 ). 

It was also observed that the phosphatase activity of soils increased 

significantly with a combination of inorganic fertilizers and organic amendments. 

This result indicated that soil organic matter level and soil microbial activities vital 

for the nutrients turnover and long-term productivity of the soil were enhanced by 

use of organic amendments along with inorganic fertilizers (Goyal et al., 1999). 

This enhancement of biological activities in the manure treated soil was evidenced 

by relatively high phosphatase activity (Parham et al., 2002) and they also 
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suggested that the possible reason of higher enzyme activity in a manure 

treatment was that manure promoted biological and microbial activities, which 

accelerated the breakdown of organic substances in the added manure. 

The maximum phosphatase activity was displayed in the month of 

September within the entire experiment, where it markedly increased from the 

months of August to September. So, it can be hypothesized that the result, which 

showed maximum enzyme activity in the month of September, wherein the 

groundnut plant attained its maximum growth (120 DAS) could be due to the 

rhizosphere effect (Burns, 1978). It was well documented that the root exudation of 

plant enhanced the microbial population and the activity of soil microorganisms 

was strongly linked to the activity of enzymes (Miller and Dick, 1995; Deng and 

Tabatabai, 1997; Klose et al., 1999). Thies et al. (1995) also reported that legumes 

could enrich their immediate soil environment with rhizobia through rhizosphere 

effect. The decreased enzyme activity from September towards post harvest 

(October) could be due to the removal of plant, which in turn affects the soil 

microbial population. 

The correlation coefficient value that showed a positive correlation of 

phosphatase activity with temperature was in agreement with the finding of 

Sinsabaugh et al. (1991) that temperature is a controlling factor of the enzyme 

activity and it effects the enzyme activity indirectly through influencing microbial 

proliferation, and also directly, by modifying enzyme kinetics (Chrost, 1991 ). 

It can be concluded that higher phosphatase enzyme activity was noted in 

NPK+FYM and FYM treated plots and microbial population was one of the 
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controlling factors for the activity. Plant has a great beneficial influence on the 

enzyme activity through its root exudation, where the enzyme was strongly 

correlated with soil temperature. 

Table 4.3.1. One way analysis of variance (ANOVA) of the biochemical properties of soil in control 
(CTRL), N20P&ol<Mi kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h +farm 
yard manure 5 t/h (NPK+FYM) at surface (0-10 cm) and subsurface (10-20 cm) layers (Ps 
0.05). 

Surface layer Subsurface layer 
Soil properties Source of variation (0-10 cm) (10-20 cm) 

F-ratio P-level F-ratio P-level 
CTRL X NPK X FYM X NPK+FYM - - - -
CTRLXNPK - - - -
CTRLXFYM - - - -

Dehydrogenase CTRL X NPK+FYM - - - -
NPKX FYM - - - -
NPK X NPK+FYM - - - -
FYM X NPK+FYM - - - -

CTRL X NPK X FYM X NPK+FYM - - - -

CTRLX NPK - - - -
CTRLXFYM - - - -

Urease CTRL X NPK+FYM - - - -

NPKXFYM - - - -

NPK X NPK+FYM - - - -
FYM X NPK+FYM - - - -
CTRL X NPK X FYM X NPK+FYM - - - -

CTRLXNPK - - - -
CTRLX FYM 5.2381 0.0246 - -

Phosphatase CTRL X NPK+FYM - - 5.1223 0.0262 

NPKX FYM - - - -
NPK X NPK+FYM - - - -
FYM X NPK+FYM - . - -

Note: Insignificant values are marked with' - 'sign 
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Table 4.3.2. One way analysis of variance (ANOVA) of the biochemical properties of soil between 
surface (0-10 cm) and subsurface (10-20 cm) soil layers of control (CTRL), N20Psol<.w 
kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h + farm yard manure 5 t/h 
(NPK+FYM) (P.$().001 ). 

Soil properties Treatments F-ratio P-level 

CTRL 8.8000 3.9 x 10·0 

Dehydrogenase NPK 8.2864 5 x 10·0 

FYM 7.2065 8.7x 10-0 

NPK+FYM - -

CTRL - -

Urease NPK - -
FYM - -

NPK+FYM - -

CTRL 6.0132 1.6x10', 

Phosphatase NPK - -

FYM 11.8992 8.9 x 10-· 

NPK+ FYM - -

Note: Insignificant values are marked with • - ' sign 

Table 4.3.3. Correlation coefficient (r) values among the biochemical properties of soil between 
surface and subsurface soil layers of control (CTRL), N20Psol<.io kg/h (NPK), farm yard 
manure 10 tlh (FYM) and N1oP30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) (PS'0.05). 

Treatments Dehydrogenase Urease Phosphatase 
(0-10 X 10-20 cm) 

CTRL 0.7757" 0.9270' 0.9142' 

NPK 0.9040' 0.9152' 0.9176' 

FYM 0.7403' 0.9269' 0.8462' 

NPK+FYM 0.8430' 0.6901' 0.9275' 

Note: Values marked with c are significant at PS'0.001 
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Chapter-5 

Physico-chemical characteristics of soil in agro-ecosystem 

5.1. Introduction 

The physical condition and chemical characteristics of soil play an important 

role in determining the environment in which biological processes take place and 

can be defined at different spatial and temporal scales (De Vos et al., 1994). 

These physical properties of soil are considered as important factors, which affect 

the growth and activity of soil microorganisms (Frankenberger and Dick, 1983). So 

the physico-chemical properties can determine the suitability of a soil for 

production of different crop plants (Brady, 1995). The chemical characteristics 

make a significant contribution in determining the quality and may even determine 

the maximum quality of a particular soil (Hassink, 1997). 

The present experimental plots were treated with different fertilizers 

influencing greatly the soil physico-chemical properties and soil fertility levels. The 

organic materials most commonly used to improve soil conditions and fertility 

include farmyard manure, animal wastes, crop residues, urban organic wastes, 

green manures, biogas spend slurry, microbial preparations, vermicompost, and 

biodynamic preparations (Verma and Thampan, 1995). Goyal et al. (1999) 

indicated that the amount of soil organic matter and mineralizable C increased with 

the application of inorganic fertilizers, however, there were greater increase of 

these parameters when farmyard manure, wheat straw or green was applied along 
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with inorganic fertilizers. Application of fertilizer to legume crops not only reduce 

biological N2 fixation (Caroll and Mathews, 1990) but also decreased the genetic 

diversity among native Rhizobium strains (Cabarello-Mellado and Martinez-

Romero, 1999). 

It was observed that application of dairy manure over a 5-year period 

resulted in significant increase in C, N and soil microbial biomass, as well as 

changes in microbial community structure (Peacock et al., 2001 ). Whereas long­

term fertilization resulted in decreased total organic C (TOC) and basic cation 

contents, and had an acidifying effect on soil. The decreased in TOC was greater 

in simple fertilizer treatments (N, P, or K) whereas basic cation contents and pH 

declined more in balanced fertilizer treatments (NPK) (Belay et al., 2002). 

The magnitude of change in soil pH following the application of urea to soil 

is affected by factors such as temperature, soil moisture and urease enzyme 

activity (Singh and Yadav, 1981 ). Sierra (1997) examined the combined effect of 

temperature and soil moisture on net N mineralization using undisturbed soil 

samples. He found that net N mineralization was more responsive to temperature 

than it was to moisture. 

5.2. Methodology 

5.2.1. Soil temperature 

Soil temperature was measured by using soil thermometer. The soil 

temperature was taken at monthly interval at surface and subsurface soil layers. 
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5.2.2. Soil moisture content 

The moisture content of soil was determined by oven dry basis. 10 g of 

freshly collected soil sample was kept in a hot air oven at 105° C for 24 hours. The 

percentage moisture content was calculated by the following formula. 

W, -W 
Moisturecontent (%) = 1 2 

Wi 

Where, W1 = initial weight 

W2 = final weight 

5.2.3. Soil pH 

10 g of freshly collected soil was taken in a beaker containing 50 ml 

of distilled water. The soil water mixture was stirred for 20 minutes on a 

magnetic stirrer. The solution was kept overnight and the pH was read by 

using electronic digital pH meter. 
/ 

5.2.4. Soil organic carbon 

Soil organic carbon was estimated by the method of Anderson and Ingram 

(1993). Weighed 1 g ground soil(< 0.15 mm) in to a labelled 100 ml conical flask 

(if the soil was dark, or was suspected to be high in organic matter used about 0.5 

g). To this add 10 ml of 5% potassium dichromate solution and allowed it to 

completely wet the soil or dissolved the standards. 20 ml of sulphuric acid was 

then added from a fast burette and swirled the mixture gently, allowed to cool it. To 

this 50 ml of 0.4% barium chloride was added, swirled the mixture thoroughly and 

then allowed to stand overnight, so as to leave a clear supernatant solution. The 
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blank was run without soil. The supernatant was then transferred into a 

colorimetric cuvette and measured the optical density by using Hitachi (220) 

spectrophotometer at 600 nm. 

(KX0.1) 
Organic carbon(%) = ---­

(W X0.74) 

Where, W= Weight of soil. 

5.2.5. Total nitrogen 

The soil total nitrogen was estimated by using the method of Jackson 

(1973). Weighed 1 g of dried finely ground soil (>2 mm sieve) into a kjeldahl 

digestion flask and 6 ml of sulphuric acid was added. To this one kjeltablet was 

added and then the soil sample was digested in a block digestor for about half an 

hour (till the colour turns green). The flask was allowed to cool and diluted with 50 

ml of distilled water. The solution was then filtered with Whatman filter paper No. 

1. After this, distillation was done in a kjeldahl distillation set with 10 ml of sample 

solution and 10 ml of 40% sodium hydroxide. The distillated was then collected in 

a beaker with 5 ml of boric acid indicator till the pink colour turned greenish. The 

distillated was then titrated against N/140 hydrochloric acid. The titration was stop 

when the colour turned pink. 

N% = (T - blank) X solution volume 

102 X aliquot vol.X sample weight 

where, T= Burette reading 
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Preparation of boric acid indicator 

10 g of boric acid was dissolved in 1000 ml of distilled water. To this 10 ml 

of bromocresol green (dissolved 0.1g bromocresol green in 10 ml methanol) and 7 

ml methyl red (dissolved 0.07 methyl red in 7 ml of methanol) were added. 

5.2.6. Available phosphorous 

The available phosphorous was measured by following molybdenum blue 

method (Allen et al., 1974). Weighed 5 g of air-dried sieved soil in a polythene 

bottle. To this 100 ml of Olsen's reagent was added and it was shaken for 30 

minutes on a rotatory shaker. The mixture was filtered through Whatman filter 

paper No. 44. 10 ml of sample was pipetted into 50 ml volumetric flask. The 

sample was diluted about two third of the flask. To this 2ml of ammonium 

molybdate reagent and 2 ml of stannous chloride reagent were added and then 

the final volume was made up to 50 ml by adding distilled water. Control was 

maintained without soil sample. After 30 minutes the optical density was read in a 

Hitachi (220) spectrophotometer at 700 nm. The calibration curve was prepared 

from the standard and was used to determine mg P in the same aliquot. 

P% = C(mg)X solutionvolume(ml) 

103 X aliquot(ml)X sampleweight(g) 

Preparation of reagents 

Olsen's reagent 

Dissolved 210 g of sodium bicarbonate in water in aspirator and to this 100 

ml of 1 M sodium hydroxide was added. The final pH was adjusted to 8.5 ± 0.05. 

Ammonium molybdate sulphuric reagent 
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Dissolved 25 g of ammonium molybdate [(NH4)5Mo7024.4H20] in about 200 

ml of water by warming slightly. 280 ml of concentrated sulphuric acid was added 

(with mixing and cooling) to about 400 ml of water and the solution was mix 

thoroughly and distilled water was added to make up to 1 I when it was cool. The 

mixture was then stored in a dark place. 

5.2.7. Exchangeable potassium 

Exchangeable potassium was measured by using the method of Allen et al. 

(1974). Weighed 10 g of air-dried sieved soil in a 500 ml conical flask. To this 250 

ml of ammonium acetate solution was added. The mixture was then shaken in a 

rotatory shaker for 1 hour and was kept overnight. The mixture was then shaken 

for 5 minutes and was filtered through Whatman filter paper No. 44. The blank was 

run with extraction only. Potassium was then determined in a flame photometer. 

K% = C(ppm)X solutionvolume(ml) 

104 X sample weight (g) 

Preparation of reagent 

Extractant (Ammonium acetate) 

575 ml of glacial acetic acid was added to 200 ml of water in a 10 I 

container (preferably polythene). To this 600 ml of 0.880N of ammonia solution 

was added slowly by cooling. The mixture was then diluted to 1 O I with water. The 

final pH was adjusted to 7± 0.05 by adding either few drops of acetic acid or 

ammonia solution. 
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5.3. Results 

5.3.1. Soil temperature 

Soil temperature was generally higher in the first year than in the second 

year and the surface soil displayed higher temperature than the subsurface soil 

layer. In the first year maximum soil temperatures of 33.1 D e and 29.26 De were 

observed in the months of June and September at surface and subsurface soil 

layers respectively. In the second year, the maximum soil temperatures 30. 7D e 

and 25.5 De were observed in the months of October and July at surface and 

subsurface soil layers respectively (Fig. 5.3.1 ). 

In eTRL plot at surface soil layer, soil temperature was positively correlated 

with nitrogen, dehydrogenase activity and phosphatase activity. At subsurface soil 

layer, it was positively correlated with moisture content, organic carbon, nitrogen, 

fungal population, dehydrogenase and phosphatase activities (Tables 5.3.4 and 

5.3.8). 

In NPK plot at surface soil layer, soil temperature was positively correlated 

with organic carbon, nitrogen and dehydrogenase. At subsurface soil layer, it was 

positively correlated with nitrogen and dehydrogenase activity (Tables 5.3.5 and 

5.3.9). 

In FYM plot at surface soil layer, soil temperature was positively correlated 

with organic carbon, dehydrogenase and phosphatase. At subsurface soil layer, it 

was positively correlated with moisture content, pH, organic carbon, nitrogen and 

dehydrogenase (Tables 5.3.6 and 5.3.10). 

In NPK+FYM plot at surface soil layer, soil temperature was positively 

correlated with organic carbon, microbial biomass carbon, and dehydrogenase 
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and phosphatase activities. At subsurface soil layer, it was positively correlated 

with pH, organic carbon, nitrogen, microbial biomass carbon, and dehydrogenase 

and phosphatase activities (Tables 5.3. 7 and 5.3.11 ). 

5.3.2. Soil moisture content 

The maximum soil moisture content was observed in the month of July and 

a closed relationship of moisture content between surface and subsurface soil 

layers was observed during the entire investigation (Fig. 5.3.2). 

In the first year at surface soil layer, moisture content ranged between 

20.033 and 29.067% in NPK and FYM plots in the month of June and July 

respectively. At subsurface soil layer, it ranged from 20.3 to 28.5 % in NPK and 

FYM plots in the month of June and July respectively. 

In the second year at surface soil layer, moisture content ranged between 

19.407 and 26.533 % in CTRL and FYM plots in the month of April and July 

respectively. At subsurface soil layer, it ranged from 18.3 to 25.067 % in CTRL 

and FYM in the months of April and September respectively. 

The analysis of variance (ANOVA) showed a significance variation (P~ 

0.05) of soil moisture content between CTRL X NPK X FYM X NPK+FYM, NPK X 

FYM and NPK X NPK+FYM treated plots at surface layer, whereas at subsurface 

layer the significant variation was observed between CTRL X FYM, CTRL X 

NPK+FYM, NPK X FYM and NPK X NPK+FYM (Table 5.3.1). The ANOVA also 

showed a significance variation of soil moisture content between surface and 

subsurface soil layers except at NPK+FYM plot (Table 5.3.2). 
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The correlation coefficient values of soil moisture content showed a positive 

correlation between surface layer and subsurface soil layer at Ps 0.001 level in 

treated and untreated plots (Table 5.3.3). 

In CTRL plot at surface soil layer, soil moisture content was positively 

correlated with ambient temperature, nitrogen, soil respiration and dehydrogenase. 

At subsurface soil layer, it was positively correlated with ambient temperature and 

soil respiration (Tables 5.3.4 and 5.3.8) 

In NPK plot at surface soil layer, soil moisture content was positively 

correlated with ambient temperature and soil respiration. At subsurface soil layer, 

it was positively correlated with ambient temperature, nitrogen and soil respiration 

(Tables 5.3.5 and 5.3.9). 

In FYM plot at surface soil layer, soil moisture content was positively 

correlated with ambient temperature, nitrogen, soil respiration and dehydrogenase. 

At subsurface soil layer, it was positively correlated with ambient temperature, 

organic carbon, nitrogen, soil respiration and dehydrogenase (Tables 5.3.6 and 

5.3.10). 

In NPK+FYM plot at surface soil layer, soil moisture content was positively 

correlated with ambient temperature, organic carbon, nitrogen, soil respiration, 

microbial biomass carbon and dehydrogenase activity. At subsurface soil layer, it 

was positively correlated with ambient temperature, organic carbon, nitrogen, soil 

respiration and dehydrogenase (Tables 5.3. 7 and 5.3.11 ). 
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5.3.3. Soil pH 

The surface soil pH was generally higher than the subsurface soil layer i.e. 

subsurface soil was more acidic than surface soil. In the first year at surface soil 

layer, soil pH was ranged between 5.0 and 6.0 in NPK and CTRL plots in the 

month of July and April respectively. At subsurface soil layer, it ranged between 

4.9 and 5.7 in CTRL and NPK+FYM plots in the month of April and October 

respectively. 

In the second year at surface soil layer, soil pH ranged between 5.23 and 

6.0 in FYM and NPK+FYM plots in the months of September and April 

respectively. At subsurface soil layer, it ranged between 5.02 and 5.81 in NPK and 

NPK+FYM plots in the month of September and April respectively (Fig. 5.3.3). 

The one way analysis of variance showed a significant variation (P::s; 0.05) 

of soil pH between treated plots viz. CTRL X NPK X FYM X NPK+FYM, CTRL X 

FYM, NPK X FYM and NPK x NPK+FYM at surface and subsurface soil layers, 

whereas significant variation between treated plots viz. CTRL X NPK+FYM, FYM 

X NPK+FYM were observed only at subsurface layer (Table 5.3.1). The ANOVA 

also showed a significant variation (P::s; 0.001) of soil pH between surface and 

subsurface soil layers except at NPK+FYM plot {Table 5.3.2). 

The correlation coefficient values (P::s; 0.001) of soil moisture content 

showed a positive correlation between surface and subsurface soil layers in CTRL 

and NPK+FYM plots (Table 5.3.3). 
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In CTRL plot at surface soil layer, the pH was positively correlated with 

potassium and urease. At subsurface soil layer, it was positively correlated with 

potassium, rainfall and urease (Tables 5.3.4 and 5.3.8). 

In NPK plot at surface soil layer, the pH was positively correlated with, 

phosphatase. At subsurface soil layer, it was positively correlated with rainfall, 

bacterial population and microbial biomass carbon (Tables 5.3.5 and 5.3.9). 

In FYM plot at subsurface soil layer, the pH was positively correlated with 

soil temperature, organic carbon, potassium, rainfall, microbial biomass carbon 

and dehydrogenase (Table 5.3.10). 

In NPK+FYM plot at surface soil layer, the pH was positively correlated with 

organic carbon and dehydrogenase. At subsurface soil layer, it was positively 

correlated with temperature and organic carbon (Tables 5.3. 7 and 5.3.11 ). 

5.3.4. Soil organic carbon 

The soil organic carbon in FYM and NPK+FYM plots showed increased 

percentage from pre-fertilizers treatment to post treatment (Fig. 5.3.4 ). The result 

showed that generally within each sampling month, the percentage organic carbon 

was higher in FYM and NPK+FYM plots, whereas CTRL and NPK plots displayed 

a lower percentage value of organic carbon. The surface soil organic carbon was 

higher than subsurface soil layer during the entire investigation. 

In the first year at surface soil layer, soil organic carbon ranged between 

1.81% and 2.75% in FYM and NPK+FYM plots in the months of July and May 

respectively. At subsurface soil layer, it ranged between 1.48% and 2.53% in 

CTRL and NPK+FYM plots in the month of April and May respectively. 
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In the second year, soil organic carbon ranged between 1.59% and 2.29% 

in NPK and NPK+FYM plots in the months of June and May respectively. At 

subsurface soil layer, it ranged between 0.99% and 1.83% in CTRL and 

NPK+FYM plots in the months of October and May respectively. 

The one way analysis of variance showed a significant variation (Ps 0.05) 

of soil organic carbon between treatments except in CTRL X NPK and FYM X 

NPK +FYM plots at surface and subsurface soil layers (Table 5.3.1 ). The ANO VA 

also showed a significant (Ps 0.001) variation of soil organic carbon between 

surface and subsurface soil layers in all the treatments (Table 5.3.2). 

The correlation coefficient values (Ps 0.01) of soil organic carbon also 

showed a positive correlation between surface soil layer and subsurface soil layer 

in CTRL and NPK+FYM plots (Table 5.3.3). 

In CTRL plot at the surface layer, soil organic carbon was positively 

correlated with dehydrogenase. At subsurface soil layer, it was positively 

correlated with soil temperature, nitrogen, rainfall, bacterial population and 

dehydrogenase (Tables 5.3.4 and 5.3.8). 

In NPK plot at the surface soil layer, organic carbon was positively 

correlated with soil temperature, nitrogen, fungal population, microbial biomass 

carbon and dehydrogenase. At the subsurface soil layer, it was positively 

correlated with fungal population, bacterial population and dehydrogenase (Tables 

5.3.5 and 5.3.9). 

In FYM plot at the surface soil layer, organic carbon was positively 

correlated with soil temperature, dehydrogenase and phosphatase. At the 
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subsurface soil layer, it was positively correlated with soil temperature, moisture 

content, pH, nitrogen, rainfall, microbial biomass carbon and dehydrogenase 

(Tables 5.3.6 and 5.3.10). 

In NPK+FYM plot at the surface soil layer, soil organic carbon was 

positively correlated with soil temperature, moisture content, pH, nitrogen, 

microbial biomass carbon and dehydrogenase. At the subsurface soil layer, it was 

positively correlated with soil temperature, moisture content, pH, nitrogen, 

microbial biomass carbon and dehydrogenase (Tables 5.3. 7 and 5.3.11 ). 

5.3.5. Total nitrogen 

The result indicated that at surface soil layer, total nitrogen increased from 

pre-fertilizers treatment to post treatment in all the plots, whereas at subsurface 

soil layer, It increased in all treated plots except in FYM plot. The percentage of 

total nitrogen was more in the first year than in the second year at both surface 

and subsurface soil layers. The result showed that generally soil nitrogen reduced 

at post harvest and the inconsistent peak distribution of soil nitrogen within each 

sampling month was observed. 

In the first year at surface soil layer, total soil nitrogen ranged from 0.130% 

to 0.312% in NPK plot in the months of April and June. At subsurface soil layer, it 

ranged from 0.041 % to 0.22% in CTRL and NPK plots in the months of April and 

May respectively. 

In the second year at surface soil layer, the total soil nitrogen ranged from 

0.063% to 0.322% in CTRL and NPK in the months of April and June respectively. 
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At subsurface soil layer, it ranged from 0.04% to 0.133% in NPK+FYM and NPK 

plots in the month of April and August respectively (Fig. 5.3.5). 

The one way analysis of variance showed a significant variation (Ps 0.05) 

of total soil nitrogen between CTRL X NPK plots at subsurface soil layer (Table 

5.3.1) and a significant (Ps 0.001) variation of total soil nitrogen between surface 

and subsurface soil layers in all treated plots (Table 5.3.2). 

The correlation coefficient (Ps 0.05) values also showed a positive 

correlation of total soil nitrogen content between surface and subsurface soil 

layers (Table 5.3.3). 

In CTRL plot at the surface soil layer, total soil nitrogen was positively 

correlated (Ps 0.05) with ambient temperature, soil temperature, moisture content, 

fungal population and dehydrogenase. At the subsurface soil layer, it was 

positively correlated with ambient temperature, soil temperature, organic carbon, 

rainfall, soil respiration, fungal population and dehydrogenase (Tables 5.3.4 and 

5.3.8). 

In NPK plot at the surface soil layer, total soil nitrogen was positively 

correlated with ambient temperature, soil temperature, organic carbon, rainfall and 

dehydrogenase. At the subsurface soil layer, it was positively correlated with 

ambient temperature, soil temperature, moisture content, soil respiration, fungal 

population and dehydrogenase (Tables 5.3.5 and 5.3.9). 

In FYM plot at the surface soil layer, total soil nitrogen was positively 

correlated with moisture content, fungal population, microbial biomass carbon and 

dehydrogenase. At the subsurface soil layer, it was positively correlated with 
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ambient temperature, soil temperature, moisture content, organic carbon, 

phosphorus and soil respiration (Tables 5.3.6 and 5.3.10). 

In NPK+FYM plot at the surface soil layer, total soil nitrogen was positively 

correlated with ambient temperature, moisture content, organic carbon, soil 

respiration, fungal population, microbial biomass carbon and dehydrogenase. At 

the subsurface soil layer, it was positively correlated with ambient temperature, 

soil temperature, moisture content, organic carbon, rainfall, soil respiration and 

dehydrogenase (Tables 5.3.7 and 5.3.11 ). 

5.3.6. Available phosphorous 

The result showed that soil available phosphorus increased from pre­

fertilizers treatment to post treatment. The maximum phosphorus content 

displayed in FYM plot in the month of July and it was also observed that peak 

phosphorus showed inconsistent distribution (Fig. 5.3.6). 

In the first year at surface soil layer, soil phosphorus content ranged 

between 5.33 and 44.39 µg g-1 dry soil in NPK+FYM and FYM plots in the months 

of September and July respectively. At subsurface soil layer it ranged between 3.4 

and 38.0 µg g-1 dry soil in CTRL and FYM plots in the month of September and 

July respectively. 

In the second year at surface soil layer, soil phosphorus content ranged 

between 16.73 and 68.0 and µg g-1 dry soil in FYM and NPK+FYM plots in the 

months of April and July respectively. At subsurface soil layer, it ranged between 

4. 7 and 43.63 µg g-1 dry soil in NPK and FYM plots in the months of August and 

July respectively. 
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The one way analysis of variance showed a significant variation (P~ 0.05) 

of phosphorus between NPK X NPK+FYM plots at surface soil layer (Table 5.3.1) 

and between surface soil layer and subsurface soil layers (Tables 5.3.2 and 5.3.3). 

The correlation coefficient values (P~ 0.001) of soil phosphorus also 

showed a positive correlation between surface soil layer and subsurface soil layers 

{Table 5.3.3). 

In CTRL plot at surface layer, soil phosphorus content was positively 

correlated with ambient temperature and fungal population. At subsurface soil 

layer, it was positively correlated with soil respiration (Tables 5.3.4 and 5.3.8). 

In NPK plot at surface! layer, soil phosphorus was positively correlated with 

potassium and urease. At subsurface soil layer, it was positively correlated with 

potassium and urease (Tables 5.3.5 and 5.3.9). 

In FYM plot at surface layer, soil phosphorus was positively correlated with 

ambient temperature, soil respiration, bacterial population and microbial biomass 

carbon. At subsurface soil layer, it was positively correlated with ambient 

temperature, nitrogen, rainfall, soil respiration and microbial biomass carbon 

(Tables 5.3.6 and 5.3.10). 

In NPK+FYM plot at surface layer, soil phosphorus was positively correlated 

with fungal population. At subsurface soil layer, it was positively correlated with 

ambient temperature, soil respiration and fungal population (Tables 5.3.7 and 

5.3.11 ). 
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5.3.7. Exchangeable potassium 

The result indicated that the potassium increased from pre-fertilizers 

treatment to post treatment in a fertilizer treated plot viz. NPK and NPK+FYM 

plots. Inconsistent trend of peak potassium distribution within each sampling 

month and maximum potassium displayed in NPK plot was observed and the 

potassium was dropped at post harvest in treatments. Generally, soil potassium 

content was higher in the second year in the surface soil layer than the subsurface 

soil layer (Table 5.3.7). 

In the first year at surface soil layer, soil potassium content ranged between 

0.011 % and 0.021 % in NPK+FYM and NPK plots in the months of April and May 

respectively. At subsurface, it ranged between 0.006% and 0.017% in NPK plot in 

the month of October and May respectively. 

In the second year at surface soil layer, soil potassium content ranged 

between 0.015% and 0.027% in FYM and NPK plots in the month of October and 

May respectively. At subsurface soil layer, it ranged between 0.011 % and 0.022% 

in FYM and NPK plots in the months of October and May respectively. 

The one-way analysis of variance showed a significant variation (P~ 0.05) 

of potassium between CTRL X NPK and CTRL X NPK+FYM plots at surface soil 

layer (Table 5.3.1) and the result also indicated a significant (P~ 0.001) variation of 

potassium between surface soil layer and subsurface soil layer (Table 5.3.2). 

The correlation coefficient values (P~ 0.001) of soil potassium also showed 

a positive correlation between surface soil layer and subsurface soil layer level 

(Table 5.3.3). 
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In CTRL plot at surface soil layer, soil potassium was positively correlated 

with pH, urease and phosphatase. At the subsurface soil layer, it was positively 

correlated with pH, bacterial population and urease (Tables 5.3.4 and 5.3.8). 

In NPK plot at surface soil layer, soil potassium was positively correlated 

with phosphorus, urease and phosphatase. At the subsurface soil layer, it was 

positively correlated with phosphorus, soil respiration and urease (Tables 5.3.5 

and 5.3.9). 

In FYM plot at surface soil layer, soil potassium was positively correlated 

with urease. At the subsurface soil layer, it was positively correlated with pH, 

rainfall and urease (Tables 5.3.6 and 5.3.10). 

In NPK +FYM plot at surface soil layer, soil phosphorus was positively 

correlated with urease. At the subsurface soil layer, it was positively correlated 

with urease (Tables 5.3.7 and 5.3.11 ). 
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5.4. Discussion 

5.4.1. Soil temperature and soil moisture content in agro-ecosystem 

The result that showed higher soil temperature at surface soil layer than 

subsurface soil layer could be due to the heating up of surface soil by solar 

radiation and also due to the higher moisture content in the deeper soil layer. The 

result that showed a positive correlation of soil enzymes with soil temperature is in 

agreement with the findings of Sinsabaugh et al. ( 1991) that temperature has been 

controlling factors of the enzyme activities in upland soils. Chrost (1991) also 

reported that, soil temperature affects the enzyme activity indirectly through 

influencing microbial proliferation, and also directly, by modifying enzyme kinetics 

The moisture content significantly (P:$ 0.05) varied among the treatment in 

the 0-10 cm, where the greater moisture content was noted at FYM plot, this result 

could be due to the greater water retention capacity of farmyard manure. 

Mogaddeghi et al. (2000) also reported that application of farmyard manure at the 

rate of 50 Mg ha-1 increased soil wetness trafficability range, thus reducing soil 

compactibility. 

5.4.2. Effects of organic and inorganic fertilizers on soil pH 

The result indicated that soil pH in the surface layer decreased after it was 

treated with fertilizers and sowing of groundnut. This result is in conformity with 

Simek et al. (1999) that soil pH decreased by the addition of organic manure plus 

inorganic fertilizers in the absence of liming. Yan et al. (1996) reported that during 

cultivation of legumes, soil is acidified due to proton release from roots and they 

further mentioned that soil pH significantly decreased by field legumes (beans) 
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from 6.00 to 5.64 in a cultivation period of 45 days. It was also observed that within 

each monthly sampling, the soil pH showed inconsistent trend among plots in the 

surface and subsurface soil layers. This unreliable result could be due to the 

retention of fertilizers and types of the fertilizers (organic or inorganic), which were 

applied in earlier experiment to this field. Colting, (1997) stated that all the plots 

that were continuously applied with pure organic fertilizer showed slight increase in 

soil pH and soil organic matter content. Conversely, the continuous application of 

pure inorganic fertilizer resulted in a decreasing trend in soil pH. 

5.4.3 Effects of organic and inorganic fertilizers on soil organic carbon 

The higher soil organic carbon observed in FYM and NPK+FYM plots might 

be due to the higher organic matter content in farmyard manure. Saviozzi et al. 

(1999) reported that FYM treated plot showed higher amount of total organic 

matter {TOC). Soil organic matter levels and soil microbial activities, vital for the 

nutrient turnover and long-term productivity of the soil, were enhanced by use of 

organic amendments along with inorganic fertilizers (Goyal et al., 1999). 

The peak organic carbon which noted in the month of May in NPK+FYM 

plot in the surface and subsurface soil layers could be due to the supplies of large 

amounts of readily available C, resulting in a more diverse and dynamic microbial 

system than inorganically fertilized soil (Peacock et al., 2001 ). The same result is 

also reported by Agbenin and Goladi (1997) that the combination of farmyard 

manure with N+P and N+P+K fertilization could enable soil carbon to be 

maintained equal to, or greater than the native site soil. In contrast, continuous 
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inorganic fertilization was deleterious to soil quality because of depletion of organic 

matter, the reservoir of plant available N and P in weathered, tropical soils 

(Agbenin and Goladi, 1997). The higher organic carbon in NPK+FYM plot even at 

the subsurface soil layer could also be due the significant increase soluble organic 

carbon in a soil treated with manure (Liang et al., 1998) and the downward 

movement of soluble carbon in the soil profile (Bhogal and Shepard, 1997). 

5.4.4. Effects of organic and inorganic fertilizers on soil total nitrogen 

Groundnut is a leguminous crop; it can easily fix atmospheric nitrogen 

through its nodules present in the root system. Since the result showed peak soil 

nitrogen content in NPK plot and minimum in pre-fertilizers treatment, within each 

monthly sampling NPK and NPK+FYM plots were expected to display higher 

amount of soil N. Omay et al. (1997) and Simek et al. (1999) also observed that 

the soil N contents were greater for all fertilized treatments as compared to the 

control. But it was observed that CTRL and FYM plots showed higher range of soil 

N in some months, this inconsistent result could be due to the higher accumulation 

of soil N through biological N fixation by the leguminous groundnut plant and the 

effects of retention of fertilizers. It was also observed that total soil N dropped after 

the plant was removed (October). This result suggested that nitrogen fertilizer 

(urea) was not the only controlling factor on the distribution of soil N, whereas it 

was highly controlled by availability of N through biological nitrogen fixation. 

There are lots of reports on the higher soil N content in FYM treated soil. 

(Saviozzi et al., 1999). However, combination of farmyard manure with N+P+K 
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fertilization enabled N to be maintained equal to, or greater than the native site soil 

(Agbenin and Goladi, 1997). 

5.4.5. Effects of organic and inorganic fertilizers on soil available 

phosphorus 

The result that showed increased soil P from pre-fertilizers treatment to post 

treatment could be due to the availability of inorganic P through the addition of P 

fertilizer (single super phosphate). This result is supported by the observation of 

lshaq et al. (2002) and Agbenin and Goladi (1998) that the P fertilizer application 

significantly increased soil P concentration. Scholefield and Stone (1995) also 

reported that little of the P fertilizer added in their experiments could be detected in 

the bicarbonate-extractable fraction a few days after addition. 

The result that showed maximum phosphorus in FYM plot could be due to 

the highly bound unavailable form of organic P in manures. Though the maximum 

P was observed in FYM plot, the manure P was relatively more mobile but less 

available for plants than inorganic fertilizer P and long-term application of cattle 

manure promoted microbiological activities and P cycling, but did not result in P 

accumulation to levels close to those in inorganic P fertilizer-treated soils (Parham 

et al., 2002). 

The soil P distribution within each monthly sampling showed inconsistent 

distribution, where treated plot was expected to display higher amount of soil P. 

So, the inconsistent distribution might be due to the effect of fertilizers retention. 
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5.4.6. Effects of organic and inorganic fertilizers on soil exchangeable 

potassium 

The NPK and NPK+FYM treated plots displayed increased soil 

exchangeable potassium after the addition of fertilizers. Simek et al. (1999) also 

reported that the soil concentrations of all the inorganic nutrients (NPK) measured 

were greater following fertilizer applications as compared to the unfertilized plots, 

and this effect was most marked for K in soils from plot that had received the 

largest amounts of these nutrients as fertilizers. But the present result indicated 

that the CTRL and FYM plots in 2001 at surface and subsurface soil layers 

displayed greater amount of K than NPK+FYM in the month of May and 

inconsistent peak K distribution within each monthly sampling. It was hypothesized 

that this inconsistent result might be due to the effects of K retention, which was 

applied few years back for other experimental purposes. The result that showed 

insignificant variation (P~ 0.05) of K among different treatments also confirmed this 

hypothesis. 

The result showed that the percentage of soil K dropped in post harvest and 

it was hypothesized that, since the uptake of K by groundnut plant was more in the 

month of September and so the K content in soil was likely to be reduced in the 

post harvest. The analysis of K content in plant tissue (Fig. 6.3.5) also showed 

higher K in the month of September as compared to other months. 

It can be concluded that due to more solar radiation and higher moisture 

content at the subsurface soil layer, the soil temperature was higher at surface 
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layer. FYM plot has greater soil moisture content due to its higher retention of 

water. The addition of fertilizer especially organic and inorganic reduced the soil 

pH as well as the legume and the retention of fertilizers have also affected the 

distribution of soil pH. It was also concluded that due to increase in soluble organic 

carbon in treated manure soil, higher soil organic carbon was noted only at FYM or 

NPK+FYM plots during the investigation. It was observed that not only inorganic 

fertilizers but also the leguminous plant (groundnut) has a great influenced on the 

distribution of soil N. Soil P content was markedly higher in presence of FYM 

during the entire investigation. The soil K distribution was also affected by the 

application of inorganic fertilizers and its retention in soil. 
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Table 5.3.1. One way analysis of variance (ANOVA) of the physico-chemical properties of soil in 
control (CTRL), N2oP60~ kg/h (NPK), farmyard manure 10 t/h (FYM) and N10P30K20 kg/h 
+ farm yard manure 5 t/h (NPK+FYM) at surface and subsurface soil layers (P.S-0.05). 

Surface layer Subsurface layer 
Soil Source of variation (0-10 cm) (10-20 cm) 

properties F-ratio P-level F-ratio P-level 
CTRL X NPK X FYM X NPK+FYM 3.5272 1.6 x 10" - -

CTRLX NPK - - - -

CTRLX FYM - - 5.5537 2.08 X 1o·L 

Moisture CTRL X NPK+FYM - - 7.2615 8.5 x 10-0 

content NPKXFYM 7.6102 7.1x10-0 8.8268 3.8 x 10-0 

NPK X NPK+FYM 6.7879 1.08x 10·' 10.900 1.4x10·• 

FYM X NPK+FYM - - - -
CTRL X NPK X FYM X NPK+FYM 6.8629 2.2 x 10·· 18.2769 1x10-

CTRLX NPK - - - -

CTRLX FYM 6.3514 1.3 X 10-L 14.1120 3.2 x 10-· 

pH CTRL X NPK+FYM - - 29.3418 1x10~ 

NPKXFYM 22.4657 9 x 10-0 21.5622 1.3x10-0 

NPK X NPK+FYM 7.6748 6.9x 10-0 40.2295 1 x 10-

FYM X NPK+FYM - - 4.1024 4.6 X 10-L 

CTRL X NPK X FYM X NPK+FYM 9.5051 8 x 10~ 6.2945 4.5 x 10-

CTRLX NPK - - - -
CTRLX FYM 11.6380 1 x 10-0 5.5866 2.04 X 10-L 

Organic CTRL X NPK+FYM 15.5078 1.7 x 10-· 10.7411 1.5x10-' 

carbon NPKXFYM 10.9970 1.3x 10·• 5.6785 1.9x10"' 

NPK X NPK+FYM 15.1144 2.05x 10- 11.1830 1.2x 10·0 

FYM X NPK+FYM - - - -

CTRL X NPK X FYM X NPK+FYM - - - -

CTRLX NPK - - 4.4294 3.8 X 10·L 

CTRLX FYM - - - -
Total CTRL X NPK+FYM - - - -

nitrogen NPKXFYM - - - -
NPK X NPK+FYM - - - -
FYM X NPK+FYM - - - -

CTRL X NPK X FYM X NPK+FYM - - - -
CTRLX NPK - - - -
CTRLX FYM - - - -

Available CTRL X NPK+FYM - - - -
phosphorus NPKXFYM - - - -

NPK X NPK+FYM 6.9170 1.01 X 1o·L - -

FYM X NPK+FYM - - - -

CTRL X NPK X FYM X NPK+FYM - -

CTRLX NPK 4.9847 2.8X 10-L - -

CTRLX FYM - -
Exchangea CTRL X NPK+FYM 6.0631 1.5 x 10-' - -

ble NPKXFYM - - - -
potassium NPK X NPK+FYM - - - -

FYM X NPK+FYM - - - -
Note: lns1gmficant values are marked with' - 'sign. 
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Table 5.3.2. One way analysis of variance (ANOVA) of physico-chemical properties of soil between 
surface and subsurface soil layers in control (CTRL), N20P&oK.w kg/h (NPK), farmyard 
manure 10 t/h (FYM) and N1oP30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) (P.s0.001). 

Soil Treatments F-ratio P-level 
properties 

CTRL 4.1355 4.5 x 10·· 

Moisture NPK 4.2597 4.2 x 10·· 
content 

FYM 5.6784 1.9x10-· 

NPK+ FYM - -

CTRL 20.1577 2.3 x 10"0 

pH NPK 12.6418 6.3 x 10"" 

FYM 17.7427 6.4 x 10"0 

NPK+FYM - -

CTRL 82.4566 1 x 10" 

Organic NPK 100.4127 1 x 10" 

carbon FYM 53.4808 1x10· 

NPK+ FYM 26.8032 2x10"" 

CTRL 16.0254 1.3x10"" 

Total nitrogen NPK 7.7105 6.8 x 10·0 

FYM 18.2308 5.2 x 10·0 

NPK+ FYM 14.1975 3.09 x 10"" 

CTRL 23.3004 6 x 10~ 

Available NPK 19.4739 3.1x1ff0 

phosphorus FYM 6.1697 3.2 x 10"0 

NPK+ FYM 8.9944 3.5 x 10"0 

CTRL 71.4232 1x10· 

Exchangeable NPK 24.0683 5x10"" 

potassium FYM 25.1293 3 x 10·• 

NPK+FYM 8.0804 5.6 x 10·0 

Note: Insignificant values are marked with· - 'sign. 

Table 5.3.3. Correlation coefficient values among physico-chemical properties of soil between 
surface and subsurface soil layers in control (CTRL), N20P&oK.w kg/h (NPK), farmyard 
manure 10 t/h (FYM) and N10P30K20 kg/h +farm yard manure 5 t/h (NPK+FYM) (P.5"0.05). 

Treatments Moisture pH Organic Total Available Exchangea 
(0-10 X 10-20 cm) content carbon nitrogen phosphorus ble 

potassium 
CTRL 0.5345' 0.6968' 0.4114" 0.4730" 0.5779' 0.7252' 

NPK - 0.7668' - 0.3211 8 0.7198' 0.7418' 

FYM - 0.7766' - 0.30508 0.8949' 0.6924' 

NPK+FYM 0.3891 8 0.8818' 0.6871' 0.6492' 0.7925' 0.8759' 

Note: Values marked with a, b and c are significant at P::; 0.05, P.::; 0.01 and p.::; 0.001 respectively; 
Insignificant values are marked with • - • sign. 
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Chapter-6 

Performance and nutrient content of groundnut in agro­
ecosystem 

6.1. Introduction 
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Fertilizer is commonly applied to crops at or near the time of sowing, but the 

crop's needs are small, and there is an opportunity for N losses to occur prior to 

increased crop demand (Myers et al., 1994 ). The plants themselves (N-fixing 

legume) can modify the patterns of nutrient release from soil. In any system, the 

pattern of the uptake of N into the vegetation component is closely related to the 

pattern of growth of the plants. 

The fertilizers treatment has an influence on the groundnut plant 

performance (shoot length, root length, number of nodules, weight and number of 

pod) and yield. Addition of compost and inorganic fertilizers has a beneficial 

influence on soil biological and yield of crop under a cereal-legume and it was 

noted that crop yield was significantly correlated with activities of soil enzymes 

(Manna and Ganguli, 1997). 

One of the characteristics of organic fertilizers is the slow release of its 

nitrogen component. Consequently, in order to maintain high crop yield, 

supplementation with chemical nitrogen fertilizers is sometimes necessary. It is 

known that the microorganism is the sole agent responsible for the transformation 

of nitrogen in the ecosystem. Through nitrification, the mobility of inorganic 

nitrogen increases considerably. Nitrate will then move with percolation and run-off 
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water into both ground water and nearby surface water and be removed from the 

root zone. Further, researchers have also shown that the addition of certain 

organic fertilizers causes a net mobilization of soil nitrogen (Murwira and 

Kirchmann, 1993). 

Addition of manure in a peanut crop influences nutrient mobilization and 

root absorption activity, N and P mobilization and absorption fourfold as compared 

to the fertilizer plots, while K increased by twofold. These results indicate rthat 

organic residue additions could activate root function in crops grown on sandy 

soils, thus improving the synchrony of nutrient demand with nutrient availability. 

Cisse (1986) reported that the addition of manure increased rooting depth and root 

mass per unit area at all depths. Fertilizer plus manure plots showed higher root 

depth than application of fertilizer alone. 

The beneficial effect of N and P may be due to its stimulating effect on the 

root growth that on decomposition added to the organic resources of the soil 

(Mathan et al., 1978). Prolonged input of fertilizer N increases soil C indirectly as a 

result of enhanced plant growth, the effect of which may not become evident within 

one seasonal cycle (Hatch et al., 2000). 

The relationship between soil K supply, characterized by the soil solution K 

concentration and the soil K buffer power, and plant K status was investigated for 

field grown crops (Schneider et al., 2003). Low level of soil K supply has early 

effects on plant growth leading to irreversible negative effects on grain yield 

(Rama Rao, 1986). 



6.2. Methodology 

5.2.1. Total nitrogen 
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The plant nitrogen content was estimated by following the method of Allen 

et al. (1974). Weighed 0.2 g of dried plant powder into a kjeldahl digestion flask 

and to it 3 ml of sulphuric acid was added. To this half kjel-tablet was added and 

then the plant sample was digested in a block digester till the colour turned green. 

The flask was allowed to cool and diluted with 50 ml of distilled water. The solution 

was then filtered with Whatman filter paper No. 1. After this, distillation was done 

in a kjeldahl distillation set with 10 ml of sample solution and 10 ml of 40% sodium 

hydroxide. The distillate was then collected in a beaker with 5 ml of boric acid 

indicator till the pink colour turned greenish. The distillate was then titrated against 

N/140 hydrochloric acid till the colour turned pink. 

N (%) = (T - blank) X solution volume 

102 X aliquot vol.X sample weight 

Where, T= Burette reading 

5.2.2. Phosphorous and Potassium 

Phosphorous and potassium were measured by following the method of 

Allen et al. (1974). Weighed 0.2 g of dried plant powder in a digestion tube. To this 

3 ml of tri-acid was added and the plant sample was digested in a block digester 

till the colour turned green. The mixture was filtered through Whatman filter paper 

No. 1. The flask was allowed to cool and diluted with 50 ml of distilled water. The 

sample solution was divided into two parts- one part was used for estimation of 
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phosphorus by following molybdenum blue method and one part was used for 

estimation of potassium. 

Phosphorus (molybdenum blue method) 

1 O ml of sample was pipette into 50 ml volumetric flask. The sample was 

diluted about two third of the flask. To this 2 ml of ammonium molybdate reagent 

and 2 ml of stannous chloride reagent were added and then the final volume was 

made up to 50 ml by adding distilled water. For the control, 10 ml of sample was 

replaced by 10 ml of distilled water. After 30 minutes the optical density was read 

in a Hitachi (220) spectrophotometer at 700 nm. The calibration curve was 

prepared from the standard and was used to determine mg P in the same aliquot. 

p (%) = C(mg)X solutionvolume(ml) 

103 X aliquot(ml)X sampleweight(g) 

Potassium 

The plant extract solution was taken directly for the determination of 

potassium by using to the flame photometer (Mediflame 127). 

K (%) = C (ppm) X solution volume (ml) 

104 X sample weight (g) 



6.3. Results 

6.3.1. Plant performance 

(a) Shoot length 
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In the first year maximum shoot length of 63.30 cm in NPK+FYM plot and in 

the second year 45.67 cm in NPK plot at 120 days after sowing (DAS) observed. 

Within each sampling period, CTRL plot showed minimum shoot length as 

compared to the treated plot (Fig. 6.3.1 ). 

Analysis of variance (ANOVA) showed insignificant variation (P~ 0.05) of 

shoot length between the treatments (Table 6.3.1 ). 

The correlation coefficient showed that shoot length was positively 

correlated with number of nodules, yield, phosphatase, rainfall and soil 

temperature in all treatments and urease activity except in NPK+FYM plot (Tables 

6.3.2- 6.3.13). 

(b) Root length 

In the first year maximum root length of 23.33 cm and in the second year 

maximum of 18.33 cm was observed in NPK+FYM plot at 120 DAS. It was also 

observed that CTRL plot showed minimum root length in the first year, whereas 

the same was not observed in the second year (Fig. 6.3.1 ). 

Analysis of variance showed insignificant (P~ 0.05) variation of root length 

between the treatments (Table 6.3.1 ). 

The correlation coefficient showed that in CTRL plot, root length was 

positively correlated with number of pod, weight of pod and number of peg (Table 

6.3.2) and in NPK+FYM plot, it was positively correlated with number of nodules, 
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root phosphorus, yield, phosphatase, pH, rainfall and soil temperature {Tables 

6.3.5, 6.3.9 and 6.3.13). 

(c) Number of nodules 

The maximum number of nodules 543.33 in the first year and 323.33 in the 

second year was observed in FYM plot at 120 DAS, whereas the minimum of 

333.4 in the first year and 264.4 in the second year was observed in CTRL plot at 

30 DAS. It was also observed that within some sampling periods, CTRL plot 

showed higher number of nodules than the treated plot and generally, the number 

of nodules was higher in the first year than the second year (Fig. 6.3.1 ). 

Analysis of variance showed insignificant (Ps 0.05) variation of nodules 

number between the treatments {Table 6.3.1 ). 

The correlation coefficient showed that the number of root nodules was 

positively correlated with yield except in NPK plot, phosphatase, rainfall and soil 

temperature in all the treatments {Tables 6.3.2 - 6.3.13). 

(d) Yield 

The highest groundnut yield (sun dried) of groundnut 39.58 q h-1 and 31.62 

q h-1 was observed in NPK+FYM plot in the first year and in the second year 

respectively whereas, CTRL plot showed lowest yield i.e. 21.34 q h-1 and 12.5 q h-1 

in the first year and in the second year respectively (Fig. 6.3.2). 

Analysis of variance showed significant (Ps 0.05) variation of yield between 

CTRL x NPK x FYM x NPK+FYM, CTRL x NPK and CTRL x NPK+FYM plots 

(Table 6.3.1 ). 
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The correlation coefficient showed that yield was positively correlated with 

shoot length, number of nodules and weight of pods in all the treatments except in 

NPK plot and it was also positively correlated with phosphatase and soil 

temperature in all plots (Tables 6.3.2 - 6.3.13). 

(f) Number of pods 

In the first year, number of pods ranged between 10.0 in NPK+FYM at 120 

DAS and 28.0 in FYM plots at 90 DAS, whereas in the second year, it ranged 

between 7.67 in FYM plot at 60 DAS and 16.67 in FYM plot at 90 DAS. Generally 

pods numbers were found to be higher in the first year than the second year (Fig. 

6.3.2). 

Analysis of variance showed insignificant (P:s:: 0.05) variation of number of 

pods between the treatments (Table 6.3.1 ). 

The correlation coefficient showed that the number of pods was positively 

correlated with root length in CTRL plot and number of pegs in FYM plots (Fig. 

6.3.2 and 6.3.4). 

(g) Weight of pods 

The weight of the groundnut pods was generally higher in the first year than 

the second year. The highest pod weight in the first year (48.04 g) and in the 

second year (33.38 g) was observed at 90 DAS in FYM plot. It was also observed 

that within some sampling periods CTRL plot showed higher pod weights than the 

treated plot (Fig. 6.3.2). 
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Analysis of variance showed insignificant (P~ 0.05) variation of pods weight 

between treatments (Table 6.3.1 ). 

The correlation coefficient showed that weight of pods was significantly (P~ 

0.05) correlated with yield, bacterial population, urease activity, potassium and 

rainfall in all treatments except at NPK plot (Tables 6.3.2 - 6.3.13). 

6.3.2. Nutrients content 

(a) Nitrogen 

(i) Root nitrogen 

The distribution of root nitrogen followed consistent trend, where peak 

nitrogen was observed twice at 30 DAS and 90 DAS. The maximum root nitrogen 

in the first year (2.65%) and second year (2.39%) was observed in NPK+FYM plot 

at 30 DAS, whereas the minimum root nitrogen in the first year (1.14%) and in the 

second year (1.30%) was observed at 60 DAS and 120 DAS in NPK plot 

respectively (Fig. 6.3.3). 

Analysis of variance showed a significant (P~ 0.05) variation of root 

nitrogen content between NPK and FYM plots (Table 6.3.1 ). 

The correlation coefficient showed that, root nitrogen was positively 

correlated with shoot nitrogen, soil respiration, ambient temperature in all plots, 

fungal population except in FYM plot and moisture content except in NPK plot 

(Tables 6.2.2 - 6.3.13). 

(ii) Shoot nitrogen 

The shoot nitrogen content decreased with increase in plant age and the 

unfertilized plot also displayed higher shoot nitrogen. The maximum shoot nitrogen 
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content in the first year (2.86%) and second year (1.97%) was observed at 30 

DAS in NPK+FYM plot and the minimum nitrogen in the first year (0.85%) and in 

the second year (0.717%) observed at 120 DAS in NPK+FYM and in CTRL plots 

respectively (Fig. 6.3.3). 

Analysis of variance showed insignificant (P~ 0.05) variation of shoot 

nitrogen content between the treatments (Table 6.3.1 ). 

The correlation coefficient showed that shoot nitrogen content was 

positively correlated with root nitrogen and leaf potassium (Tables 6.3.2 - 6.3.5). 

In CTRL and NPK plots, shoot nitrogen content was positively correlated 

with root phosphorus, shoot phosphorus, leaf phosphorus and shoot potassium 

(Tabtes 6.3.2 and 6.3.3). 

In FYM and NPK+FYM plots, shoot nitrogen content was positively 

correlated with leaf nitrogen and root potassium (Tables 6.3.4 and 6.3.5). 

Shoot nitrogen content was positively correlated with biological 

characteristic of soils viz. soil respiration in all the plots and fungal population in 

the CTRL and NPK+FYM plots (Tables 6.3.5 - 6.3.9). 

The result also showed that shoot nitrogen content was positively correlated 

with the physico-chemical properties of soil viz. ambient temperature in all the 

plots and moisture content in the entire plot except at NPK plot (Tables 6.3.10 -

6.3.13). 

(iii) Leaf nitrogen 

The maximum leaf nitrogen content in the first year (2.58%) and in the 

second year (2.85%) was observed at 30 DAS in NPK plot and the minimum 
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nitrogen in the first year (1.90%) and in the second year (2.16%) was observed at 

120 DAS in NPK+FYM and FYM plots respectively. It was also observed that 

higher root nitrogen content was also observed in unfertilized plot (Fig. 6.3.3). 

Analysis of variance showed insignificant (P~ 0.05) variation of leaf nitrogen 

content between the treatments (Table 6.3.1 ). 

The correlation coefficient showed that in CTRL and NPK plots, shoot 

nitrogen content was positively correlated with root phosphorus, shoot 

phosphorus, leaf phosphorus and shoot potassium (Tables 6.3.2 - 6.3.5). 

In FYM and NPK+FYM plots, leaf nitrogen content was positively correlated 

with root nitrogen, shoot nitrogen, soil respiration, ambient temperature and 

moisture content (Tables 6.3.4 - 6.3.13). 

Leaf nitrogen content was positively correlated with fungal population in 

NPK and NPK+FYM plots (Tables 6.3.3 and 6.3.5). 

(b) Phosphorus 

(QRootphosphorus 

The root phosphorus content showed a peak at 90 DAS and dropped at 120 

DAS. In the first year, the maximum root phosphorus content of 510.0 µg g-1 dry 

plant and in the second year of 881.0 µg g-1 dry plant was observed in FYM plot, 

whereas the minimum root phosphorus of 46.67 µg g-1 dry plant in the first year 

and 363.34 µg g-1 dry plant in the second year was observed in FYM plot at 30 

DAS and 120 DAS respectively (Fig. 6.3.4). 

Analysis of variance showed insignificant (Ps; 0.05) variation of root 

phosphorus content between the treatments (Table 6.3.1 ). 
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The correlation coefficient showed that the root phosphorus content was 

positively correlated with leaf phosphorus and shoot phosphorus in all the 

treatments (Tables 6.3.2 - 6.3.5). 

In CTRL plot, root phosphorus content was positively correlated with 

moisture content, soil phosphorus and ambient temperature (Table 6.3.10). 

In NPK plot, root phosphorus content was positively correlated with fungal 

population, soil respiration, dehydrogenase activity and ambient temperature 

(Tables 6.3. 7 - 6.3.11 ). 

In FYM plot, root phosphorus content was positively correlated with 

microbial biomass carbon, urease and phosphatase activities, soil potassium and 

rainfall (Tables 6.3.8 - 6.3.12). 

In NPK+FYM plot root phosphorus content was positively correlated with 

phosphatase activity, pH, rainfall and soil temperature (Tables 6.3.9 - 6.3.13). 

(ii) Shoot phosphorus 

In the first year, maximum shoot phosphorus content of 633.34 µg g-1 dry 

plant and in the second year 496.0 µg g-1 dry plant was observed in FYM plot at 

90 DAS, whereas, the minimum root phosphorus of 45.0 µg g-1 dry plant in the 

first year in FYM plot at 30 DAS and in the second year of 246.67 µg g-1 dry plant 

in CTRL plot at 120 DAS was observed (Fig. 6.3.4 ). 

Analysis of variance showed insignificant (P~ 0.05) variation of shoot 

phosphorus content between the treatments (Table 6.3.1 ). 
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In CTRL plot, shoot phosphorus content was positively correlated with 

fungal population, soil respiration, moisture content, soil available phosphorus and 

ambient temperature (Tables 6.3.6 - 6.3.10). 

In NPK plot, shoot phosphorus content was positively correlated with fungal 

population, soil respiration and ambient temperature (Tables 6.3.7 - 6.3.11 ). 

In NPK+FYM plot, shoot phosphorus content was positively correlated with 

phosphatase activity, pH, rainfall and soil temperature (Tables 6.3.9 - 6.4.13). 

(iii) Leaf phosphorus 

The leaf phosphorus content in the first year was generally lower than the 

second year. In the first year, the maximum leaf phosphorus content of 986.67 µg 

g-1 dry plant and in the second year of 1003.34 µg g-1 dry plant was observed in 

FYM plot at 90 DAS, whereas, the minimum leaf phosphorus in the first year 85.0 

µg g-1 dry plant in NPK+FYM plot at 30 DAS and in the second year 436.67 µg g-

1 dry plant in FYM plot at 60 DAS was observed (Fig. 6.3.4 ). 

Analysis of variance showed insignificant (P::; 0.05) variation of leaf 

phosphorus content between the treatments (Table 6.3.1 ). 

In CTRL plot, leaf phosphorus content was positively correlated with fungal 

population, soil respiration, moisture content, soil available phosphorus and 

ambient temperature (Tables 6.3.6 - 6.3.10). 

In NPK plot, it was positively correlated with fungal population, soil 

respiration and ambient temperature (Tables 6.3. 7 - 6.3.11 ). 

At NPK+FYM plot, it was positively correlated with acid phosphatase 

activity, pH, rainfall and soil temperature (Tables 6.3.9. - 6.3.13). 
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(c) Potassium 

(i) Root potassium 

The maximum root potassium content in the first year (0.400%) and in the 

second year (0.835%) was observed in NPK+FYM plot at 120 DAS, whereas, the 

minimum root potassium content in the first year (0.295%) in NPK+FYM plot at 60 

DAS and in the second year (0.245%) in FYM plot at 90 DAS was observed (Fig. 

6.3.5). 

Analysis of variance showed significant (Ps; 0.05) variation of root 

potassium content between CTRL x NPK x FYM x NPK+FYM, CTRL x NPK+FYM, 

NPK x NPK+FYM and FYM x NPK+FYM plots (Table 6.3.1). 

In CTRL plot, the root potassium content was positively correlated with 

shoot potassium and fungal population (Tables 6.3.2 - 6.3.6). 

In NPK plot, it was positively correlated with leaf potassium, shoot 

potassium, soil respiration and ambient temperature (Tables 6.3.3, 6.3. 7 and 

6.3.11 ). 

In FYM, plot it was positively correlated with leaf potassium, soil respiration 

and ambient temperature (Tables 6.3.4, 6.3.8 and 6.3.12). 

In NPK+FYM, plot it was positively correlated with leaf potassium, shoot 

potassium, fungal population, soil respiration, ambient temperature, moisture 

content, organic carbon and phosphorus (Tables 6.3.5, 6.3.9 and 6.3.13). 

(ii) Shoot potassium 

The shoot potassium showed dissimilar distribution pattern in both the 

years. The result showed maximum shoot potassium content in the first year 
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(0.570%) in NPK at 30 DAS and in the second year (0.980%) in NPK+FYM plot at 

120 DAS, whereas, the minimum root potassium content in the first year (0.355%) 

in FYM plot at 90 DAS and in the second year (0.420%) in CTRL plot at 60 DAS 

was observed (Fig. 6.3.5). 

Analysis of variance showed insignificant (P::;; 0.05) variation of shoot 

potassium content between the treatments (Table 6.3.1 ). 

In CTRL plot, the shoot potassium content was positively correlated with 

leaf potassium, root potassium, fungal population, soil respiration and ambient 

temperature (Tables 6.3.2, 6.3.6 and 6.3.10). 

In NPK plot, it was positively correlated with leaf potassium, root potassium, 

fungal population, soil respiration and ambient temperature (Tables 6.3.3, 6.3. 7 

and 6.3.11 ). 

In NPK+FYM plot, it was positively correlated with leaf potassium, root 

potassium, fungal population, soil respiration, ambient temperature, moisture 

content, organic carbon and phosphorus (Tables 6.3.5, 6.3.9 and 6.3.13). 

(iii) Leaf potassium 

The inconsistent distribution of leaf potassium content was observed in both 

the years, where the leaf potassium content in the first year showed a close 

distribution within the treatments. The maximum leaf potassium content in the first 

year (0.508%) at 30 DAS and in the second year (0.972%) at 120 DAS in 

NPK+FYM plot was observed. The minimum leaf potassium content in the first 

year (0.412%) in NPK plot at 90 DAS and in the second year (0.440%) in CTRL 

plot at 60 DAS was observed (Fig. 6.3.5). 
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Analysis of variance showed insignificant (Ps 0.05) variation of leaf 

potassium content between the treatments (Table 6.3.1 ). 

In CTRL plot, leaf potassium was positively correlated with shoot 

potassium, fungal population, soil respiration and ambient temperature (Tables 

6.3.2, 6.3.6 and 6.3.10). 

In NPK plot, it was positively correlated with shoot potassium, root 

potassium, fungal population, soil respiration and ambient temperature (Tables 

6.3.3, 6.3. 7 and 6.3.11 ). 

In FYM plot, it was positively correlated with root potassium, soil respiration 

and ambient temperature (Tables 6.3.4, 6.3.8 and 6.3.12). 

In NPK+FYM, plot it was positively correlated with shoot potassium, root 

potassium, fungal population, soil respiration, ambient temperature, moisture 

content, organic carbon and available phosphorus (Tables 6.3.5, 6.3.9 and 

6.3.13). 
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Fig. 6.3.1. Shoot length, root length and number of nodule of groundnut plant. 
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6.4. Discussion 

6.4.1. Effects of organic and inorganic fertilizers on plant performance 

Generally shoot and root lengths were more in treated plots as compared to 

the CTRL plot. This result could be due to the higher availability of soil nutrients, 

which was applied in to the field in the form of inorganic (NPK) or organic (FYM) 

fertilizers. The maximum shoot and root lengths observed in NPK+FYM plot might 

be due to the more availability of soil nutrients for plant growth as compared to the 

other treatments. Agbenin et al. (1997) reported that farmyard manure in 

combination with N+P+K fertilization probably stimulates immobilization on N and 

P at the expense of reaction with soil inorganic constituents and possible leaching 

from the soil profile. 

The result that showed lower shoot height, root length and number of root 

nodules in the second year could be due to the lower activity of phosphatase 

enzyme activity, rainfall and soil temperature. The correlation coefficient of shoot 

height, root length and number of root nodules showed a positive correlation with 

phosphatase activity, rainfall and soil temperature. 

It was observed that the number of root nodules increased along with age 

of the plant and fertilizers treatment. Nambiar ( 1994) reported that from long-term 

manuring experiment, application of farmyard manure and NPK fertilizers 

improved the soil microbial populations and nodulation of soybean (legume). 

Though FYM plot displayed the maximum number of nodules, NPK, NPK+FYM, 

CTRL plots also exhibited higher number of nodules in some sampling periods. 

This inconsistent distribution numbers of root nodules could be due to the effect of 

retention of fertilizers. 
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The yield of groundnut showed a consistent trend during the entire 

investigation. The analysis of variance showed a significance (P:::; 0.05) variation of 

yield between the treatments. The highest yield which was noted in NPK+FYM plot 

could be due to the improvement of soil physical properties and nutrients, which 

translated to higher yield. Anikwe et al. (2003) also observed that combination of 

manure with NPK had higher groundnut yield than CTRL or application of NPK 

alone. There is also increasing evidence that fertilizer alone cannot sustain yields 

for long period. For example, in continuous rice cropping with two to three crops 

grown annually, the use of fertilizer N increased with time but the yields often 

remained stagnant (Cassman and Pingali, 1995). 

The distribution of number and weight of pods displayed inconsistent trend 

within the treatments and sampling period. But the maximum number and weight 

of pods were observed in FYM plot at 90 DAS. This result might be due to the 

higher availability of soil nutrients for the plant. This result was in agreement with 

the report of Lovell and Jarvis ( 1996) that after 12 weeks the labile C substrates 

from the dung were likely to have become depleted, leaving large amounts of dead 

microbial materials as a possible energy source for other microorganisms. 

It can be concluded that inorganic (NPK) or organic (FYM) fertilizers have a 

beneficial effect on the root and shoot lengths. Combination of inorganic and 

organic fertilizers (NPK and NPK+FYM) has great effects on the yield of 

groundnut. 
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6.4.2. Effects of organic and inorganic fertilizers on plant nitrogen content 

The maximum plant nitrogen content observed at 30 DAS could be due to 

the higher availability of nitrogen in the soil system. Though maximum plant 

nitrogen content (root, shoot and leaf) was displayed in fertilized plots (NPK+FYM 

and NPK), an inconsistent trend of nitrogen distribution within each treatment was 

observed. It was also observed that, during some sampling periods, higher doses 

of NPK plot showed lower plant N content and this inconsistent distribution could 

be due to the inhibition of biological N fixation by the addition of inorganic fertilizer 

N or retention of N fertilizers. This is in agreement with the findings of Caroll and 

Mathews (1990), that the application of N fertilizer to legume crops reduced 

biological N2 fixation. 

The positive! correlation of plant N content with soil respiration could be due 

to the higher activity of N fixing microorganisms in the soils system, where the 

amount of soil respiration was an indicator of the activity of organisms. The 

correlation coefficient indicated that soil moisture content was positively correlated 

with N content. Novoa and Loomis ( 1981 ) also reported that soil moisture 

availability is the main factor influencing nitrogen uptake by the root and transport 

to the leaf. 

6.4.3. Effects of organic and inorganic fertilizers on plant phosphorus 

content 

Though the maximum plant phosphorus (P) content was observed at 90 

DAS in FYM plot, it was observed that higher plant P content was displayed in 

CTRL, NPK, and NPK+FYM plots during some sampling months. Maximum plant 
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P content was expected to display in P fertilized plot (NPK and NKP+FYM), where 

Parham et al. (2002) indicated that animal manure-P was relatively more mobile 

but less available for plants than inorganic fertilizer-P. Taiwo et al. (1999) also 

reported that the application of fertilizer P in soybean increased P content in plant 

tissue when compared with the control. The result that showed the inconsistent 

distribution of plant P content within treatments could be due to the retention of P 

fertilizer or nutrient support from previous crop roots (Singh and Shekhar, 1989). 

Moreover, Agbenin et al. (1997) also reported that farmyard manure in 

combination with N+P and N+P+K fertilization probably stimulates immobilization 

on P at the expense of reaction with soil inorganic constituents. The analysis of 

variance also showed insignificance (P~ 0.05) variation of plant P content in root, 

shoot and leaf between the treatments. 

Since phosphatase enzyme mediates the release of inorganically 

phosphorus from organically bound phosphorus returned to soil in leaf litter, dead 

root systems and other organic debris, it was supposed to show more correlation 

with plant P content. Wherein the correlation coefficient showed that, phosphatase 

enzyme activity and soil temperature were positively correlated with plant P 

content in NPK+FYM treated plot. 

6.4.4. Effects of organic and inorganic fertilizers on plant potassium content 

It is well documented that, potassium was taken up by plant from soil 

solution, and the concentration in solution will be replenished by the exchangeable 

fraction. The result showed that the highest potassium (K) content in plant was 

displayed only at K fertilizer treated plot during the entire investigation, thus 
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indicating that the availability of K for plant uptake could be compensated through 

the addition of fertilizer K. But it was observed that, CTRL and FYM plots 

displayed higher K content than treated plot during some periods of sampling, 

which reflects that the K distribution within treatments was inconsistent. This 

contradictory result could be due to the retention of fertilizers or due to the 

availability of soil K than the addition of K through fertilizer (NPK). This result was 

in conformity with the reports of Havlin et al. (1999) and Brady and Weil (1999) 

that some non-exchangeable K could also released into the soil solution and may 

thus be taken up by plants. The capacity of soil to supply plants with K does not 

depend only on the amounts of K reserves in soil, but also on the rate of 

availability to plant. Soon and Arshad (1996) concluded that the effects of cropping 

systems on K was influenced by crop type, and cropping and tillage frequencies. 

The result which showed higher K content in plant in NPK+FYM plot could 

be due to the effect of soil moisture content, where the statistical analysis showed 

that plant K content was positively correlated with soil moisture content. Novoa 

and Loomis ( 1981) also reported that soil moisture availability was the main factor 

influencing nitrogen uptake by the root and transport to the leaf. 
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Table 6.3.1. One way analysis of variance (ANOVA) of the various characteristics of groundnut in 
control (CTRL), N20Pso~ kg/h (NPK), farm yard manure 10 t/h (FYM) and N10P30K20 kg/h 
+ farm vard manure 5 t/h (NPK+FYM) plots (Ps0.05). 

Plant properties Source of variation F-ratio P-level 
CTRL X NPK X FYM X PK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Shoot length CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Root length CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Number of nodule CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Number of pod CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Weight of pods CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM 17.5267 9.1x10·• 

CTRLXNPK 73.9230 0.0132 

CTRLXFYM - -
Yield CTRL X NPK+FYM 81.0 0.0121 

NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Root nitrogen CTRL X NPK+FYM - -
NPKXFYM 5.1965 0.0273 

NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Shoot nitrogen CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLXNPK - -
CTRLXFYM - -

Leaf nitrogen CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
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CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Root phosphorus CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLXNPK - -
CTRLXFYM - -

Shoot phosphorus CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLX NPK - -
CTRLXFYM - -

Leaf phosphorus CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM 5.06501 2.7 x 10·• 

CTRLX NPK - -
CTRLXFYM - -

Root potassium CTRL X NPK+FYM 5.4341 0.0241 

NPKXFYM - -
NPK X NPK+FYNI 5.1561 0.0278 
FYM X NPK+FYM 8.1366 6.4 x 10"' 

CTRL X NPK X FYM X NPK+FYM - -
CTRLXNPK - -
CTRLX FYM - -

Shoot potassium CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -
CTRL X NPK X FYM X NPK+FYM - -
CTRLXNPK - -
CTRLXFYM - -

Leaf potassium CTRL X NPK+FYM - -
NPKXFYM - -
NPK X NPK+FYM - -
FYM X NPK+FYM - -

Note: lns1gmficant values are marked with • - · sign 
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Chapter-7 

General discussion 

The present investigation showed an increased trend in microbial 

population from pre-treatment to post-treatment and this can be attributed to the 

increase in soil fertility levels (N, P and K), cropping (groundnut) and soil 

management (ploughing). The agricultural practice particularly input of manure 

and cover crops could have large impact on the size and activity of soil microbial 

communities and application of fertilizers increased the soil fertility level and the 

number of microorganisms (Kirchner et al., 1993). Sarathchandra et al. (1993) also 

stated that increased in bacterial population was observed two weeks after the 

application of fertilizer, whereas no change in population of these bacteria was 

observed in unfertilized plot. The peak fungal population in NPK treated plot is in 

accordance with the report of Upadhayay and Rai (1979), that higher fertility and 

aeration of soil favoured wider spectrum of fungal genera and species. The peak 

bacterial population observed at FYM and NPK+FYM treatment is due to the 

increase in nutrient supply, pH, organic carbon and cation exchange capacity by 

farmyard manures (Bache and Heathcote, 1969; Heathcote, 1970). 

The inconsistent distribution of microbial population within treatment could 

be due to the retention of fertilizers i.e. long history of fertilization and 

accumulation of nutrients reserves in the soil before the experiment began 

(Sarathchandra et al., 1988 and Bardgett and Leemans, 1994) and due to the 
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enrichment of soil nitrogen through biological fixation of nitrogen by the host 

legume, which altered the microbial diversity (Bardgett and Shine, 1999) whereas 

lower microbial population was observed in pre-sowing and post harvest of 

groundnut. Thies et al. (1995) also stated that legumes could enrich their 

immediate soil environment with rhizobia through rhizosphere effect and bacterial 

functional diversity in agro-ecosystems would be affected by plant growing stages 

(Lahav Lavian and Steinberger, 2001 ). The higher microbial population at the 

surface soil than the subsurface soil layer is due to the high organic matter, 

nutrient status and better aeration in the surface layer (Balasubramanium et al., 

1972) and moisture regime (Selvraj and Rangaswamy, 1978; Clarholm and 

Rosswall, 1980). The decreased in population at 10-20 cm depth was linked to the 

decrease in C02 evolution (Tiwari et al., 1986). The peak diversity of fungi noted 

at FYM plot in the surface and subsurface soil layers could be due to the higher 

functional diversity of population and the availability of favorable condition 

(Staddon et al., 1997). Whereas bacterial peak population was noted at NPK+FYM 

plot at surface and subsurface soil layers and in general higher population was 

observed during the cropping season. This finding could be attributed to the 

influence of the host legumes plant rather the types and doses of fertilizers 

treatment. This observation is in conformity with the result of Bowen and Rovira 

(1991) and Bolton et al. (1992) that the variety of organic compounds released by 

plants has been postulated to be a key factor influencing the diversity of 

microorganisms in the rhizospheres of different plant species. Species of 

Pseudomonas, Flavobacterium, Acaligenes and Agrobacterium had been 
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stimulated particularly in the rhizosphere due to the release of exudates and 

lysates (Curl and Truelove, 1986). The maximum similarity index of fungal species 

was observed at a paired treatment of organic and inorganic fertilizers (FYM x 

NPK) and at a combination of organic and inorganic fertilizers (FYM x NPK+FYM 

or NPK x NPK+FYM). This implies that, some fungal species were favoured only 

when soil was treated with fertilizers or it could be due to the higher degree of 

tolerance into a new soil environment. Minimum similarity index was observed at 

paired treatment of control with combination of inorganic and organic (CTRL x 

NPK+FYM) and with inorganic fertilizers (CTRL x NPK). The maximum similarity 

index of bacterial species was observed at paired treatment between at least the 

combination of inorganic and organic fertilizer with other treatments (NPK+FYM x 

NPK; NPK+FYM x FYM & NPK+FYM x CTRL). Thus, it was hypothesized that 

NPK+FYM treatment had higher bacterial species diversity than the other 

treatments or the NPK+FYM treatment might be the optimum dosage for some 

bacteria. 

The soil microbial biomass carbon (Cmic) increased shortly after the 

application of fertilizers and this could be attributed to the increase in the 

populations of fungi and bacteria and plant roots (Jordan et al., 1995). This 

observation is in conformity with the finding of Polyanskaya et al. (1997), that 

microbial biomass carbon measures the total biomass C (fungi + bacteria) 

whereas fungi are dominant component of the total soil microbial biomass 

accounting for up to 90% of total. Perfect et al. (1990) reported that higher Cmic are 

commonly found in crops with intensive root growth and density. Maximum Cmic, 
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which was observed in fertilized plots could be due to the higher accumulation of 

organic carbon. Goyal et al. (1992) reported that the effects of inorganic fertilizer 

and organic amendments on organic matter-microbial biomass relationships in 

field experiments under tropical conditions have shown that soil microbial biomass 

C increased with balanced fertilization and the addition of the organic amendments 

increased microbial biomass even when the organic C content of the soil did not 

increase. Meanwhile there are lots of reports on the reduction of soil microbial 

biomass carbon under the application of inorganic fertilizer (Biederbeck et al., 

1984; McAndrew and Malhi, 1992; Ladd et al., 1994). The control and FYM plots 

showed higher amount of microbial biomass carbon than in those of inorganic 

(NPK) treated plot (Sakamoto and Oba, 1994; Lovell et al., 1995 and, Hopkins and 

Shiel, 1996). It was observed that Cmic showed inconsistent distribution within each 

sampling period and treatment. The possibility of the inconsistent distribution of 

Cmic might be due to the retention of fertilizers and this hypothesis was in 

agreement with the observation of Bardgett and McAlister (1999) that neither the 

cessation of fertilizer application nor changes in cutting and grazing management 

significantly affected soil microbial biomass or the fungal: bacterial biomass ratio 

and they suggested that the lack of effects on the soil microbial community may be 

related to high residual fertility caused by retention of fertilizer N in the soil. Some 

workers have reported that the application of inorganic fertilizer has increased the 

size of microbial biomass (Fraser et al., 1994; Omay et al., 1997), whereas others 

have shown the opposite results (Biederbeck et al., 1984; McAndrew and Malhi, 

1992; Ladd et al., 1994), which led to the contradictory reports among the 



237 

researchers. During the investigation, it was observed that the Cmic in the 

agricultural soil was lower than the unfertilized forest soil. These reductions in Cmic 

in fertilized soil have been discussed by Lovell et al. (1995) and have been 

attributed to the changes in substrate quality and root growth (Ennik et al., 1980; 

Hassink, 1992; Lovell et al., 1995) and the acidifying effect of nitrogenous 

fertilizers (microbial production of nitric oxide) in soil (Christie and Beattie, 1989). 

Thus, it is suggested that fertilizers application could have lowered the amount of 

soil microbial biomass carbon. The long-term soil management practices (primarily 

tillage and fertilizers application) have led to the decrease in total microbial 

biomass (Ananyeva et al., 1999). Higher accumulation of microbial biomass 

carbon at the surface soil layer could be due to the higher microbial population and 

to more accumulation of organic carbon than the subsurface soil layer. Maithani et 

al. (1996) also reported that microbial biomass C at the surface soil layer of 

disturbed sub-tropical humid forests was significantly (Ps 0.01) greater than that of 

the subsurface soil layer. This was attributed to the greater accumulation of litter 

and fine root biomass. 

The maximum soil respiration observed at FYM plot in the month of July 

indicates that FYM could enrich the soil nutrient status, which in turn promoted the 

soil micro biota. It can be hypothesized that the maximum soil respiration in the 

month of July than at the initial stage of fertilization might be due to the lower 

availability of organic carbon, where FYM was supposed to provide higher amount 

of organic carbon. This hypothesis is in conformity with the result of Lovell and 

Jarvis (1996) that, after 12 weeks the labile carbon substrates from the dung were 
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likely to have become depleted, leaving large amounts of dead microbial materials 

as a possible energy source for other microorganisms. Franzluebbers et al. (1995) 

reported that the soil C02 evolution was greater during the growing season than 

during fallow in all crops and legumes could enrich their immediate soil 

environment with rhizobia through rhizosphere effect (Thies et al., 1995). Kursar 

(1989) stated that soil respiration includes root exudation, microbial decomposition 

of litter and dead roots as well as respiration by root symbionts. It can also be 

hypothesized that high rainfall, optimum temperature and high soil moisture 

contents in July, influence FYM fertilizer to enable more plant growth, high root 

respiration and as well as high C02 evolution of microbes through root 

environment. Other soil factors potentially influencing rate of soil respiration in situ 

includes the availability of C substrates for microorganisms (Seto and Yanagiya, 

1983), plant root densities and activities (Ben-Asher et al., 1994 ), soil organism 

levels (Rai and Srivastava, 1981 ), soil physical and chemical properties (Boudot et 

al., 1986). The positive correlation of soil respiration with temperature and 

moisture contents, are in agreement with the findings of Kursar (1989), Raich and 

Nadelhoffer (1989), Cavelier and Penuela (1990), Maggs and Hewett (1990) and 

Jurik et al. (1991 ). The maximum rainfall and optimum temperature in July 

coincided with the highest rate of C02 evolution (Rout and Gupta, 1989). The 

inconsistent trend of soil respiration within a treatment could be due to the 

influence of environment i.e. temperature, rainfall, soil moisture content. Carlyle 

and Than (1988) also stated that, rates of soil respiration were largely depending 

upon soil temperature and moisture condition. 
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The activity of soil enzymes (dehydrogenase, urease and phosphates) 

showed an increase trend from pre-fertilizers treatment to post fertilizers 

treatment. This could be due to the increase in soil microbial population or due to 

the effects of soil management practices i.e. fertilization and ploughing. The 

activity of soil microorganisms and soil management (fertilization and ploughing) 

were strongly linked to the activity of soil enzyme (Miller and Dick, 1995; Deng and 

Tabatabai, 1997; Klose et al., 1999). Ross (1970) stated that dehydrogenase 

activity appeared to be more dependent on the biological activity of microbial 

population than on any free enzyme present in the soil. Zantua and Bremner 

(1997) also reported that soil urease are microbial products that could accumulate 

in cell free form in the soil because of they are highly resistant to environmental 

degradation, they occur in agricultural soils with a variety of cultural histories. Speir 

and Ross (1990) also mentioned that phosphatase activity is originated from 

microorganisms. 

FYM and NPK+FYM plots showed maximum dehydrogenase activity and it 

coincided with the observation of Simek et al. (1999) that dehydrogenase activity 

was low in soil that received the largest amount of fertilizers and it is suggested 

that the dehydrogenase activity was highly sensitive to the inhibitory effects 

associated with large amount of fertilizer additions. Parham et al. (2002) observed 

that within each sampling period, the highest dehydrogenase activity was in soil 

treated with animal manure, while lowest was in the CTRL or NP-treated plots. 

From this observation, it can be hypothesized that FYM treatment was expected to 

influence more on the activity of dehydrogenase than that of NPK+FYM treatment. 
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This hypothesis is in conformity with the result of James et al. (1996) that the 

addition of manure saturated soil's capacity to retain manure-P and soil P status 

might also influence microbial growth directly, through its effect on plant root 

growth and consequently influence the amount of C released by roots (Perrott and 

Sarathchandra et al., 1989). So that any management practice that increases total 

C accumulation should also increase the size and activities of soil microbial 

biomass (Buchanan, 1990) and this observation strongly confirmed our finding that 

dehydrogenase activity significantly correlated (P::;; 0.05) with soil microbial 

biomass carbon (Cmic) and organic carbon (Leiros et al., 2000). The significant 

variation of dehydrogenase activity between surface and sub-surface layers was in 

agreement with Das (1980), Baruah and Mishra (1984) and Tiwari et al. (1987b) 

that higher dehydrogenase activity in the surface soil layer was due to presence of 

higher bacterial population, organic carbon content, favorable moisture content 

and temperature. 

In general, greater urease activity was observed at fertilizers treated plots 

than the control plot. Garcia-Gil et al. (2000) reported that mineral fertilization plot 

had the greatest urease activity than unfertilized plot. This observation is also in 

conformity with the finding of Tiwari (1996 a) that urease activity was considerably 

greater in NPK+OM (organic matter), OM and NPK than control plots. So, the 

higher activity of enzyme in treated plot could be due to higher organic matter, N 

contents and higher soil microbial population in treated plots. Beri et al. (1978) and 

Tiwari et al. (1989) also reported that urease activity was principally associated 

with the organic mater contents of the soil. Studies from long-term field 
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experiments have shown that a high portion of legumes in the rotation led to 

greater contents of organic C and N in soils (Bolton et al., 1985) and thus 

contributed to higher microbial activities. The result, which showed the inconsistent 

activity within sampling months, could be due the rhizosphere effect (Burns, 1978) 

and the retention of fertilizers. The variation in urease activity was mainly due to 

the changes in organic matter content of soils (Bremner and Mulvaney, 1978) and 

legumes rotation that led to greater contents of organic C and N in soils (Bolton et 

al., 1985). 

The peak phosphatase activity was recorded in NPK+FYM and generally 

higher activity was observed at NPK+FYM and FYM plots within sampling periods. 

The finding that consistent distribution is in agreement with Spiers and McGill 

(1979) that greater phosphatase activity in NPK+OM (organic manure); NPK and 

OM plots were due to mainly higher organic matter contents and microbial 

populations (Nilson and Eiland, 1980). It also indicated that soil organic matter 

level and soil microbial activities are vital for the nutrients turnover and the long­

term productivity of the soil was enhanced by use of organic amendments along 

with inorganic fertilizers (Goyal et al., 1999). This enhancement of biological 

activities in the manure treated soil was evidenced by relatively high phosphatase 

activity (Parham et al., 2002) and they also suggested that the possible reason of 

higher enzyme activity in a manure treatment was that manure promoted biological 

and microbial activities, which accelerated the breakdown of organic substances in 

the added manure. The soil treated with NPK+FYM and FYM fertilizers which were 

highly bound unavailable form of organic P was likely exhibited more enzyme 
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activity. Parham et al. (2002) also reported that phosphatase activity was 

significantly higher in the soil treated with cattle manure than P, NP, NPK and NPK 

plus lime. So, it can be hypothesized that the phosphatase activity was activated 

when there was low P availability in soil. The peak phosphatase activity in the 

month of September could be due to the rhizosphere effect (Burns, 1978) wherein 

the groundnut plant attained its maximum growth (120 DAS) and root exudation of 

plant enhanced the microbial populations and the activity of soil microorganisms 

was strongly linked to the activity of enzymes (Deng and Tabatabai, 1997; Klose et 

al., 1999). A positive correlation between phosphatase and temperature was in 

agreement with the finding of Sinsabaugh et al. (1991) that temperature is a 

controlling factor of the enzyme activity and it effects the enzyme activity indirectly 

through influencing microbial proliferation, and also directly, by modifying enzyme 

kinetics (Chrost, 1991 ). 

The positive correlation of soil temperature with soil enzymes is in 

agreement with the findings of Sinsabaugh et al. (1991) that temperature has been 

controlling factor of the enzyme activities in upland soils. High soil temperature at 

surface soil than subsurface soil layers could be due to the heating up of surface 

soil by solar radiation and also due to the higher moisture content in the deeper 

soil layer. The moisture content significantly (P~ 0.05) varied among the 

treatments in the 0-10 cm. The greater moisture content was noted at FYM plot, it 

could be due to the greater water retention capacity of farmyard manure. 

Mogaddeghi et al. (2000) also reported that application of farmyard manure at the 

rate of 50 mg ha-1 increased soil wetness traffic ability range, thus reducing soil 
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compatibility. The decreased soil pH in the surface layer after the application of 

fertilizers and sowing of groundnut was in conformity with the report of Simek et al. 

(1999) and stated that soil pH decreased by the addition of organic manure plus 

inorganic fertilizers in the absence of liming. Yan et al. (1996) also reported that 

during cultivation of legumes, soil is acidified due to proton release from roots and 

they further mentioned that soil pH significantly decreased by field legumes 

(beans) from 6.00 to 5.64 in a cultivation period of 45 days. The inconsistent trend 

in soil pH within treatments in surface and subsurface soil layers could be due to 

the retention of fertilizers, which were applied in the field in the earlier experiment. 

Colting (1997) stated that the plots that were continuously applied with pure 

organic fertilizer showed slight increase in soil pH and soil organic matter content. 

Conversely, the continuous application of pure inorganic fertilizer resulted in a 

decreasing trend in soil pH. 

The higher soil organic carbon in FYM and NPK+FYM plots might be due to 

the higher organic matter content of farmyard manure. Saviozzi et al. (1999) 

reported that FYM treated plot showed higher amount of total organic matter 

(TOC). It was known that soil organic matter levels and soil microbial activities, 

vital for the nutrient turnover and long-term productivity of the soil were enhanced 

by use of organic amendments along with inorganic fertilizers (Goyal et al., 1999). 

The peak organic carbon observed in NPK+FYM plot in surface and subsurface 

soil layers could be due to the availability C, resulting in a more diverse and 

dynamic microbial system than inorganically fertilized soil (Peacock et al., 2001 ). It 

, was also reported by Agbenin and Goladi (1997) that the combination of farmyard 
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manure with N+P and N+P+K fertilization could enable soil carbon to be 

maintained equal to, or greater than the native site soil. Large amount of organic 

carbon in subsurface soil layer in NPK+FYM plot could also be due the significant 

increase in soluble organic carbon (Liang et al., 1998) and the downward 

movement of soluble carbon in the soil profile (Bhogal and Shepard, 1997). 

Though the maximum soil nitrogen content was displayed in NPK plot, but 

within monthly sampling the peak N showed inconsistent distribution i.e. CTRL and 

FYM plots showed higher ranges of soil N in some months where Omay et al. 

(1997) and Simek et al. (1999) observed that the soil N contents were greater in 

fertilized treatments as compared to the control. This could be due to the biological 

fixation of atmospheric nitrogen through the nodules present in the root system. 

This suggests that nitrogen fertilizer (urea) was not the only controlling factor on 

the distribution of soil N but was highly controlled by availability of N through 

biological nitrogen fixation. There are also reports on the higher soil N content in 

FYM treated soil (Saviozzi et al.1999). However, combination of farmyard manure 

with N+P+K fertilization enable N to be maintained equal to, or greater than, the 

native site soil (Agbenin and Goladi, 1997). 

The increase in soil P from pre-fertilization to post treatment could be due to 

the availability of inorganic P through the addition of P fertilizer (single super 

phosphate). Similar result was observed by lshaq et al. (2002) and Agbenin and 

Goladi (1998) that the P fertilizer application significant increased soil P 

concentration. Thus it can be assumed that though the result showed maximum 

phosphorus in FYM plot, which could be due to the highly bound unavailable form 
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of organic P in manures but the soil P distribution within each monthly sampling 

showed inconsistent distribution. This inconsistent distribution might be due to the 

effect of retention of fertilizers. 

NPK and NPK+FYM treated plots displayed increased soil exchangeable 

potassium after the addition of fertilizers. Simek et al. (1999) also reported that the 

soil concentration of all the inorganic nutrients (NPK) measured were greater 

following fertilizer applications as compared to the unfertilized plots, and this effect 

was most marked for K in soil from plot that had received the largest amounts of 

these nutrients as fertilizers. But the present result indicated that the CTRL and 

FYM plots in 2001 at surface and subsurface soil layers displayed greater amount 

of K than combination of NPK+FYM in the month of May. The possibility of this 

result might be due to the effect of K retention, which was applied earlier for other 

experimental purposes. 

Root and Shoot lengths were more in treated plot as compared to CTRL 

plot and this could be due to the higher availability of soil nutrients, which was 

applied into the field in the form of inorganic (NPK) or organic (FYM) fertilizers. 

The maximum root and shoot lengths in NPK+FYM plot was due to more 

availability of soil nutrients and the combination of farmyard manure with NPK 

fertilizer probably stimulates immobilization on N and P at the expense of reaction 

with soil inorganic constituents and possible leaching from the soil profile (Agbenin 

et al., 1997). It was observed that the number of root nodules increased along with 

age of the plant and fertilizers treatment. Nambiar ( 1994) reported that from long­

term manuring experiment, application of farmyard manure and NPK fertilizers 
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improved population of soil microorganisms and nodulation of soybean (legume). 

The maximum yield was noted in NPK+FYM plot and this could be due to the 

improvement of soil physico-chemical characteristics. Anikwe et al. (2003) also 

observed that combination of manure with NPK had higher groundnut yield than 

CTLR or application of NPK alone. Yield of groundnut showed a significant 

variation (P~ 0.05) between the treatments and a positive correlation coefficient of 

groundnut yield with soil temperature in all treatments was observed. The 

maximum number and weight of pods were observed in FYM plot at 90 DAS and 

the possibility of this result might be due to the higher availability of soil nutrients 

for the plant. This is in conformity with the findings of Lovell and Jarvis (1996) that 

after 12 weeks, the labile C substrates from the dung were likely to have become 

depleted, leaving large amounts of dead microbial materials as a possible energy 

source for other microorganisms. 

The plant nitrogen content was highest at 30 days after sowing (30 DAS) 

and this could be due to the higher availability of nitrogen in the soil system. 

Though fertilized plots (NPK+FYM and NPK) showed peak plant nitrogen content, 

inconsistent trend of nitrogen distribution within treatments was observed and the 

inconsistent distribution could be attributed by the inhibition of biological N fixation 

by the addition of inorganic fertilizer N and retention of fertilizers. This is in 

agreement with the findings of Caroll and Mathews (1990) that the application of N 

fertilizer to legume crops reduced biological N2 fixation. The analysis of variance 

also showed insignificant (P~ 0.05) variation of N content of the plant within 

treatments except between shoot N in NPK and FYM plots. Plant N content 
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positively correlated with soil respiration and soil moisture content and this result 

could be due to the higher activity of N fixing microorganisms in the soil system, 

where the amount of soil respiration was an indicator of the activity of organisms. 

Novoa and Loomis (1981) reported that soil moisture availability is the main factor 

influencing nitrogen uptake by the root and transport to the leaf. Maximum plant 

phosphorus (P) content was displayed at 90 DAS in FYM plot, whereas CTRL, 

NPK, and NPK+FYM plots showed higher P content in some of the sampling 

months. Maximum plant P content was expected to display in P fertilized plots only 

(NPK and NKP+FYM) and Taiwo et al. (1999) also reported that the application of 

fertilizer P in soybean increased P content in plant tissue when compared with the 

control. The contradictory result could be due to the retention of P fertilizer in FYM 

or nutrient support from previous crop roots (Singh and Shekhar, 1989). Since 

phosphatase enzyme activity mediates the release of inorganic phosphorus from 

organically bound phosphorus to soil, we also observed that phosphatase enzyme 

activity and soil temperature were positively correlated with plant P content in 

NPK+FYM treated plot. The highest potassium content in plant was displayed only 

at K fertilizer treated plot during the entire investigation and this indicated that the 

availability of K for plant uptake could be compensated through the addition of 

fertilizer K. However, in some periods of sampling, CTRL and FYM plots displayed 

higher K content than treated plot, which reflects that the K distribution within 

treatments was inconsistent. This contradictory result could be due to the retention 

of fertilizers or due to the availability of soil K rather than the addition of K through 

fertilizer (NPK) and this result is in conformity with the reports of Havlin et al. 
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(1999) and Brady and Weil (1999) that some non-exchangeable K could also be 

released into the soil solution and may thus be taken up by plants. 
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Chapter-8 

Summary 

The present research investigation deals with the enumeration and 

isolation of soil microorganisms and the effect of different levels of inorganic 

fertilizers (NPK) and farmyard manure on microbial community, biomass C, 

microbial enzymes activities (dehydrogenase, urease, phosphatase), carbon 

dioxide evolution, physico-chemical properties of soils (moisture content, pH, 

organic carbon, N, P and K) and groundnut plant performance within the 

proposed agro-ecosystem at monthly intervals under two crop cycles. 

The investigation was carried out at an Upland Experimental Block of 

Agronomy Division, Indian Council of Agricultural Research (ICAR) for North 

Eastern Hill (NEH) region complex at Barapani, Shillong, Meghalaya, on 

Groundnut (Arachis hypogaea L.) cultivation in northeast India. The geographical 

position of the study site is at 25° 38' N latitude and 91° 52' E longitudes and is 

situated at an altitude of 850 msl. High yielding variety of groundnut ICGS-76 

(International culture of groundnut selection-76) from International Crop Research 

Institute for Semi-Arid Tropics (ICRISAT) Hyderabad was sown for the study. The 

optimum fertilizers dosage for groundnut was applied into the field as 

recommended by ICAR. 

At the initial stage of fertilization and soil management, microbial population 

increased, however, at the time of pre-sowing and post harvest of groundnut, low 
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microbial population was recorded. In general, the bacterial population was higher 

than the fungal population at the surface and subsurface soil layer. The surface 

soil layer harbored higher microbial population than the subsurface soil layers. The 

peak fungal population was recorded in NPK plot whereas bacterial peak 

population was recorded in FYM and NPK+FYM plots, inconsistent distribution of 

microbial population within a treatment was marked throughout the investigation. 

The peak species diversity of fungi was noted at FYM plot at surface and 

subsurface soil layers, whereas bacterial peak population was noted at NPK+FYM 

plot at surface and subsurface soil layers and in general higher population was 

observed during the cropping season. The maximum similarity index of fungal 

species was observed at a paired treatment of organic and inorganic fertilizers 

(FYM x NPK) and at a combination of organic and inorganic fertilizers (FYM x 

NPK+FYM or NPK x NPK+FYM). Minimum similarity index was observed at paired 

treatment of control with combination of inorganic and organic fertilizer {CTRL x 

NPK+FYM) and with inorganic fertilizer (CTRL x NPK). The maximum similarity 

index of bacterial species was observed at paired treatment between the 

combination of inorganic and organic fertilizer with other treatments (NPK+FYM x 

NPK; NPK+FYM x FYM & NPK+FYM x CTRL). The significant variation of 

microbial population and positive correlation between surface and sub-surface soil 

layers were observed. All together 56 fungal species and 2 sterile mycelia were 

isolated and out of this Aspergil/us sp., Penicillium sp. and Trichoderma sp. were 

the dominant fungal species. Aspergillus versico/or, Eupenicillium /apidosum, 

ldriella /unata were isolated only at surface soil layer at NPK+FYM, NPK and FYM, 
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NPK and NPK+FYM plots respectively whereas Ramichloridium schulzeri, 

Ulocladium consortiale were isolated only at subsurface soil layer at NPK and 

FYM plots. All together 8 bacterial species were isolated and Arthrobacter sp. 

Bacillus sp. and Rhizobium sp. were the dominant bacterial species whereas 

Arthrobacter sp. was isolated only from NPK and FYM treated soils at subsurface 

soil layer. 

The soil microbial biomass carbon (Cmic) increased shortly after the 

application of fertilizers but it showed inconsistent distribution within each sampling 

period and treatment. Fertilizers application has lowered the amount of soil 

microbial biomass carbon and the surface soil layer showed higher accumulation 

microbial biomass carbon than the subsurface soil layer. It varied significantly (P:s; 

0.001) between surface and subsurface soil layers except NPK+FYM plot. 

Maximum soil respiration was recorded in FYM plot in the month of July and high 

rainfall; optimum temperature and high soil moisture contents influenced C02 

evolution. However, positive correlations of soil respiration with temperature and 

moisture contents were recorded in the two layers. The inconsistent distribution of 

soil respiration within a treatment was also noted. Soil respiration varied 

significantly (P:s; 0.05) between NPK and FYM plot at surface soil layer, whereas, 

at subsurface soil layer, it varied significantly among the treatments except in 

between CTRL and NPK plots. Soil respiration varied significantly (P:s; 0.001) 

between surface and subsurface soil layers and surface layer was positively 

correlated with subsurface soil layer. 
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The activities of soil enzymes (dehydrogenase, urease and phosphates) 

increased from pre-fertilizers treatment to post fertilizers treatment and it was 

noted that the distribution of these enzymes showed inconsistent distribution within 

treatments. The surface soil enzymes activities were positively correlated with 

subsurface soil layer. Peak dehydrogenase activity was displayed at FYM and 

NPK+FYM plots. The significant variation of dehydrogenase activity between 

surface and sub-surface layers was observed except NPK+FYM. Greater urease 

activity was observed at a fertilizers treated plots other than control plot and the 

peak activity was noted at NPK plot. The insignificant variation (P~ 0.05) of urease 

activity between surface and sub-surface layers was observed. The peak 

phosphatase activity was recorded in NPK+FYM and generally higher activity was 

observed at NPK+FYM and FYM plots within sampling periods. Phosphatase 

activity was positively correlated with temperature and soil moisture content. 

The surface soil layer showed higher temperature than the subsurface soil 

layers and a positive correlation of soil temperature with soil enzymes was 

observed. Greater soil moisture content was noted at FYM plot and significant (P~ 

0.05) variation within treatment at surface layer was noted. The soil pH decreased 

after the addition of fertilizers and groundnut and the inconsistent distribution of 

soil pH within treatments was marked at surf ace and subsurface soil layers. Higher 

soil organic carbon was displayed at FYM and NPK+FYM plots and inconsistent 

distribution within treatment was observed. The organic carbon varied significantly 

(P~ 0.001) between surface and subsurface soil layers in all plots. The fertilization 

increased total soil nitrogen at the initial stage of treatment at surface and 
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subsurface soil layers except in FYM plot and it reduced at post harvest. NPK plot 

showed peak nitrogen content, whereas inconsistent distribution of N within each 
I 

monthly sampling was observed. A significant variation (Ps 0.05) and a positive 

correlation (Ps 0.001) of total nitrogen between surface and subsurface soil layers 

were observed. The soil phosphorus increased from pre-fertilization to post 

treatment and a maximum P was noticed in FYM plot, whereas inconsistent 

distribution within each monthly sampling was observed. It showed significant and 

positive correlation between surface and subsurface soil layers (Ps 0.05). At the 

initial stage of fertilization NPK and NPK+FYM plots displayed increase in soil 

exchangeable potassium and inconsistent distribution within each monthly 

sampling was observed. A significant variation (Ps 0.05) and a positive correlation 

(Ps 0.001) between surface and subsurface soil layers were observed. 

Root and shoot lengths were more in treated plot as compared to the CTRL 

plot and shoot length was positively correlated (Ps 0.05) with number of nodules, 

yield, phosphatase, rainfall and soil temperature in all treatments. The number of 

root nodules increased along with age of the plant and fertilizers treatment and a 

positive correlation (Ps 0.05) with phosphatase, rainfall and soil temperature in all 

treatments was observed. The maximum number and weight of pods were 

observed in FYM plot at 90 DAS and the weight of pod were positively correlated 

with bacterial population and urease enzyme activity except in NPK plot. 

NPK+FYM plot showed maximum yield and a significant (Ps 0.05) variation 

between treatments and positive correlation of yield with soil temperature was 

observed in all treatment. 
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The plant nitrogen content was highest in fertilized plot at 30 DAS and 

inconsistent distribution within treatment was observed. Plant N content was 

positively correlated with soil respiration and soil moisture content. Maximum plant 

phosphorus content was observed in FYM plot at 90 DAS and inconsistent 

distribution within treatment was observed. The highest plant potassium content 

was displayed at K fertilizer treated plot and inconsistent distribution within 

treatment was observed. 
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